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I. Introduction, credits, consultants

This review is an updating through December 1977
of our previous review of particle properties (Particle
Data Group, 1976 and 1977). As in previous editions,
we have attempted to make the text as complete and
self-contained as possible.

As usual, the results of our compilation are pre-
sented in two sections, the Tables of Particle Proper-
ties and the Data Card Listings. The Tables summarize
the properties of only those particles whose existence
is in our judgment experimentally well founded and
which have a large probability of standing the test of
time. This is a conservative judgment, and surely some
genuine resonances are (temporarily) omitted (see
section V below).

The Data Card Listings give up-to-date information,
with references, on all reported particles, whether
considered well established or not. The Listings also
contain mini-reviews on questions of interest.

A history of the Particle Data Group, with a discus-
sion of procedures and problems, has been given by
Rosenfeld (1975) and a short survey of the history of
some of the constants we compile can be found in
Appendix 1V.

ii
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We have maintained ir. this review the new statis-
tical procedure introducéd in the previous one, i.e. we
give simultaneously in the Listings the old (labeled
“AVG”) and new (labeled “STUDENT”’) average
values and errors. Details may be found in section VII.

A pocket-sized data booklet, containing the Tables
and a reprint of the figures and formulae from the
first part of the review, is available on request. For
North and South America, Australia, and the Far East,
write to Technical Information Division, Lawrence
Berkeley Laboratory, Berkeley, CA 94720, USA. For
all other areas, write to CERN Scientific Information
Service, CH-1211 Geneva 23, Switzerland.

As usual, we wish to emphasize that we compile
the experimental results of others. It is inappropriate
to give us the credit for their countless hours of effort.
We urge that references be given directly to the origi-
nal data, and we provide complete references in the
Data Card Listings for that purpose.

The responsibilities for the various sections can be
broken down as follows:

(1) Stable particles: N. Barash-Schmidt and T.G.
Trippe.

(2) Meson resonances: D. Dionisi, M. Mazzucato,
L. Montanet, and M. Roos.
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(3) Baryon resonances: C. Bricman, R.L. Crawford,
C.P. Horne, R.L. Kelly, and M.J. Losty.
(4) General, including text:. All authors.
Consultants: To overcome unavoidable gaps in our
coverage, both intellectual and geographical, we have
solicited the help of consultants:
U. Amaldi (CERN),
V.E. Barnes (Purdue University),
K. Crowe (Lawrence Berkeley Laboratory),
J. Engler (CERN),
G. Feldman (SLAC),
F. Foster (University of Lancester),
G. Goldhaber (Lawrence Berkeley Laboratory),
R. Hagstrom (Lawrence Berkeley Laboratory),
F. Moénnig (CERN),
R.G. Moorhouse (University of Glasgow),
0.E. Overseth (University of Michigan),
S.1. Parker (Lawrence Berkeley Laboratory),
M. Perl (SLACQ),
B.N. Taylor (U.S. National Bureau of Standards).
The usefulness of this compilation depends in large
part on the interaction between the users and the
authors and consultants. We appreciate comments,
criticisms, and suggestions for improvements of all
stages of data retrieval, processing, and presentation.

II. Selection of data

All particles are considered to fall into one of the
three groups:

(1) Stable particles, immune to decay via the strong
interaction, including the n and the photon and the
leptons.

(2) Meson resonances.

(3) Baryon resonances.

The charmed, charmonium, and other new flavor
particles have been merged into these groups.

These groups are maintained within the two main
parts of the compilation:

(1) Tables of Particle Properties.

(2) Data Card Listings.

The Data Card Listings contain the original infor-
mation (data, references, etc.), weighted averages,
comments, and “mini-reviews”. Immediately preceding
the Data Card Listings is an illustrative key thereto. We
attempt to give complete Data Card Listings up to our
closing data (January 1, 1978) for all journals listed in
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the Illustrative Key. We also include preprints and un-
published conference reports that have come to our
attention, but make no claim to completeness.

Roughly 40% of our encoded results, those set off
in parentheses, are not used for averaging. The reason-
ing is then often given in a footnote below the data.
If the reason is not given, it is one of the following:

The result was presented with no error stated.

The result comes from a preprint or conference
report. It is our experience that such results (and par-
ticularly the errors) often change before final publica-
tion. Accordingly we keep these new results in paren-
theses until they are published (or explicitly verified
to us by the authors).

It involves some assumptions that we do not wish
to incorporate.

It is of poor quality, e.g. bad signal-to-noise ratio.

It is inconsistent with other results, e.g. because of
different methods employed, rendering averaging
meaningless.

It is not independent of other results, e.g. itis a
result from one of several partial-wave analyses all us-
ing the same data, again rendering averaging meaning-
less.

When the data for a particle have received special
treatment or present special problems, this is noted in
a mini-review in the Data Card Listings.

The Tables of Particle Properties represent the out-
put of weighted averages and some critical judgment.
The extent to which “‘blind” averaging has been tem-
pered with judgment is explained in footnotes to the
Tables. In general, however, the footnotes are less
complete than is the collection of notes and mini-
reviews in the Data Card Listings. The reader is thus
encouraged to familiarize himself with the Data Card
Listings and, ultimately, with the original references.

IIl. Nomenclature

A. Quantum numbers
The symbols /G(JP)C represent:

I = isospin,
G = G parity,
J =spin,

P = space parity,
C = charge conjugation parity.

iii
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1. Mesons. The charge conjugation operator C turns
particle into antiparticle and has eigenvalues =1 only
for neutral states; so it is useful to define an extension
G which has eigenvalues for charged states too. This is
usually *! defined by

G= Cexp(iﬂly) . (1)

A neutral nonstrange, noncharmed state is an eigen-
state of exp(in]y) with eigenvalue (—1)7. Then we can
write the eigenvalue equation for the whole multiplet
as

G=Gy (-7, 2

where C (n for neutral) is the eigenvalue C would
have if applied to the neutral member of the multiplet.
Thus, for a 70, C has the eigenvalue +1, and since
I=1, G=—1. For a charged pion, there are no eigen-
values corresponding to C and to the isospin rotation,
but egs. (1) and (2) still give G = —1.

Consider a meson as a bound state of fermion—
antifermion, e.g. qq, with orbital angular momentum /,
and with the two fermion spins coupling to give a
spin S. Then one can show that the charge-conjugation
eigenvalue (defined as in eq. (2)) is

C,=(-1)*s. 3)
Eqgs. (2) and (3) combine to give

G= (_1)I+S+I . 4)
The parity is

P=—(-1. (5)
Egs. (3) and (5) combine to give

C,P=—(—-1)5, (6)

so all singlets (1S, 1P, ...) have C,P = —1, and all
triplets (351, ... have C, P = +1. For proofs of the
above, see our 1969 text (Particle Data Group, 1969)
and Appendix by C. Zemach.

If, instead of qq, we consider the meson as a state
of boson—antiboson (e.g. Ay - KK), it turns out that
some signs cancel, and egs. (3) and (4) (not eq. (5)!)
apply unchanged. Of course, the mesons are often

#1 Most texts define it as in eq. (1); see c.g. Gasiorowicz
(1966); however, sometimes the rotation is taken about Iy.
The difference between the two conventions is mentioned
in a footnote in Kdllen (1964).

iv
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spinless, so S is zero, but the equations are more gen-
eral. Eqs. (3) and (4) can be considered as selection
rules forbidding many decays.

We now use egs. (3) and (4) to introduce the con-
cept of ““Abnormal-C”* mesons, i.e. mesons that cannot
be composed of qq. For this, it is sufficient to con-
sider the SU(3) subgroup of the full unitary group of
flavors, containing the u, d, and s quarks in a {3} re-
presentation.

This triplet of quarks is of course defined to have
isospin and hypercharge properties such that qq can
combine (according to the SU(3) relations {3} {3}
= {8} @ {1})so as to form only octets and singlets.
The non-observation of “exotic” mesons (i.e., mesons
in larger SU(3) representations, or mesons requiring at
least a qqqq structure) is of course a direct consequence
of the naive quark model. States coupling directly to
proton—antiproton channels (e.g., S,T,U, see Montanet
(1977) and the Listings) are sometimes interpreted as
“baryonium”, requiring qqqq structure, but this inter-
pretation is model-dependent, and no manifestly exot-
ic mesons have been found. It is slightly less obvious
that even some octets are forbidden by the model,
namely those with (JP)C, = (0%)—, (17 )+, (2%)—, ...
Such states are not observed, and this is an additional
success of the naive quark model classification scheme.

In what follows, do not confuse “Abnormal-C”
with “Normal” or “Abnormal” JZ, both of which are
allowed by the quark model. The series JZ = 0%, 17,
2%, ... is called Normal because P = (—1)” as for nor-
mal spherical harmonics, and JP=07,1%, .. iscalled
Abnormal.

The top part of table 1 shows all the low angular
momentum states that can be formed from qq. Note
that half of the J¥ states can be formed by both a
triplet and a singlet qq state, e.g. 3Py, 1P; or 3D,, 1D;.
Eq. (3) shows that 3P1 and 1P1 have opposite C,, so
the qq model allows both. But the states 3P0 and 3P2
have no P counterparts. According to eq. (6) they
have C,P = +1, and with the qq model there is no way
to form a state with a J of 3PO 5 (e J¥ = Normal)
and with C P = —1. As mentionéd, such octets have
not shown up. With the help of table 1 one can also
see that the special state 1Sy, C, P = +1, cannot be
formed, so has Abnormal C.

2. General remarks. Well-established quantum num-
bers are underlined in the Tables of Particle Properties
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Table ].IG(JP)C of mesons in the qq model. For the distinction between Abnormal JP und Abnormal-C see text following eq.
(6). Strange mesons share the same values of J*" as the I = 0 and 1 states shown, but are not eigenstates of G. The second column,

which gathers together (JP)N or A CP, is a redundant intermediate step intended to make the table easier to read.

gq State (JP) HCP Strange Charmed
CP CcP IG(JP)C Examples partners partners
—_— —_— Normal or n =L =1
- + abnormal (I=% (I=%)
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+ At %
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> 1 (0)+ 8
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(except for stable particles, where most of the quan-
tum numbers are established). We have used flimsy
evidence to guess many of the remaining ones, and we
have indicated with “?” ones (in the Baryon Table)
for which there is almost no evidence.

As is customary, we define antiparticles as the re-
sult of operating with CPT on particles, so both share
the same spins, masses, and mean lives. Whenever
there is a particularly interesting test of CPT invari-
ance we include it in the Stable Particles Table.

B. Particle names

If a meson has a well-accepted colloquial name, we
use it. If not, we name it by a single symbol which
specifies its baryon number B (= 0 for mesons), its
isospin /, its strangeness S and charm C, and, for a
non-strange, non-charmed meson, its G parity.

The name conventions for mesons are given in the
first part of table 2.

To crowd even more information onto the symbol,

Table 2
Particle name conventions.

Name I S C G
Mesons

n 0 0 0 +
worg® 0 0 0 -
o 1 0 0 +
s 1 0 0 -
K*, K° 1/2 +1 0

K, K° 1/2 -1 0

D*, DO 1/2 0 +1

D, D° 1/2 0 -1

F* 0 +1 +1

It 4] -1 -1

Baryons

N 1/2 0 0

A 3/2 0 0

Zg, Zq 0,1 +1 0

A 0 -1 0

z 1 —1 0

= 1/2 -2 0

Q 0 -3 0

Ac 0 0 1

Yo 1 0 1

a) Since 1973, we have used the symbol w for those ]G =0"
mesons that decay mainly into 37 [w(783), w(1670)]; we
reserve the symbol ¢ for ¢(1020) and possible future higher-
mass /G = 0~ mesons that decay mainly into KK.

vi
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we sometimes add a subscript giving J. If J¥ is not
known, but must be “Normal” (0%, 17,2%, ..), e.g.
because K# decays are seen, we use the subscript N. If
such modes are not seen (and are not otherwise for-
bidden), we guess that it is because J¥ is “ Abnormal”,
and we use the subscript A.

For some pairs of mesons with supposedly identical
quantum numbers, we also use primes;e.g. 1, n'; f, f'.

For baryons no attempt has been made to attach a
subscript about J and P. The name conventions are
given in the second part of table 2. For stable baryons
of each 7 and S we use the symbol standing alone; for
resonances, the mass is in parentheses (i.e. N(1688),
A(1405), 2(1755), etc.). The JZ assignments are re-
ported in the Baryon Table as 5+, 2—, 2+, etc., and
also by the symbols P, Dy3, Fq5, which refer to the
7p or Kp partial-wave amplitude in which the resonant
state occurs (the first subscript refers to the isospin
state: 2 X7 for N and A and just / for Z, A, and Z).
When two or more baryons have identical quantum
numbers we warn the reader by adding primes to the
spectroscopic symbol as explained in footnote (a) of
the Baryon Table.

IV. Conventions and parameters for strong interactions

A. Partial-wave amplitudes and resonance parameters

The vast majority of information concerning baryon
resonances comes in the form of partial-wave analyses.
In addition data concerning meson resonances (77,
Kn, nmm) are, with increasing frequency, being sub-
jected to partial-wave analyses. We thus find it natural
to introduce the resonance parameters which we com-
pile in terms of a Breit—Wigner approximation for the
partial-wave amplitude.

In general the elastic amplitude for a given angular
momentum / may be written as

_nexp(2i6) — 1
TU _———‘z—i——“, (1)

where 7 is the absorption parameter (0 <7 < 1) and
&, as the phase shift. The subscripts 11 on T denote
scattering from channel 1 to channel 1 (e.g. 77w > 77
or KK - KK).

In fig. 1 we show an Argand plot of the elastic par-
tial wave amplitude 7 ;. It illustrates geometrically
how the real parameters n and § are related to the
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(a) (b)

Fig. 1. Argand plots for the elastic partial wave amplitude Ty;.
The outer circles are the unitarity bound (n = 1). The inner
circles correspond to the Breit—Wigner approximation of eq.
(2) for (@) x; = I';/T =0.75 and (b) x; = 0.4. Note: e =

2M — E)/T.

real and imaginary parts of 77 ,. Many examples of
such Argand plots may be found in the Baryon Data
Card Listings

Consider the so-called non-relativistic Breit—Wigner
approximation for Ty :

Ty, = 5T /(M - E = 3i0), (2)

where £ is the c.m. energy of invariant mass, [y and

I" are the elastic and toral widths, and M is the reso-
nance mass. Eq. (2) is, of course, not the only possible
description of a resonant amplitude; but it suffices to
illustrate the properties of partial-wave amplitudes
which we associate with resonance behavior in the ab-
sence of any background in the same partial wave (see,
e.g., the N Dy 5 and Fy5 waves in the Baryon Data
Card Listings). Usually the widths contain barrier-
penetration factors which can vary rapidly with energy.
Near threshold, I'y (£) should start up as g2+ (also
true for the inelastic width T'g). Various £ dependences
are then used for 'y, mostly of the form

(qR)2l+1
const + ... + (gR)2! 5
see Jackson (1964), Pisit and Roos (1968), and
Barbaro-Galtieri (1968).
The BW approximation to the amplitude for an in-
elastic process leading from channel 1 to channel g
(mm = KK or KN - Z, for example) is

Ly (E) = (3
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Tig= 3T\ Tp)!2/0M - £ - 3iD)
= ey V2 BTV ~ B 3iD)] )

where
N
P=2Ty,  xpETyT, (5)

and x, (called the elasticity) is often written x,.
(Note that in the Data Card Listings we use the symbol
Pg to denote x4 .) The channel cross section 044 for the
reaction 1 — @, for spin O—spin 1/2 scattering, is

015 = 4R + )Ty (6)

where J =1+ %

The important features of eq. (4) which character-
ize resonant behavior in the Argand diagram (Im Tig
versus Re Ty ) are:

energy variation given by circles with diameter
(xlxﬁ)l/2 and maximum amplitude at £'= M of

T = i(‘xlxﬁ)l/2 ; (N

a maximum in the speed near resonance, given ap-
proximately by

2y x )12

for slowly varying T(¥). These features may be related
to the n, § representation of T, . Thus when F'= M,
§ is either 90° (x; >3) or 0° (x; <3)and n dips to
its minimum value. '

These simple properties can be used to judge the
presence or absence of resonance behavior in an
Argand plot, but do not necessarily constitute the
criteria we use (see section V). It must also be kept in
mind that eqgs. (2) and (4) are only approximations to
the “true” amplitude. The simple picture given above
can be distorted by various effects:

the presence of “background” in the same partial
wave as the resonance,

two resonances in the same partial wave overlapping
in energy,

the resonant energy M being close to an inelastic
channel treshold, in which case a K-matrix-like param-
etrization is more appropriate,

the speed of the resonance being very slow so that
the resonance is very broad, and the Breit—Wigner
formula a bad approximation.

“Speed”(res) = |dT') g/dElg=ps =

vii
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SU(3) RELATIVE SIGN OF RESONANT AMPLITUDES
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RES NKY®
o {s} Il o o I
2(1385) AIB70) A(1690) A(I815)  A(IB30) £(2030) A(2100}
P13 s 0l 003 FOS D05 Fi7 Go7
. [ 4 X X X
If ENELS SN SN TP LN EN S LE~ —— TG ST TS -~
PSRV vk A DA B AR UV Vi a
‘\ T ‘\ }T )\ )\ ;[ Al 7\ ‘\ T A\ /l\ 7\ ! ’\ /
D PN A NITAANE. 32 AL 2 NETNEVAN AN JIAN. i PN SN
[} X X X X X X
sol 003 D13 S DIS FIS
A{1405) A(1520) £(1670) Z(1750) T (1765) Z(1815)
A
IS (A {e} 8 8
s} o lsf o]
T{1750) £(1765) Z(1915) (2030
S Dis Fi5 Fr7
X X
/7~ “\\‘\ //’1\\\ //’\\\ - \\ //— ™ //*\\\
- Am l\ I L > L ; ) " Y L +
\\_// \\“// \\‘}4/\\‘;// \\‘I //(\\‘/,
X X X
PI3 013
Z(1385) Iue70)
Yol gl

Fig. 2. Plot adapted from Levi-Setti (1969) showing the sign convention adopted here for the Z# and Ax amplitudes. Once the
signs of one / = 0 and one [ = 1 amplitude are fixed, the others can be measured relative to these two. Arrows here indicate signs
predicted by SU(3); X marks indicate the observed phases; ® indicates phase chosen according to sign convention described in text.

The £(19135) predictions have been changed from Levi-Setti’s original figure.

B. SU[3) sign conventions for A and X resonances

Consider the partial width I'; of a resonance de-
caying into the channel 8. We can always define a
coupling constant such that

2
Fﬁ(xGﬁ .

In this case the inelastic amplitude in the Breit—
Wigner approximation, eq. (4) will go as

Ty = G1Gy/(M — E — 3iT),

where (7 is the coupling constant for the elastic
channel. In the context of exact SU(3) symmetry the
relative signs of the product G G, for different reso-
nances are often useful as a consistency check on
SU(3) assignment of A and X resonances. See appen-
dix II for further details.

In the Data Card Listings for A and X resonances,
we tabulate measured values for (xx,)1/2 & G| G,
Whenever there is an explicit sign, it will be according
to the convention advocated by Levi-Setti (1969) and
used in the table of SU(3) Isoscalar Factors presented
in this review. Thus the signs multiplying the Breit—
Wigner amplitudes for KN - 2(1385) - Za, A and
KN - A(1405) - =7 are simply the product of the
phases of the appropriate isoscalar factors. This con-
vention is shown in fig. 2 from Levi-Setti (1969).

viii

C. Types of partial-wave analyses

Partial-wave analyses (PWA) are classified into three
categories in the Data Card Listings: energy-indepen-
dent partial-wave analyses (IPWA), energy-dependent
partial-wave analyses (DPWA), and model-dependent
partial-wave analyses (MPWA), in increasing order of
the number of explicit supplementary hypotheses
that are used to extract the amplitudes from experi-
mental data.

In an IPWA, data at different energies are analyzed
separately. Usually each partial wave included in the
fit is allowed to vary freely (subject to unitarity con-
straints) over some large region, and waves whose an-
gular momenta are above some cutoff value are as-
sumed to be negligible. The sharp cutoff in angular
momentum resolves continuum ambiguities in the
solution (such as the overall phase ambiguity), but
there remains a finite number of indistinguishable
“best” solutions (i.e., solutions corresponding to iden-
tical physical observables) which have been codified
by Barrelet (1972). In addition, there are generally
some nearby solutions (and their associated Barrelet
ambiguities) which have chi-squared values close to
the minimum one.

At the end of the analysis a choice is made among
these many solutions, usually on the basis of energy
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continuity. A popular criterion for making this choice
is the shortest path technique in which the total
“length” of the preferred solutjon is chosen to be a
minimum. The definition of “length” used here is not
universal but is usually closely related to the total
geometrical length of the lines representing the various
partial-wave amplitudes in Argand plots (see the
Baryon section of the Data Card Listings for examples
of Argand plots). Various other criteria which are also
used in some analyses are, e.g., matching with known
solutions at low energies, the presence of known reso-
nances in the final results, and limited inelasticity in
high partial waves.

In a DPWA, data at different energies are fit simul-
taneously by using an energy dependent parametriza-
tion of the partial-wave amplitudes. The parametriza-
tion is usually chosen to include both resonances and
nonresonant background of some sort and an attempt
is made to keep it as “model independent” as possible.
Often the data are grouped into several energy bins
which are fit separately rather than trying to fit the
whole energy range under consideration simultaneous-
ly. One of the main advantages of DPWA over IPWA
is that sparse data spread over many different energies
can be analyzed, e.g., nearly all § = —1 analyses are
DPWA. In addition, the built-in energy continuity
helps to resolve the ambiguities that plague IPWA and
eases the problems associated with resonance parame-
ter extraction. The price one pays for these advantages
lies in the danger of systematic error in the amplitudes
and poor fits to the data if the parametrization is
poortly chosen or insufficiently flexible.

An MPWA also uses an energy-dependent param-
etrization, but one based on explicit model-dependent
theoretical assumptions such as Regge exchanges. This
technique is usually applied to reactions where the
data are incomplete. There is, of course, no sharp dis-
tinction between DPWA and MPWA | and a well chosen
MPWA parametrization may actually be less biased
than a model-independent but poorly chosen DPWA
parametrization.

D. Production of resonances

Hereby, we mean the observation of statistically
significant peaks in invariant mass plots or, loosely,
in integrated cross sections. Many meson resonances
are of this type. We expect most of these peaks to be
associated with Breit—Wigner behavior in appropriate
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Argand plots; thus the p meson peak in 77 mass plots
is firmly related to the / = 1, I = 1 nw phase shift pas-
sing through 90°.

From mass plots we can determine M, T, and the
approximate branching ratios

xa/xﬁ = Fa/l‘ﬁ . 9)

In the case of total cross sections, the peak above
background gives us, using the optical theorem, the
product (J + %)xe:

atOt(E=M)=4Tr7(2(J+%)Xe . (10)

V. Criteria for resonances

An experimentalist who sees indications of a reso-
nance in some energy (or mass) region will of course
want to know what has been seen in that region in the
past; hence, we strive to have the Data Card Listings
serve as an archive for all substantial claims for reso-
nances.

For the Tables of Particle Properties, on the other
hand, we wish to be more conservative and to include
only those peaks or resonances which we feel have a
large chance of survival. An arrow (=) at the left of
the Tables of Particle Properties indicates that a ques-
tionable candidate has been omitted from the Table,
but that it can be found in the corresponding part of
the Data Card Listings. One’s betting odds for survival
are of course subjective; therefore no precise criteria
can be defined. Very slow speeds (e and «) make it
quite difficult to decide what is a resonance and what
is not. For more detailed discussions, see the mini-
reviews in the Listings. In what follows we shall at-
tempt to specify some guide lines.

(a) When energy-independent partial-wave analyses
are available (mostly for N*’s), approximate Breit—
Wigner behavior of the amplitude appears to us to be
the most satisfactory test for a resonance. We can
check that the Argand plot follows roughly a left-
hand circle, and that the “speed” of the amplitude
also shows a maximum near the resonance energy;
further, there should be data well above the resonance,
showing that the speed again decreases. Indeed proper
behavior of the partial-wave amplitude could accredit
a resonance even if its elasticity is too small to make a
noticeable peak in the cross section.

ix
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Of course even if Argand plots are available, it may
still be a matter of opinion as to what behavior consti-
tutes a resonance. Such an example is the Z;(1780)
state seen in KN total cross-section experiments and
in partial-wave analysis. The recent partial-wave anal-
yses of Giacomelli (1974) and Martin (1975) find pre-
ferred solutions which exhibit a resonance-like loop in
the P; wave near 1740 MeV. However, Giacomelli
et al. and Martin point out that, despite the resonant-
like appearance of the loop, the evidence for resonant
energy dependence is inconclusive. Thus we omit the
Zo(1780) from the Baryon Table. A similar quandary
has existed for some time concerning the Z,(1900),
and it too has been omitted from the Tables.

(b) When there are insufficient data to perform
energy-independent analyses, one often resorts to
energy-dependent partial-wave analyses (mostly for
Y*’s). In this case Breit—Wigner behavior is an input,
We therefore require that resonance solutions be
found by several different analyses, preferably in dif-
ferent channels (KN - KN, 72, etc.), before putting
the claim in the table.

(¢) Partial-wave analyses of three-body final states
(aN — w7N) are now available. While these analyses
are based on the isobar model (7N — pN, 7A, etc.)
and are subject to theoretical objections of varying
importance, they provide increasingly reliable infor-
mation on inelastic decay modes of otherwise estab-
lished resonances.

(d) Most mesons, Z* peaks, and high mass N* and
Y* peaks fall into a category for which no partial-
wave analyses exist. In general we accept such peaks
if they are experimentally reliable, of high statistical
significance or if they are observed in several different
production processes.

(e) A special category of “diffractive mesons™ con-
sists of statistically significant peaks like Ay, A3 or Q,
which are not far above the pm, fr, or K*# thresholds.
The question of a resonance interpretation for these
states is complicated, because the behavior near thresh-
old in these channels may be described by the Deck
effect. Modern partial-wave analyses can shed con-
siderable light on these problems. Results are also be-
coming available from experiments designed to look
for these mesons in channels where the Deck effect is
minimized (baryon exchange processes, for example).
See the mini-reviews for details.

Thus, we enter into the tables of Particle Properties

PHYSICS LETTERS

24 April 1978

only states for which there is experimentally convinc-
ing evidence, and we expect that most of these will be
confirmed as resonances.

VI. Conventions and parameters for weak and electro-
magnetic decays

A. Muon-decay parameters

The u-decay parameters describe the momentum
spectrum (p and n), the asymmetry (¢ and 6), and the
helicity (%) of the electron in the process u* >e* +
v+ v. Assuming a local and lepton-conserving interac-
tion, the matrix element may be written as

25 I 1w BT, + Chs)lw)
1

where the summation is taken overi =S, V, T, A, P.
Using the definitions and sign conventions of Kinoshita
and Sirlin (1957), we have for the momentum parame-
ters

p=[3g% +3g% + 6831/D
n=(gd - gh+ 263 — 2841/D,
for the asymmetry parameters:

~ 6gggp cOS Pgp — 8ZpQy COS Py + 14g-2r cos Py

D 3

8= [—6g28y cos Ppy + 6g%" cos ¢prl/DE,

and for the parameter describing the helicity of the
electron:

D
Here
D=g3 + g +4g% = 6g% + 43 .
g =GP+ 11,
and
cos ¢; = Re (GG + C/CT) .
The quantities g; are defined to be real non-negative
numbers, and the ¢;; are phase angles between the i-
type and j-type interactions. Under the assumption of

two-component neutrinos C; = —C; and Ci= -G the
S, P,and T terms vanish, and ¢, v is the phase angle
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between C and Cy in the complex plane.

By using the above equations and the experimental
determinations of p, n, £, 8, and &, limits can be placed
on gg/8v, &al8v, &1/8v gpley . and ¢ 4y . The results,
given in the Data Card Listings assume neither two-
component neutrinos nor time-reversal invariance. If,
however, two-component neutrinos are assumed, then
sin ¢ v is the amplitude of time-reversal violation.
Note that most experiments study only the upper end
of the spectrum where p and 1 are highly correlated,
so they can only report p for n =0 and 7 for p -:—%.
The values for p and n we use here were obtained by
combining measurements of both upper and lower
ends of the spectrum and turn out to be nearly uncor-
related.

Note also that the radiative corrections are unam-
biguous only when gg = g1 = gp = 0. The same limits
on gA/gV and ¢ 5y are obtained, however, as when
gs» g1»>and gp are left free.

Current values for the asymmetry parameters as
well as |g /gy | and ¢,y are given in the Addendum
to the Stable Particle Table. In addition, upper limits
on |gs/gy |, lgr/gy | and Igp/gy| are given in the u
section of the Stable Particle Data Card Listings.

B. K-decay parameters

1. Dalitz plot for K - 37 decays. The small devia-
tion from uniformity of the Daliiz plot for the 37
decay of the K meson is usually described by a “slope
parameter” (Dalitz, 1956). For the 7 and 7’ decays of
the charged K’s, and the 70 decay mode of the K¢,
we parametrize the Dalitz plot distribution by the ex-
pression

2
§2 — S S7 — §
|MPml+g3-;9+h(3 ‘ﬁ

m2, m727+

2
Sy — 81 §y — 8§
(2 M
+ m.n'»"

where m72r+ has been introduced so as to make the co-
efficients g, A, j, and k dimensionless, and

sl-=(PK~Pl~)2=(mK~m,-)2—2mKT~, i=1,2,3,

_1 _1,.2 2 2
So"‘§ ?Si—g(mK+m%+m2+m3).

Here the P; are 4-vectors, m; and T; are the mass and
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kinetic energy of the ith pion, and the index 3 is used
for the odd pion.

The coefficient g is a measure of the slope in the
variable 55 (or T3) of the Dalitz plot, while # and k
measure the quadratic dependence on s3 and (sy — s7),
respectively. The coefficient j is related to the asym-
metry of the plot and must be zero if CP invariance
holds. Note also that if CP is good, g must be the same
for 7+ and 77, and similarly for & and k.

At present there is no compelling experimental evi-
dence for the &, k, or j term (for upper limits on the
J term, see section B3(b) below). Thus we stop the
above expansion at the first term and list only g. Since
different experiments use different forms for (M2, in
order to compare the experiments we have converted
to g whatever coefficients have been measured. See
the mini-review in the K* section of the Stable Particle
Data Card Listings for details on this point. The results
are given in the Addendum to the Stable Particle Table
and in the K* and K(ﬂ sections of the Stable Particle
Data Card Listings.

Relations among 7%, 7%, and 70 are predicted by
the Al = % rule. See appendix I for these relations and
a discussion of this rule.

2. Form factors in K 3 leptonic decays. Assuming
that only the vector current contributes to these de-
cays, we write the matrix element as

Mef () [(Pg + Pty (1+v5)u,]
(O moi(1 + vs)u,l 2

where Py and P are the four momenta of K and 7
mesons; 111, is the lepton mass; /. and f_ are dimen-
sionless form factors which can depend only on ¢ =
(Px - Pﬂ)z, the square of the four-momentum trans-
fer to the leptons. f, and f_ are relatively real if time
reversal invariance holds for these decays. K, 3 experi-
ments measure f, and f_, while K4 experiments are
sensitive only to f, because the presence of the lepton
mass makes the f_ term negligible.

{a) K“3 experiments. Analyses of K“3 data fre-
quently assume a linear dependence of f, and f_ on ¢,
ie.

1.0 = £.O)[1 + N, (¢/mD)] . (3)

Most K, 3 data are adequately described by eq. (3) for
f, and a constant f_ (i.e. A\_ = 0). There are two

Xi
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equivalent parametrizations commonly used in these
analyses:

(1) N, &(0) parametrization. Analyses of K, 3 data
often introduce the ratio of the two form factors

§0)=F_0If(0) .

The K, 3 decay distribution is then described by the
two parameters A, and £(0) (assuming time reversal
invariance and A_ = 0). These parameters can be deter-
mined by three different methods:

Method A. By studying the Dalitz plot or the pion
spectrum of K, 3 decay. The Dalitz plot density is
(see, e.g. Chounet et al., 1972):

PE, ) < O] + BED) + CE1)]
where

A=mygQEE, ~ mgE)+miGE, - E,),
B=m(E,  3E.),

N
C=amyE, ,
, max mZK + m,zr —m?
L =E —En=~‘77§mK e

Here £, Eu’ and £, are respectively the pion, muon,
and neutrino energies in the kaon center of mass. The
density p is fit to the data to determine the values of
., £(0), and their correlation.

Method B. By measuring the K“3/Ke3 branching
ratio and comparing it with the theoretical ratio (see,
e.g., Fearing et al., 1970) as given in terms of A* and
£(0), assuming u—e universality:

I(K,3)/T(Kg3) = 0.6457 + 1.4115), + 0.1264£(0)
+0.0192£(0)2 + 0.0080A, £(0)

D(K®3)/T(KY3) = 0.6452 + 131622, +0.1246£(0)
+0.0186£(0)2 + 0.0064 A, £(0) .

This cannot determine A, and £(0) simultaneously but
simply fixes a relationship between them.

Method C. By measuring the muon polarization in
KV'3 decay. In the rest frame of the K, the u is ex-
pected to be polarized in the direction 4 with P =
A/l A|, where A is given (Cabibbo and Maksy mowicz,
1964) by

Xii
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D
~a5(®) {ﬁ’i [mK E
KM

t mg Im&(p, Xp,) -

If time-reversal invariance holds, £ is real, and thus
there is no polarization perpendicular to the K-decay
plane. Polarization experiments measure the weighted
average of £(¢) over the ¢ range of the experiment,
where the weighting accounts for the variation with ¢
of the sensitivity to £(¢).

(2) M. Ny parametrization. Some of the more
recent K, 3 analyses have parametrized in terms of the
form factors f, and f;; which are associated with vec-
tor and scalar exchange respectively to the lepton pair.
[ is related to f and f_ by

folt) = £.() + [t/(mE — mDf_(1) .

Here f,(0) must equal £, (0) unless f_(¢) diverges at
t = 0. The earlier assumption that f, is linear in ¢ and
f_ is constant leads to fj linear in #:

Fo(6) = £(O)[1 + Ny(t/m2)] .

With the assumption that (0} = £1.(0), the two
parametrizations, (A, , £(0)) and (A, Ay) are equivalent
as Jong as correlation information is retained. (A4, Ag)
correlations tend to be less strong than (A, , £(0)) cor-
relations.

The experimental results for £(0) and its correlation
with A, are listed in the K* and Kg sections of the
Stable Particle Data Card Listings in subsection XIA,
XIB, or XIC depending on whether method A, Bor C
discussed above was used. The corresponding values of
At are listed in subsection L + M.

Because current experiments tend to use the (A, )\0)
parametrization, we have added a subsection LO for A,
results. Wherever possible we have converted £(0) re-
sults into A results and vice versa.

(b) K, 3 experiments. Analysis of K 5 data is simpler
than that of K”3 because the second term of the
matrix element assuming a pure vector current (eq.(2)
above) can be neglected. Here f, is usually assumed to
be linear in 7, and the linear coefficient A, of eq. (3} is
determined.

If we remove the assumption of a pure vector cur-
rent, then the matrix element for the decay, in addi-
tion to the terms in eq. (2), would contain
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+ 2my (fgup(1 +ys)u,
QL) PO, Ty 0p (1 + 75D,

where fg is the scalar form factor, and fy is the tensor
form factor. In the case of the K3 decays where the
[ term can be neglected, experiments have yielded
limits on | fg/f | and | fy/fyl.

The K3 results for A, | fg/f ] and |fy/f}] are
listed in the subsections L + M, FS, and FT respec-

tively of the K* and Kg sections of the Stable Particle
Data Card Listings.

See also the Note on K} 4 and K3 Form Factors in
the K* section of the Stable Particle Data Card Lis-
tings for additional discussion of the K23 parameters,
correlations, and conversion between parametrization
and also for a comparison of the experimental results.

3. CPviolation in KO decays. We list parameters for
four different reactions in which CP can be tested (for
details, see Okun and Rubbia (1967), Steinberger
(1969), and Wolfenstein (1969)).

(a) Kg = n*n—n0. The quantity measured here is
the ratio of amplitudes

Ag(Kg ~> mtr—a0) A (K »ntnn0)=x+iy. (4)

If CPT invariance holds and there is no [ = 3 state pres-

ent, then x can be neglected and CP violation would
be observed as a nonzero y. We give the result for eq.
(4) in the K% section of the Stable Particle Table and
under Branching Ratio R4 in the Kg section of the
Stable Particle Data Card Listings. Our procedure is

to assume that x = 0, and to list (4g/A; )? in the form
of a branching ratio.

(b) Charge asymmetry in K; > 3 decays. As men-
tioned above, the presence of a term in (s, — s7) in
expression (1) describing the Dalitz plot distribution
for 7%, 70 decays of K mesons would be an indication
of CP violation. Rather than listing values of the
(55 — 1) coefficient j in eq. (1), we choose to list o,
from the equivalent expression

IM|2 o1+ 01(2/\/3_)(T+ - Tf)/Tt max
+ (CP nonviolating terms) , (5

where T, are the kinetic energies of the charged pions.
We have momentarily abandoned the form involving

the Mandelstam variables s; in favor of eq. (5) because
the latter has been consistently used by experimenters
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searching for CP violation. We list o, among the CP-
violating parameters at the back of the K% section of
the Stable Particle Data Card Listings. Note that only
upper limits have been reported for this quantity.

(c) Asymmetry in the K; -~ n*%*v decays. The
quantity measured and compiled here is

[(Kp > 7= )~ (K > 718 0)
= —nrrre——

F(KL g 7T’Q+V) + F(KL - 7T+Q_V)
This asymmetry violates CP invariance. If CPT is good,
for a pure Kg beam, § can be written as

6=2[(1 ~ x2)/(I1 —x1®)] Ree,

where x is the AS = AQ-violating parameter defined in

section B4, and € is the parameter of the expansion

K= [(1+e)K) — (1 — )l K))/[2(1 + [e[2)] V2,
(6a)

IKg)= [(1+e)[K)+ (1 — )]/ [2(1+ |e|)] V2.
(6b)

We give 6 in the Addendum to the Stable Particle
Table. In addition, in the K% CP-violation section of
the Stable Particle Data Card Listings, we list 6 sepa-
rately for K(ﬁ - quv and K?g - mev.

(d) K; = 27 decay . The relevant parameters are

ne_ = AKp > 7tn)/AKg = n¥n)
=|ny_lexplig, ),
= |7700l exPU‘Poo) ,

€, defined in eqs. (6) above, and

Here, A; and §; are the amplitude and phase of nm
scattering at the K mass, defined by

(I =0]TIK) = exp(isg)Aq ,
(=2{TIK} = exp(i6,)4, .
Wu and Yang (1964) have defived the relationships
ny_=e€+te, myo=e€—2 .

We give 1, _,nqq, ¢+ _, and dpq in the Addendum
to the Stable Particle Table. The phases are measured
directly, whereas the magnitudes n, _ and ng are
derived parameters. We use, as far as we can, the

xiii
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directly measured quantities as input and calculate
n,_ and 1y from the values given by our constrained
fits. Therefore, if one looks at the Data Card Listings,
most-of the || measurements appear in the form of
branching ratios, with appropriate comments. We then
give the values of n, _ and InOOI2 in a separate list at
the end of the CP-violating parameters section of the
Kg section of the Stable Particle Data Card Listings.

4. AS = AQ rule in K9 decays. The relative amount
of AS # AQ component present is measured by the
parameter x, defined as

x=A(K? > 770 )/AKC > 7= 0tp) .

We list Re {x} and Im{x} for both K5 and K, 3 at
the end of the Stable Particle Data Card Listings and
give values in the Addendum to the Stable Particle
Table.

C. n-decay parameters

1. Cviolation in n-decays. As a test of possible C-
violation in electromagnetic interactions, a number of
experiments have looked for possible charge asym-
metries in the decays n > atn— 70 and n > 7t 7 y.
We list the following parameters.

(a) The left-right asymmetry

A=(N* -~ NNt +NT),

where N(*) means the number of events with the #(*)

energy greater than the n(*) energy in the 7 rest frame.

(b) The sextant asymmetry

A TNy + Ny + N3+ Ny + Ng+ Ng

for the decay n = n*n~n0. The numbers refer to the
sextants of the Dalitz plot (see, for example, Layter
(1972)). A, is sensitive to an / = 0 C-violating asym-
metry.

(c) The quadrant asymmetry Aq, defined in a sim-
ilar way as A, but with each sector of the Dalitz plot
now containing 7/2 rather than #/3 radians. Aq is
sensitive to an / = 2 C-violating final state.

(d) The d-wave contribution to the C-violating am-
plitude in the decay n = n*n~7. The'upper limit for
this contribution is measured by the parameter g,
defined by

dN/d|cos 8] & sin26(1 + f cos29) ,

Xiv
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where @ is the angle between the 7t and the v in the
di-pion center of mass. A term proportional to cos?0
could also be due to p- and f-wave interference.

We list A for the decay modes n -> 7*7~ 70 and
n=>atny, A and Aq for the decay n > ntr- a0,
and g for the decay n = "7~ 7 in the 1 section of the
Stable Particle Data Card Listings.

2. Dalitz plot for n ~ ntn—79. The Dalitz plot for
the decay n - nt7—n¥ may be fit by the distribution

M, )2 <1 +ay+by? +ex +dx2 +exy.
Here,

x=3(T, - T)Q, »=GTy/Q) -1,

T,,T_, T, are the kinetic energies of the at, n—, and
70 in the n rest system, and Q= m, — m 4 — M - ~
m_o. The coefficient of the term linear in x is sensitive
to C-violation due to an 7 = 0 or / = 2 final state. We
list papers presenting déterminations of the parameters
a, b,c,and d in the n section of the Stable Particle
Data Card Listings. However, we do not tabulate val-
ues of these parameters because the assumptions made
by different authors are not compatible and do not
allow comparison of the numerical values.

3. Dalitz plot for n = n*n—+y. The Dalitz plot for
the decay n = n*m—vy may be fit to the expression

M2l +2az,

where

2 233 3 2
_2 1 -
= 3 i=1 l:mn ~3m7{ (El 3m’ﬂ)] p2 ’

max

Here £ is the energy of the ith pion in the 1 rest
frame, and p is the distance to the center of the Dalitz
plot. We list the parameter « in the  section of the
Stable Particle Data Card Listings.

D. Baryon-decay parameters
1. A/V ratio for baryon leptonic decays. Consider
the decay

Bi_)Bf+Q+V.

Assuming V, A theory, neglecting “induced” scalar,
“induced” pseudoscalar, and axial weak-magnetism
terms, and neglecting the g2 dependence of the form



Volume 75B

factors, the baryon part of the matrix element for
these decays may be written (Goldberger and Treiman,
1958) as

(Belyalgy — gars)+ (gw/mBi)UADCI,,\Bi) .

where B; and B, represent initial and final baryons,
g4 and gy the axial and vector coupling constant,

gw the weak magnetism coupling constant, and g, the
sum of the lepton momenta. Here the Pauli represen-
tation is used for the y matrices. The ratio g, /gy may
be written as

galey = lgaley]explio) ,

where ¢ is O + n if time reversal holds (see Jackson
et al., 1957).

Experiments on the leptonic decays of baryons
other than the neutron have generally assumed ¢ to
be either O or 7, and have thus measured the magni-
tude and sign of g4 /gy . In studying neutron beta
decay, however, experiments have been sensitive
enough to measure ¢ more precisely, and we include
the phase angle in our Listings for this case. It is con-
sistent with time reversal invariance, and by using the
above definition of the matrix element with the Pauli
representations, the value of g, /gy, in neutron beta
decay is negative.

Due to statistical limitation the weak magnetism
form factor gy is usually assumed from CVC and
SU(3), so only g, and gy, are determined experimen-
tally. This determination is accomplished in a variety
of ways.

(a) The lepton-neutrino angular correlation pro-
vides a measure of the absolute value of g, /gy, (for
relevant formulas, see, e.g., Albright, 1959).

(b) The up—down asymmetry of the lepton from
polarized baryon decays provides a measure of g, /gy
with its sign (for relevant formulas, see, e.g. Albright,
1959).

(c) The lepton spectrum, given enough statistics,
provides a measure of g4 /gy, with its sign (for relevant
formulas, see, e.g., Bender, 1968).

(d) The polarization of the decay baryon, from
polarized or unpolarized initial baryon, also provides
ga /gy with its sign (for formulas, see, e.g., Willis and
Thompson, 1968).

(e) The presence of a term proportional to

aBi * (pe X pu) s
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where the initial baryon is polarized or

ch * (pc X py) >

where the polarization of the decay baryon is ob-
served provides a measure of the deviation of ¢ from
0 or m, and is thus a test of time reversal invariance
(see, e.g., Willis and Thompson, 1968).

We compile the ratio g, /gy with its sign, for those
decays for which it has been measured.

All the coupling constants and decay rates for
baryon leptonic decays are related by Cabibbo’s
theory (Cabibbo, 1964). A recent fit to this theory
has been done by Roos (1974).

2. Asymmetry parameters in nonleptonic hyperon
decays. The transition matrix for the hyperon decay
may be written as

M=s5+p(e*q), (N

where s and p are the parity-changing and the parity
conserving amplitudes, respectively; & is the Pauli spin
operator, and q is a unit vector along the direction of
the decay baryon in the hyperon rest frame.

The asymmetry parameters are defined by the rela-
tions

a=2Re(s*p)/(Is12 + Ip|?).
B =21Im(s*p)/(Is12 + |p|?).,
v=(s1Z2 — Ip1D/Us2 + 1p12) .

With the transition matrix (7), the angular distribu-
tion of the decay baryon, in the hyperon rest system,
is of the form

1:1+QPY’q,

where Py =(Y|0o|Y) is the hyperon polarization.
In the notation of Lee and Yang (1957) the polar-
ization Py of the decay baryon is *?

_(a+Py - q)g+BPy X q)+71g X (Py Xgq)
B~ 1+aPY¢q 3

where Py is defined in that rest system of the baryon
obtained by a Lorentz transformation along ¢ from

*2 Note that Lee and Yang (1957) contains a misprint. The
minus sign in the definition of 8 should be replaced by a 2.
In addition, our unit vector q is the direction of the baryon,
whereas their unit vector p is the direction of the pion.

XV



Volume 75B

the hyperon rest system in which g and Py are defined.

Note that a is the helicity of the decay baryon for un-
polarized hyperons.
The three parameters @, 8, and 7 satisfy the relation

a2 +p2+92=1.

It is then convenient to describe hyperon nonleptonic
decays in terms of the two independent parameters «
and the angle ¢ defined by

B=(1—a®)/2sing,
y=(1 a2 cos g,

which has a more nearly gaussian distribution than f
or v. Evidently
—n<¢<inr  for y>0,
+%rr<¢<%ﬂ for y<0.

In discussing time-reversal invariance, the quantity
of interest is A, defined by
a=2lsllplcos A/(IsI? + Ip1?),
B ==2lsliplsin A/(Is|2 +|pl?) ;

that is, A is the phase angle of s relative to p. Evident-

—sr<A<inr for a>0,
+t31<A<3nm for a<O0.

Under the assumption of time-reversal invariance, the
angle A must satisfy the relation

A=8,-3,

modulo 7, where ; and 5p are the pion—baryon scat-
tering phase shifts at the appropriate energy and for
the appropriate isospin state. For A decay, assuming
the validity of the |Al| = % rule,

A=8;—5,=(7.02%1.0)deg. *°

In the Stable Particle Data Card Listings we give « and
¢ for each decay since they are the most closely related
to the experiments and are essentially uncorrelated.
Whenever necessary we have changed the signs of the
reported values, so as to agree with our conventions.

*3 This value for 8g — 8p is derived from the phase-shift anal-
yses by Ayed (1976). The error is our estimation of the
uncertainty allowing for possible correlations.
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In the Stable Particle Table we give a, ¢, and A with
errors; and for convenience we also give the central
value of vy, without an error.

VII. Statistical procedures

We divide this discussion on obtaining averages and
errors into two sections:

A. the unconstrained case, or “simple averaging”, and
B. the constrained case.

In what follows, the term “‘error’” means one
standard deviation (10); that is, for central value x and
error 6%, the range X * X constitutes a 68.3% confi-
dence interval.

A. Unconstrained averaging

We first describe the standard procedure we have
used for several years to determine averages and errors.
We then discuss a second method, which we feel offers
a less conservative, and possibly more accurate, esti-
mate of errors.

1. Standard procedure — gaussian distribution with
scale factor. We begin by assuming that measurements
of a given quantity obey a gaussian distribution, and
thus we calculate a weighted average and error

isre (;Wixi/;wi)i [1/(12 Wi)]_1/2 ’(1)

w; = [1/(535,')2] 5

where x; and 6x; are the value and error, respectively,
reported by the ith experirent, and the sums run over
N experiments. We also calculate x2 and compare it
with its expectation value of N — 1.

If x2/(N — 1) is less than or equal to 1, and there
are no known problems with the data, we accept the
above results.

If x2/(N — 1) is ridiculously large, or if there is
prior knowledge of extremely large inconsistencies
between experiments, we may choose not to average
the data at all. Alternatively, we may quote the calcu-
lated average, but then give an educated guess as to
the error; such a guess is generally a quite conservative
estimate designed to take into account known prob-
lems with the data.

Finally, if x2/(NV — 1) is greater than 1, but not to
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such a large extent, we still average the data, but then
try to make up for this fact in two ways:

(1) We plot an ideogram to guide the reader in de-
ciding which data might be rejected before selected
averages are made. An example of such an ideogram
is given in fig. 3 below. Each experiment appearing in
the plot is represented by a gaussian with central value
X;, error 8x;, and area proportional to 1/6x1~. The
choice of area is a somewhat arbitrary one; it is based
on the assumption that an experimenter will work to
reduce his (or her) systematic errors until they are
slightly smaller (but seldom much smaller) than the
statistical errors. Thus, as a bubble chamber physicist
gets more events, he (or she) will use them both to
reduce the statistical errors and to study the biases.
Our confidence that a significant systematic error has
not been made in a given experiment, as compared
with other contradictory experiments, then tends to
go up as 1/6x;.

But why not assign a weight I/Bxiz, as is done when
computing a weighted average? We feel that this is
equivalent to assuming that large systematic errors are

WEIGHTED AUVERAGE = 104.2 2 12.1
ERROR SCALED BY 2.3

T

CHISG
72 CNTR 0.2
71 ASPK 7.2
71 HBC 1.4
70 HBC 0.3
67 HBC  10.1
67 HBC  10.3
67 HBC 3.0
32.6
(CONLEY
0 50 100 150 200 250 =0.0001

AZ UIDTH (MEV): K KBAR NODE

Fig. 3. Idcogram of measurements of the A, width, as deter-
mined from the KK mode. The vertical line indicates the posi-
tion of the weighted average, while the horizontal bar atop the
line gives the error in the average after scaling by the SCALE
factor. Only those experiments indicated by + error flags

were precise enough to be accepted in the calculation of the
SCALE factor; the column on the far right gives the x2 con-
tribution of each of these experiments. Qccasionally, less pre-
cise experiments are included in the calculation of the weighted
average, but not SCALE; they have 1 error flags.
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as infrequent as large statistical fluctuations, and that
this is unrealistic.

We emphasize the difference between least-squares
averaging (where the weighting factor is the inverse
square of the error) and the ideograms prepared for
visual display. The former arithmetic is of course best
if one has statistically distributed input, and yields a
narrow gaussian distribution centered at the weighted
mean. The ideogram (often multipeaked and certainly
not gaussian) is based on the opposite hypothesis that
some of the input is systematically in error. The idea
behind least-squares averaging is that experiments 1,
2, 3, etc., are all valid (so we should multiply their
probabilities). Our ideograms are based on the assump-
tion that 1 or 2 or 3, etc., is valid, “hedged” with
1/6x,~ betting odds; we then add their probabilities.
Both approaches cannot simultaneously be right; we
leave it to the reader to choose. A glance at the ideo-
gram will show, however, that the discrepancy is often
not severe for reasonably distributed input.

(ii) The second way in which we try to take ac-
count of x2/(N — 1) being greater than 1 is to scale up
our quoted error 6X in eq. (1) by a factor

SCALE = [x2/(N — 1))1/2 | (2)

Our reasoning is as follows. Since we do not know
which one or more of the experiments are wrong, we
assume that all experimentalists underestimated their
errors by the same scale factor (2). If we scale up all
input errors by this factor, x2 returns to N — 1, and
of course the output error scales up by the same factor

If all the experiments have errors of about the same
size, the above (straightforward) procedure for calcu-
lating SCALE is carried out. If, however, we are to
combine experiments with widely varying errors, we
must modify the procedure slightly. This is because it
is the more precise experiments that most influence
not only the average value X, but also the error §X.
Now, on the average, the low-precision experiments
each contribute about unity to both the numerator
and the denominator of SCALE, hence the x2 contri-
bution of the sensitive experiments is diluted, i.e.,
reduced. Therefore, we evaluate SCALE by using only
experiments for which the errors are not much greater
than those of the more precise experiments. Explicitly,
to calculate SCALE we use only the most sensitive ex-
periments, i.e., those with errors less than 6, where
the ceiling & is (arbitrarily) chosen to be

XVil
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5o =3NV2sx .

Here 6Xx is the unscaled error of the mean of all the
experiments. Note that if each experiment had the
same error 8x;, then 6x would be 6xi/N1/2, so each
individual experiment would be well under the ceiling
on SCALE.

This scaling approach has the property that if
there are two values with comparable errors separated
by much more than their stated errors (with or with-
out a number of other experiments of lower accuracy),
the error on the mean value 8Xx is increased so that it
is approximately half the interval between the two
discrepant values.

We wish to emphasize the fact that our scaling
procedures for errors in no way affect central values.
In addition, if one wishes to recover the unscaled
error 6x, one need only divide the given error by the
SCALE factor for that error.

2. A second procedure — Student’s distribution.
The second method of averaging data, described in
detail in Roos et al. (1975), relies upon an empirical
determination of the distribution of the residuals for
the ensemble of data appearing in the Review. The
residual for the ith measurement of a quantity with
average value X is defined as

h; = (x; — X)/6x; .

Roos et al. select several different subsamples of the
data, and show that the residuals for each subsample
have approximately the same properties; in particular,
their first few even moments are similar. Since the dis-
tributions have longer tails than a gaussian, the authors
choose to represent them by a distribution function
having such a property, namely the Student distribu-
tion

S,(hle)y=K [1 +L”/§X}‘(”+l)/2 . 5

Here K is a normalization constant, and »n and ¢ are
parameters which the authors then fit to the com-
bined sample of data. The resulting empirical distri-
bution is

S1o(/1.11) = 0351 [1 +@%01JX]_“/2 . @)

Note that the shape of S is somewhere between that
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of a gaussian (=5, ) and that of a Breit—Wigner (=5)).

The proposed method of averaging the data for a
given quantity then consists of finding the value of X
which maximizes the log-likelihood function

_ E X; =X
oz £((x 310 = Dioe [ (Tig) [+ ©
the sum here is again taken over all N measurements
of x. The error 6Xx is determined by finding the varia-
tion in ¥ needed to decrease the log-likelihood by 1/2:

log £({x;}1%) — log L({x;}|X £6%) =5 . (6)

3. Comparison of procedures. Both of the proce-
dures described above adopt a partially empirical ap-
proach to the problem that measured values for the
quantities tabulated in this Review do not exhibit the
gaussian behavior naively expected. (This problem, it
should be noted, persists even when careful attempts
are made to resolve difficulties and inconsistencies in
the data prior to averaging.)

The first approach operates on a quantity-by-
quantity basis and adjusts the error in each case so
that no scaled x2/(V — 1) is greater than 1. This is ob-
viously rather conservative, since even if the data
obeyed a gaussian distribution, about half of the
quantities would be expected to have x2/(N — 1) > 1.

The second approach, on the other hand, assumes
that (provided we first eliminate quantities with ob-
vious, known problems) all quantities have the same
theoretical distribution function, namely the fairly
long-tailed S (#/1.11). With this supposition, if a
particular quantity has a large ¥2, it is assumed to be
just a happenstance, occasioned by a random fluctua-
tion into the long tails, and no special scaling for this
quantity is done. This procedure thus results in gen-
erally smaller, or less conservative, error estimates for
quantities having x2/(N — 1) > 1. (However, it should
be noted that, because of the overall scale of 1.11 ap-
pearing in the empirical Student’s distribution, the
errors for quantities with x2/(NV — 1) < 1 are actually
increased by about 10%.) Table 3 shows some com-
parisons of sample results from the two procedures,
using data from the 1974 edition of the Review. Shifts
in both X and X can be observed, especially where
SCALE> 1.

Since the new procedure is a significant departure
from the past, we have repeated the previously adopted
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Comparison of procedures (data from 1974 edition).
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Particle property Pure Standard method: Proposed method:
gaussian gaussian + scale factor Student’s distribution
Xt 6X T T X+ 6Xx
Xt 8X SCALE
0% mass (MeV) 770.32 + 0.65 770.32 + 0.91 14 770.37 + 0.82
7’ mass (MeV) 957.59 + 0.24 957.59 £ 0.24 1.0 957.58 + 0.28
¢ mass (MeV) 1019.69 = 0.15 1019.69 = 0.28 1.9 1019.83 + 0.20
K*(1420) mass (MeV) 14213 =23 1421.3 +£23 1.0 1421.3 +£2.6
Kli mean life (1078 5) 5.158 = 0.042 5.158 +0.042 1.0 5.158 = 0.046
=% mean life (10710 5) 0.8004 + 0.0058 0.8004 = 0.0058 1.0 0.8004 + 0.0064
¥~ mean life (10710 5) 1.482 +0.011 1.482 £0.017 1.5 1.479 :0.013
K* = afntn™ (%) 5.521 = 0.075 5.521 = 0.098 1.3 5.533 +0.089
1.0 6398 =+0.55

A — pTT— (%))

63.99 049

approach: in the Data Card Listings we give the aver-
age-and-error for each quantity calculated both ways;
the standard way is labelled at the left with the code

“AVG”, while the second way is labelled “STUDENT”".

In the Tables of Particle Properties, we continue to use
the standard procedure — gaussian with SCALE factor.
As in the past, a SCALE factor greater than 1 is indi-
cated by the appearance of “S = ...”” next to the value
and error.

We heartily invite your comments on the Student’s
distribution method. They will assist us in deciding on
procedures for future editions.

B. Constrained fits

Except for trivial cases, all branching ratios and
rate measurements are analyzed by the computer
program AHR. This program makes a simultaneous
least-squares fit to all the data, and outputs the partial-
decay fractions P;, width T, partial widths I';, and
their error matrix. :

The original version of AHR was written by J. Peter
Berge. It is documented separately, and we wish here
only to give the simplest nontrivial example that per-
mits us to comment on the error matrix and the scale
factor.

Assume that a state has only three partial-decay
fractions, Py, P,, and P53 < P; = 1), which have been
measured in four different ratios, Ry, ..., R4, where,
e.g., Ry =P /Py, Ry =P,/P3, etc. *4 Further assume

*# We can handle any R of the form R = = o P 2 ;P
where a; and §; are constants, usually 1 or 0.

6399 049

that each ratio has been measured by NV experiments
(we designate each experiment with a subscript x, e.g.,
R, ). Then AHR finds the best values of Py, Py, and
Py by minimizing x2, namely

4 N
(Rrx B R’iPL’P2’P3))2}

Xz:'z:[z

r=1Lx=1

7
e %)

In addition to the fitted values T’I-, the program cal-
culates an error matrix (81—’i61_5~>‘ We tabulate the diag-
onal elements 5]_)1' = (6]31-81—’,01/2 (except that some
errors are scaled according to eq. (2) as discussed
below). In the listings we give the complete error
matrix; we also calculate the fitted value of each ratio,
for comparison with the input data, and list it below
the relevant input, along with a simple unconstrained
average of the same input.

Two further comments on the example above.

(1) There was no connection between measure-
ments of the width and the branching ratios. But often
we also have information on partial widths I'; as well
as total width I". In this case AHR must introduce I"
as a parameter into the fit, along with the relations
I';=TP;, ZT;=T. When appropriate, we tabulate the
[; along with the P;, and give error matrices in the
listings.

(2) Note that we do not allow for correlations
between input data. We do try to pick those ratios
and widths which are as independent and as close to
the original data as possible.

In asymmetric errors, we use a continuous function
of 5(P)* and §(P)~ in the fitting. When no errors are

Xix
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reported, we merely list the data for inspection.

Hyperon-decay parameters. The program AHR
handles any type of input, a, ®, 4, §, or v, according
to the definitions of section V1. If for a particular
hyperon decay there are data for more than two of
the decay parameters, they are analyzed by using the
constraint

a2+p2+y2 =1,

Inconsistent constrained data. According to our
simple example, which led to eq. (7), the double sum
for x2 is summed over experiments x = 1 to &V, leaving
a single sum over ratios

x2=Zr)x3-

Even before fitting, some of the x% may be too large.
But if we scaled them before fitting, then the scaling
would move the central value, contrary to our policy.
So we do not scale until after the first fit; then, know-
ing the fitted x2 and its expectation value (x2) we
form SCALE factors (just as before), i.e.,

(SCALE)? =2/xd)

and if any (SCALE), is greater than 1, all V of the
measurements of that particular ratijo are equally
penalized by having their errors increased by SCALE.
Program AHR then recycles on all the data, those
with errors unchanged as well as those with errors in-
creased. We then get new values, 81_)1-' for the errors in
the partial decay modes.

Because of the constraint (X P; = 1) some SCALE
factors may still be greater than 1 even after this
second pass. If this is so, the whole procedure (i.e.,
increasing errors by the new SCALE factors and re-
cycling through AHR) is repeated.

At the end of AHR's final pass we have two mea-
sures of the errors for the 1—’, One is, of course, the
6Pl~', i.e., the errors in the final fitted values 1_5,-' which
include the effects of scaling the input errors. The
other measure of the errors is (}71- - 171-'), i.e., the shift
in the central values of the ith mode between the first
(unscaled) fit and the final (scaled) fit. In practice we
find that on the average these two measures of the
uncertainty are about equal. Rather than selecting
just one or the other, our tabulated errors are given
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by the combination
P)iap = B2+ (P, - P?)1/2

where 1_’l is the fitted value of the ith partial-decay
mode before scaling, P}’ is its value after scaling, and

8P/ is the error in P;. The SCALE factors we finally
list in such cases are defined by

(SCALE); = (8P,),,,,/5P; .

However, in line with our policy of not letting SCALE
affect the central values, we give the values of P; ob-
tained from the original (unscaled) fits. (The differen-
ces between the 1—’, calculated with either the scaled or
the unscaled errors are, of course, always within the
tabulated errors, (61—’l-)tab )
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Stable Particle Table

For additional parameters, see Addendum to this table.

Quantities in italics have changed by more tha one fold ) standard deviation sivee April 1976,

a
Particle IG(JF‘)Cn Mass Mean Life Partial decay mode
(MeV) (sec) por
Mass cr Mode Fraction”? Pmax ©
(Gev)2 {cm) (MeV/c)
v 0,1{17)- 0(<6x10-2%) stable stable
v =% 0(<0.00006) stable stable
e (>3x10%m,,_(MeV))
e =1 0.5110034 stable stable
+.0000014 (>5x102'y)
v I=% 0(<0.57) stable stable
M (>1.3>(104m,,“(MeV))
d
Ho—
u =4 105.65946 2.197134x1078 e by (986, , )% 53
£.00024 +.000077 e“Tuy e 1.4%% )y 53
m?=0.01116392 c7=6.5868x10*% e"yy ( <4 )x10-8 53
m,-m,+=-33.9074 e"ete” ( <1.9 )x10~9 53
+£.0012 ey _ ( <3.6 )10~ 53
5 eTve n ( <5 )% 53
T _&d
T =+f 1807 s (17.5 £1.7 )% 200
+20 v (17.9 2.8 )% 903
m<=3.27
” jd
nt 17(07)  139.5669 2.6030x10"8 wty 100 % 30
£.0012 +.0023 ety 1.267£0.023)x10™4 70
m?=0.0194789 c7=780.4 utuy €(  1.2420.25)x10~% 30
(rr-17)/7= etun® 1.02:0.07)x10'8 5
(0.05£0.07)% e*uy €( 2.15£0.50)x1078 70
(test of CPT) e*tvete ( <5 yx10~9 70
770‘ 17(07)+ 134.9626 0.828x10716 ¥y ( 98.8510.05)% 67
+.0039 £.057 S=1.8" yete~ ( 1.15:0.05)% 67
m?2=0.0182149 c7=2.5x10"% yry ( <5 yx10~6 67
mut-m,o=4.6043 ete"ete” &( 3.32 )x1073 67
+.0037 rvY ( <6 )x10~3% 67
e*te” ( <2 )x10~6 67
n 0%(07)+ 548.8 r=(0.8540.12)keV 7% ( 38.0 £1.0 )% S=1.2* 274
0.6, Neutral decays oy BO3.1 2101 )% s=1.27 258
$=1.4 (71.0£0,7)% 3 (29.9 1.1 )% S=1.1 180
m?=0.3012 S=1.1 T (23.6 £0.6 )% S=1.1" 175
ntnTy ( 4.89£0.13)% S=1.1% 236
ete™y { 0.50%0.12)% 274
e:e'no { <4 yx10~5 258
L% ( <0.15 )% 236
Charged decays e*e'w;f_ ( 0.1 £0.1 )% 236
(29.020 7)% n*n~nly (<6 yx10~4 175
S=1.1 n:n_r/ ( <0.2 V% 236
utu~ ( 2.2 £0.8 )x1073 253
wrun® ( <5 yx10~4 211
ete” ( <3 yx1074 274
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Stable Particle Table (cont’d)

Particle |C’I(JP)(;""l Mass Mean life Partial decay ode
(MeV) (sec) p or
Mass2 cT Mode Fraction ¥ Prmax ©
(GeV)2 {cm) {MeV /c)
g+_d
-3
K't 407) 493.668 1.2371x1078 wty ( 63.5040.16)% 236
£0.018 £.0026 S=1.9 n*n0 ( 21.1620.15)% 205
m?=0.24371 ¢T=370.9 ntates ( 5.59£0.03)% S=1.1" 125
(r*-17)/7= ntnOn0 ( 1.73$0.05)% S=1.3* 133
(.11£.09)% utvn® { 3.2040.09)% S=1.7* 215
(test of CPT) etun? { 4.82:0.05)% S=1.1" 228
$=1.2 utuvy e s.8 £3.5 )x10™3 236
e*un®n0 (1.8 *5-d )x1075 207
mgs-mgo=~4.01 etumtnm 3.90:8:%5)x10-5 203
£0.13 e vntnt (<5 yx1077 203
S=1.1% whemtn™ (0.9 £0.4 )x1075 151
uwontnt  (<3.0 )x10-6 151
ety ( 1.54£0.09)x1073 247
etvy L€ 1.62£0.47)x10°° 247
n*n¥y  he( 2 75:0.16)x1074 205
mtateTy (1.0 £0.4 )x10™% 125
utn®y (<6 )x10~3 215
etun®y € 3.7 t1.4 )x107% 228
ete~nt { 2.6 £0.5 )x10~7 227
etetn~ { <1 )x108 227
wtpTnt ( <2.4 )x10~6 172
ntyy €( <3.5 )x10~3 227
*yyy €( <3.0 )x10~4 227
LT ( <0.6 )x10~6 227
mty ( <4 )x10~8 227
etutn® ( <7 )x10~9 214
e~utnt ( <5 x10~2 214
wrouy ( <6 yx10~6 236
wtvete™ (11 £33 Ix1077 236
u:ue:e* (<20 , )XIO's 236
etvete” {( 2 i x10~ 247
KO 4(07) 49;.(13; 50% Kshort» 59% Kiong
0.
I—(O s=1.1%
m?® =0.24768 ;
BN 0.8923x10710 atn ( 68.61 A 206
KOS = £.0022 #0n© ( 31.39%0-24); S=1.1 209
cT=2.675 wtu ( <3.2 %1077 225
ete” ( <3.4 Ix10-4 249
ntny €( 1.85%0.10)x10"3 206
»y ( <0.4 )x10~3 249
KO £(07) 5.183x1078 %% (21.5 0.7 )% S=1.37 139
L £.040 n*tn~n®  ( 12.39:0.18)% S=1.2 133
cT=1554 nEu¥y ( 27.0 0.5 )% S=1.1* 216
nte¥y k( 38.8 $0.5 )% S=1.1" 229
nevy K€ 1.3 :0.8 )% 229
mg ~mg = 0.5349x101%K sec™! ntn” J( 0.203:0.005)% , 206
L 7S 40.0022 nOn0 ( 0.094$0.018)% S=1.5° 209
ntaTy €( 6.0 £2.0 )x107> 206
n0yy ( <2.4 )x10~¢ 231
vy ( 4.9 £0.5 )x10™* 249
eu ( <2.0 )x10~9 238
whe ( 9.1 #£1.8 )x1072 225
wruy ( <7.8 )x10~6 225
wrun® ( <5.7 x10~5 177
ete” ( <2.0 yx10~2 249
ete”y ( <2.8 )x10~3 249
n*n"ete” ( <8.8 yx10~8 206
nOnte®y  ( <2.2 yx1073 207
p* d
-
Dt L)Y 1se8.3¢ Kon*n* (3.9 £1.0 )z 845
+0.9 KOn* ( 1.5 0.6 )% 862
m2=3.491 e*anything M™( 9.8 1.4 )% 934
mps-mpo=5.0 ﬂ+;In' § <0.31 ;z 908
+0.8 KK <0.6 % 743
K*n*n~ ( <0.20 )% 845
po_d
3
DO L 1863.34 K™t ( 1.8 £0.5)% 860
=0 £0.9 K- n*n® (12 6 )% 843
D m2=3.472 K-n*a*n~ ( 3.5 £0.9 )% 812
KOn© ( <6 % 860
[(QO-)—QO~)K+n_)<O 16 KOn*a~ ( 4.4 1.1 )% 841
r(DY+Kn) ’ e*anything 7( 9.8 £1.4 )% 932
ntn™ { <0.13 % 921
K*K™ ( <0.13 )% 790




Stable Particle Table (cont’d)

Particle IG(JP)CHa Mass Mean life Partial decay mode
{MeV) (sec) p or
Mass2 cT Mode Fracuonb pmaxc
(GeV)2 (cm} (MeV /c)
p (34 938.279 stable (>2x1030y)
£0.0027
m?=0.880369
n $3Y 9395731 918114 pev 100 % 1
£0.0027 cr=2,75x1013
m?=0.882798
m,-mp=-1.29343
+0.00004
A o(+*) 1115.60 2.632x10710 pn= (64.2, o )% 100
+0.03 +.020 S=1.6 nn® (35.8% V2 )n 104
S=1.2 cr=7.89 pe~v ( 8.07+0.28)x10"% 163
m3=1.2446 puv ( 1.57£0.35)x107% 131
m,-mgo=-76.87 pnTy €( 0.85£0.14)x1073 100
£0.08
st 4+ 1189.37 0.802x10-10 pn® (51.6 0, )% 189
+0.06 +.005 nn* { 48.4 )% 185
S=1.8" c7=2.40 pY ( 1.2420.18)x1073 s=1.4* 225
m3=1.4146 nrr:y &( 0.93t0.10)><1o‘s3 185
AeTy 2.0210.47)x10" 7
mg+-mp-= -7.98 LE*-ttny) 04 nuty E <3.0 t ;XIO_E’ 20;
+.08 4 ne)S *% nety ( <0.5 1073 224
S=1.2 pete” ( <7 )x107€ 225
)‘_‘O WE*+)  1192.47 5.8x10720 Ay 100 % 74
+0.08 £1.3 Aete” &( 5.45 )x10~3 74
m3=1.4220 cr=1.7x10"% Ary ( <3 % 74
py 4% 1197.35 1.483x10710 nn” 100 % 193
+0.06 £.015 S=1.4% ne v ( 1.08£0.04)x1073 230
m3=1.4336 c1=4.45 npy ( 0.45:0.04)x1073 210
AeTv { 0.6040.06)x10"* 79
mgo-mg-=-4.88 nn”y €( 4.6 0.6 )x107% 193
£.06
Eo $(EH7 131409 2.90x10710 An® 100 % 135
0.6 +.10 A ( 0.5 0.5 )% 184
m?=1.7290 cr=8.69 50, ( <7 V% 117
pr— ( <3.6 yx10~5 299
pe v ( <1.3 yx1073 323
tte v (<t.1 )x10~3 120
ety ( <0.9 > 10 112
mzo-mz-=—6.4 ttuy (<1.1 )x1073 64
£.6 uty ( <0.9 Jx1073 49
puv ( <1.3 yx1073 309
= F(EH? 132132 1.654x10710 A 100 % 139
_0.13 £.021 - 9 0.69£0.18)x1073 190
m<=1.7459 cr=4.96 ( <0.5 )x10~3 123
( 3.5 £3.5 )x107% 163
( <0.8 yx1073 70
( <1.1 yx10"3 303
( <3.2 yx1073 327
( <1.5 % 313
( <1.2 )x10~3 118
( <4 yx10~4 223
( <4 )x107% 304
( <4 yx10"4 250
( <2.3 yx107% 6
O~ oEhH” e72.2 1.128:4x10-107 293
+.4 $=2.5 100% 290
m®=2.7963 cr=3 211

-



ADDENDUM TO

Stable Particle Table

Magnetic moment

e 1.001 159 652 41 S
£.000 000 000 20 € # Decay parameters 7
jo 1001 165 022 ——‘;—"—C p = 0.752£0.003 n = - 0.12 £0.21
+.000 000 009 H §£=0.972£0.013 6= 0.755x0.009 h = 1.00%0.13
lga/eyt=0.8619:33 ¢ = 180°%15°
T’ Mode Left-right asymmetry Sextant asymmetry Quadrant asymmetry
ntnn® (0.12¢.17)% (0.19£0.16)% (-0.17£0.17)%
ntnTy ( 0.88+.40)% £=0.047+£0.062
Kj; Mode Partial rate (sec™!)
i 6 _ «| Slope parameters for K » 3n 7
pers (51.33£0.17)x10 s=1.27
0 (17.10£0.13)x108 S=1.17| K'amtntnT g=-0.215£.004 S=1.5%  See Data Card Listings
LESC (4.52:0.03))(106 S=1.1 K »n-n~n* g=-0.214%.007 S=2.7% for quadratic coefficients.
nn%n®  ( 1.40:0.04)x108 $=1.37) KfanOnOn% g= 0.561£.021 S=1.77
unOy ( 2.58+0.07)x108 s=1.7"1 KPsntn"n® g= 0.670:.014 S=1.6"
enOy ( 3.90£0.04)x10® s=1.1* 7
AS= 0.029%.004 A= 0.0300%.0018 S=1.2
+ Y o G=1.5%  KO.J A= 25"
KO atmm 5 0.7689%.0033)x100 K3 )\; 0.026+.008 S 1.5* K93 xt 0.034 +.006 S 2.5*
S ;0,0 S(0.3517+.0029)x1010 S=1.1* M= -0.003%.007 $=1.5 M= 0.020 £.007 S=2.5
See Data Card Listings for ¢, fg, and f.
0 .0.00 6 * ;
KL T E 3314; tgéi;:igs 2x| CP violation parameters ¢ 5i/ .
;‘ ’; m ( 5.21 zoﬁo)xioﬁ *| Ins_l=(2.274£.022)x1073 Ingol=(2.324.09)x1073 S=1.1
o (7.49 £0.11)x106 #f $4-=(45.021.2)° 2 $oo=(48213)° |
ata HS(3.61 £0.10)x10° In4.-gl°<0.12 In0gol©<0.28 6=(0.330+£.012)x10
n97%  S( 1.81 £0.35)x10% s=1.5% 4S5 = ~AQ . .
Re x=0.009+.020 S=1.4" Im x = -0.004£.026 S=1.1"
Magnetic Decay parameters¥
moment Measured Derived ga/8y ay/ 8
(eﬁ/Zmpc) a ¢p(degree) ¥ A(degree)
2.7928456
P +.0000011
-1.91304211 pe~v -1.253£0.007
n +.00000088 6=(180.20£0.19)°
-0.606 prT  0.642:0.013  (-6.5¢3.5°  0.76  (7.7%4:9)°
A +.034 nn®  0.646£0.044 5
pev -0.6210.05 S=1.2
Z+ pr® 1-0.978£0.016  (36£34)° 0.17  (187t6)°
2.83 nmt  +0.072£0.015 (167x20)°  -0.97 (-721}32)°
+.25 pr  -1.03%2.32 s=1.1%
-0.42
- nn”  —0.069£0.008 (10%15)° 0.98 (249713 .
27 i ne v +(0.3685£0.070) S=2.3 .
+.37 Aev 0.24£0.23 5=1.3
—0 An®  -0.44:0.08  (21:12)° 0.3¢  (216%13)°
= $=1.3"
—— -1.85 AnT -0.392:0.021  (246)°, 0.92  (185:13)°
= +.75 S=1.1
- +0.36
0~ AK™  -0.6625'38
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Stable Particle Table (cont’d)

Indicates an entry in the Stable Particle Data Card Listings not entered in the Stable Particle
Table. We do not regard these as established particles.

*S = Scale factor = \/xz/(N—l). where N ® number of experiments. S should bex 1. If S> 1, we have

IR o,

oSy Nx

_Q

enlarged the error of the mean, 6x; i.e., 6x > S6x. This convention is still inadequate, since if S
>> | the experiments are probably inconsistent, and therefore the real uncertainty is probably
even greater than Sdx. See text, and ideograms in Stable Particle Data Card Listings.

The baryon number B, strangeness 5, and charm C of the hadrons which appear in the tables are

as follows:
Mesons (B=0) S C Baryons (B=1) S (o
™, o} 0 p,n 0 0
K*,KO +1 0 AT -1 0
K-,KO -1 0 z -2 0
p+,p° 0 +1 0 -3 0
p-,B° 0 -1

Quoted upper limits correspond to a 90% confidence level.

In decays with more than two bodies, Pyay is the maximum momentum that any particle can
have,

For simplicity, decay mode charge states are written for the particle shown. For antiparticle
modes all particles must be charge conjugated.

See Stable Particle Data Card Listings for energy limits used in this measurement.

Quantum numbers shown are favored but not yet established. See Data Card Listings.

Theoretical value; see also Stable Particle Data Card Listings.

See note in Stable Particle Data Card Listings.

The direct emission branching fraction is (1.563:.35))(10'5.

The -r(Kg) and [n4-| averages (and the related K?_ > n*tn~ branching fraction and rate averages)
contain only post—1971 results. The pre—1971 averages were [,_| = (1.95£0.03)x1073 and T(Kg) =
(0.862t0.006)><10—w sec. See notes on |n,.| and T(Kg) discrepancies in Stable Particle Data Card
Listings.

The branching fraction for KB »ner includes the radiative events KE - mevy.

Error does not include 0.13% uncertainty in the absolute SPEAR energy calibration. Assumes

m¢=3095 MeV.

. This is a weighted average of D* and p° branching fractions with undetermined weighting.

P for = and JP for 0~ not yet measured. Values reported are SU(3) predictions.
Assumes rate for ~ » £0~v small compared with =~ » Ae”v.
Warning. This is an average of two incompatible results: ABCLV collaboration (1.41':8%2)“0‘10
sec and ACNO collaboration (0.75%3:14)x10719 sec. See note in Data Card Listings.
lea/eyl defined by g3 = ICA2+IC4I2, gF = ICyi*+IC'yI2, and Z(EINILNTIL (C+Crs)lv):
¢ defined by cos ¢ = —Re(C'AC'v+C‘AC;)/gAgV [for more details, see text Section VI A.
The definition of the slope parameter of the Dalitz plot is as follows [see alsc text Section VI B.1]:
IMZ =1 + g( 53:0) -

mg+
The Kg -nn and KE <nn rates (and branching fractions) are from independent fits and do not
include results of KE—Kg interference experiments. The [n,_| and Ir)ool values given in the
addendum are these rates combined with the |n,_| and [ngg) results from interference

experiments.
The definition for the CP violation parameters is as follows [see also text Section VI B.3}:
A AKD »ntnT) R AKD » n020)
= In._eitt- = onr) Nog = ei®00 - L~ T/
Nae = Iyl A(KE » 7¥n7) 00 = Ingol AKL > 7070)

s T(KP»1*)-T(KD17) _ T(Kg»m+n~n0)CP viol. noocl? = (K2 nOnOn0)CP viol.
T (KR +T(KDS L) T~al” = r(kP»n*n~n0) + 11000 r(kP+>n%n%n0)
The definition of these quantites is as follows {for more details on sign convention, see text

Section VI B]:

2lsliplcosa .
_ |Is|l2‘.’l|p|2 B = V1-aBsing | ga/gy defined by (Bglya(gy—g475)IB;)

-2 inA i
_ =Rsllplsin y = Vi—aZcos¢ | & defined by ga/gy = lga/gvle'?

fsi=+tp12

w
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Meson Table

April 1978

In addition to the entries in the Meson Table, the Meson Data Card Listings contain all

substantial claims for meson resonances.

See Contents of Meson Data Card Listings below.

Quantities in italics are new or have changed by more than one (old) standard deviation since April 1976.

Partial decay mode

Name
Full
Hols IG[]P]C,| Mass Width "rzaJ por .
- u1:/1¢ T estab. M r M Mode Fraction (%) Pmax®)
P (Mev) (Mev) (Gev) [Ypper limits are 1o (%)] (Mev/c)
+ -
m 1 (0 )+ 139.57 0.0 0.019479
T _— 134.96 7.95 eV 0.018215 See Stable Particle Table
+,.55 eV
n 0+(0_)+ 548.8 0.85 kev 0.301 Neutral 71.0 See Stable
+0.6 +.12 keV +.000 Charged 29.0 Particle Table
07700 17Q1)- 7762 1ssg 0.602  mn ~100 362
+3 +3 +.120 mY 0.024 +.007 375
ete” 0.0043+.0005 (d) 388
T 0.0067+.0012 (d) 373
ny seen 194
M and I' from neutral mode. For upper limits, see footnote (e)
w “(a0)- . . . T 89.9+ S=1.2" 3
(783) 0 (10) 782.6 10.1 0.612 ot 9:0.6 2 27
0.3 +.3 +.008 wtr 1.3+0.3 S=1.5% 366
s=1.3* oy 8.8£0.5 380
cte” 0.0076+,0017 S=1.9* 391
ny Bee nﬂ 199
For upper limits, see footnote (f)
N
nf(9s8) o' ()+" 9576 <1 0.917 i 66.2£1.7 ., 3l
+0.3 <.001 0% 29.8+1.7 S=1.1 165
wy 2.1+0.4 159
Yy 2.0+0.3 479
For upper limits, see footnote (g}
s(980)  17(0")+  ogoh sogh) 0.960 seen 318
+5 +10 +,049 KK seent
s(980)  07(0")r v 980(E  a0{E o060 K& seen!
10" £10 +.039 Las seen 470
See note on ©m and KK S wave'.
8(1020) 07(17)-  1019.6 4.1 1.040 KK 48.6%1.2 128
tO.Z* .2 +,004 1.Ks 35.1#1.2 111
S=1.5 mrr-n® (incl. pm) 14.7+0.7 462
ny 1.6+0.2 362
oy 0.14£0.05 501
ete” 031+.001  S=1.1* 510
u” .025£.003 499
For upper limits, see footnote (i)
>
3
A (1100) 17D+~ 11007~ 3007 1.21 o ~ 100 249
£.33
>
B(1235) 1+(1+)— 1231 128 1.52 only mode seen 347
—_ § §
+10 10 +.16 [D/S amplitude ratio = .29%.05]
For upper limits, see footnote (j)
N
£a270)  0'@H+ 1271 180, .62 wﬂ 80.320.3 620
5 +20 +,23 2+ 2n” 2.840.3  §=1.1% 557
KK 3.1¥0.4  S=1.3* 395
ntnm2m? seen 560
For upper limits, see footnote (%)
p(1285) ot(1%y+ 1282, 25, 1.64 KRkn seen 301
- - +5 +10 +.03 nw seen 481
Hom seen] 238
21t 2% (prob. p®r*nT) seen 563
€(1300) 070"+~ 1300 200-400 T seen
KK seen

See note

on m and KR S wave'.




Meson Table (cont’d)

Partial decay mode

Name "
Fu
Jol1 SPc,  Mass Width M2 b or
5 72 AN M T orM®) Mode Fraction (%) Pmaxt®)
FInTe TTEE 0 (Mev) (Mev) (Gev) [Upper limits are 1o (3)] (MeV/c)
A,(1310) 17 (2%~ 1312§ 102, 1.72 pR 70.3£2.1 411
— +5 +5 +.13 nm 14.4+0.9 531
Wi 10.6+2.5 356
KK 4.7+0.5 430
n'm <1 281
Y 0.45%0.11 649
E(1420) 0%(A )+ 1416, 50, 2.01 Kkr  _ seen 421
10 +20 +.08  HK'R + K'K seen] 130
nmm seen 564
Hom possibly seen] 349
Not a well established resonance.
>
£1(1515) 0" (2hH+ 1516, 65, 2.30 KK dominant 572
+10 +10 +.10 L seen 745
For upper limits, see footnote (k)
N
. ‘ ‘ 4n 75%:103 738
p’(1600) 1 (17)- ~ 1600 ~ 300 2.56 tLor* seen with 7'n” in S-wave] 572
— +.48 B 258108 788
A (1640) 17(27)+  ~ 1640 ~ 300 2.69 fr dominant 304
+.49
Not a well established resonamce.'IT
w(1670) 0 (37)- 1668 160, 2.78 o seen 645
£10 +15 *.27 3m possibly seen 806
S possibly seen 740
Hwmm possibly seen] 615
ga680)" 1*(37)- 1688, 180, 2.85 2 24158 832
+20 +30 +,30 4t (incl. mmp,pp,A;m,uwr) large 786
p KK . small 682
1 , Mand T from the 27 mode. KKkr (incl. K'K) small 623
3 1 ~
$(1935) 1935§ 9§ 3.74 NN dominant 236
J< 4 +2 +4 +.02
h(2040) 0°(ahy+ 2040 193 4.16 m seen 1010
+20 +50 +.39 KK seen 890
T0)" 13- 2292 1505 4.80 NN dominant 564
— = +10 +50% +.33 m seen 1086
-
V(2350 T A+ .+ § § = .
y'o0 @+ 2350 ~ 200 5.52 NN dominant 707
E - - +25 +,47 I seen 1167
3
3
¥w(3100) 0 (17)- 30972 0.067£0.012  9.598  e*e” 731 1549
or J +.000 T 7+1 1545
hadrons 86%2
H2(n*n)n? 3.7%0.5 1496
3t )n® 2.9%0.7 1433
T KK 1.2%0.3 1369
om 1.1%0.2 1448
d(rtn)mt 0.9%0.3 1345
K°(890) K'Y(1430) 0.67%0.26 1007
KK* 0.61+0.08 1373
ot 0.41%0.08 1108
2(m*1) 0.4%0.1 1517
I(mtn) 0.4%0.2 1466
pom” 0.38+0.08 1174
2(rt 7KK 0.31%0.13 1320
KKt 0.26%0.,07 1440
. 0.21%0.09 1365
pp 0,21%0,02 1232
PPN 0.190.04 948
KK 0.18%0.08 1176
AR 0.16+0.08 1075
pprtnn® 0.11%0.04 1033
ppr? 0.10%0.02 1175
$n 0.10%0.06] 1320
t[yn’ 0.25¢0.06 1401
v 0.20%0.07 1288
v¥X(2830)+3y 0.1420.04] 256

For smaller branching ratios, upper limits, and reso-
nance subchannels of the above modes, see listing.T




Meson Table (cont’d)

Partial decay mode

Name
Full
Jol1 SPic,  Mass Width 2 o or
el T +——iestab. M - irM\d)Z Fraction (1) Pmax[b]
e (Mev) (Mev) (Gev) [Upper limits are 1o (%)] (MeV/c)
x(3415)  0°(0")+  3413:5 11649 2(w*n7) (incl. mmp) 4.410.5 1678
T KK (incl. mKK®) 5.7:1.0 1579
YJ/¥(3100) 3.3+1.0 300
3(wtnT) 1.9%0.7 1632
o 1.040.3 1701
K'K 1.0%0.3 1634
ppritET 0.5%0.2 1319
N
P.or 0" (M)+ 350814 12.306  yJ/y(3100) 23.4%0.8 S=2.4" 388
+(3510) 3(rn) 2.40.8 1682
2(m*n7) (incl. wmp),  1.5%0.6 1727
p . ‘IT+1T K*K™ (incl. TKK*)0.9:0. ¢ 1632
J =1 preferred. Tt pp 0.14%0,11 1381
x(3555) o' () 355415 12.631  vJ/¢(3100) 16+3 5=1.3" 427
T KYK" (incl. mKK*) 2. 0+0.6 1655
3(mteT) 1.1%0.7 1706
¥~ and KYK- 0.29%0.15
. T pp 0.29%0.14 1408
= 27 preferred. 2(n*r") (incl.wmp) 0.23#0.06 1750
w(3685) 0 (17)- 36863 0.228+0.056 13.587 efe” 0.920.1 1842
+.001 whum 0.8+0.2 1839
hadrons 98.1+0.3
oy 33:3] 474
- = 0.0
My (3685) " My (3100) = 588-640.8 I/ won 1722] 478
I/ n 4.240.7] 189
{2 ryn’ 0.420.2] 1798
o' KK 0.1420.04] 1725
H20n) 0.080.02] 1816
vy x(3415) 7:2] 261
v x(3510) 7:2] 172
v x(3555) 72] 128
¥ (3770) 17)- 3772 28 14.228  e'e 0.0013%0.0002 1885
+6 +5 +.106 DD dominant 184
>
y(4415) (17)- 441427 3310 19.483 ee 0.0013+0,0003 2207
+.146 hadrons dominant
T(9500) (17)-  ~ 9500 90.25 why seen 4750
ete seen 4750
Seen split into two peaks m; = 941013, m,=10060+30.
Additional structure may be present’.
g 120) ig;g; 8%33 See Stable Particle Table
K'(892) 1/2(17) 892.2 49.5 0.796 K = 100 288
+0.4 1.5 +.044 Kmw < 0.2 216
. Ky 0.15+0.07 309
Mand T from charged mode; m® - m™ = 4.1£0.6 MeV.
Q (1280) 1/2(1")  ~ 1280~ 120 1.64  Kam dominant 501
+.19
+[Kp Zarge] 62
* .
Existence of a second yesonance, Q,(1400), HK'n possibly seen] 307
decaymg mainly into K 7, not well established . Ku possibly seen
k{(1400) 1/2(O+) 1400-1450 200-300 Xm seen
See note on Kn S waveﬂ.
K (1430)  1/2(2%) 1434§ 1002 2.06 Ky 29.7%1.6 623
15 +10 +.14 K*Tr 27.0%2.2 424
K 11.2+2.5 374
Ko 6.6:1.5 327
Ko 3.7:1.6 320
¥n 2.542.5 492
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Meson Table (cont’d)

Partial decay mode

Name
I Full
C—}' ? :, IGUP]C,, Mass Width M? por
—+wn® —lestab. r !l‘?d*a]2 Mode Fraction (%) Pmax.”)
e ‘ (Mev) (Mev) (Gev) [Upper limits are lo (3)] (MeV/c)
L(1770)  1/2(A) 1765, 140, 3.11 K dominant 788
+10 50 +.25 Ky seen q 757
T +[K (1430} and other subreactions’ ]
Not a well established resonance’.
o’ 1260 1784 135§ 3.19 Knn large 798
+108 +40 .24 Ko large 619
H{K large ] 660
Kn 1945 817
N
e
D: 1/2(07) 1868.3 3.491 See Stable Particle Table
D 1863.3 3.472
D**(2010) 1/2(17) 2008.6 <2.0 4.034 Dor* 60+15 39
£1.0 IFW°} . 37
Myt = mpo = 145.3£0.5 MeV Dty 4015 135
D*°(2010) 1/2(17) 2006 <5 4.024  Dr?° 55¢15 45
+1.5 D%y 4515 138

>
>

Contents of Meson Data Card Listings

Non-strange (S=0, C=0) Strange (|S| =1, C=0)
entry IG(JP) Cn entry IG(JP)Cn entry IG(JP) Cn entry I (JP)
T 17(07)+ A, (1310) 1725+ > e*e™(1100-3100) K 1/2(07)
n 0t (07)+ E (1420) 0%(A )+ > X (2830) K*892)  1/2(17)
o (770) 17(17)- > X (1410-1440) v (3100) or J 0”(17)- Q,(1280) 1/2(1%)
w (783) 0T(17)~ £1(1515) o' (2%y+ ¥ (3415) 0t (0"y+ ~ Q,(1400) 1/2(1%)
b M (940-953) =+ F, (1540) 1 (A) +x  (3455) + K'(1400) 1/2(07)
n' (958) 0F(07)+ o’ (1600 17(17)- P, or x(3510) 07(A )+ « (1400) 1/2(0%)
s (980) 17(0%)+ A (1640) 17(27)+ ¥ (3555) ot (N )+ K*(1430) 172029
s* (980) o0*(0)+ w (1670) 07 (37)- v (3685) 0"(17)- > Ky(1700) 172
P H (990) g (1680) 1*(37)- Y (3770) 1n- L (1770) 1/2(A)
¢ (1020) 0™ (17)- > X (1690) + Y (4030) 19- K*(1780) 1/2(3")
> M (1033-1040) > A, (1900) 17 Y (4415) 1- - K*(2200)
b ny(1080) 07 (N )+ ~ X (1900) 1745+ T (9500) 17- > 1 (2600)
A, (1100) 17(1%)+ S (1935) 1 + T (10060) an- Charmed (|C| = 1)
> M (1150-1170) h (2040) 0% (a")+
B (1235) 1t(17)- T (2190) 1°(37)- D (1870) 1/2(07)
> 0/ (1250) 17(17)- U (2350) 0% ()« D*(2010) 1/2(1)
£ (1270) ot (2"« -~ NN(2360) 1 ~ F (2030)
D (1285) 0%(A )+ ~ AN(1400-3600) + F*(2140)
e (1300) 07 (0)+ > X (1900-3600) + Exotics




=

*

w —+

()

(<)
(@

(e)
)

(g)

(h)

6}

(k)

)

10

Meson Table (cont’d)

Indicates an entry in Meson Data Card Listings not entered in the Meson Table. We do not regard
these as established resonances. All the entries in the Listings can be found in the Table of
Contents of Meson Data Card Listings.

See Meson Data Card Listings.
Quoted error includes scale factor S = vx?/(N-1). See footnote to Stable Particle Table.
Square brackets indicate a subreaction of the previous (unbracketed) decay mode(s).

This is only an educated guess; the error given is larger than the error of the average of the
published values. (See Meson Data Card Listings for the latter.)

™ is approximately the half-width of the resonance when plotted against M?.

For decay modes into > 3 particles, ppax is the maximum momentum that any of the particles in
the final state can have. The momenta have been calculated by using the averaged central mass
values, without taking into account the widths of the resonances.

From pole position (M - ir/2).

The €'¢” branching ratio is from ¢'e” » 1" experiments only. The wp interference is then due
to wp mixing only, and is expected to be small. See note in Meson Data Card Listings. The

W W~ branching ratio is compiled from 3 experiments; each possibly with substantial wp inter-
ference. The error reflects this uncertainty; see notes in Meson Data Card Listings. If en
universality holds, T'(p® - p'u") = T(p° ~ e'e”) x 0.99785.

Empirical limits on fractions for other decay modes of p(770) are v°n < 0.8%, w"n'w m < 0.15%,
mrtr < 0.25.

Empirical limits on fractions for other decay modes of w(783) are 7 7y < 5%, non’y < 1%,

n + neutral(s) < 1.5%, p'u™ < 0.02%, 7%*u" < 0.2%.

Empirical limits op fractions for other decay modes of n' (958): wr < 2%, nham® < 5%,
Tt < 1%, T w® < 1%, 6m < 1%, T 7 eTe” < 0.6%, nlee” < 1.3%, nete” < 1.1%,

0% < 4.

The mass and width are from the nm mode only. If the KK channel is strongly coupled, the width
may be 300 MeV or more.

Bnpirical limits on fractions for other decay modes of ¢(1020) are < 0.03%, Ty < 0.7%,
wy < 5%, py < 2%, 27 27 #® < 1%.

Empirical limits on fractjons for other dgcay modes of B(1235): mm < 15%, KK < 2%, 4m < 50%,
¢m < 1.5%, nm < 25%, (RQ)™° < 8%, Kgkg m < 2%, Kgkp m* < 6%.

Empirical limits on_fractions for other decay modes of f' (1515) are nn < 50%,

o < 30%, Kkm + K'K < 35%, 2r"2n < 32%.

Empirical limits on fractions for other decay modes of £{1270) are nmm < 1%, KK + c.c. < 1%,
nm < 2%.

Established Nonets, and octet-singlet mixing angles from Appendix IIB, Eq. (2'). Of the
two isosinglets, the 'mainly octet" one is written first, followed by a semicolon.

(JP)Cn Nonet members elin. ] quadr.
(0M)+ T, K, n; n’ 24 £ 1° | -11 % 1°
an- 0, X', ¢; © 38 1° 40  1°
@hH+ Ay, K*(1430), £'; £ 24 + 2° 26 + 2°
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Baryon Table
April 1978

The following short list gives the status of all the Baryon States in the Data Card Listings. In addition
to the status, the name, the nominal mass, and the quantum numbers (where known) are shown. States with
three- or four-star status are included in the main Baryon Table; the others have been omitted because the
evidence for the existence of the effect and/or for its interpretation as a resonance is open to consider-
able question.

N(939) P11l **** A(1232) P33 **** A(1115) POl ***x £(1193) P11l **#*%* Z(1317) P11l ****
N(1470) P11 *¥x** A(1550) P31 * A(1330) Dead £(1385) P13 ***% 1530) P13 ***#*
N(1520) D13 ***%* A(1650) S3L **** A{1405) S01 *#**=* Z(1480) * Z{1630}) o
N(1535) S11 **#** A(1670) D33 *** A(1520) DO3 **** Z£(1580) D13 ** Z(1820) 13 #***
N(1540) P13 * A(1690) P33 *x** A(1600) POL ** I(1620) S11 ** Z(1940) **x
N(1670) D15 **** A(1890) F35 ***#* A(1670) SOL ***% Z(1660) P11l *** Z(2030) 1 **x
N(1688) Fl5 #*%** A(1900) S31 * A(1690) D03 ***x* L{1670) D13 *¥** 5(2120) *
N(1700) S11 #**** A(1910) P31 **** A(1800) POL ** Z(1670) *k 5(2250) *
N(1700) D13 **x A(1950) F37 **** A(1800) GO9 * L (1690) ** =(2500) *%
N(1780) P11l **=* A(1960) D35 *** A(1815) FO5 **** L{1750) S11 ***
N(1810) P13 *** A(2160) Fkx A(1830) D05 **** L(1765) D15 *#*# 2(1672) PO3 *#*x*
N(1990) F17 ** A(2420)H3 11 *x* A(1860) P03 *** £(1770) P11 *
N{2000) F15 ** A(2850) *kk A(1870) 501 *%x 5(1840) P13 * A (2260) *
N(2040) D13 ** A(3230) *hk A(2010) *k I(1880) P11 ** ¢
N(2100) s11 * A(2020) FO7 * 5(1915) F15 **** I (2430} *
N(2100) D15 ** A(2100) GO7 ***x% L(1940) D13 *** ¢
N(2190) G17 *** Z0(1780) POl * A(2110) FO5 *** %(2000) s11 *
N(2200) G19 *** 70(1865) D03 * A(2325) DO3 * 1(2030) F17 **## Dibaryons
N(2220) H19 *** Z1(1900) P13 * A(2350) Tk kk £(2070) F15 * ii(_)l N
N(2650)T1 11 *** 21(2150) * A(2585) . L(2080) P13 ** -5 .
N(3030) kald 21(2500) * £{2100) Gl17 * -
N(3245) * Z£(2250) hkkk
N{3690) * %(2455) k]
N(3755) * £(2620) Ll

%(3000) *x

**** Good, clear, and unmistakable.
*** Good, but in need of clarification or not absolutely certain.
** Needs confirmation.
* Weak.

[See notes on N's and A's, z*‘s, A's and I's, E*'s, and dibaryons at the beginning of those sections in

the Baryon Data Card Listings; also see notes on individual resconances in the Baryon Data Card Listings.]

; f
P J
Particlea I (JP)a H_gg_g_gggg? Mass Full M2 artial decay mod: p
— tab. width

es Py (GeV/c} u° o iFMb Mode Fraction® P, d

eam (Mev) r (Gev?) % max
g = 4mA° (mb) (MeV) {(MevV/c)

o 1/2(1/2% 938.3 0.880
n 939.6 0.883 See Stable Particle Table
+

N(1470)9 1/2(1/2 )Pil p=0.66 1390 to 180 to 2.16 N1 ~60 420

_ o=27.8 1470 240 *0.29 Nn ~18 d

(200) N ~25 - 368

[Ne ~ 7]2 d

(AT ~23]% 177

{Np ~ 7] d

N(1520)9 l/2(3/2_)Di3 p=0.74 1510 to 110 to 2.31 NT ~55 456

—_— 0=23.5 1530 150 +0.19 N ~45 410

(125) [Ne < 51¢ d

[Np ~191¢ d

AT ~23)% 228

NN <1 d

N(1535)9 1/2(1/2‘)sil p=0.76 1500 to 50 to  2.36 N ~30 167

_— 0 =22.5 1545 150 +0.15 Nn ~65 182

(100) NTT ~5 2 422

[np ~ 3] d

[Ne ~ 21°¢ d

[AT ~1]° 243
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Baryon Table (cont’d)

; f
Particlea I (JP)a T or K beamb Mass Full M2 Partial decay mod: pe
estab. Ppeam (GevV/c) Ma WL;cth iI‘Mb Mode Fraction pmaxd
o = 4tk (mb) (MeV) (Mev) (Gev™) K (Mev/c)
n(1670)9 1/2(5/2')[)15 p=1.00 1650 to 145 to 2.79 NT ~45 560
—_— 0=15.6 1685 170 *0.26 W ~55 525
(155) [AT ~471% 360
[Np ~ 51¢ d
Ak < 0.3 200
NN < 0.5 368
N(1688)7 1/2(5/2+)Fi5 p=1.03 1670 to 120 to 2.85 NT ~60 572
_ g=14.9 1690 145  *0.24 NT ~40 538
(140) [Ne ~151¢ 340
[Np ~13]¢ d
[Am ~121¢ 375
! < 0.3 388
N(1700)9 1/2(1/2')511 p=1.05 1660 to 100 to 2.89 NT ~55 580
_— o=14.3 1700 200 $0.26 N ~30 547
(150) [Ne <10}¢ 355
[Np 7-211°% d
(AT 4-151% 385
AKX ~10 250
K 2-7 109
N(1700)9 1/2(3/2'):;13 p=1.05 1660 to 80 to,  2.89 NT ~10 580
_ o=14.3 1710 1207 %0.20 N ~90 547
(120) [ne <4o]e 355
[Mp < 5]2 d
(AT 15-40] 385
AK ~1 250
N(1780) 1/2‘1/2+’P11 p=1.20 1650 to 100 to 3.17 NT ~20 633
_ o=12.2 1750 180 *0.28 NTT >50 603
(160) [ne 15-40], 440
[Np 40-651] 249
[am 10~-20] 448
AR <s 353
IK ~10, 267
Nn 2-20" 476
N(1810) 1/2(3/2*)1='1'3 p=1.26 1650 to 100 to 3.28 N ~20 652
_ g=11.5 1750 300 %0.36 NTT ~70 , 624
(200) [Ne ~20] 468
[np 45-701 297
[Amw ~20] 471
N Ax 1-4 386
T IK ~2 307
3 NR <s 503
N(2190) 1/2(7/2')<;17 p=2.07 2140 to 150 to 4.80 NT 15-35 888
—_— 0=6.21 2250 300 0.55
(250)
N(2200) 1/2(9/2')(;19 p=2.10 2130 to 200 to 4.84 N ~10 894
_ 0=6.12 2270 300 *0.55
(250)
N(2220)9 1/2(9/2“)}119 p=2.14 2200 to 250 to 4.93 NT ~20 905
_ 0=5.97 2250 350  %0.67
(300)
N(2650) 1/2(11/2')1“_{7 p=3.26 2580 to  ~400 7.02 NT ~5 1154
_ 0=3.67 2700 (400) +1.06
N(3030) 1/2( 2) p=4.41 ~3030 ~400 9.18 N (T+1/2)x 1366
—_— o=2.62 (400) . 1.21 <0.1

>
>
e




22221

13

Baryon Table (cont’d)

P
P i Y
Particlea I (JP)a 7 or K beamb Mass Full M2 artial decay mod: or
—_— . Wi
estab Pioam (Gev/c) Mc l;cth +I‘Mb2 Mode Fractiong pmaxd
o = ami? (mb) (Mev) (Mev) (Gev™) K (Mev/c)
+
A(1232)9 3/2(3/2 )P;3 p=0.30 1230 to 110 to 1.52 NI ~99.4 227
—_— 0=94.3 1234 120 +0.14 S s ~ 0 80
(115)
A(++) Pole position:’ M-il/2 = (1211.0%0.8) - i(49.9 % 0.6)
A(0) Pole position:f M-il/2 = (1210.9+1.0) -i(53.1#1.0)
A(1650)9 3/2(1/2')s;l p=0.96 1600 to 120 to 2.72 N ~32 547
_ 0=16.4 1695 200  $0.23 NmT ~65 511
(140) [Np 10-25]° d
[Aam ~50] 344
A(1670)9 3/2(3/2‘)1333 p=1.00 1620 to 190 to 2.79 NT ~15 560
_ 0=15.6 1720 240 $0.33 N ~85 525
(200) [Np <40]e d
[Am 45-60] 361
5(1690)¢ 3/2(3/2")?;3 p=1.03 1650 to 150 to 2.86 Nrr 10-20 573
—_— o=14.9 1900™ 350 +0.42 N ~80 540
(250) [Np 10-201° d
[AT >45]¢ 377
A(1890)7 3/2(5/2+)F35 p=1.42 1860 to 150 to 3.57 NT ~15 704
_— 0=9.88 1910 300 10.47 N ~80 e 677
(250) [Np ~60]e 403
[am 10-30] 531
Ix <3 400
A(1910)9 3/2(1/2+)P§1 p=1.46 1780 to 200 to 3.65 NT 15-25 716
_ 0=9.54 1960 280 $0.42 N >40 691
(220) [Np ~40] 429
[Am smalll 545
IX 2-20 420
A(1950)7 3/2(7/2+)F37 p=1.54 1910 to 200 to 3.80 NT ~40 741
—_— 0=8.90 1950 280 £0.47 Nmm >25 716
(240) [Np ~1o]e 471
[Aw ~20] 574
X <1 460
8(1960)9 3/2(5/2')1:35 p=1.56 1890 to 100 to 3.84 NT 7-15 748
—_ 0=8.75 1950 300 +0.39 IK <10 469
(200)
A(2160)™ 3/2( 20) p=2.00 2150 to 160 to 4.67 NT (T+1/2)x 870
—_— 0=6.46 2240 440 +0.65 =0.4-1.4
(300)
£(242009 3/2(11/2‘”)143 4, p=2.64 2380 to 300 to 5.86 N 10-15 1023
—_— o=4.68 2450 500 *0.73
(300)
A(2850) 3/2¢ 2H p=3.85 2800 to  ~400 8.12 NT (T+1/2)x 1266
0=3.05 2900 (400) +1.14 ~0.25%
A(3230) 3/2( 2 ) p=75.08 3200 to  ~440 10.43 NT (3+1/2)x 1475
0=2.25 3350 (440) +1.42 ~0,05
z2* Evidence for states with strangeness +1 is inconclusive.

See the Baryon Data Card Listings for data and discussion.
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Baryon Table (cont’d)

; b
Particlea I (JP)a T or K beamb Mass Full M2 Partial decay mod: or
— estab. width
ee Ppeam (GEV/C) I lrc iTMb Mode Fraction® Prax d
o = amk® (mb) MeV) ey (VD * (Mev/c)
A O(l/2+) 1115.6 1.245 See Stable Particle Table
A(1405) o/27sy,; Below K p 1405 40+10° 1.97 In 100 142
_— threshold 5 (40) +0.06
A(1520) o(3/2')13(')3 p=0.389 1520 16%2° 2.31 NK 461 234
—_— 0=84.5 +2 (16) £0.02 I 4231 258
Amm 10+1 250
Imm 0.9%0.1 140
A(1670) 0(1/2_)52;1 p=0.74 1660 to 20 to 2.79 NK 15-25 410
—_— o=28.5 1680 60 *0.07 An 15-35 64
(40) I 20-60 393
A(1690) 0(3/27) 033 p=0.78 1690 40 to 2.86 NK 20-30 429
e 0=26.1 £10 80  *0.10 Im 20-40 409
(60) A ~25 415
Imm ~20 352
A(1815) 0(5/2*)1?65 p=1.05 1820 70 to 3.29 NK 55-65 542
_ 0=16.7 +5 90  %0.15 I 5-15 508
(80) I(1385)m 5-10 362
A(1830) 0(5/2')1305 p=1.09 1810 to 60 to 3.35 NK <10 554
—_— g=15.8 1830 110 +0.17 In 35-75 519
(95) T(1385)™ >15 375
A(1860) 0(3/2‘”)1>(')3 p=1.14 1850 to 60 to 3.46 NK 15-40 576
_— o=14.7 1920 200 +0,19 on 3-10 534
(100)
A(1870) 0(1/2_’56"1 p=1.16 1700 to 200 to 3.50 NK 20-60 582
— o=14.2 1850 400 +0.56 In seen 542
(300)
A(2100) 0(7/27)6,, p=1.68 2080 to 100 to 4.41 NK ~30 748
_ g=8.68 2120 300  $0.53 I ~5 699
(250) An <3 617
EK <3 483
Ao <g 443
A(2110) o(s/2h F;s p=1.70 2050 to 150 to 4.45 NK 5-25 756
— 0=8.48 2150 300 $0.42 I <40 709
(200)
A(2350) o(9/2") p=2.29 2340 to 100 to 5.52 NK ~12 913
- 0=5.85 2420 250  #0.28 In ~10 865
(120)
A(2585) o( ?) p=2.91 ~2585 ~300 6.68 NK (T+1/2)x 1058
- 0=4.37 (300)  *0.78 ~1.0K
z 1(1/2+) (+)1189.4 1.415 See Stable Particle Table
e (0)1192.5 1.422
(-)1197.4 1.434
£(1385) 1(3/2*)?13 Below K p  (+)1382.3%0.4 (+)35%2 1.92 Am 88 2 208
E— threshold S=1.6 s=2.2P +0.05 I 12+2 117
(-)1387.5£0.6 (-)40%2
s=1.0F §=1.9
(0)1382.0%2.5 (35)

§=1.6
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Baryon Table (cont’d)

¥

1244

; f
P a
Particlea I (JP)a T or K beamb Mass Full M2 artial decay mo ; p
. - width
estab Pheam (GeV/c) Mc lr.c iFMb Mode Fractionc pmaxd
o = 4amk? (mb) {Mev) (Mev) (Gev™) N (Mev/c)
z(1660) 7 1(1/2+’Pi1 p=0.72 1580 to 30 to 2.76 NK <30 402
_ 0=130.1 1690 200 £0.17 Im seen 383
(100) A seen 440
£(1670) 1(3/2')1)13 p=0.74 1675, 35 to 2.79 NK 5-15 410
E— g=28.5 +10 70 +0.08 Im 20-60 387
(50) A <20 447
Z(1750) 1(1/2‘)51l p=0.91 1730 to 50 to 3.06 NK 10-40 483
_ 0=20.7 1820 160 $0.13 Am 5-20 507
(75) I <8 450
n 15-55 54
L(1765) 1(5/27)D,¢ p=0.94 1774 105 to 3.12 NK ~41 496
B 0=19.6 +7 © 135 £0.21 A ~14 518
(120) A(1520)1  ~19 187
L(1385)m ~ 9 315
Im ~ 1 461
r(1915) 9 l(5/2+)F]'_5 p=1.25 1905 to 70 to 3.67 NK 5-15 612
—_ 0=13.0 1930 160 +0.19 An 10-20 619
(100) m seen 568
2(1040)7 1(3/2')[){'3 p=1.32 1890 to 100 to 3.76 NK <20 678
_— 0=12.0 1960 300 +0.43 Am seen 680
(220) Im seen 589
A(1520)T  seen 370
L(2030)9 l(7/2+)F17 p=1.52 2020 to 120 to 4.12 NK ~20 700
_ 0=9.93 2040 200 +0.37 An ~20 700
(180) Iw 5-10 652
(514 <2 412
* A(1520)T  5-20 429
+ I(1385)m 12 530
2225009 127 p=2.04 2200 to 50 to 5.06 NK <10 849
- g=6.76 2300 150 +0.22 Am seen 841
(100) Im seen 801
£(2455) 1(?) p=2.57 ~2455 ~120 6.03 NK (3+1/2)x 979
- 0=5.09 (120) +0.29 ~0.2
1(2620) 1 2) p=2.95 ~2600 ~200 6.86 NK (T+1/2)x 1064
- g=4.30 (200) +0.52 ~0.3
N
z 1/2(1/2") (0)1314.9 1.729 See Stable Particle Table
—_— (-)1321.3 1.746
% (1530) 172¢3/2%) Pis (0)1531.840.3 (0)9.1¥0.5  2.34 = 100 144
——— §s=1.3F +0,02
(~)1535.0%0.6 (~)10.1%¥1.9
N (10)
(<]
= +15 —
£(1820) 1/2(3/2 ) 1823 2o_i0 3.31 &K ~45 396
— +6 $0.04  E(1530m ~45 234
(20) IX ~10 306
N = small 413
o
(2030)° 1/2(2) 2024 16717 a2 5K ~80 524
— +6© +0.03 AK ~20 587
N (16) Ew small 573
3 E(1530)1 small 418
- +
Q 0(3/2") 1672.2 2,796 See Stable Particle Table

(2222
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Baryon Table (cont’d)

For convenience all Baryon States for which information exists in the Baryon Data Card Listings are
listed at the beginning of the Baryon Table. States with only a one or two star (*) rating in that
list have been omitted from the main Baryon Table; each omitted state is indicated by an arrow in the
left~hand margin of the Table. 1In the Listings there is an arrow under the name of each state omitted
from the Table.

The names of the Baryon States in Col. 1 [such as N(1470)] contain a nominal mass which is primarily
for purposes of identification. See Col. 4 for actual mass values. The cgnvention for using primes
in the spectroscopic notation for the quantun numbers in Col. 2 (such as P11} is as follows: no prime
is attached when the Data Card Listings include only one resonance in the given partial wave; when
there is more than one resonance the first has been designated with a prime, the second with a double
prime, etc. The name and the quantum numbers for each state are also given in large print at the
beginning of the Data Card Listings for that state. See footnote a. of the Stable Particle Table for
the strangeness quantum numbers of the baryons; in addition to the names listed there, we also use N
and A for S=0 baryons, and z* for S=+1 baryons.

The numbers in Col. 3 and Col. 6 are calculated using the nominal mass (see g. above) for M and the
nominal width (see ¢. below) for T.

For masses, widths, and branching fractions of most baryons we report here a range instead of an
average. Averages are appropriate if each result is based on independent measurements, but inapprop-
riate where the spread in parameters arises because different models or procedures have been applied
to a common set of data. The ranges given in the Table are generally chosen to be conservatively
large. See the Data Card Listings for the individual values obtained in specific analyses. A single
value with an approximation sign (~) indicates that there is not enough data to give a meaningful
interval. A nominal width is included in parentheses in Col. 5; this nominal width is used to
calculate the value of I'M given in Col. 6.

For two-body decay modes we given the momentum, p, of the decay products in the decaying baryon

rest frame. For decay modes into 23 particles we give the maximum momentum, Prax’ that any of the
particles in the final state can have in this frame. The momenta are calculated using the nominal
mass (see 4. above) of the decaying baryon, and of any isobars in the final state. Some decays which
would be energetically forbidden for the nominal masses actually occur because of the finite widths
of the decaying baryon and/or isobars in the final state. 1In these cases, the decay momentum is
omitted from Col. 9 and replaced with a reference to this footnote.

Square brackets around an isobar decay mode indicate that it is a sub-reaction of the previous
unbracketed decay mode.

Many of the branching fractions in the Table are extracted from significantly more accurate results
on Vxx' type couplings obtained in partial-wave analyses. The original v xx' values are given in
the Baryon Data Card Listings. For information on radiative decays of N's and A's, see the mini-
review preceding the Baryon Data Card Listings.

Only information coming from partial-wave analyses has been used here. For the production experi-
ment results see the Baryon Data Card Listings.

The range given here does not include the widths of several hundred MeV reported by LONGACRE 75
and LONGACRE 77.

The range given here does not include the branching ratio of approximately 80% reported by
FELTESSE 75.

The existence of an Ijj)) resonance at this mass has been confirmed, but the possibility remains
that there are also other nearby I=1/2 resonances. See the mini-review preceding the Baryon Data
Card Listings.

This state has been seen only in an energy-dependent fit to total, channel, or fixed angle cross-
section data. J is not known; x is Fel/F.

See note on determination of resonance parameters in the Baryon Data Card Listings. Values of mass
and width are dependent upon resonance shape used to fit the data. The pole position is much less

dependent upcn the parametrization used. The pole positions given here are taken from results (in

the Data Card Listings) of fits to the phase shifts of CARTER 73 without Coulomb corrections.

There may be more than one P33 resonance in or near this mass range.

There is probably more than one A resonance near 2160 MeV. The parameters in the Table correspond
to the observations of REY 74. See the Baryon Data Card Listings for other possibilities.

The error given here is only an educated gquess; it is larger than the error of the average of the
published values (see the Baryon Data Card Listings for the latter).

Quoted error includes a S (scale) factor. See second footnote to Stable Particle Table.

Because the elastic branching fraction of this resonance is poorly determined, it is not possible
to extract inelastic branching fractions from partial-wave couplings. See the Baryon Data Card
Listings for the partial-wave couplings.

Recent partial-wave analyses of the College de France-Saclay group find evidence for a 5/27 and a
9/2 I resonance at this mass. See the Baryon Data Card Listings.

This state is now considered to be firmly established even though the quantum numbers and decay
rates are not sufficiently well known.
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PHYSICAL AND NUMERICAL CONSTANTS*

EHYSICAL CONSTANTS
Uncert. (ppm)
Ny - = 6.022 045(31)x10%3 mole~! . . . ... ... 5.1
Ve = 22413.83(70) cm? mole™! = molar volume of ideal gas at STP 31
c =2.997924 58(1.2)x10% cm sec™t . . ... ... ... .. 0.004
e . ... .. = 4.803 242(14)x10710 esu = 1.602 189 2(46)x10™19 coulomb . . 2.9; 2.9
1 MeV . .. .. =1.602 1892(46)x10 S erg . ... .. ... ... ... ... ..., 2.9
h=h/2n = 6.582 173(17)x10722 MeV sec = 1.054 588 7(57)x10™27 erg sec  2.6; 5.4
e .. ..... = 1.973 285 8(51)x10" 1! MeV cm = 197.32858(51) MeV fermi ... 2.6; 2.6
=0.624 007 8(16) GeVv mb/2 . . ... ... ... 2.6
a .. = e?/hc = 1/137.03604(11) . .. . . ... ... ... 0.82
KBoltzmann - = 1.380 662(44)x10™ %6 ergek=t . ... ... 32
= B8.61735(28)x10~ 11 MeV °K™! = 1 eV/11604.50(36) °K . . . . . 32; 3t
mg, ... .. = 0.511 003 4(14) MeV = 9.109 534(47)x10™%8 ¢ . .. . . . .. 2.8; 5.1
m, ...... = 938.2796(27) MeV = 1836.15152(70) m, = 6.722 776(65) m,+ . 2.8; 0.38; 9.7
= 1.007 276 470(11) amu . . . . . . ... 0.011
1 amu =1/12 mgyz = 931.5016(26) MeV . . . . ... .. .. 2.8
myg ... = 1875.62B0(53) MeV . . . . . . ... ... 2.8
Te -0 = e2/m.c? = 2.817 938 0(70) fermi (1 fermi = 10~ cm) . . . . . R.5
Ke oo =h/mec = rea”! = 3.861 590 5(64)x10"ttem ... ... 1.6
8w Bohr =h%/mee® = r,a™? =0.529 177 06(44) A (1t A= 108 cm) . . ... 0.82
OThomson = (8/3)mr? = 0.665 244 8(33)barn (1 barn = 10724 cm?) .. . 4.9
KBohr - - - - - = efi/2mec = 0.578 837 85(95)x10™ 1% MeV gauss™! .. . ... . .. 1.6
BN = efi/2mpc = 3.152 451 5(53)x10718 MeV gauss™! .. .. ... .. 1.7
tp/BBonr - - =0.001521032209(16) .. . .. ... ..., .. 0.011
1/2wyciotron = €/2mec = 8.794 024(25)x10°% rad sec™ gauss™* ... ... .. 2.8
1/2wEyclotron = e/2mpc = 4.789 378(14)x10° rad sec™! gauss™t . ... .. ... 2.8
Hydrogen-like atom (nonrelativistic, 4 = reduced mass):
!) =ﬁ.E=[iV2=/JZae4'a=n2ﬁ2
c/rms = phet “n T 2 2(nn)2’ T Lze?
R, = m.e?/2h% = m c%a?/2 = 13.605 804(36) eV (Rydberg) . . ... ... ..... 2.6
= mgca?/2h = 109 737.3177(83) ecm™1 . ... ... ... ... 0.075
pc = 0.3 Hp (MeV, kilogauss, cm)
1 year (sidereal) ... ... = 365.256 days = 3.1558x107 sec (xmx107 sec)
density of dry air . . . . . . = 1.204 mg em™3 (at 20°C, 760 mm)
acceleration by gravity = 980.62 cm sec™% (sea level, 45°)
gravitational constant = 6.6720(41)><10‘8 em3 g_1 sec™® ... ... .. 615
1 calorie (thermochemical) = 4.184 joules
1 atmosphere . . ... ... = 1.01325 bar (1 bar = 10° dynes cm_z)
1 eV per particle . .. ... = 11604.50(36) °K (from E = kT) .. ........ 31
NUMERICAL CONSTANTS
™ = 3.141 5927 1rad = 57.2957795 deg Vi = 1.77245385
e = 2.718281 8 1/e =0.367879 4 VZ =1.4142136
In2 = 0.693 147 2 In10  =2.302585 1 V3 =1.7320508
log;g2 = 0.301 0300 logjge = 0.434 2945 V10 = 3.162277 7

*Revised April 1978 by Barry N. Taylor. Originally prepared by Stanley J. Brodsky, based mainly on the “1973
Least-Squares Adjustment of the Fundamental Constants," by E. R. Cohen and B. N. Taylor, J. Phys. Chem. Ref.
Data 2, 663 (1973). The figures in parentheses correspond to the one-standard—deviation uncertainty in the
last digits of the main number. The equivalent uncertainty in parts per million (ppm) is given in the last
column. Note that the uncertainties of the output values of a least-squares adjustment are in general
correlated, and the general law of error propagation must be used in calculating additional quantities.

The set of constants resulting from the 1973 adjustment of Cohen and Taylor has been recommended for
international use by CODATA (Committee on Data for Science and Technology), and is the most up—~to-date,
generally accepted set currently available. However, since the publication of the 1973 adjustment, a number of
new experiments have been completed, yielding improved values for some of the constants: N, =
6.022 097 8(63)x10%3 mole™! (1.04 ppm); a™! = 137.035 987(29) (0.21 ppm) [obtained using the Josephson effect];
and R, = 109 737.3143(10) cm™! (0.009 ppm). [See Atomic Masses and Fundamental Constants 5, Ed. by J. H.
Sanders and A. H. Wapstra, Plenum Pub. Co., (1976).] But it must be realized that, since the output values of a
least~-squares adjustment are related in a complex way and a change in the measured value of one constant
usually leads to corresponding changes in the adjusted values of others, one must be cautious in carrying out
calculations using both the output values from the 1973 adjustment and the results of more recent

experiments. A new adjustment is planned for completion in 1980.
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CLEBSCH-GORDAN COEFFICIENTS, SPHERICAL HARMONICS, AND d FUNCTIONS

yoJ ..
Note: A+ is to be understood over every coefficient; e.g., for -8/15 read —\/8/15. Notation: M M
0 F
Y, = cos 6
1 Iy
! 0 i 2 x ]/2 5/2 Coefficients
0o 0 1 R 5/ 2057 52
1)z -1/2)1/2 17241 Y :_J;; sinf e 2 12 1 sy
-1/2 +1/2[1/2 -1/24 1 +2 -1/2|1/5 4/5k 5/2 3/2 : .
-1/2 -1/2] 1 \ +1+1/2|4/5 -1/5p+1/2 +1/24 d
, YZO: _Z_ %cosze-%) 1 -1/2| 2/5 3/50 s5/2 3/2
3/2 T / o+1/2| 375 —2/5)-1/2-1/2
] x ]/2 +3/2 Y ORYE s " 0-1/2] 3/5 2/54 5/2 3/2
5 . i - - -3/2
 oxsvemy SABYE Y;:_IF sinf cos e e §-1 +1/2] 2/5 -3/5)-3/2 -3/
3/2 x ]/2 2 1 -1/2] 4/5 1/5} 5/2
+1 -1/2 1/3 2/3% 3/2 1/2 + 2, . _5/2
0+1/2f 2/3 -1/3k1/2-1/2 2_ 1 15 i = K TRNPRERDE &
Yt = sin® @ %1t  EyER B -2 -1/2] 1
I SN i | BV
0-1/2] 2/3 1/3F 3/2
+3/2 -1/2]1/4 3/442 1
-1 +1/2) 1/3 -2/38-3/2
9 x 1 g +1/2 +1/2|3/4 -1/440 0
Ve ‘ 3/2 X l +5/2 52 32 +1/2 -1/21/2 1/ 2 1
St K372+ 1 f3zz 372 -1/2 +1/2)1/2 -1/ -1 -1
+2 ofi/3 2/38 3 2 1 ¥3/2 0| 2/5 3/5§ 5/2 3/2 1/2 -1/2 -1/2{3/4 1/494 2
+1 +112/3 -1/30 +1  +1 41 +1/2 +1| 3/5 275172 4172 172 -3/2+1/2{1/4 -3/4-2
+2 -1[1/15 1/3 3/5 +3/2 -1[1/10 2/5 1/2 I-3/z -1/z| ll
] x ] E +1 0/8/15 1/6 -3/1003 2 1 +1/2 o|3/5 1/15 -1/30 5/2 3/2 1/2
ol 0+1l6/15 -1/2 1/10f0 o o0 -1/2 +1{3/10 -8/15 1/6f-1/2 -1/2 -1/2
+1+1) 1841 +1 +1-1[1/5 1/2 3/10 +1/2 -1[3/10 8/15 1/6
+1 0[1/2 1/2f2 1 0 0 0f3/5 0 -2/5 3 2 1 -1/2 ol3/5 -1/15 -1/3f 5/2 3/2
o+l1/2-1/200 0 o -1+1{1/5-1/2 3/10f -1 -1 -1 -3/2 +111/10 -2/5 1/2]-3/2 -3/2
+1-1|1/6 1/2 1/3 0 -1l6/15 1/2 1/10 ’ -1/2 -1 3/5 2/s5f 5/2
0 of2/3 0o -1/3F 2 1 -1 o[8/15-1/6 -3/10f 3 21 -3/2 0| 2/5 -3/5§-5/2
BESIYIISVFARYE IST -2 +111/15-1/3 3/5 8.2 -2 B-3/2 -1 1
o-111/2 1724 2 -1-112/3 1/4 3 : _
-m _ m,m#* -1 o1/2 -1/282 -2 ol1/3-2/38-30 [(5,j,m, m, [ij,T M)
Y, MMy 12 ™M Nl
! | I Ty, cimp e T-iy i
Imo Nz Yy @ =(-1) E Z(jzjimzm1|j3j1~‘M
j j / x / E] 2 8 12 .8
dm',m d-m,—m' 3 2 3 2 i3 ) = di/Z, 1/2 =cosy d1/2,-1/2 s —siny
X |+3/2+3 2] 1 0+2 +2
+3/2 +1/2| 1/2 1/2 302 1 )
72 5/2 +1/2 +3/2| 172 1720 41 41 41 al  -itgose qt -_sind
+5/2 +5/2] 1,1 2 10 N3
+3/2 -1/2|1/5 /2 3/10
+2 +1/2) 3/7 4 /2 52 32 +1/2 +1/213/5 0 -2/5 F 3 2 1 0
+1 +3/2| 4/7 -3/7§+3/2 +3/2 +3/2 -1/2 +3/2 | 1/5 -1/2 3/10§ 0 0 0 0 . i cosd
+2-1/2] 1/7 16/35 2/5 32 ~3/2 |1/20 1/2 9720 1ja] Y472
4 1 1/2) 47 /35 -2/5f 72 52 32 1/2 +1/2 -1/2 [9/20 1/4 -1/20 -1/4
x 2 1 0 3/2f 2/7 -18/35 1/58 172 +1/2 +1/2 +1/2 Sz 112 |0/20 174 Tira0 1) ——— - ot
e ary PRSP ii_ -iﬁ éﬁ? gﬁi Zés %ﬁn -3/2 +3/2 [1/20 -1/4 9/20 -1/4f -1 -1 -1 00 T ©°8
- - +1/2 -3/2|1/5 1/2 3/10
t2+111/2 120 4 32 0 1/2)18/35 -3/35 -1/5 1/5 K72 5/2  3/2 1/2 _1;2 _42 45 é _2§5 —
+1+2|1/2 ~1/20+2  +2 42 -1 3/2| 4/35-27/70 2/5 -1/100-1/2 -1/2 _-1/2 -1/2 372 +1/2| /5 <172 3/10) -2 -2
+2 0 [3/14 /2 2/7 +1 -3/2 | 4/3527/70 2/5 1/10
-1 -3 1, 1/2
+t1 1 | 4/7 0 -3/70@ 4 302 1 0 -1/2 |18/35 3/35 -1/5 -1/5 _3% _4; 1;; _42 _;
02 |3/14 -1/2 2/7}+1 1o+ -1 172 [12/35 -5/14 0 3/10Q /2 52 3/2
2ot |1/14 310 37 1/5 -2 3/2 | 1/35 -6/35 2/5 -2/5 0372 32 -3/ L3z -3/2] ¢
k1 0 |3/7  1/5 -1/14 -3/10 0-3/2 | 2/7 18/35 1/
3/2 _1+tcose B0 0 113/7 -1/5 -1/14 3/10f 4 3 2 1 0 -1 =172 | 47 <1735 <2/5] 7/2  s/2
3/2,3/2 7 T2 €°s3 -1 2 |1/14 -3/10 3/7 -1/5 § O 0 0 0 0 -2 1/2 | 1/7 -16/35 2/5) -5/2 -5/2
2 2 -2 [4/70 /10 27 2/5  4/5 -1 -3/2] 4/7 3/70 /2
7 _ 1+cosf . 0 2 _f1+cosh +1 -1 [8/35 2/5 1/14 -1/10 -1/5 - :
o g 4 = -2 -1/21 3/7 -4/7§-7/2
y2,1/2 “/_3*‘2“—5”‘2 2,2 ( ) o 0 18/35 0 -2/7 o0 1/5 4 4 /
-t 1]8/35-2/5 1/14 1/10 -1/5] 4 3 2 1 Yz-32] 4
32 Jglcosa 9 @2 __ttcose ,  R-2 2 11/70-1/10 2/7 -2/5 /58 -1 -1 -1 -1
32,4/2 2 2 2,1 2 +1 -2 [1/14 3/10 3/7 1/5
0 -1 |3/7 41/ -1/14 -3/10
32 __l-cos0 . B &2 - N6 w26 g2 _1icosBi o o4y B1 0|37 -1/5 -1/14 3/10[ 4 3 2
y2,-3%2"" "2 °'"2 20 Tz S 1,1 2 -2 1 ]1/14 -3/10 3/7 -1/5 Q-2 -2 -2
0 -2 |3/14 1/2 2/7
3/2 _3cosb~1 6 a2  o_Ll-cosb ;4 a2 - [_3_ sinf cosf -1 -1 |4/7 o -3/70 4 3
1/2,1/2 2 2 2,4 2 10 2 -2 013/14 -1/2 2/70-3 -3
2 -1 -2 [1/2 1/2] 4
32 _ 3cosf+1_. 6 2 [ 1-cos8 2 _1-cosf 2 _[3 2 1 2 -1 i 4 _
Ve ez sz Y2 (T‘) 4,777 (2eostil) do,o'(T cos™6 "2‘) ? /22 2
-2 -

ign convention is that of Wigner (Group Theory, Academic Press, New York, 1959), also used by Condon and Shortley ( The Theory of
itomic Spectra, Cambridge Univ. Press, New York, 1953), Rose (Elementary Theory of Angular Momentum, Wiley, New York, 1957},
nd Cohen (Tables of the Clebsch-Gordan Coefficients, North American Rockwell Science Center, Thousand Oaks, Calif., 1974). The
igns and numbers in the current tables have been calculated by computer programs written independently by Cohen and at ILBL, (Table
xtended April 1974.,)




19

SU(3) ISOSCALAR FACTORS

Adapted from J. J. de Swart, Rev. Mod. Phys. 35, 916 (1963)

The convention used here is: baryon first, meson second,

8x8

.

(8] ® (8] = {27] © {10} @ {10°} ® (8], ® {8}» ® {1].

- . . .
y=2"" Five single-coetficient tables are omitted. The one invoiving a {10*} has

a negative coefficient, i.e. (NKIIO*) = -1. The others, involving{ﬂ}and

v=11=1/2 N —————v=-1 1=32 00

{10}, are all +1

0 — .
_ B B A TN S U s W I A C
Nm V5710 3/5/10 1/2 -1/2 N | V2/2 ~2/2
¥ | =k | =v6/10 -3v5/10 172 -1/2 K | V2/2 V272
Nn | 36710 —+/5/10 172 1/2
Multiplicity of 27; AK | 346410 -/5/10 ~1/2 -1/2
o= R X=2 ' A =3
>y -0 1-0 A > Y=01I=1 2
3 7 8 10 10*
L[ o 1 o AN b & 0 W
NR | /15/10 10/10 172 /372 NE | 5/5 -+/30/10 6/6 -6/6 B/
ZK | - /15/10 —‘/14/10 ~1/2 V272 ZEK | +/5/58 —/30/10 -/6/6 V66 -/6/6
Ir | =vI020 - &55/5 ﬁm 0 Zr \/37)910 \/595 ﬁ(/)Ii f?é% —\ﬁ;;g
n | 34/30/20 - 5 - 4 0 n
/ / / AT |4/30/10 V5/5 0 -1/2 -1/2
—
—>- Y=-1 I=4/2 & — >y =1 I=3/2
3
{1- 2-!-7 gD 8r 10 gil ?,’_7 10% The phase factor £4 = 1, from de Swart's
gﬂ_ —B/10 —3+/5/10 1/2 12| =, 22 —\/‘2_/2 Table I, enters in his symmetry formula (14, 3):
ZK U510 3vp/10 12 120 L | Vhs T Vhn 14+15-1
= 3/5/10 -VB/10 —1/2 172 (ughol i) = £,(-1) 12y Bl ).
AK | 345/10  -+B/10 172 -1/2 2 2
This factor is irrelevant if you are doing your own
self-consistent calculations; it enters when you
try to check someone else who chose py @p.i
instead of py@uz-
{10} ® (8} = {35} & (27} @ {10} & {8}.

* Four single coefficient tables are omitted; only the {27} is -1; the three with {35} are 1.

Y =1 1-1/2N

—> yv-11=3/2 D

S P @ W
An -~ V5/5 -25/5 Am 1/4 ~/5/4 V10/4
_ an 4 3/4 V2/4
=X 2v5/5 vB/5 ZK 10/4 ~V2/4 ~ 172
> Y =0 Im0 A ———>» Y=01=1 > Y =0 =2
[ § ] M ¥ . w § G| 33 2
En |l - 105  -+/18/5 Zr | 3/6 ~35/10 373 — /30/15 n 2 —1/2
= -v15/5 +10/5 I | V22 /10 0 -/5/5 AR 1‘7%_ Jg/;
ZK| 3783 —B/5 373 /15
V3/6 Vv5/10 v3/3  24/30/15
Y= -1 [ =1/2 = Y= -1 I=3/2
%'5 g..? 1.(.) § §1‘L 3*5 21
1/4 ~7/5/20 +/2/4 —+/B/5 -
3/4 %/20 —V3/4 ..‘/5/5 v | V272 —2/2
V2/4 —310/20 - 1/2 /5 K| Vv2/2 v2/2
1/2 V5/10  +/2/2 v5/5
2
* l———-—v--z r=o0 £ Y = —2 I =1
3 35 10 ¢ 3
Multiplicity of 35; 1L + - 1 35 27
N . 2n V2712 =272 Qn 1/2 - 2
ot xx2 =R | B2 VA2 =k | VA2 VY
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PROBABILITY AND STATISTICS

A. PROBABILITY DISTRIBUTIONS AND CONFIDENCE LEVELS

We give here properties of the three probability distributions
most commonly used in high energy physics: Normal (or
Gaussian), Chi-squared, and Poisson. We warn the reader that
there is no universal convention for the term " confidence level"

as used by physicists; thus, explicit definitions are given for
each distribution, and we have attempted to choose definitions
that correspond to common usage. It is explained below how
confidence levels for all three distributions can be extracted
from the following figure.

x2 Confidence Level vs. x2 for np Degrees of Freedom
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A.i. Normal Disgtribution

The normal distribution with mean ¥ and standard deviation o
(variance ¢2) is:

2,2
1 -(x-%) /20 d
N2no

The confidence level associated with an observed deviation from
the mean, 6, is the probability that ‘x—i > 68, i.e.,

Px)dx = x. (1)

CL =2 dx P(x)

(2)
46

-20 -0 O o 2¢
[ The small figure in Eq. (2) is drawn with § = 2¢0.] CL is given

by the ordinate of the np, = 1 curve in the figure at 2= (5/5)2.
The confidence level for 6 = 1¢ is 31.7%; 20, 4.6%; 30, 0.3%.
The central confidence interval, 1-CL, (which is also some-
times called confidence level) for § = 1g is 68.3%; 20, 95.4%;
30, 99.7%. The oddsagainst exceeding 6, (1-CL)/CL, for

& = 1¢ are 2.15:1; 20, 21:1; 30, 370:1; 4¢, 16,000:1; 50,
1,700,000:1. Relations between ¢ and other measures of the
width: probable error (CL = 0.5 deviation) = 0.670 ; mean ab-
solute deviation = 0.80 ¢ ; RMS deviation = ¢ ; half width at half
maximum = 1.18¢.

A.2. Chi-squared Distribution

The chi-squared distribution for np degrees of freedom is:

2
2.h- - 2. 2 2
P x> ax’ = h_i— (xHPtex / Ay~ (x =0, (3)
D 2T (h)
where h (for "half") =n /2. The mean and variance are np
and 2n

,» respectively. I?1 evaluating Eq. (3) one may use
Stirlings approximation: I'(h) = (h-1)! = 2.507 e-h h{h-1/2)x
(1 + 0.0833/h) which is accurate to = 0.1% for all hz 1/2. The
confidence level associated with a given value of np and an ob-
served value of XZ is the probability of chi-squared exceeding
the observed value, i.e.,

Pa

o
w
2 2
CL = dxy " P_ x7)
2 n
jx D

¢} 5 [1e] 15
[ The small figure in Eq. (4) is drawn withn_ = 5 and CL=10%. ]
CLis plotted as a function of XZ for several values of np in the

above figure. For large np, x © becomes normally distributed
about ny. Thus, ——

y4 = &7 - np)/ NZag )

becomes normally distributed with unit standard deviation. A
better approximation, due to Fisher,! is that X » not x ¢, becomes
normally distributed, specifically

vy = '\/sz - 2nD-1 (6)

approaches normality with unit standard deviation. For small
CL's in particular, y, is much more accurate than y1- Thus,
for np = 50 and XZ = 80, the true CL = 0.45%, but vy is 3.0 cor-

responding to a CL of 0.13% , while y; is 2.7 corresponding to a
CL of 0.35% .




PROBABILITY AND STATISTICS

A.3. Poisson Distribution

The Poisson distribution with mean n is:
-(A),.\n
L)

P_ (n) = n=0,1,2,--). (7)
n

n!
The variance is equal to the mean. Confidence levels for Poisson
distributions are usually defined in terms of quantities called

upper limits" as follows: The confidence level associated with
a given upper limit N and an observed value ny of n is the proba-
bility that n > ng if 1 = N, i.e.,

o cL
CL= x P (n) f i
n=n,+1 N
0
n, 1-CL
=1- z Py@) — (8)
n=0 Py
'rl —h ! L, t n
o] 4 N 8 12

[ The small figure in Eq. (8) is drawn with ny = 2 and CL = 90%.]
A useful relation between Poisson and chi-squared confidence
levels allows one to look up this quantity on the above figure.
Specifically, the quanntg 1-Cl. is given by the ordinate of the
np = 2{ngtl) curve at yx = 2N. Thus, 90% confidence level up-
per hm1ts for ng =0, 1, and 2 are given by half the XZ value cor-
responding to an ordinate of 0.1 on the npy = 2,4, and 6 curves,
respectively; the values are N = 2.3, 3.9, and 5.3.

Tables of confidence levels for all three of these distributions,
the relation between Poisson and chi-squared confidence levels,
and numerous other useful tables and relations may be found in
Ref. 2.

B. STATISTICS

We consider here the situation in which one is presented with N
independent data, y, +0,, and it is desired to make some
inference about the " true'’ value of the quantity represented by
these data. For this purpose we interpret each datum y, as a
single sample point drawn randomly (and independently of the
other data) from a distribution having mean y, (which we wish to
cstimate) and variance o2. (Identification of %e true g, with the
0, datum is an approximation which may become seriously inac-
curate when o, is an appreciable fraction of y,. ) Some methods
of estimation commonly used in high energy physics are given
below; see Ref. 3 for numerous applications. Section B.1. deals
with the case in which all ¥, are the same, e.g., several differ-
ent measurements of the same quantity; Sec. B.2. deals with the
case in which ¥, = ¥{x,), where x,, represents some set of inde-
pendent variables, e.g., cross-section measurements at various
values of energy and angle, x, = {En, On)-

B.1. Single Mean and Variance Estimates

(1) If the y, represent a set of values all supposedly drawn from
a single distribution with mean ¥ and variance ¢ (i. e., the g, are
all the same, but their common value is unknown) then

¢ - 1

Ve ™ NAYn and (9
21 _ 2

I IR B AN (10)

are unbiased estimates of §¥ and 0 . The variance of Ve is ¢ /N
If the parent distribution is normal and N is large, the variance of
US is 20'4/N

(2) If the ¥, all have the common value ¥ and the ¢, are known,
then the weighted average

- _ 1
Ve ™ W 2 YnVn (11)

where w 1/0 and w =Zw,, is an appropnate unbiased esti-
mate of ¥. ThlS choice of welghhng factors in Eq. (11) minimizes
the variance of the estimate; the variance is 1/W

B.2. Linear Least Squares Fit

A least squares fit of the function y(x) = Z; a;fj(x) to independent
data y, * 0, at points x,) (e.g., a Legendre f1t in which the {; are
Legendre polynomlals and the aj are Legendre coefficients) glves
the following estimates of the parameters £

(Cont’d)

a . =.2 V..
e,i jim ij

£ (x,) y /o5 (2)

Here V is the covariance matrix of the fitted parameters

= 3 R 13
ij (ae,i ae,i) (ae,j ae,J) 1

which is given by

-1 _ 2
(V70 =3 g ek /0 (14)
The variance of an interpolated or extrapolated value of y at point
X, Ve —Eap i 1(x), is:

- 2
ye - ¥) 7121' Vijfi(x)fj(X) . (15)
For the case of a straight line fit, y(x) = a + bx, one obtains the
following estimates of a and b, )

a =(5 5 _ -8 S /D,
e VXX X Xy (16)
b, =5, sxy -5, Sy)/D,
where
51,sx,sy,sxx,sxy = (1, x,y,x,x Yo /0, (17)
D=8,S_ -82.
1"xx X
The covariance matrix of the fitted parameters is:
-S 0
aa. ab\: l\ x) (18)
\ ab bb b Sx Si

The variance of an interpolated or extrapolated value of y at point
x is:

2
—_— S Sy
(y—?)2=§+§/x——") (19)
1

C. ERROR PROPAGATION

We consider here the situation in which one wishes to calculate
the value and error of a function of some other quantities with
errors, e.g., in a Monte Carlo program. Let {y} be a set of
random variables with means {y} and covariance matrix V.
Then the mean and variance of a function of these variables are
approximately (to second order in {y-v} ):

/Al
S Hiyh + 3V ( o1 (20)

n 3Ymayn>{y} (9}

[ af \ [ af

—
£-1" = r%"n mn Kay ]

) (21)
™/ 1y} = {7} \? {y}= (7

E.g., the mean and variance of a function of a single variable
with mean ¥ and variance g“ are:

Tr o)+ 30T, e2)
-1 =cem. (23)

Note that these equations will usually be applied by substituting
some measured quantltles, {¥} say, for the true means, {¥}.

as is often the case, ¥, - ¥, is of order N Vians then there is no
point in keeping the second order terms in Eq. (20) or (22) since
the substitution itself introduces first order errors.

1. R. A. Fisher, Statistical Methods for Research Workers
(Oliver and Boyd, Edinburgh and London, 1958).

2. M. Abramovitz and I. Stegun, eds., Handbook of
Mathematical Functions (National Bureau of Standards,
Applied Mathematics Series, Vol. 55, Washington, 1964).

3, W. T. Eadie, D. Drijard, F. E. James, M. Roos, and
B..Sadoulet, Statistical Methods in Experimental Physics
(North-Holland, Amsterdam and London, 1971).

Revised and expanded April 1974,
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RELATIVISTIC KINEMATICS*

DEFINITIONS AND GENERAL FORMULAE

PARTICULAR CASES AND ASYMPTOTIC VALUES

(=)

I. NOTATION

We define any 4-vector p by its components:

N P, = E = the energy
p = (pn,P) with N N {I-1)
P = (P”,Pl) = 2-vector of

magnitude P,

PH = the longitudinal momentum along a beam direction
where N
Pl = the transverse momentum (2 components, along 2
axes perpendicular to the beam);
then lab lab lab =2lab
P = (E s By Y (I-2)
cm cm _cm o rem
P =(E", P, ) . (1-3)
i 1
The 4-vector scalar products are defined by
> >
A-B = AB - A'B . (I-4)
1 lab
so that P ab, P a pcm' pcm =m* . (I-5)
II. GENERAL INVARIANT DEFINITIONS AND RELATED FORMULAE
For any 2 particles i and j, the most commonly used
invariants are defined as follows:
A. of the combination of par-
> >
+mi+ 2(E.E, - P,*P.) . (II-1)
1] T3]
Using the function A(x,y,z) |also called A(x,y,z)], defined by
Alx,v,z) = x" +yi+z - 2xy - 2yz - 2zx
— 2 2
=[x - Wy +vz) ]l[x- Ny - Vz)y ], (IT-2)
we have the relations:
. . . " > N
A.1l. in the particle j rvest frame (Pj: 0), the longi-
>
tudinal axis being along Pi,
() -m;-m Vﬂ(si.,mzi,mz.)
S i3 , j EEE I (T1-8)
i 2m 2m
J
A.2. In the e.m. frame for part (i_and 3)
> > +
(P, =-P ), the longitudinal axis being along Pi’
e
.. s..+m°-m° As..,m?,m?)
D e Ea S 37475, ; (11-11)
> 2vV's 2vs, .
ij 13
thus, pli o pt3 (11-13)
13
A.3 Useful relations involving LI
iy In a Palits plot for the 3-body decay, X > 1+2+3,
E Sij = motmy,, = const. (i, = 1,2,3) (1I1-14)
i<j i
ith m’ = (p,+p +p) =
withm ,, = (P, +p, b, =My
ii) In a triangle plor j 4-hody decay, X » 1+2+3+4,
2 2 - i, = -
E sy = 22 m +m,,, = const. (i,3 1,2,3,4) (I1-15)
i<j i
ith m® +p +p +p) =l
with m s, (px P, TP, TP, X"

B. Tne invariant moment.s
i and k is

transfer squared between particles

m’+m’ - 2(E.E - BB ) . (11-16)
1 k i

_ 2
EEURRR Fab S x itk

ITI. VERY HIGH ENERGY PHYSICS:
ASYMPTOTIC FORMULAE
A.
2(E_E S
s = -P_- -
2Fp b (T11-1)
If 6 is the supplemeni of the angle between
the two beams, (and if we assume Ej ~ P;), then:
s = 4P P, cos Py (1——é—+ -a)
(I11-2)
B. Interaction of puaril
b at rest
B.l. In the
1
s = sab =m +m_ + 2mE = 2mbL ab
® (111-3)
and
~ S
P, = (ITI-4)
inc 2m,
b
B.2
s = = T+ ™ > ae™F (111-5)
ab b a
and cm m \/_
C S
P =P = III-
N o 5 { 6}
Py =
and
Pb =
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Application to the reaction a+b + c+d:

1. General formulae iw the (ab) c.m. system,

eac cm
- 4p p_ sin?|-2= .
ac 2

min
ac

Hi

t

t = t, =[t
ac

Ban 2 2q°m
; _ B _ =
with tee =lE, -8 ®,7e)"]
(min/max refer to the minimum/maximum of ]t‘)
: 2_ 2 2 292
min m-m’-m+m
and max a " ™ Mg -
ac

2vVs

2v/s

which, after expansion in powers of (1l/s), gives

min
ac s

2 2 2 2 22 2 2
(mai-mb " md)(mamb mcmd) " O(J;)
o2 s?

)2

2 2 2 2
¢ _ (ma-mc)(mb_md)

In a similar way, defining u , one finds
a

a = PPy

cm
min 2(ead
u= uad = tad tbc = uad - 4Pan sin y
. min min
with by ~ ad .

A general relation between the invariants isg

2

"y

RELATIONS BETWEEN THE (j) PARTICLE AND (ij) PARTICLE
REST FRAMES: LORENTZ TRANSFORMATION

s+t+u=m + +mz+m2 .
a c d

v,

The general Lorentz transformation has the matrix form

{II-20)

E ALY \ - o E (3)
P = —
i oy o0 I
i B -1)
Pl 0 0 1 PJ. (Iv
If we define, in any frame, the quantity: Pi = E* ﬂv
i3 3
P, (y-n) © 0 P,
P = 0 (y+n) ©O P . (Iv-3)
-+ ,“
P‘L ¢} @) 1 Pi
s;.+m —m;i A(si_,m ,m?) FEy
vin = A 3 bERS (1V~-4)
2m. Vs, .
J 1]
R (s, om0 md) plD
gl =4 - tann g, , = I =1 - (1V-5)
Y 13 S;.+m:~-m E(j)+m
ij ; B
sljeri—m2 E(j)+m.
Yy o= = cosh §,. = = {IV-6)
1) 2m .
mJ\/sij VSlj
2 2 (3}
A{s,.,m;,m3) P,
+ e ijm i’y i
n| = 8]y = sinh &, = = (1v-7)
Inl ! 13 2m. Vs, | Vs, .
J 1] 13
The spatial part of the matrix in Eq. (IV~1) above can be
written with the classical vector form
(i3 _ 203 BB (9
223 _ 2(] > : _ ] Fm
P =P + n(‘(+ - E > (IV-9)
A convenient way to write the latter expression is
.. . (i3) (3)
g3 _30) ol E +E (1v-10)

v+ 1

(Cont‘d)

2. Farticuwlar case
In the c.m.: dt = 2p P d(cosBa )
i) mo= mc, mb # md
2, 2 2,2
X me{m" ~m
min a d
tac - T (I1-24)
s
min _ _ (ma—m ) (my = m2) (11-25)
ad s
ii) For elastic scattering
(a+b > a'+b'),
Join 0.
aa'
and t = -4p? sz(_a_ai)
aa' 2 ‘!
d = 2p? ; -
toar 2p d(cosea V) (T1-26)
(m? - m?)?
also umln = a -
b S (II-27)
At high energy:
b4 Veiy
e = and L. = &n -
ij mj

Ei' is called the boost parameter of the Lorentz
transformation that connects the particle ij

rest frame to the particle j rest frame.

g9 tion

1. o reaction a(beam) + b(target

The transformation from the lab frame into the
c.m. frame is given by:

Elab*

with

sﬂnf)—m2 * VA(s,m;,m,;‘))

a

— {Iv-11)
Zmb\/s

£

2. The crm of any vector

_ 5
D= (B ,P),

1-

> .
(Eng ), intc the p

Lorentz trans

given in a frame containing another

vector p,

2 J
'

where p, = (mZ,O), and p; = (E

1
calculated using:

{IV-12)

M
A
i
RS
-
I
| oy
N LS}
—
=
<[
+i o+
[
S
A
|
¥
—
I
N
S~
SN
+| o+
ERNG]
S
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V. RAPIDITY VARIABLE: DEFINITION AND KINEMATIC RELATIONS

Definition: in any system, for a particle of energy E and
longitudinal momentum P”, the rapidity is defined by

_. (P
E—P”> = tanh! <E”—>

et
I
s
=
B)
N
1
+
_o

(v-1)
P P P
+ + -
i "”“(F) - (;) ul)
- L m
2, 5203
with the transverse mass m = (m” + PL) ‘.
From the last of the two equations above, one gets
- Y _
P, = m e . . (v-2)
P = m e- . (v=3})
E = m cosh y , (v-4)
so that
PH = m sinh y - {(v-5)

A. FRelations between the rapidities of different frames:

- &

Y(i.ﬂ
ij

-9 -7

B. Application to a reaction a+b > c+d (or a+b > c+X):

{Cont'd)

lab
Il
lab
- P

i

+ P )
= -fn(tan 5) .

The maximum rapidity gap for the reaction a+b - c+d
at large s is:

i) for the incoming particles (a,b):

_ Jlab _ cm cm s
Yap “¥a T Yy T Y in m (v-18)
a
ii) for the outgoing particles (c,d):
. ,dab _ lab cmo o oem o s
Yea = Yo Y9 T ¥ ¥4 S m
lela
(v-16)

Application to reqction a+b > 1+2 ... +N, withthe N

In the lab frame,

lab lab lab
= i , 0
r, (ma cosh Yy My sinh v, )
lab
= (& v-8
12 (i, 0, 0) (v-8)
lab lab : lab >
pc = (mlC cosh Yoooom sinh yc ) Pic)
(and a similar formula for particle d or X).
In the c.m. frame,
cm cm . cm
2 = (ma cosh yo oo Wy sinh Yo v 0)
cm cm . cm
= . V-9
12 (mb cosh Yoo My sinh Yy, 0) { )
cm cm . cm
pc = (mlc cosh Yo o+ mlcsnxh yc B Plc)
(and a similar formula for particle d or X).
lab 1(5 T T lab s
v = cosh » v = fn—— (v-10)
a 2mamb at large s a mamb
s+ m; - mlz) om
om - -t » = (v-11)
Ya cosh 21“.3\/—5— at large s ya
2 2
s+mp-m
cm a cm s
= cosh — = -2n (v-12)
Yb 2mb./s ) at large s yb ™
2 2
s+m” -m —
ycm = cosh™’ < d > ch =~ gn X5 (v-13)
c omy Vs at large s c o
and mé (or m)z() <<s
With £ = &n S , one gets, at large s:
My
ylab ~ g s (v-14)

n—S
€ e

outgoing particles being ordered by increasing rapidity

1. The maximum rapidity gap between the outgoing
particles has an approximate value

s

T (v=-17)
™1 My

Vg T A0

2. The rapidit ap ( i;y_j)_between the rapiditie:
v; and y. of particles 1 and j, respectively,
is relatéd to the invariant mass squared of
particles i and J

=m?+m?+2 h 2 . -3
Sy T mytmyE A, cmy g coshiy; -y ) - 2P TP
s . o o (v-18)
o Si'_mi-m‘+2pli.Pl‘
Y. ~y. = cosh J > J J (v-19)
* J mlimlj

3. The rapidity gap between either of the extreme
particles (1 or N) and its adjacent neighbor
[2 ox (N-1) respectively] is, on a statistical
basis, and in first approximation

lyy-v,|l = n—=- (v-20)

and

ly, o -v.| = tn-3, (v-21)
N-1 N M’N

M; (My) being the missing mass with respect to
particle 1 (N) in the reaction a + b ~ 1 + M;
{a + b >N+ MN).

4. The rapidity gap Y51 between the incoming
particle a and the outgoing particle closest
to a, 1, is related to the transverse momentum

= - 2
tay T (P~ Py):

(v-23)
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VI. INCLUSIVE REACTIONS AND SCALING VARIABLES:
DEFINITIONS AND KINEMATIC RELATIONS

A. Scaling Variable: Definitions

® For the inclusive reaction a+b » c+X

1) Feynman's definition:

cm ,_cm
*= PU /pmax (VI-3)
7 2
cm “A(S'mc'mx,min)
where Pmax = (VI-4)
2vVs

is the center-of-mass momentum of particle c and the light-
est possible particle(s) my .., which, consistent with
conservation laws, could recoil against particle c.

A relationship between x and m)z( which becomes useful at
high energy [ see (VI-6)]derives from

2 2 2
m? = + - = - .
X (pa Py pc) 5+l.nc 2pc (pa+pb)

2) An alternative definition:

cm ,_cm
x' = P, -
I / It max VI-7)
. cm cm \?
with P = P - P .
Il max max
e For electro- and photoproduction (off protons):
Bjorken's definition:
2mp\)
w=-—
-q
v = e-e' = the difference between the
incident and the outgoing energies
where mp = proton mass
qz = momentum transfer squared .

1

(NOTE: w = is sometimes also called x.)

® For neutrino interactions:

For the inclusive reaction V+b > c+X,

2oy )?
q_PVPC

v =Pyt aMy,

If X is a system of hadrons,
W= \/p; .

Scaling variables:

x 0<x<1

-qz/ZMbv .
y=Mb\)/pv'Pb , 0<y<1
Note: V is sometimes written

Vo= N leading to the replacement

Mb\)*\)

throughout .

(Cont'd)

e At high energy,

cm
em Vs - 2P||
Pmax = 5 and x = \/__ {(VI-5)
s
The relation between x and y is trivial:
Pr‘:m 2m om
x = 2 o~ sinh y (VI-8)
Vs Vs
and, for y also large:
yo ~ gn XY (V1-9)
m
1
2 2
m, - m m
x=1-2¢=~_ X (VI-6)
s s

2 o 2
(for my >>mg) .

For Pl fixed as s>» ,

2pﬁm

In the lab, with c a lepton of negligible mass,

8 the neutrino~>c¢ scattering angle:

.2
My < -q® ~ 2B F_ sin’ (8/2) < 2ME

- = - < ;
v E\) Ec EX Mb E\),

W= \/—q2+2Mb\)+Mb

2E B, sin?(8/2)

Mb(EX—Mb)

X =
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B. For the inclusive reaction a+b » c+X, the invartant differential cross section E(d’c/dpl) may be
written in the following forms using various expressions of the phase space volume dapC/EC (and omitting
the subscript c):

Longitudinal variable Transverse variable Corresponding invariant
of particle c of particle c (differential) cross section E(d30/dp3)
lab 3
1
Pl g% ;:ab 2 lgbo Tab vi-10)
(e gpr?Papt?
2
P” B —f;— -—dO—Z {averaged over azimuth) (VI-11)
dp, 4dpr
It
X P b s d’o ~ 22" dg averaged
L cm m 2 Vs 2 \over azimuth
max dXdPi dxdl?“L (vI-12)
1 2 1 2 -
. P, (or m) L q 02 -1 a 02 (ave;:?:it}c;ver) (VI-13)
dydPl dydml
/ 7 2
2 2 2 A(S’ma'mb) a’c .
m, = (p_+p, -p) t = (p_-p) (averaged over azimuth) (VI-14)
X a b c a c T 2
dm_dt
X
*See Denyse M. Chew, "Relativistic Kinematics," LBL-3815 (1975), for details and references.
Revised April 1978.
For a system of n particles with overall four-momentum p and final four momenta p,-- -, 1:>n[pi = (Ei’ ?i)] ,
Lorentz Invariant Phase Space is given by
4.4 1 n O F
d LIPS(sipy,- -+ op,) = @M 67 (p -2 p) —— 1T o+ (1)
(2m) i
1 4 4 ’ p’?m
cm
For 2-body: dLIPS(s,p,,P,} = — & (p-p,;-p,)d p ——— df2 . (2)
1’72 (ZW)Z 152 PN 1
For 3-body: d LIPS( y= —Lo 6% )% oo ds,, ds, ,dadcospd (3)
or 2-body: $+Py2 Py P3/ = 2y P-Py-Pp P3P 357 dsyp dspgdedeospdy,
where «, 3, and vy are Euler angles.
For a + b - n particles or X —~ n particles, in general ‘1> - |f>,
1 2
- s e 4
0 = IE J | Agy;|© A LIPS(sipy,- -+ opy)s (4)
or 1 2 2
Tye= g | | Myl” dLIPSOyipyeoupy), )
X
where ‘M’if is an invariant matrix element. F is Mgller's invariant flux factor, FZ = (pa pb)2 - min{ If a

is beam, b, target (ﬁéab= 0), then F = !ﬁ;ab \ mb = ‘ fg:m ‘ \s.

For elastic scattering in c.m., ’ﬁ;m | = ‘f”im , and (2) and (4) yield
| ’
do _ 1M do [ oM
JRele or %Y - (6)
ds2 (81\')25 dt Zcm z
64m IP ‘ s
a
The normalization is such that the optical theorem reads
_ cm )
Im Mlt:O_Zwﬁa I'\/Eotot' (7)

The choice of Eq. (1) implies a particular normalization of any spinors that may occur in o4 . The advantage
‘ 1

of this normalization is that it greatly simplifies the structure of et by putting factors such as 3 E
(2m)

into the phase space where they really belong. In addition, the labels, i,f, refer to specific spin (helicity)

states, so that the usual "average and sum'' rule is implicit,
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PARTICLE DETECTORS, ABSORBERS, AND RANGES*

A. DETECTOR PARAMETERS

In this section we give various parameters for common detectors.
The quoted numbers represent at best an order of magnitude, and
are useful only for preliminary design. A more detailed intro-
duction to detectors can be found in "A Consumer's Guide to
Particle Detectors," by D. J. Miller, Rutherford Lab Report
RL-76-072, July 1976.

A.l Scintillators: Photon yield ®~ 1Y/100 eV in plastic
scintillator™ and = 1y/25 eV in Nai.l,2
A.2 éerenkov:3 Half-angle Sc of cone aperture in terms of

velocity B and index of refraction n:
arc cos (Bl_n) ~ \/2(1 _—B}r_{) .
=1/V1-82 .

Therefore, BpYy = 1/V26 +52, where § = n-1. Values of § for
various commenly used gases are given as a function of pressure
and wavelength in Ref. 4; for values at atmospheric pressure,
see the Table of Atomic and Nuclear Properties following.

3] =

c

Threshold velocity: Bt = 1/n; Ye

Number of photons N per cm:

o 1 o L2 1 1
N=—j<l——)2ﬂd\)= ——S[(————————)Z‘Nd\)
c B2n2 c "t BZYZ

2.2
Bth

~ 500 sinzec/cm {visible spectrum) .

A.3 Photon Collection: In addition to the photon yield, one
should take into account the light collection efficiency
($10% for typical l-cm-thick scintillator), attenuation
length (=1 to 4 m for typical scintillatorsé), and guantum
efficiency of the photomultiplier cathode (S 25%).

A.4 Bubble, Streamer, Wire Chambers:

Reso}ution Dgad
Chamber Type Accuracy (rms) Time Time
Bubble + 754 =~ 1ms ~1/20 &
Streamer +300p ~ 2 us ~100 ms
Optical spark i200ub = 2 us =~ 10 ms
Magnetostrictive
Spark 500U ~ 2 us ~ 10 ms
Proportional >t300uc’d ~50 ns ~200 ns
Drift $50 to 300M ~ 2 ns®  ~100 ns

aMultiple pulsing time
c60u for high pressure.

300p is for 1 mm pitch.

Delay line cathode readout can
parallel to anode wire.

For two chambers.

give *150u

A.5 shower Detectors: Typical energy resolutions (FWHM) for
incident electron in the 1 GeV range, E in GeV. For a fixed
number of radiation lengths, FWHM in the last three detectors
would be expected to be proportional to /t for t (= plate
thickness) 2 0.2 radiation lengths.

7 2%
E1/4

NaIl (20 rad. lengths):

8 10-12%

Lead Glass {14 rad. lengths): —
VE

%

lead-~Liquid Argon (15.75 rad. 1engths):6 16
(42 cells: lead, 2 mm liquid argon, VE
lead-Gl0, 2 mm liquid argon)

22%
Lead-Scintillator Sandwich (14 rad. 1enqths):9 e —ad
(35 cells: 2 mm lead, VE

12.7 mm scintillator)

40%

VE

10
Proportional Wire Shower Chamber (17 rad. lengths):
{36 cells: 0.474 rad. length type-metal +Al,
9.5 mm 80% Ar - 20% CH, gas)

A.6 Proportional Chamber Wire Instapility: The limit on the

voltage V for a wire tension T is given by
ST1/2
Lc

v

where s, %, and C are the wire spacing, length, and capacitance
per unit length. An approximation to C for chamber half-gap t
and wire diameter d (good for s$t) gives

< 1/2[3 2o (=
v % sor R LN s )

where V is in kV, and T is in grams.

B. COSMIC RAY FLUXES

The fluxes of particles of different types depend on the lati-

tude, their energy, and the conditions of measurement. Some
typical sea-level values are given below:
IV flux per unit solid angle about vertical
direction crossing unit horizontal area
Jl perpendicular component of total flux crossing
unit horizontal area from above
J, total flux crossing unit horizontal area
Total Hard Soft
Intensity Component Component
I, 1.1x1072 0.8x1072 0.3x107% on™? sec™! sterad”
- - -2 - -
Iy 1.8x10 2 1.3x10 2 0.5%x 10 cm 2 sec t
-2 - -2 -2 -
T, 2.4%10 1.7x1072 0.7x107% en ? sec”t

sea-level are
The absolute flux of protons_at
1.5%10 cm

Very approximately, about 75% of all particles at
penetrating, and are muons.
sea-level, in_a momentum range 700-1100 MeV/c, is
sec”* sterad™l, or ~0.1% of all particles.

-2

1
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C. PASSAGE OF PARTICLES THROUGH MATTER

C.1 Energy Loss Rates for Heavy Charged Projectiles: A heavy
projectile (much more massive than an electron) of charge Z
moving at speed Bc (B >> 1/137) through a slowing medium,
dissipates energy principally via interactions with the elec-
trons of the medium. The mean rate of_ such energy loss per
unit path length x may be written as:

proje'

2
(gg) _ D Prea Zmed <Zproj>
dx proj Amed e
2meY262c2 2§ ¢
x|l ———-—}- 8" - = - {1+v},
I 2 Z
med

where D = 4ﬂNArgmec2 = 0.3070 MeV cm2/g {see Physical and

Numerical Constants Table).

Here Zpeq and Ap 4 are the charge and mass numbers of the
medium and P is the mass density of the medium; I, §, C, and
V are phenomenological functions. Fregquently, the values of §,
C, and Vv are negligibly small; the parameter I characterizes

the binding of the electrons of the medium. As a rule of thumb,
we may estimate I for an idealized medium as I = 16 (Zmed)o'gev
when Z d>>l. For realistic media the value of I will vary at
the 10% level from this estimate; for H,, I=20.0 eV. We may
approximately treat media which are chemical mixtures or

compounds by computing N
Ezz(@)
dx Aog \dx n '

with (dE/dx), appropriate to the nth
(using pmgd as the partial density).

chemical constituent

The function § represents the density effect upon the energy
loss rate; it is non-negligible only for highly relativistic
projectiles in dense media. For ultra-relativistic projec-
tiles, § approaches fny“ + constant, where the value of the
constant depends upon the density of the medium and its chemical
composition.

The function C represents shell corrections to the energy loss
rate. These effects are non-negligible only for projectiles
with speeds not much faster than the speeds of the fastest
electrons bound in the medium.

The function V represents corrections due to higher-order
electrodynamics.l7 These effects become important when 'Zproj/B
is comparable to 137. For relativistic unit-charge projectiles,
}V‘ is of the order of 1%; positively charged projectiles lose

energy more rapidly than do their charge conjugates. 7,1

(dE/dx)Eroj falls rapidly with B until reaching a minimum around
B = 0.956 (almost independent of medium), followed by a slow rise.
Because of the density effect, the quantity in square brackets
approaches fny + constant for large Y.

The value (3E/dx) rojéx is the mean total energy loss via inter-
actions with electrohs of the medium in a layer of thickness Ox.
For any finite 8x, Poisson fluctuations can cause the actual
energy loss to deviate from the mean. For thin layers, the
distribution is broad and skewed, being peaked below (dE/dx)dx,
and having a long tail toward large energg losses.19 Only for

a very thick layer [(aE/dax)8x >> 2me52Y25 ] will the distribution
of energy losses become nearly Gaussian. The large fluctuations
of the total energy loss rate from the mean are due to a small
number of collisions with large energy transfers. The fluctua-
tions are greatly reduced for the so-called restricted energy
loss rate, described in section C.3.

28
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C.2 Energetic Knock-On Electrons: For a spinless point-charge
projectile, the production of high energy (kinetic energy T >>1I)
electrons is given by (neglecting the spin of the electron):

z 7z \?
dN - !5 b med proj 1
aTdx ) B Pred 2

med

2.2 2
2meB Y e
for IKKTST = ,
max me m, 2
+
vy g *\n_.
proj prog
where Mpro' is the mass of the projectile and all other

guantities are as in section C.l. This formula does not differ
significantly from the precise result, incorporating spin
effects, for any projectile (including e~} in the restricted
range I << T<< Thax? ggr%laccurate formulae are available for
various projectiles.“”’ Our formula is inaccurate for T
close to I; for 2I $ T £ 10I, the 1/T° dependence above becomes
=1 with 3 $n $5.22

C.3 Rates of Restricted Energy Loss for Charged Projectiles:
The variability of energy loss for heavy projectiles is due
primarily to the variability in the production of energetic
knock-on electrons. Bremgstrahlung and pair production
processes make this variability even greater for electrons

than for heavy particles as projectiles (see, e.g., the figure
"Fractional Energy Loss for et and e~ in Lead"). If an instru-
ment is capable of isolating these high-energy-loss interactions
then it is appropriate to consider the rate of energy loss
excluding them, i.e., a restricted energy loss rate. The mean
energy loss rate via all collisions which have energy transfer
T such that T < B, <KT . is:14

(d_E) -2 M@i(@;)
ax <E 2 Amed

max
Emax Tmax 2 2C
x |2&n — 5 )" g" -6 - z
I med

Notice the overall factor of 1/2,

The density effect causes the restricted energy loss rate to
approach a constant, the Fermi plateau value, for the fastest
projectiles.

C.4 HMultiple Coulomb Scattering through Small Angles: As a
charged particle traverses a medium it is deflected via many
independent small-angle Coulomb scatterings. The bulk of this
deflection is due to scattering from the nuclei in the medium.
An estimate for the _net deflection in the absence of large-

angle scatters is:
]) %5 {radians),
R

where erTgne is the standard deviation of the distribution of
net defﬁection angles projected onto any plane, p is the
projectile momentum, Bc is its speed, 8x is the thickness of
the medium, Iz is the radiation length for the medium (see the
Table of Atomic and Nuclear Properties of Materials), and !E'
is usually less than 0.1. This formula applies only when

rms

one - (1+9)z 15 MeV/c

proj pB
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There is a definite possibility that some single large-angle
scatter will deflect the projectile by much more than Sr?gne.
These large-angle scatters are not included in the above

estimate for engne; they lead to broad tails on the distri-
bution of the actual deflection angles. The actual distribu~
tion is approximgtely a Gaussian with standard deviation 6ITS

< prm . . Plane
§S§seplane < eplane, while it falls as a power for eplane5
plane-

Other quantities are sometimes used to describe the amount of
multiple Coulomb scattering. The non-projected scattering
angle 8 is distributed with:

rms — Lrms
6 =V eplane ’

while auxiliary quantities

lane’ Yplane’ 304 Spiane (see
the figure) obey: P € P P

rms 1 rms
wplane = plane ’
V3
rms 1 rms
Y. = — dx 8
lane — '
plan V3 plane
rms _ 1 rms
and Splane Viz 8 plane

1

Yplane

\\\%prne
N

XBL 782-307

All the quantitative estimates in this section apply only in
the limit of smallreéTgne and in the absence of large-angle
scatters.

C.5 Electron Range in Lead, Copper, Carbon, and Hydrogen:
See figure following.

C.6 Fractional Energy Loss for Electrons and Positrons in
Lead: See figure following.

C.7 Contributions to Photon Cross Section in Lead: See figure
following.

C.8 Photon Mass Attenuation Coefficients, Energy Deposition:
See figure following.

D. ATOMIC AND NUCLEAR PROPERTIES COF MATTER

See Table following.

*Prepared April 1974 by Sherwood Parker and Bernard Sadoulet.
Revised April 1978 by Sherwood Parker and Ray Hagstrom.
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Mean Range and Energy Loss in Lead, Copper, Aluminum, and Carbon
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Mean range and energy loss due to ionization for the indicated particles in Pb, with scaling to Cu, Al, and

C indicated, using Bethe-Bloch equation (Section C.1 above) with corrections. Calculated using program of

Hans Bichsel (UCRL-17538), with density correction added (Hans Bichsel, private communication), See also
Joseph F, Janni [Air Force Weapons Laboratory Technical Report No. AFWL-TR-65-150 (1966)]. The average
ionization potentials (I) assumed were: Pb (820 eV), Cu (320 eV), Al (166 eV), and C(77.5 eV). Figure indicates
total path length; observed range may be smaller (by ~ 1% - 2% in heavy elements) due to multiple scattering,
primarily from small energy-loss collisions with nuclei. The functional forms have not been experimentally
verified to better than roughly £1% . For higher energies refer to discussion by Cobb ["A Study of Some Electro-
magnetic Interactions of High Velocity Particles with Matter, " University of Oxford Report HEP/ T/55 (1973}
and by Turner ['Penetration of Charged Particles in Matter: A Symposium', National Academy of Sciences,
Washington D.C. (1970), p. 48]. Scaling to other beam particles is, to a good approximation, described by the

expression on the next page.
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Mean Range and Energy Loss in Liquid Hydrogen
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Range and energy loss in liquid hydrogen bubble chamber, based on Bethe-Bloch equation (Section C.1 above),
using an average ionization potential for H, of I=20.0 eV, which is an approximate average of the experi-
mental result of Garbincius and Hyman [Phys. Rev. A2, 1834 (1970)] and the theoretical result of Ford and
Browne [Phys. Rev. A7, 418 (1973)]. Bubble chamber conditions are chosen to be those of Garbincius and
Hyman: parahydrogen of density = 0.0625 g/cm3 (note: range = l/density), with vapor-pressure 60.8 1b/in2
(absolute) and temperature 26.2°K. The functional dependence of the Bethe-Bloch equation is not experi-
mentally verified to better than about *1% over large momentum ranges. It should be noted that the number
of bubbles per cm of a track in a bubble chamber is nearly proportional to l/BZ, not dE/dx. For the linear
portions of the range curves, R « p3'6. Scaling law for particles of other mass or charge (except electrons):
for a given medium, the range Ry of any beam particle with mass My, charge zj, and momentum py, is given in
terms of the range R, of any other particle with mass M,, charge z_,, and momentum p, = PbMa/Mb (i.e.,
having the same velocity) by the expression:

/M

M/ My
R, My ez rpy) = [ 2 2 | RaMar%arPa™ PRMy/Mp)

zb/za
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Mean Electron Range in Lead, Copper, Carbon, and Liquid Hydrogen
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Mean range of electrons in the continuous-slowing-down approximation, taking into account energy loss
by collisions with atomic electrons and by bremsstrahlung; strong fluctuations are to be expected for individual
tracks. This range is the total path length; the practical range is shorter because of multiple Coulomb scat-
tering, which becomes increasingly important as the electron slows down. E.g., for a fast electron the rms

projected angle due to multiple Coulomb scattering reaches 1 radian by the time the electron has slowed to
0.4 MéV in hydrogen, 1.5 MeV in carbon, 9 MeV in copper, and 24 MéV (off scale) in lead., The '"critical
energy'' (above which the energy loss due to bremsstrahlung exceeds that due to ionization,and showering

becomes important) is 400 MeV for hydrogen, 100 MéV for carbon, 25 MeV for copper, and 10 MeV for lead.

The mean positron range may differ from the mean electron range by several percent. See Berger and
Seltzer, NASA SP-3012 (1964) and SP-3036, and P. Trower, UCRL-2426, Vol, III Rev. (1966). 1-10 keV

range was obtained by linear extrapolation.

Fractional Energy Loss for et and e” in Lead  Contributions to Photon Cross Section in Lead
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Fractional energy loss per radiation length in lead as
a function of electron or positron energy. Electron
(positron) scattering is considered as ionization when
the energy loss per collision is below 0.255 MeV, and
as Moller (Bhabha) scattering when it is above.
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Photon cross section in lead in inverse radiation

lengths as a function of photon energy. The intensity
of photons can be expressed as I = [pexp(-0x), where
O is read above and x is the path length in radiation
lengths.

See also figure following.

These figures are adapted from Fig. 3.2 and Fig. 3.3 from Messel and Crawford, Electron-Photon Shower Distri-

bution Function Tables for Lead, Copper and Air Absorbers, Pergamon Press, 1970.

Messel and Crawford use

L, (Pb) = 5.82 g/cm#4 , but we have modilied the figures to Teflect the value given in the Table of Atomic and
Nuclear Properties of Materials (following), namely L.(Ph) = 6.4 g/cmz. The development of electron-
photon cascades is approximately independent of absorber when the results are expressed in terms of inverse

radiation lengths (i.e., scales on left of plots).
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Photon Mass Attenuation Coefficients, Energy Deposition
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The photon mass attenuation coefficient for various absorbers as a function of photon energy (solid curves).

For a homogeneous medium of density p, the intensity I remaining after traversal of thickness t is given
by I=1I, exp(-Ut). The accuracy is a few percent. Interpolation to other Z should be done in the cross
section 0 = (W/p) M/Np cm®/atom, where M is the atomic weight of the absorber material and Np is Avogadro's

number. For a chemical compound or mixture, use (u/p) = ¥ wi{u/p);, accurate to a few percent, where w,
eff i i i

is the proportion by weight of the ith constituent. The dashed curve is the mass energy-
absorption coefficient, giving /0 multiplied by the fraction of photon energy deposited in a small volume
(assumed large enough to contain the ranges of most secondary electrons) about the interaction. This
fraction is smaller than 1.0 because such processes as Compton scattering and electron bremsstrahlung imply
radiation of some of the energy away from the immediate area. From J. H. Hubbell, NSRDS-NBS 29(1969).
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Atomic and Nuclear Properties of Materials®

Material Z A Nuclear  Nuclear collision Absorption dE/dx min® Radiation length Densilge Refractive
cross  length Leo length A Lradd [g/cm?] index n;®
section ¢ 2 [_.MSLZ.:”:MSX] 2 () is for gas () is (n-!.))tlo6
[barns] [g/cm®] {cm] [em] g/cm cm [g/cm*®] [em] [e/1] for gas

0.0708 1.112

H 1 1.01 0.039 43.0 607 790 4.12 0. .

2 292 63.05 890 (0.090) (140)

D2 1 2.01 0.074 45,1 273 342 2.07 0.342 126.1 764 0.163 1.128

0.125 1.024

H 2 4.00 0.134 49.6 397 478 1.94 . .

e 0.243 94.32 755 (0.178) (35)

Li 3 6.94 0.215 53.6 100.4 120.6 1.65 0.881 82.76 155 0.534 -

Be 4 9.01 0.270 55.4 30.0 36.7 1.61 2.97 65.19 35.3 1.848 -

C 6 12.01 0.340 58.7 ~37.8 49.9 1.78 =2.76 42.70 827.5 ml..SSf -

N 7 14.01 0.390  59.7 3.8 99.4 1.82 1.47  37.99 47.0 0.808 1.205

2 (1.25) (300)
1.207 1.092

Ne 10 20.18 0.520 64.4 53.7 4.9 1.73 2.08 28.94 24.0 (0.90) (67)

Al 13 26.98 0.650 68.9 25.5 37.2 1.62 4.37 24.01 8.9 2.70 -
1.40 1.233

Ar 18 39.95 0.890 74.5 53.2 80.9 1.51 2.11 19.55 14.0 (1.78) (283)

Fe 26 55.85 1.160 79.9 10.2 17.1 1.48 11.6 13.84 1.76 7.87 -

Cu 29 63.54 1.270 83.1 9.3 14.8 1.44 12.9 12.86 1.43 8.96 -

Sn 50 118.69 2.040 96.6 13.2 22.8 1.28 9.4 8.82 1.21 7.31 -

w 74 183.85 2.810 108.6 5.6 10.3 1.17 22.6 6.76 0.35 19.3 -

Pb g2 207.19 3.080 111.7 9.8 18.5 1.13 12.8 6.37 0.56 11.35 -

U 92 238.03 3.380 116.9 ~6.2 12.0 1.09 =20.7 6.00 ~0.32 =~18.95 -

(4 4
: ) € 675008 ] ) £ 36, g 0.0012058f 1.000273

Air 60.2 50000 67500 1.82 0.0022% 36.20 30050 (1.29) (293)

H20 58.3 58.3 78.8 2.03 2.03 36.08 36.1 1.00 1.33

HZ {bubble chamber 26"[‘()"l 43.0 =683 887 4.12 m0,.26 63.05 =1000 l=50.063h 1.112

D2 (bubble chamber 31"K)h 45.1 =322 403 2.07 =0.29 126.1 ~900 ~0. 140h 1.110

H-Ne mixture (50 mole percent)i 62.9 154.5 215 1.84 0.75 29.70 73.0 0.407 1.092

. ) J

Propane (C3Hg) 55.0 134 176 2.28 0.98  45.38 111 ?2' 401) i(ll.OZOSS)

. 50 i

Freon 1381 (CFBr) 74.3 ~49.5  73.5 1.52 w2.3 16.53 m11 {”(‘6'570” {(17'5203)5

Ilford emulsion 88.1 23.1 36.7 1.44 5.49 11.02 2.94 3.815 -

Nal 91.9 25.0 41.3 1.32 4.84 9.49 2.59 3.67 1.775

LiF 61.1 23.1 30.7 1.69 4.46 39.25 14.9 2.64 1.394

Polyethylene (CHZ) 55.7 ~859.6 78.4 2.09 =1.95 44.78 848 0.92-0.95 -

Mylar (C5H402) 58.5 42.1 56.1 1.91 2.65 39.95 28.7 1.39 -

Polystyrene, scintillator (CH)k 57.0 55.2 68.5 1.97 2.03 43.8 42.9 1.032 1.581

Lucite, Plexiglas (C5H802) 57.7 ~48.9 65.0 1.87 =2.32 40.55 ®34.5 1.16-1.20 =1.49

Spark or proportional chamber? 0.05% 0.03% - 0.073 2.7% 0.046 -

Shielding concrete™ 65.5 26.2 36.8 1.70 4.25 26.7 10.7 2.5 -

co," 60.4 33800 46000 1.82 0.0033 36.2 20210 (1.79)" (410)"

Freon 12 (CClZFz)" 68.1 13800 20200 1.64 0.008t 23.7 4810 (4.93)n (1080)"

Freon 13 (CCIF3)" 66.0 15000 21400 1.70 0.0072 27.15 6380 (4.26)" (7=20)"

Silica AerogelO 62.3 =311 430 1.82 =0.36 30 ~150 0.1-0.3 1.0+0.25p

*) Table revised April 1978 by J. Engler and F. Monnig. For details and references, see CERN NP Internal Report 74-1.

a) o of neutrons (& o of protons) at 20 GeV from Landolt-Bornstein, New Series I, Vol. 5. Energy dependence for all nuclei ~ 1/2
percent/GeV (from 5-25 GeV).

b) Leoi = A/(N.c). In the absorption length the elastic scattering is subtracted.

c) For a minimum-ionizing, singly—-charged particle in the material. From W.H. Barkas and M.J. Berger, Tables of Energy Losses and Ranges
of Heavy Charged Particles, NASA-SP-3013 (1964).

d) From Y.S. Tsai, Rev. Mod. Phys. 46, 815 (1974).

e) Values for solids, or the liquid phase at boiling point, except where noted. Values in parentheses for gaseous phase STP (0°C, 1 atm.),
except where noted.

f) Density variable.

g) Gas at 20°C.

h) Density may vary about +3%, depending on operating conditions.

i) Values for typical working condition with H2 target: 50 mole percent, 29°K, 7 atm.

1) Values for typical chamber working conditions: Propane ~ 57°C, 8-10 atm. Freon 13B1 ~ 28°C, 8-10 atm.

k) Typical scintillator; e.g. PILOT B and NE 102A have an atomic ratio H/C = 1.10.

1) Values for typical construction: 2 layers 50 um Cu/Be wires, 8 mm gap, 60% argon, 40% isobutane or CO5; 2 layers 50 um Mylar/Aclar
foils.

m) Standard shielding blocks, typical composition 0, 52%, Si 32.5%, Ca 6%, Na 1.5%, Fe 2%, Al 4% plus reinforcing iron bars. Attenuation
length £ = 115 5 g/cm*, also valid for earth (typical p = 2.15) from CERN-LRL—RHEL Shielding exp. UCRL 17841 (1968).

n) Used in Cerenkov counters, value at 26°C and 1 atm. Indices of refraction from E.R. Hayes, R.A. Schluter, and A. Tamosaitis, ANL-6916

(1964).
o) n{Si0;) + 2n(H;0) used in Cerenkov counters, p = density in g/cm®. From M. Cantin et al., Nucl. Instr. Meth. 118, 177 (1974).



Maxwell's Equations

CGS (statcoul.,

ELECTROMAGNETIC RELATIONS

i 1., ., oh
Quantity statamp., sec em-1) MKSA (coul., amp., ohm)
Potentials: = z 4 v = 1

: charges r’ 4-rr€0 charges T
+ 1 1. + _ Mg 1.
A= T curfents A 4w currents r
_ . 1 9 o
c = §peed of light € ° 36 107 MKSA,
in vacuum 7
Ho = 4 107" MKSA
Fields: E = -Vv, B=¥xA& E-=-%v, B=vx&
Materials: | D = ek, B-= Hﬁ B = EE, B = p_ﬁ
Force: F - q(f + —\C’-X B) F = q(E +VXB)
Maxwell: v-D= 4vp, v-D = P
2. p . 1 8B =
VXE = - g IxE s .98
v-B=o, ¥-B=o0,
Sxfi-dnl, 1D e s 4. D
TXHE T T VxH=7 + B_ItJ

Integral Forms (MKSA)

1. Gauss' theorem:

n e
1)

ds

2. Ampere's law:

7
( o A
<
ds alagy

E

surface

~

-n

ds =

f pley dv

volume

(p = charge/volume)

Impedances: Alternating Currents (MKSA)

Ohm's law: V = ZI, V = Voelwt

1. Impedance of self-inductance of inductance L : Z = iwL

1

2. Impedance of a capacitor of capacitance C: Z

" TuC
3. Impedance of a flat conductor of width w at high frequency:
7 - Utip .
\«\’6

_ A ~1.7%10-8 @m for Cu
p = resistivity y 5 8%10-80m for Al

& = effective skin depth
:J_—E L _6.6cm
LA \/v(sec_ )

for Cu

Capacitance C and Inductance L per Unit Length (MKSA)

1. For flat plates of width w, separated by d< w:

. Ew . s 4

C = 4 L=
2. For coax cable of interior and exterior radii ¥ and T,

_ 21 ¢ i oM i
R v B F Y T
€ = dielectric constant {2 to b for plastlcs_

4 to 8 for porcelain, glasses

u = magnetic susceptibility

Transmission Lines {(No Loss) {(MKSA)

INTE = 1 N
Impedance = N L/C

L, C are inductance and capacitance per unit length

Velocity =

Synchrotron Radiation (CGS)

4n el

Energy loss/revolution = Ey Bjy4 , p = orbit radius.
A

For electrons (f=1), TCF;_(MeV) = 0.0885 [E(GeV)]4/p(xﬂeter).

Critical frequency: « = 3y3 c/p

See J.D, Jackson, Classical Electrodyvnamics, 2nd Ed., Jchn
Wiley & Sons, New York, 1975, for more formulae and details
(Prepared April 1974; revised April 1976,)

RADIOACTIVITY AND RADIATION PROTECTION

Unit of activity = Curie:

1Ci=

3.7% 1010 disintegrations/sec

Unit of exposure dose for x and y radiation = Roentgen:

1R =1 esu/crﬂ3
Unit of absorbed dose =
1 rad =

= 87.8 erg/g (5.49%X 107 MeV/g) of air
rad:
100 erg/g (6.25% 107 MeV /g) in any material

Unit of dose equivalent (for protection) = rem:
rems (Roentgen equivalents for man) = rads X QF,
where QF (quality factor) depends upon the type of radiation

and other factors.

For y rays and HE protons, QF = {; for

thermal neutrons, QF = 3; for fast neutrons, QF ranges up
to 10; and for « particles and heavy ions, QF ranges up to 20.
Maximum permissible occupational dose for the whole body:

5 rem/year (or = 100 millirem/week)
Fluxes (per cm?2) to liberate 1 rad in carbon:
3.5 X107 minimum ionizing singly charged particles
1.0 x 109 photons of 1 MeV energy
(These fluxes are correct to within a factor of 2 for all

materials.)
Natural background:

120 to 130 millirem/year
cosmic radiation (charged particles + neutrons)
cosmic radiation (y rays)
radiation from rocks and air (y rays)

Cosmic ray background in counters: ~ 1 /min/cm?/ster

8
~25) ¢
~25 2

73 5



36

C.M. ENERGY AND MOMENTUM VS. BEAM MOMENTUM

E dE = m_dT = m_ v dP. =m_dP
cm  cm p ~beam p beam ™ beam p beam
PBEAM - ENERGY- -MOMENTUM IN C.™.-— ] PBEAM C.M. ENERGY- ~MOMENTUM IN CoM,—- PBEAM —-~C,M, ENERGY--- ~MOMENTUM IN C.M.-
(MEV/C) (MEV) (MEV/C) (MEV/C) (MEV) (MEV/C) (GEV/C) (GEV) (GEV/T)
YP vp : P YP
Jdow  Ee pp o P KPP doomwm x e &ooe Koo opp e Kp  pp ep  Kp  pp
B o
0 939 1078 1432 1877 0 0 0o o 1500 1922 1930 2022 2254 732 729 696 624 3.0 2.56 2.61 2.77 1,10 1.08 1.02
20 958 1079 1432 1877 20 17 13 10 | 1520 1932 1940 2031 2261 738 735 702 631 3.2 2.63 2.68 2.83 1l.14 1.12 1.06
40 977 1083 1433 1877 38 35 26 20 1540 1942 1950 2039 2268 744 74l 709 637 3.4 2.70 2.75 2.89 1.18 1.16 1.10
60 996 1089 1434 1877 56 52 39 30 1560 1951 1959 2048 2275 750 747 715 643 3.6 2,77 2.82 2.96 1.22 1.20 1.14
80 1015 1096 1436 1878 74 68 52 48 1580 1961 1969 2057 2282 756 153 721 650 3.8  2.83 2,88 3.02 1.26 1.24 1.18

T(PI} = PBEAM - 59 MEV T(P1} = PBEAM - 133 MEV T{P1} = PBEAM - ,137 GEV
100 1033 1105 1439 1879 91 85 65 50 1600 1970 1978 2065 2289 762 759 727 656 4o 2.90 2.95 3.08 +29 1.27 1.22
120 1051 1116 1441 1880 107 101 78 60 1620 1380 1988 2074 2296 768 765 733 662 4 2.96 3.01 3.14 +33 1.31 1.26
140 1069 1127 1445 1882 123 117 91 70 1640 1989 1997 2083 2304 773 770 739 668 4a 3.03 3,07 3.19 <36 1.34 1.29
160 1087 1139 1449 1883 138 132 104 80 1660 1999 2006 2091 2311 779 776 745 674 4. 3.09 3.13 3.25 «40 1.38 1.33
180 1104 1152 1453 1885 153 147 11é 90 1680 2008 2016 2100 2318 785 782 751 680 4. 3.15 3.19 3.31 <43 1.41 1.38
T(PI} = PBEAM - 92 MEV T(PI) = PBEAM - 134 MEV T(P1) = PBEAM .138 GEV
200 1121 1165 1457 1887 167 161 129 99 1700 2018 2025 2109 2325 791 788 7156 686 3.21 3.25 3.38 <46 1.44 1.40
220 1137 1178 14€2 1889 182 175 141 109 1720 2027 2034 2117 2332 796 793 762 692 3.35 3.39 3.50 54 1.52 1.48
240 1154 1192 1468 1892 195 189 153 119 1740 2036 2043 2126 2339 802 799 768 698 3.49 3.52 3.63 <61 1.60 1.55
260 1170 1206 1474 18%4 209 202 166 129 1760 2045 2053 2134 234¢ 807 805 774 704 3.62 3.65 3,75 269 1.67 1.63
280 118¢ 1219 1480 1897 222 21% 178 138 1780 2054 2062 2143 2353 813 810 77% 71C 3.75 3.78 3.87 «75 1l.74 1.70
T(PI) = PBEAM - 107 MEV T(PI) = PBEAM - 134 MEV T(Pl) = PBEAM +138 GEV

@ P NO

R ey eyapay

~ oo
IR
owvowno

300 1201 1233 1486 1900 234 228 189 148 1800 2064 2071 2151 2360 818 816 785 716 7.5 3.87 3.90 3.99 1.82 1.80 1.76
320 1217 1247 1493 1903 247 241 201 158 1820 2073 2080 2159 2367 824 821 791 721 8.0 3.99 4.02 4.11 1.88 1,87 1.83
340 1232 1261 1500 1906 289 253 213 le7 1840 2082 2089 2168 2374 829 B2T7 796 127 8.5 4.11 4014 4.22 1.94 1.93 1.89
360 1247 1274 1507 1910 271 2685 224 177 1860 2091 2098 2176 2381 835 832 802 733 9.0 4.22 4.25 4.33 2.00 1.99 1.95
380 1262 1288 1514 1913 282 277 235 186 1880 2100 2107 2184 2388 840 837 808 739 9.5 4.33  4.36 4.44 2.06 2.05 2.01
T(PI) = PBEAM -~ 115 MEV T(P1) = PBEAM - 134 MEV T(PI) = PBEAM - ,139 GEV
400 1277 1302 1522 1917 294 288 247 196 1900 2108 2115 2193 2395 845 843 813 Ta4 10.0 4,43 4.46 4.54 2.12 2.10 2.07
420 1292 1315 1530 1921 305 300 258 205 1920 2117 2124 2201 2402 851 848 818 750 11.0 464 4,67 4.T4 2.22 2.21 2.18
440 130¢ 1329 1538 1928 316 311 268 214 1940 2126 2133 2209 2409 356 853 824 756 12.0 4.84 4.86 4.93 2.33 2.31 2.28
460 1320 1342 1546 1929 327 322 279 224 1960 2135 2142 2217 2416 861 859 829 761 13.0 5.03 5,05 5.12 2.43 2.41 2.38
480 1335 1356 1554 1933 337 332 290 233 1380 2144 2150 2226 2423 867 864 835 767 14.0 5.21 5.24 5.30 2.52 2.51 2.48
T(PI} = PBEAM - 120 MEV T(P1) = PBEAM - 135 MEV T(PI) = PBEAM - .139 GEV
500 1349 1369 1563 1938 348 343 300 242 2000 2153 2159 2234 2430 872 869 840 772 15.0 5.39 S5.41 5.47 2.61 2,60 2.57
520 1362 1382 1572 1943 3%8 353 310 251 2020 2161 2168 2242 2437 877 874 845 778 16.0 5.56 5.58 5.64 2.70 2.63 2.66
540 1376 1395 1580 1947 368 363 321 260 2040 2170 2176 2250 2444 882 879 851 783 17.0 5.73 5.75 5.81 2.79 2.78 2.75
560 1390 1408 1589 1952 378 373 331 269 2060 2179 2185 2258 2451 887 885 856 789 18.0 5.89 5.91 5.97 2487 2.86 2.83
580 1403 1421 1598 1957 388 383 341 278 2080 2187 2194 2266 2458 892 890 861 794 19.0 6.05 6,07 6.12 2.95 2.94 2.91
T(P1) = PBEAM - 123 MEV T(PI} = PBEAJ - 135 MEV T(PI) = PBEAM - .139 GEV
600 1416 1434 1607 1962 397 393 350 287 2100 2196 2202 2274 2465 897 895 866 799 20.0 6.20 6.22 6.27 3.03 3.02 2.99
620 1430 1446 1616 1967 407 402 360 296 2120 2204 2211 2282 24712 902 900 872 805 22.0 6.49 6,51 06.50 3.18 3.17 3.14
640 1443 1459 1625 1973 416 412 370 304 2140 2213 2219 2290 2479 907 905 877 810 24.0 6.78 6.79 6.84 3.32 3.31 3.29
660 1456 1472 1634 1978 425 421 379 313 2160 2221 2227 2298 2486 912 910 882 815 26.0 7.05 7.07 7.11 3.46 3.45 3.43
680 1468 1484 1644 1984 434 430 388 322 2180 2230 2236 2306 2493 917 915 887 821 28.0 T.21 7.33 T.37 3.59 3.59 3.56
T(PI} = PBEAM - 125 MEV T(PI) = PBEAM - 135 MEV T{(P1) = PBEAM - .139 GEV
700 1481 1496 1653 1989 443 439 397 330 2200 2238 2244 2314 2500 922 920 892 826 30.0 7.56 7.58 7.62 3.72 3.71 3.69
720 1494 1509 1662 1995 452 448 406 339 2220 2246 2253 2322 2507 927 925 897 831 32.0 T.81 7.82 7.86 3.85 3.84 3.82
740 1506 1521 1671 2001 461 457 415 347 2240 2285 22¢1 2330 2514 932 930 902 836 34,0 8.04 8.06 8.10 3,97 3.96 3.94
760 1519 1533 1681 2007 470 465 424 355 2260 2263 2269 2338 2520 937 934 907 841 36.0 8.27 8.29 8.33 4,08 4.08 4.06
780 1531 1545 1690 2013 478 474 433 364 2280 2271 2277 2346 2527 942 939 912 846 38.0 8.50 8.51 8.55 4,20 4419 4.17
T(PI) = PBEAM - 127 MEV T(PI) = PBEAM - 135 MEV T{PI) = PBEAM - .139 GEV
800 1543 1557 1699 2019 486 4BZ2 442 372 2300 2280 2286 2353 2534 947 944 917 852 40,0 8.72 8.73 8.77 4.31 4.30 4.28
820 1555 1569 1709 2025 495 490 450 380 2320 2288 2294 2361 2541 951 949 922 857 42.0 8.93 8.94 8.98 4.41  4.4]1 4,39
840 1567 1580 1718 2031 503 499 459 388 2340 2296 2302 2389 2548 956 954 927 862 44,0 9.14 9S.15 9.18 4.52 4451 4.50
860 1579 1592 1728 2037 511 507 467 396 2360 2304 2310 2377 2555 961 959 932 867 46.0 9.34 9.35 9.39 4.62 4,62 4.60
880 1591 1604 1737 2043 519 515 475 404 2380 2312 2318 2384 2561 966 963 937 872 48,0 F.54 9.55 9.58 4a72 4472 4.70
T(PI) = PBEAM - 129 MEV T(PI) = PBEAM - 135 MEV T(PI) = PBEAM - .139 GEV
900 1603 1615 1747 2049 527 523 483 412 2400 2320 2326 2392 2568 970 968 941 877 50.0 9.73 9.74 9.78 4.82 4.81 4.80
920 1615 1627 1756 2056 535 €31 492 420 2420 2328 2334 2400 2575 975 973 946 882 55.0 10.20 10.21 10.25 5.06 5.05 5.04
940 1626 1638 1765 2062 542 538 500 428 2440 2336 2342 2407 2582 980 977 951 887 60.0 10.65 10.66 10.69 5.28 5.28 5.26
960 1638 1649 1775 2069 550 S46 508 435 2460 2344 2350 2415 2589 984 982 956 892 65.0 11.08 11.10 11.12 5.50 5.50 5.48
980 1649 1661 1784 2075 558 6§54 515 443 2480 2352 2358 2423 2595 989 987 960 897 70.0 11.50 11.51 11.54 5.71 5.71 5.869
T(PI} = PBEAM - 130 MEV T(PI} = PBEAM - 136 MEV T(PI} = PBEAM - .139 GEV
1000 1660 1672 1794 2082 565 561 523 451 2500 2360 2366 2430 2602 994 991 965 901 75.0 11.90 11.91 11.94 5.91 5.91 5.89
1020 1672 1683 1803 2088 573 569 531 458 2520 2368 2374 2438 2609 998 996 970 906 80.0 12.29 12,30 12.32 6.11 6.10 6.09
1040 1683 1694 1812 2095 580. 576 538 466 2540 237¢ 2382 2445 2616 1003 1001 975 911 85.0 12.67 12,67 12.70 6.30 6.29 6.28
1060 1694 1705 1822 2102 587 £83 546 473 2560 2384 2390 2453 2622 1007 1005 979 916 90.0 13.03 13.04 13.06 6.48 6.48 6.46
1080 1705 1716 1831 23108 594 591 553 481 2580 2392 2398 2460 2629 1012 1010 984 921 95.0 13.39 13,39 13.42 6,66 6.65 6.64
T{(PI) = PBEAM - 131 MEV T(PI) = PBEAM ~ 136 MEV T(PI) = PBEAM - .139 GEV

1100 1716 1726 1840 2115 601 598 561 488 2600 2400 2405 2468 2636 1017 1014 988 926 100.0 13,73 13,74 13.76 6.83 6.83 6.82
1120 1727 1737 1850 2122 609 605 568 495 2620 2408 2413 2475 2643 1021 1019 993 930 200.0 19.40 19.40 19.42 9.67 9.67 9.66
1140 1738 1748 1859 2129 616 612 575 502 2640 26415 2421 2483 2649 1025 1023 998 935 300.0 23.75 23.75 23.76 11.85 11.85 11.84
1160 1748 1758 1868 2135 622 619 583 510 2660 2423 2429 2490 2656 1030 1028 1002 940 400.0 27.41 27.42 27.43 13.69 13.69 13.68
1180 1759 1769 1877 2142 629 626 590 517 2680 2431 2436 2498 2663 1034 1032 1007 944 500.0 30.65 30.65 30.66 15.31 15.31 15.30
T(PI} = PBEAM - 131 MEV T(PI) = PBEAM - 136 MEV T(PI) = PBEAM - .140 GEV
1200 1770 1780 1887 2149 636 633 597 524 2700 2439 2444 2505 2669 1039 1037 1011 949 600.0 33.57 33.57 33.58 16,77 16.77 16.76
1220 1780 1790 1896 2156 643 639 604 531 2720 2446 2452 2512 2676 1043 1041 1016 954 700.0 3b6.26 36.26 36.27 18.12 18.1]1 18.11
1240 1791 1800 190F 2163 650 646 611 538 2740 2454 2459 2520 2682 1048 1045 1020 958 800.0 3B.76 38.76 38.77 19.37 19.37 19.36
1260 1801 1811 1914 2170 656 653 618 545 2760 2462 2467 2527 2689 1052 1050 1025 963 900.0 4l.11 41,11 41.12 20.54 20.54 20.54
1280 1912 1821 1923 2177 663 660 624 552 2780 2469 2474 2534 2696 1056 1054 1029 968 ] 1000.0 43,33 43.33 43.34 21.65 21.65 21.65
T(P1} = PBEAM - 132 MEV T(PI) = PBEAM - 136 MEV T(PI) = PBEAM - .140 GEV
1300 1822 1831 1932 2184 669 666 631 559 2800 2477 2482 2542 2702 1061 1058 1034 972 1100.0 45.44 45.45 45,45 22.71 22.71 22.71
1320 1832 1841 1941 2191 676 673 638 565 2820 2484 2490 2549 2709 1065 1063 1038 977 J1200.0 47.46 47.47 47,47 23,72 23.72 23.72
1340 1843 1851 1950 2198 682 679 645 572 2840 2492 2497 2556 2715 1069 1067 1042 981 1300.0 49.40 49440 49.41 24.69 24.69 24.69
1360 1853 1862 1959 2205 689 685 651 579 2860 2499 2505 2563 2722 1074 1071 1047 986 ]1400.0 51.26 51.27 51.27 25.62 25.62 25.62
1380 1863 1872 1968 2212 695 692 658 585 2880 2507 2512 2570 2728 1078 1076 1051 990 |1500.0 53.06 53.07 53.07 26.52 26.52 26.52
T{PI) = PBEAM - 133 MEV T(PI) = PBEAM - 136 MgV T(PT) = PBEAM - .140 GEV
1400 1873 1881 1977 2219 701 698 664 592 2900 2514 2520 2578 2735 1082 1080 1056 995 | 1600.0 54.80 54.81 54.8l1 27.39 27.39 27.39
1420 16883 1891 1986 2226 708 704 671 599 2920 2522 2527 2585 2742 1086 1084 1060 999 |1700.0 56.49 56.49 56.50 28.24 28.24 28.23
1440 1893 1901 1995 2233 714 Tll 677 605 2940 2529 2534 2592 2748 1091 1088 1064 1004 ]1800.0 58.13 58.13 58.13 29.06 29.05 29.05
1460 1903 1911 2004 2240 720 TL7T 684 612 2960 2537 2542 2599 2755 1095 1093 1069 1008 1900.0 59.72 59.72 59.73 29.85 29.85 29.85
1480 1912 1921 2013 2247 726 723 690 618 2580 2544 2549 2606 2761 1099 1097 1073 1013 {2000.0 61,27 61.27 61.28 30.63 30.63 30.62
T(PI) = PBEAM - 133 MEV T(PI) = PBEAM - 136 MEV T{PL) = PBEAM - .140 GEV
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PERIODIC TABLE OF THE ELEMENTS

i 2
H He
1A 1A 1.008 1A IVA VA VIA VIIA | 4.0026
3 4 5 6 7 8 9 10
Li Be B C N (o) F Ne
6.94 [9.0122 10.81 | 12.011{14.0067|15.9994] 18.9984 | 20.17
11 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
22.9898|24.305| IIIB IVB VB VIB  VIIB —— VII ——— IB IIB |26.9815| 28.086 [30.9738( 32.06 | 35.453 | 39.948
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \ Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.10 | 40.08 | 44.956 | 47.90 [50.941( 51.996 | 54.9380{ 55.847 | 58.9332| 58.71 | 63.55 [ 65.38 | 69.72 | 72.59 |74.9216] 78.96 | 79.904 | 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
85.47 | 87.62 |88.906]91.22 |92.906 | 95.94 |98.9062| 101.07 {102.906 106.4 |107.868|112.41| 114.82 | 118.69 | 121.75 | 127.60 {126.9045 | 131.30
55 56 57-71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba Rare Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
132.905 { 137.34 | Earths | 178.49 [180947 | 183.85 | 186.2 | 190.2 [192.22} 195.09 [196.967| 200.59 | 204.37 | 207.2 |208981| (209) | (210) | (222)
87 88 89— 104 105 106
Fr Ra Acti-
(223) {226.025| nides | (261) | (262) | (263)
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 Rare earths
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu (Lantbanide
138.91 { 140.12 |140908 | 144.24 | (145) | 150.4 | 151.96 | 157.25 |158.925 | 162.50 | 164.930{ 167.26 | 168.934| 173.04 | 174.97 series)
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Ac Th Pa 19) Np Pu Am Cm Bk Cf Es Fm Md No Lr Actinide series
(227) |232.038{231.036 | 238.03 | 237.048| (244) | (243) | (247) | (247) | (251) | (254) | (257) | (258) [ (259) | (260)

Numbers in parentheses are mass numbers of most stable isotope of that element. Adapted from the
Handbook of Chemistry and Physics, 58th Ed., 1977-1978. (Particle Data Group update, April 1978.)

CROSS SECTION PLOTS

3 T T T T T T T T T T T T T T T T M T T T T T
8 b . [ I PLUTO
e+e_ : { DAsSP .
L a ! s )
6 gt \HHHH\ M 11 " %ﬁﬂ ton
. ity iy -
4 . -
P! -
2 |- t + + — A
o Lol L | i L 1 S S IS S O S S S B
o) 2 3 4 5 6 7 8 3.55 405 455 5.05
Eem  (GeV) W [GeV]
+ -
SPEAR data on the ratio R of the cross section for e e DESY measurements of the ratio R of the cross section for
annihilation into hadrons to that for annihilation into muon ete™ annihilation into hadrons to that for annihilation int
pairs. Reproduced, with permission, from W. Chinowsky, muon pairs. From G. Knies, "Results from PLUTO," DESY 77/7

Ann. Rev. Nucl. Sci. 27, 393 (1977). (1977).
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Yp total cross section versus photon energy (top scale) and
photon-plus-nucleon total center-of-mass energy (lower scale).
Courtesy Gething M. Lewis, Glasgow.
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Ey (PHOTON AND NUCLEON)-Gel/

Yd total cross section versus photon energy (top scale) and
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scale). Courtesy Gething M. Lewis, Glasgow.
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et al., Phys. Rev. Lett. 33, 1595 {1977); circles from P. C.
Bosetti et al., Phys. Lett. 70B, 273 (1977); squares from
D. H. Perkins, Rep. Prog. Phys. 40, 409 (1977}.
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Inelastic electroproduction form factors for a virtual
space-like photon scattering on a proton, from SLAC-MIT,
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longitudinal fo transverse cross sections. See L. Hand,
Phys. Rev, 129, 1834 (1963).
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¥ p total cross-section data from the Particle Data Group compilation
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Interpolations of N total cross sections for I=3/2 and 1/2, and the
corresponding real parts of the forward amplitudes as calculated from
dispersion relations by A. A, Carter and J.R, Carter {RHEL ppt. RL-
73-024, 1973; labeled C above) and by G. Hohler and H. P. Jakob (priv.
comm., 1972; labeled H above)., The normalization of the curves for
each value of I is such that the sym of their squares divided by 19.6
gives do/dt at 0° in mb/{GeV/c)".
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Compiled and unfolded by Li et al., Proc, 1973 Purdue Conf.
on Baryon Resonances.
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K”p and K7d total cross-section data. Compilation sources: E. Bracci
et al., CERN/HERA 72-2,K7p; G.R. Lynch, K~d (<3 GeV/c); Particle
Data Group, K~d{>3 GeV/c). The new BNL data below 1 GeV/c are
not included,
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proton data. < -p, compiled by Particle Data Group, LBL-55; 0[-p,
V. Birnlev et al; JINR-E1-6851 (1972); *-d, K,-F. Albrecht et al.,
Phys. Lett, 488, 257 (1974),
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Total cross-section for isospin zero KN system.
Unfolding of the BUGG 68 and BOWEN 70 and 73
data was done by G. R. Lynch (as in Proc. of 1970
Duke Conference). Tables of o, were provided
by the BNL authors. Lynch and BNL use the
same method of unfolding; the BOWEN 73 unfolded
distribution is obtained by a different method (see
plot in Z* mini-review inthe Baryon Data Card
Listings).

41

(Cont'd)

EC.M, (GeV)
? N A A B L
1000_ T T "”"'l T \Llllill\‘ LA S B B S 2 U ¥
L . PP )
o np| |
- ¢ -
—_ otot(np)
Jé .
2100 -
R 0+
b - , , aeot(PP)
r . ey
L . o [ 3 S O O SO B
| R 0{ ¥
L oworlpp) ' ot | ' §
) '
" TR - i
+ ae1(pp)
] s 3 L1l
1001 1 1 1 L l!ll 1 1 1 | 10 100
Pheam (GeV/c)
pp and np cross sections from Particle Data Group, '"NN and ND
Interactions -- A Compilation", UCRL-20 000 NN {August 1970);
some points at higher energies added since original compilation.
Ecn (GeV)
3 4 5 6 78910
1000 T vﬁ—rjvv‘ T \Llwvv\w\ lll)llII‘YYlv_
r J
=)

E 100+ ©0040 o 00000 ]
O * . ]
L .|. #1_ C ”“J"'b?'-'*-.

_ - Tiot (pp) e g

L %el (pp) e+ i

+ 1;,1*
L *, p
“+ .

10 b 0| RV L

O.i | (0] 100
Pbeam (Gev/c)

XBL 743-2661

Pp and pd cross sections from Particle Data Group, ' A Compilation of
NN and ND Reactions, "' LBL-58 (1972); some points added since original

compilation,



g (mb)

42

CROSS SECTION PLOTS

{Cont‘d)

100 T

. T 11T Tﬂi T T T T rrrrT ] T T T T TT7T] T T T T TTTTT T
L
. PP _
L High energy i
L .
. '0 \ o *
r + i ® %o vrmmnne sootee ¢ ' & L4 -
P Tot
t ! ]
3 L . .’
E '
b r 3 + 7
+
L]
]
10} } A by O 4
r LEIN 7
- *% “0\ * =
.‘ ’ *
L L3 + oh t * 4
L 1
5 SR S W S G Y 11 1 i 1 1 1 111 . 1 j I ] 1 1 1 i | 1
1 10 100 1000
P ug (GeVic)
Total and elastic pp cross-section data compiled by U. Amaldi, CERN.,
l LB 1L T T 7T ll T LIS I L III T
C ! s(GeV)?
B f)p, PP . 10 20 40 60 80 100 200 400 600 800
F -
- 7P ] [ =
*C K* b s2f pn, np, pn
- P . KT
- %{ High energy| ] s0r B
50 ; = . High energy
r ¥ o AGS — 481 np K%, p'n
- L] = SERPUKHOV T F 4 LONGO 74 v'w GALBRAITH 65
- ] 5 * JONES 7| OB ALLABY 69
pp v FNAL ] a6 : > ENGLER 70 DENISOV 73
e % ® 7 Bamaev 74 GORIN 72
- * ISR . s T X DENISOV 73
= v . ™ I *\ O® CARROLL 74
; ST B e 4‘
WHI%0 — 5 aztH. TRl =
- 0%%_‘-3.9_‘ "v,vv‘ . O J ] §<}1} pn
‘25 7 §40- % ~Y — AR np
Lo ] s LTe-fr-e oo Fehave L en
Lo, e . 4 8t L TL o
B oy mp . . o
[ 20 ™ap oy YE9907 ] 22k §
E e ™ g . Lt 3
o°§§ [ n -
F ® v M 20 Y #Y . 59.929% «n
20_— Mv::"v __ I ¢ ) é,?@@é%q;g, ‘1.11
N n, ¥ K*p — L -
C 0 0oopgs ase®s 7 |a,j fff v i%f? LN ]
ls_lnnl o Ll Lo laaal 6 i . s L
5 10 20 40 70 100 200 400 700 1000 6 8 I0 20 40 60 100 200 400
pLAa(GeV/C) LABORATORY MOMENTUM(Gevk )

- - - +
PP: PP» T P, W+p, K p, and K p total cross sections versus
s~ Zmpplab)’ as compiled by U. Amaldi, CERN,

pn, np, pn, K'n, and K+n total cross sections versus s{x 2m plab)' as
compiled by G, Giacomelli, CERN. P
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DATA CARD LISTINGS

Ilustrative Key
ISR L o

Name of particle as it AN XX MESON (1200,JPG= =) 1=1 ) .
appears in table. F\ XX( 1 200) |Particle code (for internal
ORIGINALLY CALLED X | use only).
Arrow indicates this particle j \
omitted from table. }_ . QMITTED FROM TABLE K_ General comments on
particle.
Quantity tabulated below. —_— Abbr.eviated reference for
XX{1200) MASS (MEV this result; full reference

given below.
Code for quantity tabulated
(M=mass, W=width, etc.) M

Symbols used to key together }//

(see abbreviations on

I-pP 6/e7 ﬁMeasurement technique

PIERCE 68[ASPE; + 2 9/+8 next page, )
4

FENNER &9 HBC 9 P 9/¢9
p

10 .
4 SMITH 70 4MS 3. 2/76%
« e e Charge(s) of particle

data card and related

comments., SUPERSEDES

1206.9 S.1 AVERAGE (ERROR INCLUDES SCALE FACTOR 0OF 1.0) detected.
Number of events above
background. [ A _L ______ _— e e mm————
Measured values {paren- T4  XX(1200) WIDTH {MEV) Reaction producing particle,
theses indicate value _,__——/”{ or comments,
7ot used In averagal 35. 5. MERRILL 66 HBC 0/3.2 K=P/ /8%
netupecin Bverage) 50. 10. PIERCE £8 ASPK + 2.1 K-P 9/¢e8 Date this result punched
+ Error in measured value 70. 404 FENNER 69 HBC 0 4.2 PI+P 9/69 (asterisk indicates result
(- field blank if error {60.) OR LESS SMITH 70 v4s = 3.5 Pl-p

added or changed since

symmetric; parentheses previous edition).

P N T S

on error only indicate W AVG /384 6.0/ AVERAGE (ERROR INCLUDES SCALE FACTOR 0;

data not used in average (SEE TDEOGRAM BELOW ) L

due to problems with Scale factor > 1 indicates
error estimation). WEIGHTED AUERAGE = 3B.4 £ 6.0 inconsistent data,

ERROR AL BY .3
RROR SCALED 1 Ideogram to display incon-

Average value (and error) - > sistent data; curve is sum
of quantity measured. ‘/ of Gaussians, one for

. each experiment (area of
g Gaussian = 1/error;
width of Gaussian =
Vertical bar indicates = * errorh
average; width of hori- —~
zontal bar on top is error
(scaled} in average. !
]
Contribution of experiment
|  FENNER 69 HaC to x° (if no entry present,
PIERCE 68 AsEK experiment nzot used in
Value and error for each ] . MERRILL 66 HBC calculating X* or scale
experiment. — factor because of large
(CONLEY error).
-20 20 60 100 140 20.479)
%X (1200) WIDTH (MEV)
74  XX{1200) PARTIAL DECAY MODES
Representative masses of
Partial decay mode /p1 XX{1200) INTO 3PI S;fcauyizxi'g;lul:tst(u:;ud fox;f
) P XX(12 TO K KBAR st column
(labeled by Pj). 2 (12000 1IN K A Particle Property Tables)
T4 XX(1200) BRANCHING RATIOS
R1 XX({1200) INTO 3PI/TOTAL {r1)
Branching ratio (labeled R1 «56 02 MERRILL 66 HBC 0 3.2 K T/¢6
by R:). I/ RL L {.68) (.03) LYNCH 67 HBC +- o7 PI-P &/e7
J R1 L LYNCH DATA HAS QUESTIONABLE BACKGROUND SUBTRACTION
R1 " e e o s o e o =
R1  FIT 0.675 0.012/ FROM FI1T (ERROR INCLUDES SCALE FACTOR DF 1.3)
(1200} INTO KKBAR/TOTAL (p2}
+35 «05 PIERCE 68 ASPK + 2.1 K=P 9/68

Branching ratio Rj in terms

measured, as deter d 1
, as ermine of partial decay mode

Value (and error) of quantity ‘l
from constrained fit (using

FIT 0.325% 0.012/ FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3)

all measured branching fractions Pj above.
Tatios for this particle). XX{1200)} INTO KKBAR/3PI Jp21/7tp1y /
.50 .03 FENNER 69 HAC 0 4.2 Pl+p 9769
r3 W61 <04 SMITH 70 MMS - 3.5 PI-P 2/76%
R3 P e e e e e e

0,468 0.043 AVERAGE (ERROR INCLUDES SCALE FACTOR 7F 1.8)

FROM FIT (ERPOR INCLUDES SCALE FACTOR OF 1.3)

doktokkk kR iokdookokR dokdiodR ok ook RopdiorkoiioR ook ioRRoR R kol Sokok Author(s)
— {e}

References listed by year, REFERENCES FOR XX {1200}

- Quantum number determina-
then author, T_::7 N N A
/MERRILL _66/PRL 16 143 A. (TORINO+CERN) tions in this reference

Abbreviated reference form LYNCH A7 PR 155 610 Be (BNL)
" ererce

used on data cards above. 68 PL 278 230 (LRL) Institution(s) of author(s)
FENNER 69 NC &1B 372 D. FENNER,B. BEANE (NYSE+AMEX) (see abbreviations on
Journal, report, preprint, SMITH 70/PRL 2% 14, Jo SMITH /USLACY/ next page).

etc, {see abbreviations ‘,

MERRILL

Aok ok ok ook ookt ok oo Rokoekk dokltokokdokok Rgkokk ok ke okdokkdkokaok Rk Kk

on next page).
page) Fdkiook tolok RRRER kR Rk Aokl R RokdoRfolok Rl Aokl o ok dodokiob & ook kg g
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Key (cont’d)

Journals Measurement techniques

APAH Acta Phys.. Acad. _Hu.ngarica ASPK Automatic spark chambers

ADVP Advances in Physms cc Cloud chamber

ANP Annals of l?hys:Lcs CNTR Counters

ARNS Annual'ReVJ.ew of Nuclear Science DASP DESY double-arm spectrometer

BAPS Bullet_::.n of the Amer. Phys. Soc. DBC Deuterium bubble chamber

CJP Canadian Journal.. of Physlcs DPWA Energy-dependent PWA

JAP Jourx‘:al of Applied Phy§1cs ) ELEC Electronic combination

JETP English ’I‘ran51: of Soviet Physics JETP EMUL Emulsions

JETPL Letters of Sovn'et Physics JETP FBC Freon bubble chamber

Jlle Journal of PhySJ..CS A FRAB ADONE BB Group detector
gPsGJ Journal of Physics G FRAG ADONE YY Group detector

Journal of the Phyf. Soc. of Japan FRAM ADONE MEA Group detector

LNC Letters.to Nuovo Cimento HBC Hydrogen bubble chamber

NC Nuovo Cimento HEBC Helium bubble chamber

NIM Nuclear InstFuments and Methods HLBC Heavy liquid bubble chamber

NP Nucl.ear Physics HYBR Hybrid: BC + electronics

PL Phys::cs Letters ) IPWA Energy-independent PWA

PN Particles and Nuclei MMS Missing mass spectrometer

PPSL Proc: of the.Phys. Soc. of London MPWA Model-dependent PWA

PR Physical Review NEUL Neuland large-angle V spectrometer

PRAM Praména . OMEG CERN OMEGA spectrometer

PRL Physical Review Letters ) OSPK Optical spark chamber

PRSE Proc. of the Royal Soc. of Edinburgh PBC Propane bubble chamber

PRSL Proc. of the Royal §oc. of Lt.)ndon PLAS Plastic detector

PTP Progress of Theoretical Physics PLUT DESY PLUTO detector

RMP Reviews of.Modern Phy§1cs PWA Partial-wave analysis

};RP Revvzxe Romaine de Physique . RVUE Review of previous data

JNP Sov:_.et Jourx}al of Nuclgar Physics SMAG SPEAR magnetic detector

SPU Sox'n.et P}.‘lyslcﬁ - Uspekhi SPEC Spectrometer

;g:i ;e%tscl}:n_.ft fur NatuFforschung SPRK Spark chamber

eitschrift fur Physik STRC Streamer chamber

cone WIRE Wire chamber

onferences XEBC Xenon bubble chamber

Conferences are referred to by the location in which

they were held (e.g., DUBNA, BOULDER, LUND, etc.).

Institutions

AACH TECHNISCHE UNIV. AACHEN AACHEN, GERMANY CAVE CAVENDISH LAB., CAMBRIDGE UNIV. CAMBRIDGE, ENGLAND
AARH AARHUS UNIV. AARHUS» DENMARK CCAC COMMUNITY COLLEGE OF ALLEGHENY COUNTY  PITTSBURGH, PENN., USA
ADEL ADELPHI UNIV. GARDEN CITY, No Y., USA CDEF COLLEGE DE FRANCE PARIS, FRANCE

AERE ATOMIC ENERGY RES. ESTAB. HARWELL, BERKS., ENGLAND CEA CAMBRIDGE ELECTRON ACCEL. CAMBRIDGE, MASS., USA
ALBA STATE UNIV. OF NEW YORK AT ALBANY ALBANY, No Yoo USA CENG CEN, GRENOBLE GRENOBLE, FRANCE
ALBE ALBERTA UNIV., NRC EOMONTON, CANADA CERN EUROPEAN ORG. FOR NUC. RES. GENEVA, SWITZERLAND
AMST UNIV. OF AMSTERDAM AMSTERDAMs NETHERLANDS CHIC UNIV. OF CHICAGO CHICAGOD, ILL., USA
ANKA MIDDLE EAST TECHNICAL UNIV. ANKARA, TURKEY CINC UNIV. OF CINCINNATI CINCINNATI, OHIO, USA
ANL ARGONNE NATIONAL LAB. ARGONNE, ILL., USA cIT CALIF. INSTITUTE CF TECHNOLOGY PASADENA, CALIF., USA
ARIZ UNIV. OF ARIZONA TUCSON, ARIZ., USA CNRC CANADIAN NATIONAL RESEARCH COUNCIL OTTAWA, CANADA

ATEN NUCLEAR RES. CENTRE DEMOKRITOS ATHENS, GREECE coLo UNIV. OF COLORADD BOULDER, COLD., USA
ATHU UNIV. OF ATHENS ATHENS, GREECE coLu COLUMBIA UNIV. NEW YORK, N. Y.s USA
AuCK UNIV. OF AUCKLAND AUCKLAND, NEW ZEALAND CORN CORNELL UNIV. ITHACAs N. Y.y USA
BARC UNIV. DE BARCELONA BARCELONA, SPAIN cosu COLORADD STATE UNIV. FORT COLLINS, COLO., USA
BARIT UNIV. DI BARI BARI, ITALY CRAC INST. FOR NUCLEAR RESEARCH CRACOWs PCLAND

BART BARTOL RESEARCH FOUNDATION SWARTHMOREs PA., USA CUNY CITY UNIV. OF NEW YORK NEW YORK, N. Y., USA
BELG INST. INTERUNIV. DES SCI. NUC. BRUXELLES, BELGIUM CURI LABORATOIRE JGLIDT-CURIE PARISy FRANCE

BERG UNIV. OF BERGEN BERGEN, NORWAY DARE DARESBURY NUC. PHYS. LAB. DARESBURY, ENGLAND
BERL INST. HOCHENERGIEPHYS. DAM ZEUTHEN/BERLIN, DDR 0ART DARTMOUTH COLLEGE HANOVERs N. H.p USA
BERN UNIV. BERN BERN, SWITZERLAND DESY DEUTSCHES ELEKTRONEN-SYNCH. HAMBURG s GERMANY
BGNA UNIV. DI BOLOGNA BOLOGNA, ITALY DORT UNIV. DORTMUND DORTMUND, GERMANY
BING STATE UNIV. OF NEW YORK AT BINGHAMTON  BINGHAMTON: Ne. Y., USA DUKE CUKE UNIV. DURHAM, N, C., USA
BIRM BIRMINGHAM UNIV. BIRMINGHAM, ENGLAND DURH UNIV. OF DURHAM DURHAM; ENGLAND

NL BROOKHAVEN NATIONAL LAB. UPTONy L.I«r Ne Yo, USA ouwyc UNIVERSITY COLLEGE DUBLIN, IRELAND

BOHR NIELS BOHR INSTITUTE COPENHAGEN, DENMARK EDIN UNIV. OF EDINBURGH EDINBURGH, SCOTLAND
BOIS BOISE STATE UNIV. BOISE, IDAHO, USA EFI ENRICO FERMI INST. FOR NUCL. STUDIES CHICAGD, ILL.s USA
BONN UNIV. BONN BONN, GERMANY EPOL ECOLE POLYTECHNIQUE PARIS, FRANCE

BORD UNIV. DE BORDEAUX BORDEAUX, FRANCE ETHZ SWISS FEDERAL INST. OF TECHNOLOGY ZURICH, SWITZERLAND
BCST BOSTON UNIV. BOSTON, MASS., USA FIRZ UNIV. DI FIRENZE FIRENZE, ITALY

BRAN BRANDEIS UNIV. WALTHAM, MASS.s USA FISK FISK UNIV. NASHVILLE, TENN., USA
BRCO UNIV. OF BRITISH COLUMBIA VANCOUVERy CANADA FLOR UNIV. OF FLORIDA GAINSVILLE, FLA.s USA
BRIS H. H. WILLS PHYS. LAB., U. OF BRISTGL  BRISTOL, ENGLAND ENAL FERMI NATIGNAL ACCELERATGR LAB. BATAVIA, IlL., USA
SROW BROWN UNIV. PRCVIDENCE+ R. .y USA FOM FOUND. FOR FUNDAMENTAL RES- ON MATTER  UTRECHT, NETHERLANDS
BRUX UNIV. LIBRE DE BRUXELLES BRUXELLES, BELGIUM FRAS LAB. NAZIONALI DEL SINCROTRONE FRASCATI, ITALY

BUCH BUCHAREST STATE UNIV. BUCHAREST, ROMANIA FRAS LAB. NAZIONALI DEL C.N.E.N. FRASCATI, ITALY

BUDA CENTRAL RESEARCH INSTITUTE OF PHYSICS  BUDAPEST, HUNGARY FREIL UNIV. OF FREIBURG FREIBURG, GERMANY
BUFF  STATE UNIV. OF NEW YORK AT BUFFALO BUFFALD, N. Y., USA Fsy FLORIDA STATE UNIV. TALLAHASSEE, FLA., USA
CAEN LAB. DE PHYS. CORPUSCULAIRE CAEN, FRANCE GENO UNIV. DI GENOVA GENOVA, ITALY

CANB AUSTRALIAN NATIONAL UNIV. CANBERRAs AUSTRALIA GESC GENERAL ELECTRIC KES. AND DEV. CENTER  SCHENECTADY, N. Y., USA
CARL CARLETON UNIV. OTTAWA, CANADA GEVA UNIV. DE GENEVE GENEVA, SWITZERLAND
CARN CARNEGIE-MELLON UNTV- PITTSBURGH: PA.s USA GLAS UNIV. OF GLASGOW GLASGOW, SCOTLAND
CASE CASE WESTERN RESERVE UNIV. CLEVELAND, OHIO, USA GRAZ UNIV. GRAZ GRAZ, AUSTRIA
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Ilustrative Key (cont’d)

Abbreviations (cont’d)

Institutions (cont'd)

GREN
GSCO
HALF
HAMB
HARY
HAWA
HEID
HELS
HOUS
1M
Iir
ILe
ILLc
G
IND
INNS
I0k A
1PN
IPNP

Lolc
LOGM
LouC
LOWC
LPNP
LPTP
LRL

LSy

LUND
MADR
MADUY
MANH
MANT
MANZ
MASA
MASB
MCGT
MCHS
MELB
MHCO
MICH
MILA
MINN
MIOH
MIT

MODE
MONP
MCNS
MCNT
MDSU
MPE]
MPIH
MPIM
MSNA

MTHO
MULH
MUNC
MURA
NAGO
NAPL
NASA
NDAM
NEAS
NEUC
NEVI
NIJM

NCROD
NEVO
NPOL

NWES

INST, DES SCL. NUC.e, UNIV,
GECLLGICAL SURVFY OF CANADA
TECHNION — 1SRAEL INST. UF TECHNOLDGY
UNTV. HAMBUKG

HARVARD UNIV.

UNIV. OF HAWAII

UNIV. HEIDELEFRG

HELSINGIN YLIOPISTO

UNIV. Of HCUSTON

INTERNATICNAL BUSINESS MACHINES
ILLINGIS INST. OF TECH.

UNIV. OF ILLINOIS

UNIV. CF ILLINGIS AT CHICAGGC

INST. LAUE-LANGEVIN
UNTIV, CF INDIANA
PHYS5., INST., UNIV.
UNIV. OF IGW

INST. DE PHYS. NUCLEAIRE

INSTITUT DE PHYSIGUE NUCLEAIFE

INST., FOF PARTICLE PHYSICS OF CANADA
INSTITUTE DU RADIUM

10WA STATE UNIV.
INST. FOR TEOR.
INDIANA U. - PURDUE U.
JAGELLLNIAN UNIV.
JOHNS HOPKINS UNIV.
JOINT ENST. FOR NUCL.

Dt GRENCBLE

INNSBRUCK

AND EXP. PHYS.
AT INDIANAPCLIS

KRESEARCH

UNIV. OF KANSAS

TECHNISCHE UNIV. KARLSRUHF

NAT. LAB FOR HIGH ENERGY FHYS., JAPAN
KENT UNIV. AT CANTEBURY, KENT
KURCHATOV INST. GF ATOMIC ENERGY
PHYSICAL-TECHNICAL INST.

UNTV. OF KENTUCKY

KONAN UNIV.

B. P. KCNSTANTINGV INST. OF NUCL. PHYS.
LINEAR ACCELERATOK LAB, ORSAY
LANCASTER UNIV.

Ue Co LOS ALAMOS SCTIENTIFIC LAB.
UNIV. OF LAUSANNE

U. C. LAWRFNCE BERKELFY LAB.

LAB. DI CUSMO-GEOFISICA OEL CNK
LEBEDEV PHYSICS INST.

UNIV. OF LEEDS

LEHIGH UNIV.

INST. LORENTZ

INST. OF NUCL. PHYS., USS& ACAD. SCI.

LINZ INSTITUT FUR PHYSIK,
LIVERPOOL UNIV.

LAWRENCE LIVERMORE LAB.
IMPERIAL CCL. OF SCI. AND TECH.
QUEEN MARY CCLLEGE

UNIVERSITY COLLEGE

WESTFIELD COLLEGE

KEPLER HGCH.

LAB. DE PHYS. NUCL. ET HAUTES ENERGIES
LAB. DF PHYS. THELR., ET HAUTES ENERGIES
U. Co LAWRENCF BERKELEY LAB.

LOUISIANA STATE UNIV.

UNIV. T LUND

JUNTA DE ENERGIA NUCLEAR

UNIV. AUTCACME DE MADRID

MANHATTAN COLLEGE

UNIV. OF MANITOBA

UNIV. MAINZ

UNIV. OF MASSACHUSETTS

UNIV, OF MASSACHUSETTS

MCGILL UNIV.

UNIV. MANCHESTER

UNIV. OF MELBOURNE

MOUNT HOLYCKE COLL.

UNEV, OF MICHIGAN

UNIV. DI MILANO

UNIV. OF MINNESOTA

MIAMI UNIV.

MASSACHUSETTS INST. OF TFCHNOLOGY
ISTITUTC O1 FISICA DELLA UNIVERSITA
UNTV. DE MONTPELLIER

UNIV. DE L'ETAT, MONS

UNIV. DE MCNTREAL

MOSCGW STATE UNIV.

MOSCOW PHYS. ENG. INST.
MAX~PLANCK-INST. FUR PHYS.-ASTROPHYS,
MAX—-PLANCK-INST. FUR PHYS.—ASTRGPHYS.
INS. DI FISICA DELL UNIV.

MICHIGAN STATE UNIV.

MY, HULYGKE CGLLEGE

CENTRE UNIV. DU HAUT-RHIN

UNIV. DF MUNICH

MIDWESTEKN UNIV. RESFARCH ASSOC.
NAGOYA UNIV.

UNIV. OI NAPGLI

NASA, GGDDARO SPACE FLIGHT CENTER
UNIV. OF NCTRE DAME
NORTHEASTERN UNIV.
UNIV. DE NEUCHATEL
NEVIS LAB.

R. K. UNIV. NIJMEGEN
NORTHERN TLLINCIS UNIV.
NORDISK INS. FLR TEUR.
INST, GF NUCL. PHYS,
NORTHERN PCLYTECHNIC
NAVAL RESEARCH LABORATGRY
NORTHWESTERN UNIV.

ATOUMFYS .

GRENUBLEs FRANCE
OTTAWA, CANADA

HAIFA, ISFARL
HAMBURGy GERMANY
CAMBRIDGEs MASS., USA
HONBLULUy HAWAII, USA
HEIDELBERG, GERMANY
HELSINKI, FINLAND
HOUSTON, TEXAS, USA
PALD ALTQ, CALIF.,
CHICAGO, IlL., USA
URBANA, ILL., USA
CHICAGG, ILL., USA
GRENCBLE, FRANCE
BLOGMINGTCNs IND.s
INNSBRUCK, AUSTRIA
ICWA CITY, ICWA, USA
URSAY, FRANCE

PARIS, FKANCE
MONTREAL, CANADA
PARIS, FRANCE

AMES, I10WA, USA
MOSCOW,s USSR
INDIANAPGLIS,
CRACOWs PCLAND
BALTIMOREs MD.,
DUBNA, USSK
LAWRENCE, KANSAS,
KARLSRUHE y GERMANY
TSUKUBA-GUN, JAPAN
CANTEBURY, ENGLAND
MOSCOW, USSR

KIEV, USSR
LEXINGTOUN,
KOBEs JAPAN
USSR
CRSAY, FRANCE
LANCASTER, ENGLAND
LOS ALAMDS, N. M., USA
LAUSANNE, SWITZERLAND
BERKELEYy CALIF., USA
TORINO, ITALY
MOSCOW, USSR

LEEDS,y ENGLAND
BETHLEHEMy PA., USA
LEIDEN, NETHFRLANDS
LENINGRADy USSR
LINZs AUSTRIA
LIVERPOOL, ENGLAND
LIVERMORE, CALIF.,
LONDON, ENGLAND
LONDON, ENGLAND
LONDONs ENGLAND
LONDON, ENGLAND
PARIS, FRANCE
PARIS, FRANCE
BERKELEY, CALIF.,
BATON ROUGEs LAl
LUND, SWEDEN
MADRID, SPAIN
MADRIDy SPAIN
NEW YORKy No Yoo
WINNIPEG, CANADA
MAINZ, GERMANY
AMHERST, MASS., USA
BOSTON, MASS,, USA
MONTREAL, CANADA
MANCHESTER, ENGLAND
PARKVILLEy AUSTRALTA
SOUTH HADLEY, MASS.,
ANN AKBOR, MICH., USA
MILANG, ITALY
MINNEAPCLISs MINN.,
GXFGRD, OHIO, USA
LAMBRIDGE, MASS., USA
MCDENA, ITALY
MCNTPELLIER,
MONS+ BELGIUM
MONTREAL
MOSCOWs USSR
MOSCOW, USSR
HEIDELBERGy GERMANY
MUNICH, GERMANY
MESSINAy ITALY

EAST LANSINGs MICH.,
SOUTH HADLEY, MASS.,
MULHOUSE, FRANCE
MUNTCHy GFRMANY
STROUGHTON, WISC. .
NAGOYA, JAPAN
NAPOLI, [TALY
GREENBELT, MD.,
NDTRE DAME, IND.,
BOSTON, MASS., USA
NEUCHATELy SWITZERLAND
IRVINGTON-CN—HUDSGNs N.Y.,
NI1JMEGFN, NETHERLANDS

DE KALB, TLbL., USA
COPENHAGENy DENMARK
NOVOSIBIRSKy USSR

LONDON: ENGLAND
WASHINGTONy, DoC.y USA
EVANSTON, IlL., USA

usa

UsSA

IND., USA

usa

usa

KY¥a, USA

USA

UsA
UsA

Usa

usa

usa

FRANCE

UsSa
USA

usa

USA
usa

Usa

NEW YOPRKR UNIV.

QHIC UNIV.

UNIV. CF GKEGLN

OAK KIOGE NATICNAL LAB.
UNIV. DE PARIS, FAC., DES SCI.
CSAKA UNIV.

GSAKA CITY UNIV.

OSL0O UNIV.

OHIC STATE UNIV.

UNIV. GF CTTAWA

OXFOKD UNIV.

UNIV. DI PADOVA

UNIV. GF PATRAS

UNIV. DI PAVIA

UNIV. OF PENNSYLVANIA

UNIV. DI PISA

UNIV. OF PITTSBURGH
PRINCETON=PENN. PRODTON ACCEL.
INSTITUTE GF PHYSICS, CSAV
PRINCETON UNIV.

PURDUE UNIV.

WEIZMANN INST. OF SCI.
RUTHERFGRD HIGH ENERGY LAB.
RESEARCH ESTAB. RISO
ROYAL MILITARY CGLLEGE
UNIV. OF RUCCHESTER
ROCKEFELLER UNIV.
UNIV. DI ROMA

ROSE POLYTECHNIC INST.
RUTGERS UNIV.
CNTR. D*ETUDES NUC.
SAGA UNIV.

IST. SUPERIORE DI SANITA

SAN BERNARDINO STATE COLLEGE

SEATTLE PACIFIC CCLLEGE

RESEARCH CENTER SEIBERSDORF

INST. OF HIGH EN., PHYS.

SETON HALL UNIV.

UNIV. OF SOUTH FLORIDA

UNIV. OF SHEFFIELD

UNIV. OF SCUTHAMPTON
GESAMTHOCHSCHULE SIEGEN

STANFGRD LINEAR ACLEL. CENTER
SOUTHEASTERN MASSACHUSETTS UNIV.
BULGARIAN ACAD. GF SCI.

STANFORD UNIV.

STEVENS INST. OF TECH.

5T. LOUIS UNTV.

STOCKHOLM UNIV.

STATE UNIV. OF NEW YORK AT STONYBROOK
CENTRE DES RES. NUCLEAIRES

UNIV,. OF SUSSEX

SYRACUSE UNIV.

TATA INST. OF FUNDAMENTAL RESEARCH
UNIV. OF TEL-AVIV
TEMPLE UNIV.
UNIV. GF TENNESSEE
UNIV. OF TEXAS
NUCL. PHYS. INST.,
UNIV. OF TORONTO
TOHOKU UNIV.
UNIV. OF TCKYO
UNIV. DI TGRINC
TRIUMFs UNIV. OF BRITISH COLUMBIA
UNIV. DL TRIESTE
TUFTS UNIV.

WASEDA UNIV.

UNIV. OF BELGRADE
UNIV. OF CALIF. A7
UNIV. OF CALIF, AT
UNIV. OF CALIF. AT IRVINE

UNIV. OF CALTIF. AT LOS ANGELES
UNICN CARBIDE NUCLEAR DIVISION
UNIV. OF CALIF., AT RIVERSIDE
UNIV. CF CALIF. AT SANTA BARBARA
UNIV. GF CALIF, AT SANTA CRUZ
UNIV. OF CALIF. AT SAN DIEGO
UNIV. OF MARYLAND

UNIGN COLL.
UPSALA COLLEGE
GUSTAF WERNER
UNIV. OF UTAH
UNIV. OF UTRECHT

VANDERBILT UNIV,

UNIV. OF VICTORIA

INST. FOR HIGH EN. PHYS., A. A. S,
SWISS INST. OF NUCLEAR RESEARCH
UNEIV. OF VIRGINIA

VIRGINIA POLYTECHNIC INST.

UNIV. OF WARSAW

UNIV. OF WASHINGTCN

UNIV. WIEN

COLLEGE OF WILLIAM AND MARY

UNIV. OF WISCONSIN

WOODSTOCK COLLEGE
GESAMTHOCHSCHULE WUPPERTAL

UNIV. WUPPERTAL

WASHINGTCN UNIV.

UNIV. OF WYOMING

YALE UNIV.
ZEEMAN LAB.,
UNIV. ZURICH

OF SCIENCE

SACLAY

TOMSK POLYTECH INST.

BERKELEY
DAVIS

INSTITUTE

UNIV. OF AMSTERDAM

NEW YORKy Ny Yoo
ATHENSy OHID, USA
EUGENE, OKE., USA
CAK RIDGEsy TENN., USA
CGRSAY, FRANLE
CSAKA, JAPAN
OSAKAy JAPAN
GSLGe+ NCRWAY
COLUMBUS, GHIO,
UTTAWA, CANADA
OXFCROs ENGLAND
PADOVA, ITALY
PATRAS, GRFECE
PAVIA, ITALY
PHILANELPHIA,
PISA, 1TALY
PITTSBURGH, PA.y
PRINCETON, No Joy U
PRAGUE, CZECHOSLOVAKIA
PRINCETGNy Na Jeoy USA
LAFAYETTEs IND.y USA
REHOVCTHs ISRAEL
CHILTUGNy DID.s BERKS.s
RGSKILDE, DENMARK
SHRIVENHAM, ENGLAND
ROGCHESTER:» N. Y.y USA
NEW YORKy Na Yo, USA
RGMa, ITALY

TERRE HAUTE, IND.,
NEW BRUNSWICK, N. J.+ USA
GIF-SUR-YVETTE, FRANCE
SAGA, JAPAN
RCMA, ITALY
SAN BERNARDINO,
SEATTLE, WASH.,
VIENNA, AUSTRIA
SERPUKOVe USSR
SOUTH ORANGE, No Jes
TAMPA, FLA., USA
SHEFFIELDs ENGLAND
SOUTHAMPTCN, ENGLAND
HUTTENTALs GERMANY
STANFORDe CALIF.,
NOKTH DARTMOUTH,
SOFIA, BULGARIA
STANFORDs CALIF., USA
HOBOKENy N. J.y USA

ST. LOUISs MO., USA
STOCKROLM, SWEDEN
STONYBROOKy Lalas No Yay
STRASBOURG, FRANCE
FALMER, BRIGHTON,
SYRACUSEy Na Y.,
BOMBAY, INDIA
TEL-AVIV, ISRAEL
PHILADELPHIA, PA.s USA
KNOXVILLEs TENN., USA
AUSTIN, TEXAS, USA
TOMSK, USSR

TGRCNTO,
SENDAT,
TOKYQ,
TORING »
VANCOUVER, CANADA
TRIESTEs ITALY
MEDFORDy MASS.,
TOKYO, JAPAN
BELGRADE, YUGOSLAVIA
BERKELEYy CALIF., USA
DAVIS, CALIF., USA
IRVINEs CALIF.s USA
LGOS ANGELES, CALIF.,
OAK RIDGE, TENN., USA
RIVERSIDEs CALIF., USA
SANTA BARBARA, CALIF.,
SANTA CRUZ, CALIF., USA
LA JOLLA, CALIF., USA
COLLEGE PARK, MO., USA
SCHENECTADY, N. Y., USA
EAST ORANGE, N. J.y USA
UPPSALA, SWEDEN

SALY LAKE CITY, UTAH,
UTRECHT, NETHERLANDS
NASHVILLE, TENN.. USA
VICTORIA, CANADA
VIENNAs AUSTRIA
VILLIGEN, SWITZERLAND
CHARLOTTESVILLE, VA.,
BLACKSBURG, VA., USA
WARSAWs POLAND
SEATTLE, WASH.,
WIEN, AUSTRIA
WILLIAMSBURG, VA.,
MADISON, WISC.: USA
WOODSTOCK, MD.s USA
WUPPERTAL GERMANY
WUPPERTAL, GERMANY
ST, LOUIS, MO.s USA
LARAMIE, WYOMING, USA
NEW HAVEN, CONN.s USA
AMSTEKDAMy NETHERL ANDS
ZURICH, SWITZERLAND

Uusa

Usa

PA.y USA

UsA

ENGLAND

CALIF.,
usa

usa

Usa

usa

MASS.y USA

usa

ENGLAND
Usa

usa

UsSA

USA

usa

usa

Usa

usa
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Data Card Listings

. . .
Y Ve € Uy For notation, see key at front of Listings.
Rk ek
bt 3 ELECTRON MAGNETIC MOMENT{E/2ME}
MM SEE RICH 72 FOR A REVIEW OF THEORY AND EXPERIMENTS. 3/76
0 GAMMA(O,J=1} MM (1.0011609)  +-(24}#10%%~7 SCHUPP 61 CNTR
MM (1.0011596221 +—{27}*10%%-9 WILKINSON 63 CNTR - 8/66
MM {1.001168) 4+~ (221%#10%%-6 RICH 66 CNTR + POSITRON 8/66
MM R {1.0011595571 +-(30)#10%¢-9 RICH 68 CNTR — 6768
0 GAMMA MASS [IN UNITS OF 10%%-21 MEV) M (1.001159638914—(31) #10#*-10TAYLOR 69 RVUE 2/71
MM (1.001159644) +-(7)% 10%%-9 WESLEY 70 CNTR 6/70
uoe (6.1 OR LESS PATEL 65 SATELLITE DATA  10/69 i (1.00115965771+~ (351 *10#%-10WESLEY 71 CNTR - 2/72
) 6. OR LESS GINTSBURG 64 SATELLITE DATA .10/69 MM (1.0011603)  +={12}#10%%-7 GILLELAND 72 CNTR + 2712
M 2.3 OR LESS GOLDHABER 68 SATELLITE DATA 10/69 MM {1.0011596567)+—-135)%10*%—]1 0OCGHEN 73 RYUE 3/74
moF {0.061 OR LESS FRANKEN 71 LOW FREQ RES CIR 3/72 MM (1.001159667) +-{24)%10%%-9 WALLS 73 CNTR - BOLOMETRIC TECHN 11/77#
M 10, OR LESS WILLIAMS = 7L CNTR  TESTS GAUSS LAW  3/71 MM 1.00115965241+4-(20)#10%#—L1VANDYCK 77 CNTR  SINGLE ELECTRON 12/77#
M (4.E-13]MEV OR LESS LOWENTHAL 73 GENL RELATIVITY  8/7Tx MM R RICH 68 IS REEVALUATION OF WILKINSON 63.
" 0.73 OR LESS HOLLWEG 74 ALFVEN WAVES /74
M 0.6  OR LESS CL=.997 DAVIS 75 JUPITER MAGFIELD 1/78% DMM (E+ ANCMALOUS MAG MOM)- (E~ ANOMALOUS MAG MUM}/AVG UNITS 10%#-5
M F  INVALID MEASUREMENT.  SEE CRITICISM IN KROLL 71 AND GOLOHABER T1. 3/78% DMM 1.0 OK LESS CL=.95  SEREDNYAK 77 CNTR 6/77%
han bl ol ** * Bk k ** EEERKETR
REFERENCES FOR GAMMA REFERENCES FOR ELECTRON
GINTSBUR 64 SGV. ASTR.AJ7 536 M. A. GINTSBURG {ACAD SCI,USSR) SCHUPP 61 PR 121 1 A A SCHUPP,R W PIDDsH R CRANE (MICH)
PATEL 65 PL 14 105 Ve Lo PATEL (DURHAM) WILKINSD 63 PR 130 852 O T WILKINSON,H R CRANE (MICH)
GOLDRABE 68 PRL 21 567 A. GOLDHABER,M. NIETO {STONY BROOK) COHEN 65 RMP 37 537 CCHEN,DUMOND  (N.A. AVIATION SCI.CENTER+CIT)
FRANKEN 71 PRL 26 115 P A FRANKEN, G W AMPULSKI (MICH) MOE 65 PR 140 B 992 M K MOE,F REINES (CASE INST TECHNOLOGY}
WILLIAMS 71 PRL 26 721 +FALLER,HILL (WESLEYAN)
RICH 66 PRL 17 271 A RICHs H R CRANE {MICH)
LLWENTHA 73 PR D8 2349 D-D.LOWENTHAL tuct) RICH 68 PRL 20 967 A RICH (MICH)
HOLLWEG 74 PRL 32 961 J V HOLLWEG (NATL CENTER FOR ATMOS RESRCH) TAYLOR 69 RMP 41 375 +PARKER » LANGENBERG (PRIN4UCI+PENN)
DAVIS 75 PRL 35 1402 +GOLDHABER,NIETD (CIT+STON+LASL) WESLEY 70 PRL 24 1320 J C WESLEY,A-RICH (MICH)
WESLEY TL PR A4 1341 J C WESLEY,A RICH {MICH)
PAPERS NOT REFERRED TO IN DATA CARDS GILLELAN 72 PR A5 38 J GILLELAND,A RICH (MICH)
RICH 72 RMP 44 250 A RICHsJ C WESLEY (MICH)
GOLDHABE 71 RMP 43 277 A S GOLDHABER, M M NIETD  (STON+BOHR+UCSB)
KROLL 71 PRL 26 1395 N M KROLL (SLACY COHEN 73 J.PHYS.CHEM.REF.DATA 2, P.663, E.R.CUHEN,B.N.TAYLOR
BYRNE 77 AST.SP.SCI.46 115 J.C.BYRNE fLoicy WALLS 73 PRL 31 975 FoLJWALLS,T.S.STEIN (WASH)
STEINBER 75 PR Dl2 2582 STEINBERG,KWIATKOWSKI,MAENHAUT \WALL  (UMD)
boboted SEREDNYA 77 PL 66B 102 SEREDNY AKGY 5 STDGROV » SKRINSKY+ (NOVO}
EEEEEE had ** VANDYCK 77 PRL 38 310 +SCHWINBERG DEHMELT {WASH)
YEFEKE FEFRREREE EEFHRF RRR
1 E~NEUTRINO{OsJd=t/2) FREERE BREEEXRRK BXCKXRKER KX RRKK KREK
n 2 MU-NEUTRINO(0,J=1/2)
L E-NEUTRIND MASS (KEV)
" (0.25) DR LESS LANGER 52 CNTR ANTI-NEUT.(TRITIUM)
" 10.501 OR LESS HAMILTON 53 CNTR ANTI-NEUT.(TRITIUM).11/73 2 MU-NEUTRING MASS (MEV)
M 10.55}  (0.28) FRIEDMAN 58 CNTR ANTI-NEUT.(TRITIUM}
[ 4.1 OR LESS CL=.67 BECK 68 CNTR NEUTRINO(SODIUM 22} 11/73 ™ 3.5 OR LESS BARKAS 56 EMUL
M D 0.5  OR LESS C€L=.90  DARIS 69 CNTR ANTI-NEUT.(TRITIUM} 11/73 Y 4.0  DOR LESS DUDZIAK 59 CNTR
“ 0.32 OR LESS CL=.90  SALGO 69 CNTR ANTI-NEUT.(TRITIUM) 11/73 M 3.6  OR LESS FEINBERG 63 RVUE 7/66
" 0.06 OR LESS .90  BERGKVIS 72 CNT ANTI-NEUT.(TRITIUM} 11/73 M 3.0 OR LESS ALLCOCK 65 RVUE 1/66
" (o.ooamn LESS cousxx 72 THEOR.LIM.FROM COSMOLOGY 3/74 [ 2.5 OR LESS BARDON 65 ASPK
" .086 OR LESS CL=.90 T2 CNTR ANTI-NEUT.(TRITIUM) 11/73 " 2.8 OR LESS SHAFER 65 CNTR 5/71
M D DAKIS 69 VALUE ~073KEVICL=267) msnckees WITH F1G.6. WE USE FIG.6. 11/73 ] 1.6 OR LESS BO0TH 67 CNTR 3768
M 2.2 OR LESS HYMAN 67 HEBC 0. K- HE 11767
M C 450. OR LESS CL=.90 CLARK T4 ASPK KE3 DECAY 11/75 M B M {l.2}) DR LESS BACKENSTO 71 CNTK 1.28+~1.24 10/71
M C LOWEST LIMIT FROM STRANGENESS CHANGING DECAY. 11/75 MoS 1.15 OR LESS SHRUM 71 CNTR Mex2=-1.55+-1.14 12/71
M t8 EV) OR LESS COWSIK 72 THEUR LIM.FROM COSMOLOGY 3/74
------ M OBM 1.15 OR LESS CL=.90 BACKENSTO 73 CN M%#2=-0.29+-0.90 1/73
M 0.65 OR LESS CLx.eo CLARK 74 ASPK KMU3 DECAY 1774
1 {(E-NEUTRINO) - (E-ANTINEUTRINO) MASS DIFF. (KEV) M DM (1.0 OR LESS DAUM 76 SPEC M##2= 0.234-0.54 1/76
[ [ .57 DR LESS cn.-.qa DAUM 78 SPEC M¥%2= 0,134-0.14 3/78¢
oM 450, DR LESS CL=.90 CLARK T4 ASPK KE3 DECAY 11/75 M M WE CALCULATE UPPER LIMIT AT CL=.90 FROM M*¥2_ 1/76
M B BACKENSTOSS 73 REPLACES BACKENSTOSS 71 AND USES THEIR NEW PI- MASS. 1/73
———— Mo SHRUM 71 USES SHAFER 67 PI~ MASS VALUE AND CRANE 71 MU MASS VALUE. 1/73
] D DAUM 78 REPLACES DAUM T6. EVALUATED USING M(PI)=139.5675+-0.0013 3/78%
L E-NEUTRINO MEAN LIFE/MASS {UNITS SEC/EV) " D AND M{MU)=105.65948+-0.00035. R. FROSCH, PREIVATE COMM. 3/78%
T R . E 2 GR MGRE REINES 74 CNTR ANTI-NEUTRIND 3/78%
T R REINES T4 LOOKED FOR E-ANTINEUTRINO OF NON-ZERO MASS DECAYING TO 3/78% 2 (MU-NEUTRINO} - (MU-ANTINEUTRIND) MASS DIFF. (MEV)
T R A NEUTRAL OF LESSER MASS + GAMMA. USED LIQUID SCINT. DETECTOR NEAR 3/78%
T R FISSICN REACTOR. FINDS LAB LIFETIME 6.E7 SEC OR MORE. ABOVE VALUE 3/78% oM 0.45 OR LESS CL=.90 CLARK 74 ASPK KMU3 DECAY 11775
T R OF MEAN LIFE/MASS ASSUMES AVG. EFFECTIVE NEUTRIND ENERGY OF 0.2MEV. 3/78%
L2 221
2 MU-NEUTKINO MEAN LIFE/MASS (UNITS SEC/EV)
REFERENCES FOR E-NEUTRINO T B 0 3. E-3 OR MORE C BELLOTTI 76 HLBC NEU, CERN GARGAMELL 1/78%
T B 1 1.36-2 OR MGRE Cl BELLOTTI 76 HLBC ANTINEU, CERN GARG  1/78%
LANGER 52 PR 88 689 L M LANGER,R J O MGFFAT ¢ INDIANAD T B O 2.26-3 OR MGRE CL=.90  BARNES 77 DBC  NEU, ANL L2FT. 1/78%
HAMILTON 53 PR 92 1521 D HAMILTCNsW P ALFORDsL GROSS  (PRINCETON) T c (1.7E17) OR MORE COMSIK 77 RVUE ASTROPHYSICS 12777%
FRIEDMAN 58 PR 109 2214 LEWIS FRIEDMANYLINCOLN G SMITH (BNL)' T B THESE EXPERIMENTS LOOK FGR NEU(MU) =-> NEU(E) GAMMA. 1/78%
BECK 68 IPHY 216 229 £ BECK,H DANIEL (MPTH) T C COWSIK 77 REFERS TO RACIATIVE DECAY OF EITHER NEUE OR NEUMU. 12/77%
DARIS 69 NP AL38 545 R DARIS.C ST-PIERRE {LAVAL-QUEBEC)
SALGO 69 NP A138 417 R € SALGOs+H H STAUB {ZURICH) ————
BERGKVIS 72 NP 839 317 KARL-ER1K BERGKVIST (UNIV STOCKHOLM) 2 MU-NEUTRINO VELOCITY=C: ABS({y-C}/C) (UNITS 10%%—4)
COWSIK 72 PRL 29 669 R COWSIKsJ MC CLELLAND [{1: EXPECTED TO BE ZERO FOR MASSLESS NEUTRINO
RODE 72 LNC 5 139 B RODEs+H DANIEL (MUNICH+MPIH)
CLARK 74 PR D9 533 +ELIOFF s FRISCH JOHNSON s KERTH SHEN+ (LBL) v 17 2.0 DR LESS C ALSPECTOR 76 SPEC >SOGEV NEU, K DECAY 1/78%
REINES 74 PRL 32 180 +SOBEL y GURR wen v 26 4.0 OR LESS ¢ ALSPECTOR 76 SPEC <50GEV NEU, PI DCAY 1/78%
ALSC 78 PRIVATE COMM. V. BARNES (PURD)
Ekkk Fhbhks kkk
EEEES S
EERFEE
REFERENCES FDR MU-NEUTRINQ
3 ELECTRON{8.5,J=1/2) BARKAS 56 PR 101 778 W H BARKASyW BIRNBAUM,F M SMITH (LRL}
DUDZIAK 59 PR 114 336 W F DUDZIAK,R SAGANE,J VEDDER (LRL}
— FEINBERG 63 ARNS 13 431 G FEINBERG, L M LEDERMAN (COLUMBIA)
ALLCOCK 65 PPSL 85 875 G R ALLCGCK (LIVERPCOL)
3 ELECTRON MASS ([MEV) BARDON 65 PRL 14 449 BARDON, NURTON,PEOPLES + {COLU+STONY BROOK)
M ¢.511006)1.00002} COHEN 65 RVUE SHAFER 65 PRL 14 923 R E SHAFER,CROWE, JENKINS (LRL)
M {.5110041(.0000016) TAYLOR 69 RVUE USING NEW E/H 1/70 8OUTH 67 PL 26B 39 BOOTH, JOHNSON, WILLIAMS» WORMALD  [LIVERPOOL )
M 5110034 0000014 COHEN 73 RVUE 3/74 HYMAN &7 PL 25B 376 +LOKENs PEWITT, MCKENZIE+ (ANL +CARN+NWES)
BACKENST 71 PL 368 403 BACKENSTGSS ¢ DANIELs KOCH¢  {CERN,KARL4HEID)
------ SHRUM 71 PL 378 114 E V SHRUM,K O H Z10CK (UNIV OF VIRGINIAI
COWSIK 72 PRL 29 669 R CONWSIK,J MC CLELLAND B)
3 ELECTRON MEAN LIFE (UNITS 10%%21 YR) BACKENST 73 PL 438 539 BACKENSTOSS » DANTEL  KOCH+ (CERNTKARL=HUNIEH)
T 2.0 OR MCRE MOE 65 CNTR 6/66 CLARK 74 PR D9 533 +EL IOFF, FRISCH,JOHNSON(KERTH,SHEN +  (LBL)
TS 5.3 OR MORE STEINBERG 75 CNTR /76 ALSPECTO 76 PRL 36 837 ALSPECTOR + (BNL+PURD+C IT+FNAL+ROCK)
T s STEINBERG 75 SENSITIVE TO ALL DECAY MODES IN WHICH DECAY PARTICLES  2/76 BELLOTTI 76 LNC 17 553 SCAVALLIT,FIORINI,ROLLIER (MILA)
TS ESCAPE FRCM DETECTOR WITHOUT DEPOSITING ENERGY. TEST OF CHARGE 2776 DAUM 76 PL 608 380 +DUBAL y EATONsFROSCH s MCCULLOCH+  (VILL+ETHZ)
TS CONSERVATION. 2/76 BARNES 77 PRL 38 1049 +CARMONY , DAUWE, FERNANDEZ + (PURD+ANL )
CoWSTK 77 PRL 39 R. COWSIK (MPIM)
DAUM 78 PL - TO BE PUBL. +EATONy FROSCHyHIRSCHMANN,MC CULLOCH+ (VICL)
't*‘t*
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Data Card Listings Stable Particles
For notation, see key at front of Listings. 7

WEIGHTED AVERAGE = 3.,1833331 = 0.0000034

4 MUCN(106,J=1/2) ERROR SCALED BY 1.6
4  MUON MASS (MEV)
M (105.659)  (0.002) FEINBERG 63 RVUE
M (105.6599) (0.0014) TAYLOR 69 RVUE  USING NEW E/H 7170
M€ (105.6597) (0.0005) CRANE T1 CNTR INCLUDED IN COHENT3 1/73
M D (105.6594) (0.0004) CROME 72 CNTR INCLUDED IN COHENT3 2/72
. 105.65948 0.00035 COHEN 73 RVUE 3/74
' 105.65945 0.00033 CASPERSON 77 CNTR + 12/77%
M C CRANE 71 GIVES MU/ME=206.76878(85). WE USE ME=.5110041(16)MEV. 1773
M D CROWE 72 GIVES MU/ME=206.7682(5) AND USES ME=.S110041(16)MEV. 1773
M A CASPERSON 77 GIVES MU/ME=206.76859(29).WE USE ME=.5110034(14)MEV.  12/77%
] “ e e a2 s * = e @
M AVG  105.65946 0.00024 AVERAGE (ERROR INCLUDES SCALE FACTOR GF 1.0)
M STUDENTL05.65946 0.00026 AVERAGE USING STUDENTIO(H/1.11) —— SEE MAIN TEXT
M FIT  105.65946 0.00024 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 2/78%
4 MUON MEAN LIFE (UNITS 10%%~6} CHISQ
*CASPERSON 77 CNTR 2.7
T 2.198  0.001 0.001 FARLEY 62 CNTR . B
T 2,203 0.004 LUNDY 62 CNTR  CONLEV=.98 11767 CASPERSON 75 CNTR 1.6
T 2.202 0.003 0.003 ECKHAUSE 63 CNTR f——+————>_ -COHEN 73 RUUE 1.0
T 2.197  0.005 0.002 MEYER 63 CNTR + a3
T 2.198  0.002 0.002 MEYER 63 CNTR - 1766 -
T (22200261 (0.00081) WILLIAMS 72 CNTR + 2776 (CONLEY
T 2.1973  0.0003 DUCLOS 73 CNTR + 1/76 3.1833 3.4H33 3.1833 3.1833 3.1834 =0.071)
T 2.19711 0.00008 BALANDIN 74 CNTR + 1/76
T W WILLIAMS 72 MEAN LIFE MEASUREMENT WAS NOT THE PRIMARY PURPOSE OF 1776 MUON TO PRDOTON MAGNETIC MOMENT RATIO
T W THEIR EXPERIMENT AND DISAGREES STRONGLY WITH LATER EXPTS. NOT AVGD. 1/76
T " e w e s OfF * ke 3
T AvG 2.197134 0.000077 0.000077 AVERAGE {ERROR INCL. SCALE FACYOR OF 1.0) R MO NI B N vae etr o0 T harker 62 cnte T APL
T STUDENT 2.197133 0.000084 0.000084 AVG BY STUDENTIO(H/1.11) ~- SEE MAIN TEXT Rz F 103 OR LESS ALIKHANOY 62 OSPK
P — R2 F 1.5  OR LESS FRANKEL2 63 CNTR
Rk 3:562 of LEss KORENCH2 71 °§§K n
R? K 01062 OR LE KOREN 0sPK 2/72
4 MU+/MU- MEAN LIFE RATIO RZ K 0.019 OR LESS CL KORENCHEN T6 SPEC + asid
N FOUR AGOVE EXPERIMENTS SVALUATED GPSER LINITS ASSUMING & SECOND
oT 1.000  0.001 MEYER 63 CNTR MEAN LIFE MU+/MU-  T/68 R2 F ORDER V—A NEUTRING LOOP DIAGRAM. LIMITS NOT SIGNIFICANTLY CHANGED
R2 F BY ASSUMING A CONSTANT MATRIX ELEMENT.
———— RZ K THESE EXPERIMENTS ASSUME A CGNSTANT MATRIX ELEMENT. 10/77%
4 MUON ANGMALDUS MAGN. MOMENT (LO%#-6%E/(2¢My MASS)) 3 MUON INTO E4GAMMA (IN UNITS OF 10%4-8) e/ iPL
M SEE RICH 72 AND COMBLEY 74 FOR A REVIEW OF THEQRY AND EXPERIMENTS. et 53 ONLESS Chz-a0  FRANKELL 63 DSPK
- 1162.0) (5,00 CHARPAK 62 CNTR + 3 210 OR LESS CL=.90 KORENCHL 71 GSPK + 1007
MM B fles.79)  (a.71) BAILEY 68 CNTR «+ STOR. RINGS 5769 s 636 OR tESS CIot90  DEPOMAIER 77 eneR + AL
MM B 1166.25) (0 68 CNTR - STOR. RINGS 5/69 : .
:: 4 El[x:gnfssungnfu. VALUES CD?EéeED 'Esc'»vﬁk"i‘f's¥8k“x?52?" 2;23 R4 MUDN+ INTO (E+ (E-ANTINEU) (MU-NEU)) (PS1/¢P1)
o 1L oo SEaLE POl . AT FORBIDODEN BY ADDITIVE CONSERVATIVATION LAW FOR MUGN NUMBER.
MOoA (1l6s.83s) (0.027) BAILEY 75 CNTR + STORAGE RING /s | Re PULTIPLICATIVE LAW PREDICTS R4=0-5
b Neard BAILEY 77 NTR +- STORAGE RING Wi | e 0.25 OR LESS CL=.90 EICHTEN 73 HLBC + 11775
. M
- A ealeit ’NCL”'fﬁf RESULTS oF BALLEY 75 1/ RS MUON INTO E ANTI(E-NEU} (MU-NEU) GAMMA P61/ 1P1) 1/78%
MM AVG  1165.9222  0.0090 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0 s R S CALTTONDE OL CNTR T(GAMI GT 10 MEV Ve
MM STUDENT1165.9222  0.0097 AVERAGE USING STUDENTLO(H/1.11) —- SEE MAIN TEXT R JaEl Qe R T ENDE o1 SR Tioam &l bo ey Ak
. R5 862 EVENTS SEEN BOGART 67 CNTR T(GAM) GT 14.5 MEV  1/78%

4 MUON TO PROTON MAGNETIC MOMENT RATIO
4 MUON DECAY PARAMETERS

MMR THIS RATIO IS USED TO OBTAIN PRECISE VALUES OF THE MUON MASS. 3/72
MMR SEE CROWE 72. as72
MMR (3.1865)  (,0022) COFFIN 58 CNTR + SPIN RESONANCE  2/72 RELATED TEXT SECTION VI A
MMR (3.1830)  (.0011) LuNDY 58 CNTR + PRECESSION STROB 2/72
NMR €3.176)  {.013) LUNDY 58 CNTR - PRECESSION STROB 2/72 RHG  RHO PARAMETER (V-A THEORY PREDICTS RHO=G.75)
HMR (3.1834)  1.0002) GARWIN 60 CNTR + PRECESSION PHASE 2/72 RHD € R0.7411  10.027T) DUDZIAK | 59 CNTR + 20053 WEV £+ L0769
MMR (3.18336) {.00007) BINGHAM 63 CNTR + PRECESSION STROB 2/72 R P9213 9745 5028 PLARD o0 BG4 WiGLE ShecTRUM  1ores
MMR (3.1808)  (.0004) BINGHAN 63 CNTR - PRECESSION STROB 2/72
RHG P TWO PARAMETER FIT TG RHL AND ETA.
MMR £3.16338) (.00004) HUTCHINS 63 CNTR + PRECESSION PHASE 2/72 o ¢ 2276 Tlots Torosam BLOCK 62 HEBC — WHOLE SPECTRUM 10769
MMR D (3.1833511(,000016) ERRLICH 69 CNTR  HFS SPLITTING 2/12 Bt ol 1855 BARLOW  oa DRIR I OLE ECIRUM  M0ses
MMR C (3.183314)(.000034) THOMPSON 69 CNTR  HFS SPLITTING 2772 RHC 6 (0o661)  {0.016) BARLON 64 CNTR + WHOLE SpECTRUM  loroe
MMR (3.1833301(.000044) HUTCHINS 70 CNTR + PRECESSION PHASE 2/72 RHG D (0.867) {00351 PONTECORY 64 CC - Toves
MMR H 13.183347) (. 000009} HAGUE T0 CNTR + PRECESSION PHASE 2/72
MMR € 13.1833361(.000013) CRANE 71 CNTR  HFS SPLITTING 2772 | RHO D RESULTS IN DOUBT. 10/69
AR S S e DA S P CRanE LI AL e RHO C 800K  (0.7503) (0.0026) PEQPLES 66 ASPK + 20-53 MEV E+ 10769
. . RHO € 280K  (0.7601 (0.0051 SHERWDGD 67 ASPK + 25-53 MEV E+ 10769
MMR F (3.1833261(.000013) FavarT 11 ENTR  HES SPLITTING a/72
MR (2183326000000, SRS ALINI RHG € 170K  10.7621 (0.0081 FRYBERGER 68 ASPK + 25-53 MEV €+ 10469
N e 2/72 RHO € ETA CONSTRAINED =0. THESE VALUES INCORPORATED INTO A TWO PARAMETER
WR A THE RESULTS TRROOGH 1972 ARE INCLUDED IN COMEN 7. 3774
RHO €  FIT TO RHO AND ETA 8Y DERENZO 69.
MMR R 3.1833402 0000072 COMEN 73 RVUE 3774 RHo oTHg AND ETR St Serenze 69 RVUE L0769
NMR 3.1833299 0000025 CASPERSON 75 CNTR 2176 RHO crety 9l
WMR ¢ CRANG 73 SUPERSEDES THONPSON 65, THIS 15 NOT & DIRECT MEASURLNENT. 1773 | MO &¥S 0-751T  0-002¢ - AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
R G CRANE 7L S PERSEDES ThoMPsON. RMO STUDENT  0.75L7  0.0028 AVERAGE USING STUDENTLO(H/L.11) -- SEE MAIN TEXT
MMR F FAVART 71 ASSUMES A ZERO VALUE FOR THE PROTON POLARIZABILITY, /73 -
MMR D DEVOE 71 SUPERCEDES EMRLICH 69. THIS IS NOT A DIRECT MEASUREMENT. 1773 T ohTA PARMMETER VR EQRY PREDICTS ETA=O)
MMR D WE GIVE A NEW VALUE WHICH CONTAINS A THEQRETICAL CORRECTION OF 1713 | ETAPos213 1-2.01 o 10.9) 60 MBL b WHOLE SPECTRUM = 10769
M v M R e O S aoTHEQRETLCAL CORREC A5 E1n P CTHD PARAMETER £17 10 RHD ANO EXAe PLAND 60 DySCOUNTE VALUE FOR ETA 10769
. ETA C BOOK  (0.05)  (0.5) PEOPLES 66 ASPK + 20-53 MEV E+ 10769
NMR P
MMR AVG  3.18333310.0000034 AVERAGE (ERROR INCLUDES SCALE FACTOR DF 1.6) raCozek om e T tnGen op APk T A M Er Tores
MMR STUDENT3.18333300.0000027 AVERAGE USING STUDENTLO(H/1.11) =- SEE MAIN TEXT ETA ¢ RHO CONSTRAINED =9.75.
{SEE IDEOGRAM BELOKW ) ETA 6346  -0.12 0.21 DERENZO 69 HBC + 1.6-6.8 MEV E+  10/69
_ - XS1 XS1 PARAMETER (v-A THEGRY PREDICTS xSI=1)
xs1 9K 0.97 0.05 BARDON 59 CNTR  BROMOFORM TARGET 10/69
4 MUON PARTIAL DECAY MODES XSI 8354  0.93 0.06 PLANO 60 HBC + 8.8 KGAUSS 10769
oxear masses xSt a b l202) (0.02T) L ALI-ZRDE L EMUL s+ 27 KGAUSS 10769
X$1 OEPOLART 2ATION Y WEDIUM NOT KNGHN-SUFF IC fENTLY WELE.
P1 MUON ”‘10 E ANTI(E-NEU) (MU-NEU) 'g* XSI G 66K  (0.975) (0.030) GUREVICH 64 EMUL 140 KGAUSS 10/69
';g '333% m‘g EEf‘-’éc"T‘ggNs v g: ‘5’ xs1 0.975 0.014 GUREVICH 67 EMUL 10/69
154 HUDN INTO BELECTR MRS XS1 6 GUREVICH 67 SUPERSEOES CUREVICH o4 10/69
PS MUON INTO E {E-NEU) ANTT{MU-NEU) 5 0+ O * Conerz  0.013
XSI AVG 0.972  0.013  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
P MUON INTO E ANTI(E-NEU) (MU-NEU) GAMMA 5+ 0+ 0+ 0 XSI STUDENT  0.973 0.0l4  AVERAGE USING STUDENTIO{H/1.11} =- SEE MAIN TEXT
TS YT TS TR TR T Ty et DEL DELTA PARAMETER (v A THEURV vasmcrs DELTA=0.75)
DEL 8354 0.78 0.05 BC + WHOLE SPECTRUM  10/69
4 MUCN BRANCHING RATIOS DEL 0.782  0.031 froten o) 10769
DEL 490K 0.752 0-009 FRYBERGER 68 ASPK + 25-53 MEV E+ 10/69
R1 MUON INTO E+2GAMNA (IN UNLTS OF 1084-5) (P217(P1)
Rl LTS OF LOevet) 63 0P + DeL VOSSLER 69 HAS MEASURED THE ASYMMETRY BELOW 10 MEV 11769
RL P o h UR LESS CL=.90  POUTISSOU 74 CNTR + 12/75 S for78s1 T o.008
R1 P POUTISSOU T4 LIMIT APPLIES TO SUM OF ALL NEUTRINGLESS MU+ DECAYS.  1/76 OEL Ave 0.7551 00085 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)

DEL STUDENT 0.7550 0.0094 AVERAGE USING STUNDENTLO(H/1.11) —- SEE MAIN TEXT
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Stable Particles Data Card Listings

+ F . . .
My Vg T or notation, see key at front of Listings.
HEL HELICITY OF DECAY ELECTRON. VUSSLER 69 NC 63A 423 C VOSSLER {EFIL)
HEL (V-A THEQRY PREDICTS HFLICITY=+-1 FOR E+-, RESPECTIVELY) RICH 72 RMP 44 250 A RICHsJ € WESLEY (MICH)
HEL WE HAVE FLIPPED THE SIGN FOR E- SC OUR PROGRAMS CAN AVERAGE CUMBLEY 74 PRPL 14 1 f.COMBLEY,E.PICASSO (CERN)
HEL D t0.23) {0.16) DICK 63 CNTR + ANNIHILATION 10/69
HEL D IN DOUBY- POSITRONS POSSIBLY DEPDLARIZED lN BE MODERATOR. dpkE R RREHESRRE RIS HEER FRRAEE RS E CFERRAREE KA EEFRRRE A REE AR R R REEEE
HEL 1.05 0.30 63 CNTR + ANNIHILATION 10769 Rk EEE REFFTREEE KRTEIERER RARRKEEEE KXFRFEEKF *F
HEL 0.94 0.38 BLDDM b4 CNTR + BREMS TRANSMISS 10/69
HEL 1.04 0.18 DUCLGS 64 CNTR + BHABHA SCATT 10769 +
HEL 26K 0.89 0.28 SCHWARTZ &7 OSPK ~ MOLLER SCATT 10/69 =
HEL e e T~ (1800) Heavy Lepton
HEL AVG 1.20 0.13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
HEL STUDENT 1.00 0.14 AVERAGE USING STUDENT10(H/1.11} -- SEE MAIN TEXT
GS SCALAR CGUPLING CCNSTANT IN MUDON DECAY {IN UNITS OF GV} Since the dlSCOVery Of anomalous e].l events
GS .33 OR LESS DEKENZC 69 RVUE 10/69 5 + -

PERL 7 in e e collisions, the evidence
GA AXIAL VECTOR CDUPLING CONSTANT IN MUON DECAY (IN UNITS CF GV) ( ) ’ € enc for the
GA 0.86 0.33 0.11 DERENZO 69 RVUE 10/69 . .
existence of a new heavy lepton has steadily mounted.
Fav PHASE BETWEEN VECTOR AND AXIAL VECTOR COUPLINGS {DEGREES)
FAV 180. 15. DERENZDG &9 RVUE 9 . . .
: rose The evidence comes primarily from anomalous two-

6T TENSOR COUPLING CCNSTANT IN MUON DECAY (IN UNITS OF GV) + F + F + F
6T 0.28 DR LESS OERENZO 69 RVUE 10/69 charged-prong leptonic events (e U , e x , H'x )
GP PSEUDOSCALAR COUPLING CONSTANT IN MUON DECAY (IN UNITS OF GV) . + - L . .
153 0.33 OR LESS DERENIG 69 RVUE 10/69 produced in e e annihilation. The production cross

rnrdE R AREERRE KRR RERE R RREIRERRE FRRRRRERE RERRER R KFERREREE RRERRE

section and lepton momentum spectrum in these events

REFERENCES FOR MUON is consistent with the hypothesis of pair production

CGFFIN 58 PR 109 973 +GARWIN, PENMAN, LEDERMAN , SACHS (COLUMBIA) i
LUNDY 58 PRL 1 38 +SENS y SWANSON s TELEGDI 4 YOVANOVITCH (CHICAGO) and leptonic decay of a charged lepton with mass
ASHKIN 59 NC 14 1266 +FAZZINI,FIDECARG,L IPMANSMERRISON + {CERN)
BARDON 59 PRL 2 56 M BARDON, D BERLEY, L LEDERMAN  (COLUMBIA)
DUDZIAK 59 PR 114 336 W OUDZIAK,R SAGANE, J VEODER (LRL) around 1800 to 1900 MeV. The events cannot be
GARWIN 60 PR 118 271 GARWIN; RUTCHINSON, PENMAN, SHAPIRO (COLUMBIA}

0 PR 119 140 R J PLANG (COLUYM 3 ) :
PLAN 60 1400 Lums 1A explained by charm production, and no other viable
ALI-ZADE 61 JETP 13 313 ALI-ZADE s GUREVICH 1 NIKOLSK1I (USSR)
CRITTEND 61 PR 121 1823 CRITTENDEN, WALKER y BALLAM (MSU+MICH) hypothesis has i
KRUGER 61 UCRL-9322 {UNPUB} H KRUGER (LRLY yP as been forthcoming. We refer the
ALIKHANO 62 CERN CONF 423 A 1 ALIKHANGY,A BABAEV + (ITEP MOSCOW) .
BLeck ez NC 23 Llle BLOCK,FIORINI,KIKUCHI +{DUKE+ BOLOGNA+ MILANG) reader to the excellent reviews of FLUGGE 77 and
CHARPAK 62 16 G CHARPAK/F J M FARLEY,R L GARWIN + (CERN]
FARLEY 62 CERN CDNF 415 FARLEY , MASSAM, MULLERy ZICHICHI (CERN) PERL 77 (see Ti reference section) for discussions
LUNDY 62 PR 125 1686 RICHARD A LUNDY (EF1)
PARKER 62 NC 23 485 S PARKER+S PENMAN (EFI) i i
BABAEV 63 JETP 16 1397 BABAEV,BALATS, KAFTANOV,LANDS BERG + (ITEP) Of thls eVldence.
BINGHAM 63 NC 27 1352 G.MCD.BINGHAM (LRL} +
BUHLER 63 PL T 368 +CABIBBO+FIDECARD+ MASSAM,MULLER+ (CERN) We now treat the T as an established particle
DICK &3 PL T 150 DICK,FEUVRALS, SPIGHEL (CERN)
ECKHAUSE 63 PR 132 422 M ECKHAUSE,T A FILIPPAS + (CARNEGIE} and enter it into the Stable Particle Table along
FEINBERG 63 ARNS 13 431 GERALD FEINBERG, L M LEDERMAN {COLUMBIA)
ERANKELL 63 NC 27 894 S FRANKEL W FRATI,J HALPERN + (PENND i
FRANKELZ 63 PR 130 351 S FRANKEL,W FRATI,J HALPERN + {PENN) with the e and W.
HUTCHINS 63 PR 131 1351 HUTCHINSON:MENES ¢ PATLACH, SHAPIRD (COLUMBIA)
MEYER 63 PR 132 2693 S L MEYER,ANDERSON, BLESERsLEDERMAN+ (COLU} In the Data Card Listings below we list the
BARLOW 64 PPS 84 239 +BODTH,CARROL + COURT ,DAVIES , EDWARDS+  (LIVP) . + .
BLOGM 64 PL 8 87 +DICK ,FEUVRATS,HENRY,MACGs SPIGHEL  (CERN) published measurements of T properties as well as
DUCLOS 64 PL 9 62 +HEINTZE+DE RUJULAs SOERGEL {CERN)
GUREVICH 64 PL 11 185 GUREVICH, MAKAR IYNA+ (KURCHATOV MOSCOW) . . :
PCNTECOR 64 DUBNA CONF PONTECORVO r SULYAEV (MOSCOW) those of its associated neutrino vT' assumed to
PARKER 64 PR 133B 768 S PARKER,H L ANDERSON,C REY (EFT}
PECPLES 66 NEVIS-147 (UNPUB) J PEOPLES (COLUMBIA} exist if the T is a sequential lepton.
BOGART 67 PR 156 1405 +DICAPUA  NEMETHY ¢ STRELZOFF (COLUY . ,
GUREVICH 67 1AE 1297 GUREVICH,MAKARIYNA,MISHAKOVA+  (KURCHATOV} For information about searches for heavy
SCHWARTZ 67 PR 162 1306 D M SCHWARTZ (EF1)
SHERWOOD 67 PR 156 1475 8 A SHERWOOD (EF1} .
BAILEY 68 PL 288 287 +BARTL , VON BOCHMANN , BROWN, FARLEY+ {CERN) leptons of other types, see the Particle Searches

ALSO 72 NC 9A 369 +BARTL,VON BOCHMANN,BROWNyFARLEY+ {CERN)

RG D 3 .
FRYBERGE 68 PR 166 1379 FRYBERGER (EFT) section at the end of the Stable Particle Data
DERENZO 69 PR 181 1854 S DERENZD (EFD) .
EHRLICH 69 PRL 23 513 +HOFER y MAGNDON, STOWE LL 3 SWANSON ¢ (CHICAGD) Card Listings.
HENRY 69 NC 63A 995 +SCHRANK « SWANSON {STAN+UCSB+UCSD)
TAYLOR 69 RMP 41 375 +PARKER ,LANGENBERG (PRIN+UCI+PENN}
THCMPSON 69 PRL 22 163 +AMATO, CRANE s HUGHES y MOBLEY+ (YALE)
HAGUE 70 PRL 25 628 +KOTHBERG SCHENCK , WILL TAMS + (WASH+LRL)
HUTCHINS 70 PRL 24 1254 HUTCHINSONsLARSON» SCHOEN, SOBER 4+ (PPA} 36 TAU NEUTRINO
CRANE 71 PRL 27 474 +CASPERSONCRANE, EGANy HUGHES + (YALE) NOT YET ESTABLISHED.
DEVODE 71 PRL 25 1TT9(ER)  +MCINTGRE +MAGNON, STOWELL » SWANSON+ (CHICAGO) OMITTED FROM TABLE.

ALSO T1 PRL 26 213 DEVGE yMCINTGRE ;MAGNON; STOWELL* (CHICAGD)
FAVART 71 PRL 27 1336 +MCINTYRE+STOWELL,TELEGDI»DEVOE+ {CHICAGO) - =
KORENCH1 71 SJNP 13 190 KOR ENCHENKO+ KBST INy MIC ELMACHER+ CIINRY
KORENCH2 71 SJNP 13 728 KOR ENCHENKO 1 KOST I N+ MIC ELMACHER+ (JINRY 36 TAU NEUTRINO MASS (MEV)
CROWE 72 PR D5 2145 +HAGUE , ROTHBERG, SCHENCK+ {LBL4+WASH) M P 144 600. OR LESS (CL=.95 PERL 77 SMAG E+E-3.8-7.BGEV ECM 12/77*
WILLIAMS 72 PR D6 737 R W WILLIAMS,D L WILLIAMS (WASHINGTON) N 740, OR LESS (L=.90 BRANDELIK 78 DASP ASSUMES V-A DECAY 3/78%
COHEN 73 J.PHYS.CHEM.REF.DATA 2y P.663s E-R.COHEN,B.N.TAYLOR M (540.) OR LESS CL=.90 BRANDELIK 78 DASP ASSUMES V+A DECAY 3/78%
DUCLOS 73 PL 478 491 +MAGNON, PICARD (SACL) M P PERL 77 1S E+E- TO TAU+ TAU- EXPT. VALUE QUOTED ASSUMES V—A DECAY  12/77%
EICHTEN 73 PL 468 281 +DEDEN+( AACH+BELG+C ERN+EPOL+MI L A+LALO+LOUC) L P AND TAU MASS=1900 MEV. 12/77*
BALANDIN 74 JETP 40 811 +GREBENYUKy ZINOV ¢ KONIN, PONOMAREV {JINRD FREFES
POUTISSO 74 NP B8O 221 POUTISSOU,FELAWKAsINGRAM + {MONT+BRCO)
BAILEY 75 PL 55B 420 +BURER+ (CERN+DARE+BERN+SHEF +MANZ +RMCS+BIRM) REFERENCES FOR TAU NEUTRINO
CASPERSO 75 PL 598 397 CASPERSONsCRANE+ (YALE+LASL+HETD+BERN+WYOM)
KORENCHE 76 JETP 43 1 KOR ENCHENKD  KDST INs MITSELMAKHER+ (JINR) ;Eihnsu ;Z ﬁt _7';“; ‘{3; ;;Ehgg:;":"g“"sv“%:zéaogéggxznaJ"S"'-:C;;:t:

+ .
BAILEY 77 PL 678 225 +BORER+ {CERN+DARE+B ERN+SHEF +MANZ +RMCS+BIRM}
OR 77 PL 68B 191 +BORER+/CERN+DARE+B ERN+SHEF+ MANZ +RMCS+B1RM bbb

CASPERSD 77 PRL 38 956 CASPERSON (CRANE+ (BERN+HEID+LASL+WYOM+YALE} FERRFEE ARTAKESEE CEASIIIEE DERRRTARE b
DEPOMMIE 77 PRL 39 1113 DEPOMMIER+MARTIN+(MONT+BRCO+TRIU+VICT+MELB)

PAPERS NUT REFERRED TO IN DATA CARDS 35 TAU+-{1800,J=1/2) HEAVY LEPTON

FISHER 59 PRL 3 349 FISHER,LEONTIC,LUNDBY,MEUNIER,STROCT (CERN) E+E- ——> TAU+TAU- CROSS SECTION THRESHOLD BEHAVIOR

ASTBURY 60 ROCH CONF 60 542 ASTBURY,HATTERSLEY,HUSSAIN + {LIVERPGOL} AND MAGNITUDE CONSISTENT WITH POINTLIKE SPIN 1/2
DEVINS 60 PRL 5 330 DEVONS ¢ G IDAL yLEDERMAN, SHAP IRO {COLUMBIA) DIRAC PARTICLE, BRANDELIK 78 RULES OUT POQINTLIKE
LATHROP 60 NC 17 109 4 LATHROP,R A LUNDY,V L TELEGDI + {EFI) SPIN 0 OR SPIN 1 PARTICLE.

LATHROP 60 NC 17 114 J LATHROPR A LUNDY:S PENMAN + (EFI)

REITER 60 PRL 5 22 REITER,ROMANOWSKI s SUTTON + (CARNEGIE) | - e -

TELEGDI 60 ROCH CONF 60 713 V L TELEGDI (CERN}

CHARPAK 61 PRL 6 128 CHARPAK y FARLEY,GARWIN , MULLER,SENS + (CERN)

HUTCHINS 61 PRL 7 129 0 P HUTCHINSON,J MENES + (COLUMBIA)

SHAPIRO 62 PR 125 1022 G SHAPIROsL M LEDERMAN {COLUMBIA}

FAIRLEY 66 NC 45A 281 FAIRLEY,BAILEY BROWNSGIESCH + (CERN)
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Data Card Listings

For notation, see key at front of Listings.

Stable Particles

35 TAU MASS (MEV)
M P 64(1800.) (200.) PERL 75 SMAG INCL. IN PERL 77 2/78%
M B 220(1910.) 130.) BURMEST1 77 PLUT ASSUMES V—A DECAY  12/77%
M B 220(1790.) (70.) BURMEST1 77 PLUT ASSUMES V+A DECAY 12/77%
L] P 14411900.) (100.} PERL 77 SMAG E+E~ 3.8-T.8GEV ECM 12/77%
M 1807. 20 BRANDELIK 78 DASP E+E~ 3.1-5.2GEV ECM 3/78%
M B BURMESTER 77 HASS VALUE ARE FROM EVENTS CONTAINING MU+~ PLUS ONE 12/77%
[ 8 OTHER PRONG: ORIGINATING FROM E+ E— —=> TAU+ TAU-. THE MASS 12/77%
L] B VALUES COME FROM A FIT 70 THE SHAPE AND ECM DEPENDENCE OF THE 12/77%
M B MU+- SPECTRA, ASSUMING THAT THE TAU SPIN 1S 1/2 AND ITS ASSOC 12/77%
M B NEUTRINO HAS M=0. 12/77%
M P PERL 77 VALUE COMES FROM E+ E- TO E+— MU-+ AND NO OTHER DETECTED 12/777%
M P PARTICLES. ASSUMES V-A COUPLING AND ZERO MASS FOR ASSOC NEUTRINO. 12/777%
35 TAU PARTIAL DECAY MODES
DECAY MASSES
Pl TAU+— INTD MU+- NEU(MU) NEW(TAU} 105+ 0+
P2 TAU+— INTO E+~ NEU{E) NEU(TAL} 5% 0+ [
P3 TAU+= INTO E+~ GAMMA(S) 5+ 0
P4 TAU+- INTO MU+— GAMMAL(S} 105+ 0
P5 TAU+- INTO E+~ CHARGED PARTICLES
Pe TAU+- INTO MU+— CHARGED PARTICLES
P7 TAU+— INTO HADRON+- NEUTRALS 139+ 0
P8 TAU+- INTO 3 MADRONS+-~ NEUTRALS 139+ 139+ 139+ 0©
P9 TAU+~ INTD NEUCTAU} RHOO PIl+- 0+ 776+ 139
PiO TAU+- INTO K+~ NEUTRALS 4934+ Q
P19 TAU+~ INTO UNMEASURED MODES (1. - MEAS.MODES)
FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS
The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P, as follows: The diagonal elements are P+ 6P, where
6P =y \GP 5P ) » while the off-diagonal elements are the normalized currelauon coeffi~
mems (6P, BPJ)/(GP . 6pJ) For the definitions of the individual see the listings
above; only those P appearing in the matrix are assumed in the fit to be nonzero and
are thus constralned to add to 1.
P11 P2 7 P8 P1s
P 1 .1754+-,0173
P2 —~.0102 .1793+-.0284
P7 0. 0. .3302+—-0952
P8 0. 0. +3500+-.1100
P19 -.1142 -.1891 .6381 =.T373 *.035+-.1492
35 TAU BRANCHING RATICS
R1 TAU+- INTO {(MU+- NEU(MU} NEU{TAU}}/TOTAL {r1)
R1 220 0.15 G.03 URMEST1 77 PLUT ASSUMES v-A DECAY 12/771%
R1 220 {0.19) 0.04) BURMEST1 77 PLUT ASSUMES V+A DECAY 12/77%
R1 0.175 0.040 PERL 77 SHAG E+E~ TO MU+- X-+ 12/77%
R1 0.22 0.10 0.07 CAVALLISF 77 SPEC E+E- TO MU+~ X-+ 1/78%
R1 e e s m e se .
Rl AVG 0.164 0.023  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
R1  STUDENT 0.163 0.025 AVERAGE USING STUDENT10{H/l.11) —— SEE MAIN TEXT
Rl FIT 0.175 0.017 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0}
R2 TAU+= INTD (Le- NEU(L) NEUITAU})/TOTAL SQRT(P1%P2)
R2 WHERE L MEANS E OR MU. EQUALITY QF E AND MU MODES IS ASSUMED.
R2 P 105 0.17 0.06 0.03 PERL T6 SMAG 3/77%
R2 B 144 0.186 0.030 PERL 77 SMAG 12/77%
R2 B 21 0.224 0.055 BARBARO-G 77 SMAG 11777
R2 8 13 0.182 0.031 BRANDELIK 78 DASP ASSUMES ¥-A DECAY 3/778%
RZ B 13 {0.206) (0.036} BRANDELIK 78 DASP ASSUMES V+A DECAY 3/78%
R2 B WE HAVE COMBINED STATISTICAL AND SYSTEMATIC ERRORS QUADRATICALLY. 3/78%
R2 P ASSUMES V-A COUPLING,» TAU MASS=1.8 GEVy TAU NEUTRINO MASS=0.
RZ ASSUMES V-A COUPLING, TAU MASS=1.9 GEV, TAU NEUTRIND MASS=0.
R2 R o .
R2  AVG 0.186 0.018 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
R2  STUDENT 0.186 0.020 AVERAGE USING STUDENTL10(H/1.11) —— SEE MAIN TEXT
R2 FIT 0.177 0.016 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
R3 TAU4- INTO E+- NEUCE} NEUITAU}/MU+— NEUIMU) NEULTAUN(P2)/(P1}
R3 PREDICTED TO BE 1 FOR SEQUENTIAL LEPTON, 2 FOR PARAELECTRON,
R3 AND 1/2 FOR PARAMUON.
R3 21 0.92 0.37 BURMEST2 77 PLUT ASSUMES V-A DECAY  12/77%
R3 21 (0.67) (0.28) BURMESTZ2 77 PLUT ASSUMES V+A DECAY 12/77%
R3 18 0.92 0.32 BRANDELIK 78 DASP E+E- 3.1-5.2GEV ECM 3/78%*
R3 e s e e e e
R3 AVG 0.92 0.24 AVERAGE {(ERROR INCLUDES SCALE FACTOR OF 1.0}
R3  STUDENT 0.92 0.26 AVERAGE USING STUDENT10{H/1.11) -- SEE MAIN TEXT
R3 FI1 1.02 0.19 FROM FIT (ERROR [NCLUDES SCALE FACTOR OF 1.0)
R4 TAU+~ INTO{E+- GAMMAI(S] + HUO— GAMMA{S) ) /TOTAL (P3+P4}
R4 8 «12 OR LESS CL=. BURMEST2 77 PLUT E£+4E- 4-5 GEV ECM 12/77%
R4 B ASSUMES SAME MU.E MOM. SPEC. AS (MU E + NOTHING DETECTVED). 12/77*
RS TAU+= 1NTO(E+— CHARGED PRONG + MU+- CHARGED PRONG)/TOTAL {P5+4P6)
RS 04 OR LESS C(CL=.90 BURMEST2 77 PLUT E+E~ 4-5 GEV ECM 12/777%
RS B ASSUHES "SAME MUJE MOM. SPEC. AS (MU E + NOTHING DETECTED). 12777*
R6 TAU+= INTO (HADRON+~ NEUTRALS}/(TGTAL) 7 11/77*
R 19 0.45 0.19 BARBARD-G 77 SMAG 11/77*
R& 0.29 0.11 BRANDELIK 78 DASP ASSUMES V-A DECAY 3/78%
R& (0.21) {0.102 BRANDELIK 78 DASP ASSUMES v+A DECAY 3/78%
R6 « e e ee e .
R6 AVG 0.330 0.095 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
R6  STUDENT 0,33 0.10 AVERAGE USTING STUDENTIO(HM/1.11) ~- SEE MAIN TEXT
R6 FI 0.330 0.095 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0}
R7 TAU+- INTO (Ké- NEUTRALSI/TOTAL (P10}
R7 B MA BRANDELIK 77 DASP 3.6-5.2ECM E+E- 1/78%
R7 B BRANDELIK 77 FINDS 0.07+-0.06 K+- PER EVT IN E+E— —=> E¢- PRONG-+. 1/78%
A8 TAU+— INTO (3 HADRDNSf— NEUTRAL S1/TOTAL [3.3:]
R8 0.35 0.1 BRANDELIK 78 DASP ASSUMES v-A DECAY 3/78%
R8 10.38) (O.ll) BRANDELIK 78 DASP ASSUMES V+A DECAY 3/78%
R8 e e et ee s
R8 FIT 0.35 0.1 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
RS TAU+— INTO (NEU RHOO PI+-)%*{E+- NEU NEU} P9I *(P2)
R9 A 0.0083 0.0033 ALEXANDER 78 PLUT E+E- 4-5 GEV ECM 3/78%
R9 A THIS 15 AVG. DF TH3IR TWO VALUES{TBL 1)} WITH 30PCT SYST. ERR. INCL.

+ +
T, T
R10 TAU+— INTO ALL UNMEASURED MODES / TOTAL (P19]
R10 THIS 1S JUSY = L.-{SUM OF ALL MEASURED MCDES} FROM FIT
R10 e e e 4 e e .
R10 FIT -0.03 0.15 FROM FIT
seEgEs ok
REFERENCES FOR TAU{1800) HEAVY LEPTON
PERL 75 PRL 35 1489 +ABRAMS 4BOYARSK1,BREIDENBACH + {LBL+SLAC}
PERL 76 PL 638 466 +FELDMAN +ABRAMS, ALAM,BOYARSK]T + (SLAC+LBL)
BARBARC- 77 PRL 39 1058 BARBARO—GALTIERI+ {LBL+NWES+SLAC+HAWA}
BRANDELI 77 PL 708 125 BRANDEL IK + {AACH+DESY +HAMB+MPIM+TOKY)
BURMEST1 77 PL 688 297 BURMESTER CRIEGEE + {DESY+HAMB+STEG+WUPRG)
BURMEST2 77 PL &8B 301 BURMESTER,CRIEGEE + {DESY+MAMB+STEG+WUPG )
CAVALLIS 77 INC 20 337 CAVALLI-SFORZA,GOGGL + (PAVI+PRIN+UMD)
PERL 77 PL TOB 487 +FELDMAN ) ABRAMS , ALAM,BOYARSKI+ (SLAC+LBLY)
ALEXANDE 78 PL 73B 99 ALEXANDERsCRIEGEE+ (DESY+AACH+SIEG+WUPG)
BRANDELI 78 PL 738 109 BKANDELIK + (AACH+DESY+HAMB+MPIM+TOKY )P
REVIEWS
PERL2 77 HAMBURG SYMP. ALSO ISSUED AS SLAC-PUB-2022, M.PERL (SLAC)
FLUGGE 77 MESON CONF.BUSTON ALSO ISSUED AS DESY 77-35, G.FLUGGE (OESY)
Tadokah FEFIORERRR FRRRERREL IXIREEIRR R R A
B e T L L L e T *
+
8 CHARGED PION{140sJPG=0--) I=1
8 CHARGED PION MASS [MEV)
M 139.37 0.20 CROWE 54 CNTR -
M 139.68 0.15 BARKAS 56 EMUL +
M N {139.577) (0,013} SHAFER 67 CNTR - MESONIC ATOMS 6768
M B (139.549) {0.008) BACKENSTO 71 CNTR =~ MESONIC ATOMS 10/71
L] S 139.566 0.013 SHAFER 72 CNTR - MESONIC ATOMS 1/73
M 8 139.569 0.008 BACKENSTO 73 CNTR — MESONIC ATOMS 1/73
M 139.571 0.010 BRANDAGDO 76 CNTR — MESONIC ATOMS 1/78%
M 139.5686 0.0020 CARTER 76 CNTR - MESONIC ATOMS EYANA
M M 139.5667 0.0024 MARUSHENK T7& CNTR ~ MESONIC ATOMS 12/77%
M 2} $139.5652)1 (0.0013) DAUM 78 SPEC # PI+ -~> MU+ NEU 2/78%
M S SHAFER 72 UPDATES SHAFER67 WITH NEW ALPHA AND NEW CALIB. LINE ENER. 1/73
M B BACKENSTOSS 73 CCRRECTS BACKENSTOSS 71 WITH NEW VACUUM POL. CALC. 1/73
M M THIS MARUSHENKG 76 VALUE USED AT AUTHORS REQUEST BECAUSE IT USES 3/78%
M ¥ ACCEPTED SET OF CALIBRATION GAMMA ENERGIES. ERROR INCREASED FROM 3/78%
M M .0017 TO INCLUDE QED CALC. ERROR OF ,0017 (12 PPM}. 3/78%
M ) DAUM 78 VALUE DEPENDS ON ASSUMED MU+ MASS MIMU)}=105.65948+-.00035 , 2/78%
L] bl ENTERS OUR FIT VIA PI-MU MASS DIFF. BELOW WHICH IS INDEP. OF M{MU), 2/78%
M P . e e e
M AVG 139. 5679 0.0015 AVERAGE {ERRDR INCLUDES SCALE FACTOR GF 1.0}
M STUDENT 139.5679 0.0016 AVERAGE USING STUDENT10{H/l.}l} ~- SEE MAIN TEXT
M FIT 139.5669 ©0.0012 FROM FIT (ERROR INCLUDES SCALE FACTQR OF 1.0) 2/78%
8 (PI+) - (MU+) MASS DIFFERENCE (MEV}
[s] 34.00 0.076 BARKAS 56 EMUL
D 33.89 0.076 BARKAS 56 EMUL
D 145 33.881 0.035 HYMAN 67 HEBL + K-HKE 2/71
o 33,925 0.025 BOOTH 70 CNTR  + MAGNETIC SPECT. 2771
D 33.9057 0.0019 DAUM 78 SPEC + SEE NOTE D ABOVE 2/78*
o e e e s e e
D G 33.9058 0.0019 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
D STUDENT 33.9058 0.0020 AVERAGE USING STUDENT10(H/1,11} -~ SEE MAIN TEXT
D 1T 33.9074 0.0012 FROM FIT (ERROR INCLUDES SCALE FACTOR GF 1.0) 2/78%
8 {({PI+) - (PI-})/AVG.y MASS DIFFERENCE (PERCENT)
oM 0.02 0.05 AYRES 71 CNTR 3/71
8 CHARGED PION MEAN LIFE (UNITS 10%*%~9)
T 2546 0.5 0.5 CROWE 57 RVUE
T 2546 0.8 0.8 ANDERSON &0 CNTR
T 8000 25,46 0.32 0.32 ASHKIN 60 CNTR +
T 26,02 0.04 ECKHAUSE 65 CNTR + /66
T 25.6 0.3 BARDON 66 CNTR &/66
T 25.9 0.3 OUNAITSEV 66 CNTR 6/68
T N {26440} (0.08) KINSEY 66 CNTR + 6/66
T N SYSTEMATIC ERRORS IN CALIBR.IN THIS EXP.DISCUSSED BY NORDBERG &7 8/67
T 26.67 0.2 LOBKOWICZ 66 CNTR /66
T 2604 0.05 NORDBERG 67 CNTR + 8/67
T 26.02 0.04 AYRES 71 CNTR #— 3/71
T 26.09 0.08 DUNALITSEV 73 CNTR + 3/74
T T e e e s e
T AVG 26.03¢0 0.023 0.023 AVERAGE (ERROR INCL. SCALE FACTOR OF 1.0}
T STUDENT 26.028 0. 025 0.025 AVG BY STUDENT1O0(H/1.11) — SEE MAIN TEXT
B ({Pi+} - (PI-))/AVG., MEAN LIFE DIFF. (PERCENT)
DT N THIS QUANTITY IS A MEASURE OF CPT INVARIANCE IN W.I.
DT 23 0.40 LOBKOWICZ 66 CNTR SEE NOTE L 9/66
0T L ABOVE lS THE HDST CUNSERVATIVE VALUE QUOTED BY AUTHORS 9/66
DT . BARDON 66 CNTR T7/66
DT <O-1~'¢ 0.29 PETRUKHIN 68 CNTR 8/68
DT 0.055 0.071 AYRES 71 CNTR 3/7)
DT . . o
DT AVG 0.053 0.068 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0}
DT STUDENT 0,083 0.073 AVERAGE USING STUDENT1O(H/1.11) —— SEE MAIN TEXT

8
PL CHAR. PION INTO
P2 CHAR. PION INTO
P3 CHAR. PION INTO
P4 CHAR. PION INTO
P5 CHAR. PION INTO
P& CHAR. PION INTO

CHARGED PION PARTIAL DECAY MODES

DECAY MASSES
a

MU {MU~NEU) 105+

E ( E=-NEU) -5+ a

MU {MU-NEU) GAMMA 105+ o+ [s]

PI0 E tE-NEU) 134+ .5+ 0

E NEU GAMMA -5+ o+ [

£ NEU E+ E~ 5+ 0+ 5+ .5




Stable Particles

+ 0

w, T
8 CHARGED PION BRANCHING RATIOS

R1 CHAR . PION INTO MU NEU GAMMA (UNITS 10%*-4} (P3)7(P1)
RL 26 1.24 0.25 CASTAGNOL 58 EMUL E{MU}.LT.3,38 MV
R2 CHAR « PION INTG E NEU {UNITS 10%*-4) (P21/7(P1)
R2 .21 0.07 ANDERSON 60 CNTR
R2 D (l 247) (0.028} 01 CAPUA 64 CNTR 11775
R2 O 274 0.024 BRYMAN 75 RVUE 9/15
RZ O BRVMAN 75 IS A RECALL. OF DICAPUA 64 EXPT USING LATEST PI LIFETIME. 9/75
R2 Y
R2 AVG 1.267 0.023 AVERAGE (ERROR INCLUDES SCALE FACTOR GF 1.0)
R2  STUDENT 1.268 0.02% AVERAGE USING STUDENT10tH/1.11) -~ SEE MAIN TEXT
k3 CHAR. PION INTO PIO E NEU (UNITS 1Q%**-3) {Pa}/{P1)
R3 D 52 (1.15) {.22) DEPOMMIL 63 CNTR + 2712
R3 D 36 0.97 0.20 BARTLETT 64 DSPK +
R3 D 38 1.07 0.21 BACASTOW 65 OSPK +
R3 D 1.10 0.26 BERTRAM 65 OSPK + 6/66
R3 D 43 1.1 0.2 DUNAITSEV 65 CNTR + 1/66
R3 332 1.00 0.08 0.10 DEPOMMIER 68 CNTR + 3768
R3 P
R3  AVG 1. 023 0.069 AVERAGE (ERROR INCLUDES SCALE FACTOR DF 1.0)
R3  STUDENT 1. 0.074 AVERAGE USING STUDENT10{H/1l.11} —-— SEE MAIN TEXT

) DEPDMHIER 68 STATES THAT THE RESULT OF DEPDMMIER 63 IS AT LEAST 2772

D 10 PERCENT TOO LARGE BECAUSE DF A SYSTEMATIC ERROR I[N THE PioQ 2/72

) DETECTION EFFICIENCY. THIS MAY BE TRUE OF ALL THE PREVIODUS 2/12

D MEASUREMENTS ACCORDING TGO DEPOMMIER 68 AND V.SOERGEL, PRIVATE 27712

1] COMMUNICATION, 1972.

R4 CHAR. PION INTO E NEU GAMMA (UNITS 10%*%*-8} (PS1/(P1)

R4 E 143 2.15 DEPOMMIZ2 63 CNTR ¢ GAM KE 50-90 MEV 12/77%

R4 E DEPOMMIER 63 VALUE 15 CDRRECTED FOR THE LATEST VALUE CF THE PIO 12/11%

R4 E LIFETIME (0.828+~0.057 F-16). SEE FOOTNOTE 10 OF DEPOMMIER T7. 12/771%

RS CHAR. PION INTO E NEU E+ E— {UNITS 10%-8) (P&)/(P1)

RS 3.4 OR LESS CL=.90 KORENCHEN 71 QOSPK + 10/71

RS 0.48 OR LESS CL=.90 KORENCHEN 76 SPEC + 1/78%

HEEBRE EHXRAKGER SEakgrhhk PRk RRERE khAkdkEs RRkkEkkEs RkkRbhkdk KEkkkkxk
REFERENCES FOR CHARGED PION

CROWE 54 PR 96 470 K M CROWEsR H PHILLIPS (LRL)

BARKAS 56 PR 101 778 W H BARKAS.W BIRNBAUM,F M SMITH (LRL}

CROWE 57 NC 5 541 K M CROWE (STANFORD HEPL)

CASTAGNG 58 PR 112 1779 C CASTAGNOLIsM MUCHNIK {ROMA)

ANDERSON 60 PR 119 2050 H L ANDERSONsT FUJII+R H MILLER + {EFL)

ASHKIN 60 NC 16 490 ASHKIN,FAZZINI,FIDECARC,LIPMAN + {CERN)

DEPOMMIL1 63 PL 5 61 DEPOMMIER HEINTZE,RUBBIA,SOERGEL (CERN)

DEPOMMI2 63 PL 7 285 P DEPOMMIER,HEINTZE,RUBBIA,SDERGEL {CERN)

ALSO 77 PRL 39 1113 DEPOMMIER+MARTIN+ [MONT+BRCO+TRIU+VICT+MELB)
BARTLETY &4 PR 1366 1452 BARTLETT 4OEVONS ¢MEYERsROSEN (COLUMBIA)

DI CAPUA 64 PR 1338 1333 D1 CAPUA,GARLANDy PONDROM,STRELZOFF {coLhy
BACASTOW 65 PR 139 8407 +GHESQUIERE,WIEGAND ,LARSEN {LRL+SLAC)
BERTRAM 65 PR 139 B 617 BERTRAM s MEYER,CARRIGAN+ (MICH+CARNEGIE)
DUNAITSE &5 JETP 20 58 DUNAITSEVPETRUKHIN, PROKOSHKIN + {DUBNA)
ECKHAUSE 65 PL 19 348 ECKHAUSE y HARRI Sy SHULER+ {WILLTIAM AND MARY}
BARDON 66 PRL 16 775 BARDON DURE »DORFAN, KRIEGER + {(CarLumMBIA)
DUNAITSE 66 PL 23 283 +KUTYIN, PROKOSHK TNy RASUVAEV,SIMONGV (DUBNA}
KINSEY 66 PR 144 1132 KINSEY,LOBKOWICZ,NORDBERG (ROCHESTER UNIV)
LOBKCWIC 6& PRL 17 548 LOBKOWICZ,MELISSINGS,NAGASHIMA+ {ROCH4BNL)
HYMAN &7 PL 25B 376 +LOKEN,PEWITT,DERRICK + [ANL +CARN+NMWES )
NORDBERG 67 PL 248 594 NORCBERG, LOBKOWICZyBURMAN (ROCHESTER UNIV)
SHAFER 67 PR 163 1451 ROBERT E£. SHAFER {LRL}

ALSO 65 PRL 14 923 SHAFER  CROWE  JENKINS (LRL}
DEPGMMIE 68 NP B4 189 DEPOMMIER, DUCLOS s HE INTZE KL EINKNECHT+{CERN)
PETRUKHI 68 JINR-P1-3862 PETRUKHINyRYKALINKHAZ INSsCISEK {DUBNA)

BOOTH 70 PL 32B 723 +JOHNSONyWILLIAMS s WORMALD {LivP)
AYRES 71 PR 3D 1051 +CORMACK y GREENBERG KENNEY + {LRL,UCSB)

ALSO 67 PR 157 1288 AYRES sCALDWELLyGREENBERG s KENNEY ¢ KURZ+ (LRL}

ALSD 68 PRL 21 261 AYRES,CORMACK, GREENBERG,KENNEY+ (LRL,UCSB)

ALSO 69 UCRL-18369 DAVID 5 AYRES (THESIS} {LRL}

ALSO 69 PRL 23 1267 GREENBERG»AYRES s CORMACK,KENNEY+ (LRL,UCSBI
BACKENST 71 PL 36B 403 BACKENSTGSS » DANLELs KOCH# {CERN+KARLHEID)

ALSO 70 THESIS C. VON DER MALSBURG {HEIDELBERG}
KGRENCHE 71 SJUNP 13 189 KGR ENCHENKO yKOST IN; MICELMACHER+ {JINR}

SHAFER 72 PRIVATE COMM. R. SHAFER, 1972 (FNAL)
BACKENST 73 PL 43B 539 BACKENSTOSS » DANIEL, KOCH+ (CERN+KARL+MUNICH)

ALSC 73 SUBMITTED TG NP L. TAUSCHER

DUNAITSE 73 SJNP 16 292 DUNAITSEV+PROKOSHKIN, RAZUVAEV+ (SERP)
BRYMAN 75 PR D1l 1337 +PICCIOTTO (UNIV OF VICTORIA)
BRANDADD 76 INAT 31A 1150 BRANDAO D'DLIVERA.DAN[EL.VDN EGIDY+ (MUNC})
CARTER 76 PRL 37 1380 +DI XIT:SUNDARESAN+ (CARL+CNRC+CHICHCIT)
KORENCHE 76 JETP 44 35 KDR ENCHENKD ¢ KOSTINy MITSELMAKHER+ (JINR}
MARUSHEN 76 JETPL 23 72 MARUSHENKOs MEZENTSEV,PETRUNIN+ LLENT)

ALSG 76 PRIVATE COMM. R. SHAFER (FNALY

ALSC 78 PRIVATE CCMM. A. . SMIRNOV (LENI)

DAUM 78 PL - TO BE PUBL, +EATON,FROSCH:HIRSCHMANN,MC CULLOCH+ (viLL}
PAPERS NOT REFERRED TO IN DATA CARDS
MERKISON 62 ADVP 11 1 A W MERRISON {LIVERPOOL)
SHAPIRG 62 PR 125 1022 G SHAPIROsL M LEDERMAN {COLUMBIA}
CZIRR 63 PR 130 341 JOKN B CZIRR (LRL)
EL L L *
EI 22 5 *
9 NEUTRAL PION{135,4PG=0--1 I=1
9 (PI+~} - [P10) MASS DIFFERENCE (MEV)
bl (5.37}) (1.0} PANOFSKY 51 CNTR -
1] 4.50 0.31 CHINOWSKY 54 CNTR -
D 4.62 0.05 HADDOCK 59 CNTR =
] 4460 0.04 HILLMAN 59 CNTR
D 4455 0.07 CASSELS 59 CNTR
o) 4.69 0.07 SAMIOS 60 HBC 2/72
[s] 4.6056 0.0055 CZIRR 63 CNTR
o 4.59 0.03 PETRUKHIN 63 CNTR -
D 4,6034 0.0052 VASILEVSK 66 CNTR - 9766
D P )
D AVG 4+6043 0.0037 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
D STUDENT 4.6043 0.0040 AVERAGE USING STUDENT10{H/1.11) =- SEE MAIN TEXT
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For notation, see key at front of Listings.

9 NEUTRAL PION MEAN LIFE (UNITS L0%*%*-18)
T N 76 {1.9} (0.5) 10.5) GLASSER 61 EMUL .
T N 45 (2.3 {t.1) (1.0) TIETGE 62 EMUL
T N a8 {2.8) (0.9} {0.9) KOLLER 63 EMUL SEE STAMER 66
T 1.05 0.18 0.18 VON DARDE 63 CNTR
T N 15 {1.7) t0.5) SHWE 64 EMUL
T 0.730 0.105 BELLETTIN 65 CNTR 6/66
T N 67 {1.6) {0.6) {0.5) EVANS 65 EMUL 6/66
T K 232 1.0 0.5 STAMER 66 EMUL aret
T 0.56 0.06 BELLETVIN 70 CNTR PRIM.EFF. ON NUC T7/70
T 0.9 0.068 KRYSHKIN 70 CNTR PRIMAKOFF EFFECT 12/70
T B 0.82 0.04 BROWMAN 74 CNTR PRIMAKOFF EFFECT 7/75
T N OLD EMULSION MEASUREMENTS NOT USED BECAUSE OF POSSIBLE SYSTEMATIC
T N SHIFT TO LARGER MEAN LIFE VALUES.
T K INCLUDES EVENTS OF KOLLER 63. 8/67
T B BROWMAN GIVES PIQ WIDTH=8.02+-,42EV. MEAN LIFE IS HBAR/WIDTH. 11/75
T T
T AVG 0.828 0.057 0.053 AVERAGE (ERROR INCL. SCALE FACTOR COF 1.8)
T STUDENT 0.835 0.038 0.035 AVG BY STUDENTLO(H/1l.11) -- SEE MAIN TEXT
{SEE 1DEOGRAM BELOW )
WEIGHTED AVERAGE = 1.207 # 0.080
ERROR SCALED BY 1.8
-
CHIS®
.. -BROMMAN 74 CNTR 0.0
- - 'KRYSHKIN 70 CNTR 1.3
-BELLETTIN 70 CNTR  H.9
-STAMER 66 EMUL
.- -BELLETTIN 65 CNTR 0.7
- - .UDN DARDE 63 CNTR _2.3
13.2
(CONLEY
0 1 2 3 =0.010}
NEUTRAL PI DECAY RATE(UNITS 10™®16SEC-1)
9 NEUTRAL PION PARTIAL DECAY MODES
DECAV MASSES
Pl P10 INTO 2GAMMA o+
P2 P10 INTO E+ E- GAMMA « 5+ .50 Q
P3 P10 INTO 4FELECTRONS o5+ LS5+ .5+ .5
P4 P10 INTO 3 GAMMA a+ o+ 0
P5 PIO INTQ & GAMMA o+ o+ o+ o
Po P10 INTO E+ E- 5+ .5
9 NEUTRAL PION BRANCHING RATIOS
Rl P10 INTO (GAMMA E+ E-)/{2GAMMA) {PERCENT) {P2)71P1l
R1 (1.196) THEGRET. CALC. JOSEPH 60 QUANYUM ELECT. 9/66
R1 27 1. 17 0.15 BUDAGOYV 60 HBC
Ry 3071 1.16 0.047 SAMIOS 61 HBC Pl1-P TQ PIO N
R1 S SAM10S VALUE USES PANOFSKY RATIO = 1.62
R1 a4 e e & u * =
R1 AVG l.166 0.0hS AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
R1  STUDENT l.166 0.048 AVERAGE USING STUDENTLIO0{H/l.11) -~ SEE MAIN TEXT
R2 PIO lNTU (3 GAMMAI/(Z GAMMA} (UNITS 10%*-6) (P4)/(P1)
R2 LESS CL=.90 bucLOS &5 CNTR 6/66
R2 5 0 OR LESS CL=.90 KUTIN 65 CNTR 3/68
R3 P10 INTOD {(E+E+E~E-)/(2 GAMMA) (UN[‘I’S 10%*-5) (P3t/(P1}
R3 146 3.[8 0.30 SAMIOS 62 HBC SEE NOTE N BELOW 6/66
R3 «28 THEORET. CALC. MIYAZAKI 73 QUANTUM ELECT. 2718
R3 N ABOVE VALUE USES PANOFSKY RATID = 1.62
R4 Plo lNTD (4 GAMMA)/ (2 GAMMA) (UNITS 10%%-5) {P5)7(P1) 8/73
R4 DR LESS CL=.90 ABRAMS 73 ASPK 8/73
RS PIO INTO (E+ E-)/TOTAL ({UNITS 10%%-5) {P6)/IP1) 12/75
RS D 0 OR LESS CL=.90 DAVIES T4 12/75
RS D DAVlES T4 EXTRACTS THIS INFORMATION FROM BLOCH 75 K+ EXPERIMENT. 12/75
Rk EBE
REFERENCES FOR NEUTRAL PION
PANDFSKY 51 PR 81 565 W K H PANOFSKY,R L AAMODT,J HADLEY {LRL)
CHINOWSK 54 PR 93 586 W CHINGWSKY,J STEINBERGER (COLUMBIA)
CASSELS 59 PPS 74 92 CASSELS, JONES s MURPHY, 0. NEILL {LIVERPOOL)
HADDOCK 59 PRL 3 478 HADDOCK , ABASHEAN CROWE ,CZIRR
HILLMAN 59 NC 14 887 HILLMAN,MIDDELKOOP, YAMAGATA » ZAVATTINI {CERN)
BUDAGOY 60 JETP 11 755 BUDAGOV, VIKTOR ¢DZHE LEPOV,ERMOLOV + (JINR]
JOSEPH 60 NC 16 997 D W JOSEPH
SAMIODS 60 NC 18 154 N P SAMIOS (CULUMB]A)
GLASSER 61 PR 123 1014 R G GLASSERsN SEEMANsB STILLER
SaM10S &1 PR 121 275 N P SAMIOS (COLUMBIA+BNL)
SAMICS 62 PR 126 1844 SAMIOS, PLANO,PRCDELL + {COLUMBIA+BNL)
TIEYGE 62 PR 127 1324 J TIETGE+W PUESCHEL (MAX PLANCK INST})
CZIRR 63 PR 130 341 JOKN B CZIRR (LRL)
KULLER 63 NC 27 1405 E L KOLLERsS TAYLOR,T HUETTER {STEVENS)
ALSD 66 STAMER
PETRUKHI 63 SIENA CONF 208 V 1 PETRUKHIN,YU D PROKOJSHKIN {JINR)
VON DARD 63 PL 4 51 VCN DARDEL + DEKXKERSy MERMOD VAN PUTTEN+{CERN)
SHWE 64 PR 1368 1839 H SHWE.F M SMITH,W H BARKAS {LRL}
BELLETTI 65 NC 40 A 1139 BELLETTINI+BEMPORAD ¢+ BRACCINI+{PISA+FIRENZE}
pucLEsS 65 PL 19 253 DUCLOS+ FREYTAGsHEINTZE + (CERN+HEIDELBERG}
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For notation, see key at front of Listings. 0, 7

EVANS 65 PR 139 B 962 D A EVANS (DXFORD) FITTED PARTIAL DECAY MODE, BRANCHING FRACTIONS
KUTIN 65 JETP LETT 2 243 KUT INs PETRUKHINy PROKOSHKIN {JINR)
STAMER 86 PR 151 1108 STAMER s TAYL OR s KOLLER s HUETTER® (STEVENS) The matrix below is derived from the error matrix for the fitted partial decay mode
VASILEVS 66 PL 23 281 VASILEVSKY, VISHNYAKOV,DUNATITSEY + (DUBNA} branching fractions, Pi’ as follows: The diagonal elements are Pi* 6?1. where
BELLETT1 70 NC 66A 243 BELLETTINI yBEMPORAD, LUBELSMEY+ (P15SA+BONN) -\ TEPEP S N _di N N A -
RRVEEKIN 10 JETP 30 1937 S TERLIGOV bSOV Tk hoLvteen o 6P, = \6P;0P)), while the off-diagonal elements are the normalized correlation coeffi
cienta (& Piél:’j)/(épi . 5P]|. For the definitions of the individual Pi’ see the listings
:?sﬁ'z‘i“ ;: :"; ;gszggl ;‘::':':ﬁ'ik;';jzf:;H;:éf”‘ﬂ'"UCKE” + (:3:';; above; only those P, appearing in the matrix are assumed in the fit to be nonzero and
BROWMAN 74 PRL 33 1400 +DEWIRE,GITTELMAN,HANSON+ {CORN+BING) are thus constrained to add to 1.
DAVIES T4 NC 244 324 +GUY,ZT1A (BIRM+RHEL+SHMP)
kR d XhkRkEREk Edkdkkkkk Pl .3792-&1-0098 P2 P3 [ P P8
ek okE FERERRRTE CEBRRDRET Bk RKkd P 2 —-.2691 .2990+-,0106
P 3 —e3224 =+2353 .23584-.0056
P 4 ~.2866 ~.2095 +8201 .0489+-.0013
L4 ETA(549,JPG=0-+) 1=0 P T ~.4271 -.5781 -.0939 ~-.0801L .0314+-.0109
P B —.0436 -.0326 —.0494% =.0! —. . -
FOR C. BALTAY'S REVIEW OF THE ETA MESONs SEE PRDC. UNIV. OF PENN. >0t 0036 0050+--0012
CONF. ON MESON SPECTROSCOPY (W.A.BENJAMIN, N.Y., 1968) FITTED PARTIAL DECAY MODE RATES
The matrix below is the branching fraction matrix above, transformed into rate
14 ETA MASS (MEV) space; i.e., G; = I} = [ P, inappropriate units. In analogy to the matrix above,
M 53 549.0 1.2 BASTIEN 62 MBC the diagonal elements are Glt 6G‘, where éGi =y (6GiéGi>, while the off-diagonal
M 35 546.0 4.0 PICKUP 62 HBC elements are the normalized correlation coefficients (GG.BG.)/(EG. - 8G.). Note that,
M 91 548.0 1.0 ALFF 62 HBC b £t T h e lation: hl : tJd. 41y derivabl
" 4o.3 209 DELCOURT 62 Py ecause of the error in I, 1, the errors and correlations here are not directly derivable
M 148 549.0 0.7 FOELSCHE 64 HBC from those above.
L] 325 552.0 3.0 KRAEMER 64 DBC
M 548.2 0.65 FOSTER3 65 HBC 1/66
M 250 555.0 2.0 JAMES 66 HBC 6/66
M AP G 1 G 2 G 3 G 4 67 G 8
M 548.82 0.56 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.4} G 1 .32404-.0460
M STUDENT 548.72 0.44 AVERAGE USING STUDENT10(H/1.11) —— SEE MAIN TEXT G 2 +9386 .2550+-.0385
{SEE IDEOGRAM BELOW ) G 3 .9689 29513 .2011+-.0294
[ +9646 9471 1.0097 .0417+-.0061
G 7 +3661 .3028 <4240 -4226 .026B+-,0104
WEIGHTED RUERAGE = 548.B2 = 0.56 G 8 .5178 -5082 -5233 .5199 -2318 .0043+-.0012
ERROR SCALED BY 1.4
Note on Conflicting Results for n-—>vyy Decay Rate
The BROWMAN 74 result for F‘(Y is three standard
deviations below the earlier BEMPORAD 67 result.
CHISG
—+— - - -JANES 66 HBC 9.6 This is because the BEMPORAD 67 analysis finds a
—+ . «+ -« +FOSTER3 65 HBC 0.9
. ... -KRREMER 64 DBC 1.1 negligible strong-production amplitude and attri-
- < ++ ... .FOELSCHE 64 HBC 0.1 ) )
....... -DELCOURT 63 CNTR 0.0 butes all of their observed N photoproduction cross
ftt ke e v o o -« “ALFF 62 HBC 0.7 . .
R PICKUP 62 HBC section to Coulomb production. BROWMAN 74, on the
-+ - "BASTIEN 62 HBC 0.0 other hand, find that the strong-production contri-
12.4
(CONLEV { i i {onifi i—
540 545 550 5E5 560 565 =0.054) bution to the cross section is significant, especi
ETR MASS (MEW) ally at lower energies, and that the Coulomb con-
tribution is smaller, resulting in a smaller value
14 ETA WIDTH of FYY
w ETA WIDYH DETERMINED FROM MASS SPECTRUM {UNITS MEV) .
W 91 (10.0) OR LESS ALFF 62 HBC The N photoproduction data of BROWMAN 74 were
W 148 €10.0) OR LESS FOELSCHE 64 HBC
W 31 {12.0) OR LESS JAMES 66 HBC 6/66 0 1 - .
M 14.0) OR LESS BALTAY 66 DBC 7766 taken at incident Y-ray energies of 5.8, 9.0, and
Ll (.9) OR LESS CL=.95 JONES 66 CNTR 8/67
.45 i i ilve
W ETA WIDTH DETEKMINED FROM DECAY RATE {UNITS KEV) 11 GeV on beryllium, aluminum, copper, silver,
W THIS IS THE PARTIAL DECAY RATE (WL} FOR THE MODE (ETA INTO 2GAMMA) . .
W DIVIDED BY THE FITTED BRANCHING FRACTION (P} FOR THAT MODE. and uranium targets, while the BEMPORAD 67 data were
w e o 4 v ® a a & @
T 0.85 0.12 FROM FIT . .
¥ R taken at 4.0 and 5.5 GeV on lead, silver, and zinc.
14 ETA PARTIAL DECAY MODES The higher energies, higher statistics, better
DECAY MASSES angular resolution, and larger range of atomic
Pl ETA INTO 2GAMMA o+ 0
3 ETA INTO 3PIO 134+ 134+ 134 . . .
P3 €TA INTO PI+ PI- PIO 129+ 139+ 134 weights of the BROWMAN 74 experiment result in a
P4 ETA INTO PI+ PI- GAMMA 139+ 139+
- Mol 134 5 5 : . .
5 ETAINTO By En BlogyloumTEs CINE 1o 1350 i+ .5 more reliable separation of the Coulomb amplitude
PT ETA INTO P10 2GAMMA 134+ 0+ 0
P8 £TA INTO E+ E—~ GAMMA L5+ .5+ 0 — : . . l
ke ETA INTO 2815 cdma (v IoLATeS o 1her 13er o from the strong-production amplitude. In addition,
P10 ETA INTO PI+ P]— PIO GAMM, 139+ 139+ 134+ Q . . R .
P11l ETA INTO PI+ PI- 2GAMMA 139+ 139+ 0+ 0 the bad approximation mentioned in BROWMAN 74 foot-
PLZ ETA INTO MU+ NMU- 105+ 105
ITOD MU+ M GAMMA 105+ 105+ . N . :
P12 Ik INTO Mue Moo 50 93¢ 105+ 139 note 4 was present in the theoretical work utilized
P15 ETA INTQ PI+ PI- 13';: 13 5
Ple  ETA INTG E+ E- o by BEMPORAD 67 and this may account for some of the
JE—— discrepancy.
Browman et al. state that the BROWMAN 74 result
is compatible with the BEMPORAD 67 data, although
the agreement is not as good as that given by the
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BEMPORAD 67 fit to these data. On the other hand,

the BEMPORAD 67 result appears to be incompatible
with the 9 GeV data (especially uranium) shown in
Fig. 2 of BROWMAN 74.

We quote the BROWMAN 74 result.

14 ETA DECAY RATES
Wi ETA INTD 2GAMMA {UNITS KEV) i61)
W1 B {1.00) 10.22) BEMPORAD 67 CNTR PRIMAKGFF EFFECTY 11/75
Wl 0.324 0.046 BROWMAN 74 CNTR PRIMAKOFF EFFECT T7/74
Wi B BEMPORAD 67 GIVES Wi=1.,214~-.26 KEV ASSUMING THAT W1/TOTAL=0.314. 11/75
Wl B BEMPCRAD PRIVATE COMMUNICATION GIVES MORE GENERAL RESULT AS 11775
WL B W1*W)1/TOTAL=.3804-.083. WE EVALUATE THIS USING W1/TOVTAL=.38+-.0l. 11/75
Wi B NOT INCLUDED IN AVERAGE BECAUSE THE UNCERTIANTY RESULTING FROM THE 2/76
WL 8 SEPARATION OF THE COULOMB AND NUCLEAR AMPLITUDES HAS APPARENTLY 2/76
Wl B BEEN UNDERESTIMATED. SEE NOTE ON DISCREPANCY ABOVE. 2776
Wl o m e s e e s
w1l FIT 0.324 0.046 FROM FIT (ERROR INCLUDES SCALE FACTQR OF 1.0)
14 ETA BRANCHING RATIOS

R1 ETA INTO NEUTRALS/CHARGED (PL+P2+P7)/ (P3+P4+P8)
RL N 10 (2.5) {1.0) PICKUP 62 HBC
RL N 53 (3.20) (1-26) BASTIEN 62 HBC
R1 N 12.7) (0.8) SHAFER 62 HBC
R1 2.6 -9 BUSCHBECK 63 HBC 7/66
R1 N 280 {4.5) (1.0} JAMES 6766
RL N THESE EXPERIMENTS HAVE NOT BEEN USED IN COMPUTING THE AVERAGES
KL N AS THEY WERE UNABLE TO SEPARATE CLEARLY PARTIAL MODES (3} ANO (4)
R1 N FROM EACH ODTHER. THE REPORTED VALUES THUS PROBABLY CONTAIN
RL N SOME (UNKNGWN) FRACTION OF MODE (4).
R1 2.64% 0.23 BALTAYZ2 67 DBC 11767
R1 P N Y
Rl AVG 2.6% 0.22 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0}
Rl STUDENT 2.6% 0.24 AVERAGE USING STUDENTLO{H/1.11) -— SEE MAIN TEXT
Rl FIT 2.452 0.081 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1}
R2 ETA INTO 2GAMMA/CHARGED {P1)/(P34P4+PB)
R2 0.99 0.48 CRAWFORD 63 HBC
R2 e 4 e s e e
R2 FIT 1.311 0.053 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)

Note on n WOYY

The discrepancies between various measure-
ments of branching ratios involving n > WOYY are
displayed in the ideogram below, in which all rel-
evant experiments have been converted to a com-
mon ratio, ﬂOYY/neutrals. Our branching ratio fit
does not include DIGIUGNO 66, FELDMAN 67, or the
upper limit measurements. See page 43 of "Review

of Particle Properties", Physics Letters 39B,

No. 1 (1972) for more discussion.
WEIGHTED AUERAGE = 0.061 = 0.031
ERROR SCALED BY 2.3
T Values above of weighted average,
error, and scale factor are for the
reader's convenience only. The
data were actually processed by a
constrained fit program, which _
calculates its own values of x, X,
and scale factor, which are differ-
ent from the values shown here, CHISQ
. e o - e s e o - - SSCHMITT 7?0 DSPK 0.9
— - .+« -KANOFSKY 70 0OSPK 0.0
.- e - oo - .- . -DEVUDONS 70 DSPK 2.3
—t e -+ - -COX 70 HBC 1.6
ot SR «+« 'BUTTRAN 70 DOSPK 3.4
Foorooo oo oo o - “JACQUET 69 HLBC 0.6
—4— - - -+ -FELDMAN 67 OSPK 13.4
R « - «BALTAY1 67 DBC 0.8
e e « *HRHLIG 66 DSPK
———4——- - - - - -6GRUNHAUS 66 OSPK 4.4
+—- - - -DIGIUGND 66 CNTR 19.0
46.4
(CDONLEV
-0.2 0.0 0.2 0.4 0.6 0.8 =0.000)
ETA B.R. INTO (PID 26AMMA) /NEUTRALS

Data Card Listings

For notation, see key at front of Listings.

ETA INTD (PIO 2GAMMA)/NEUTRALS (PT)/(PL+P2+PT)
S (0.375) {0.072) DIGIUGNG 66 CNTR ERROR DOUBLED 6/66
THE ERRORS OF DIGIUGNO+ 66 HAVE BEEN INCREASED BY A FACTCR
OF TWCs TO TAKE INTO ACCOUNT POSSIBLE SYSTEMATIC ERRORS, AS
SUGGESTED BY THE AUTHORS.
.27 .10 GRUNHAUS 66 OSPK 8/67
R (,028) (.044) BUNIATQV 67 OSPK 11767
S (.244) (.05) FELDMAN 67 OSPK 8/67
S SEE THE NOTE CN €TA DECAY INTO NEUTRALS ABOVE.
026 . 019 BUTTRAM 70 OSPK 12/70
122 052 <044 COX 70 HBC 6/70
1.07) OR LESS CL=.90 DEVONS 70 DSPK 12/70
R L6 016 <047 SCHMITT 70 DSPK 12/70
R SCHMITT 70 IS A REANALYSIS BUNIATOV 67
E {0.111} (0.03) STRUGALSK 71 HLBC 5/71
£ THIS MEASUREMENT HAS BEEN EXCLUDED BECAUSE THE ERROR APPEARS 2/71
£ TO BE SERIOUSLY UNDERESTIMATED. 2/71
AVG 0.042 0.023 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4}
STUDENT 0.03¢%9 0.019 AVERAGE USING STUDENTL1O0(H/1l.11% —— SEE MAIN TEXT
FIT 0.044 0.0l5 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2}
ETA INTG (PI+ PI- GAMMA)/(PI+ PI- PIO) 1P4)/(P3)
0.14 0.08 FOELSCHE 64 HBC
M 24 (0.73} (0.25) PaULl 64 DBC
M THIS EXPERIMENT HAS NOT BEEN INCLUDED IN THE AVERAGES SINCE IT IS
M NOT CLEAR THAT THEIR CLASS B EVENTS ARE ACTUALLY FROM ETAS.
0.30 0.06 CRAWFORD 66 HBC 6766
.10 .10 KRAEMER &4 DBC 7/66
-196 .04l FOSTER3 65 HBC 7/66
.25 .035 LITCHFIEL 67 DBC 8/67
0.28 0.04 BALTAY2 67 DBC 11767
7250 201 <006 GORMLEY 70 ASPK 6/70
18K 0.209 0.004 THALER 73 ASPK 6773
AVG 0.2074 0.0037 AVERAGE (ERRCR INCLUDES SCALE FACTOR OF 1.1}
STUDENT 0.2074 0.0037 AVERAGE USING STUDENTLO(H/1.11) —-- SEE MAIN TEXT
FIT 0.2075  0.0033 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0}
ETA INTO (3PI0} + 2/3(PI0 2GAMMA}/ PI+PI-PlO (P2¢2/3P7}/P3
0.83 0.32 CRAWFORD 63 HBC 7/66
2.0 1.0 FOELSCHE 64 HBC 1/66
0.90 0.24% FOSTERL 65 HBC 7/66
AVG 0.91 0.19 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
STUDENT  0.91 0.20 AVEKAGE USING STUDENT1O(H/L.11) — SEE MAIN TEXT
FIT 1.357 0.057 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1l.2)
ETA [NTO 3PIO/2GAMMA tP21/(P1)
(.90} OR MORE CHRETIEN 62 PBC
0.88 0.186 BALTAYL 67 DBC 11767
1.1 0.2 CENCE 67 OSPK 1/68
0.75 0.09 DEVONS 70 OSPK 12770
AVG -824 0.085 AVERAGE (ERROR INCLUDES SCALE FACTDR OF 1.2)
STUDENT 0.821 0.085 AVERAGE USING STUDENTLO0(HM/L.11) —— SEE MAIN TEXT
FIT 0.787 0.039 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1l.1)
{SEE 1DOEQGRAM BELOW )
WEIGHTED RAVERRGE = 0.824 * 0.08S
ERROR SCALED BY 1.2
Values above of weighted average,
error, and scale factor are for the
reader!s convenience only, The
data were actually processed by a
constrained fit program, which _
calculates its own values of x, 6x,
and scale factor, which are differ-
ent from the values shown here.
CHIS@
- - - - -DEVONS 70 OSPK 0.7
-+ +CENCE 67 0OSPK 1.9
-\ ’ "BALTAY1 67 DBC _0.1
2.7
(CONLEV
G.4 0.8 1.2 1.6 =0.259)
ETA INTO (3PI0)~(26AMMA)
ETA INTO 2GAMMA/(PI+ PI- PO} {P1)/tP3)
1.861 0.39 FDSTERL 65 HBL
401 1.72 »25 BAGLIN &9 HLBC T/69
AVG 1.69 0.21 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
STUDENT 1.69 0.23 AVERAGE USING STUDENT10{H/1l.11) —- SEE MAIN TEXT
FIT l.611 0.C65 FRCM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)
ETA INTG NEUTRAL/(PI+ PI- P10} {PL+P2+P7)/(P3}
50 3.6 0.8 KRAEMER 64 DBC
3.8 1.1 PAULT 64 DBC T/66
2.89 0.56 ALFF-STEI 66 HBC 9766
244 3.6 0.6 FLATTE2 67 HBC 1768
29 3.4 1.1 AGUILAR-B 72 HBC 11/72
B 70 2.83 0.80 BLOODWORT 72 HBC 11/72
T 2.54 1.89 KENDALL 74 OSPX 12/75
8 ERROR INCREASED FROM PUBLISHED VALUE 0.5 BY BLODDWORTH, PRIV. COMM. 1/73
AVG 3.26 0.30 AVERAGE {ERRGR INCLUDES SCALE FACTOR OF 1.0)
STUDENT 3.26 0.33 AVERAGE USING STUDENTLO{H/1l.11) ~- SEE MAIN TEXT
FIT 3.01 0.10 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l.t)
ETA INTO (E+E-PIO)/(PI+PI-PI0} (UNITS 10%%~-4) (PS1/(P3)
10. OR LES PRICE 65 HBC
0 7. OR LESS FOSTERZ 65 HBC
42. OR LESS CL=.90 BAGLIN1 67 HLBC as67
0 16. OR LESS BILLING 67 HLBC 11767
1.9 OR LESS JANEL 75 DSPK 12/75
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R10O ETA INTO (E+E-PI+PI1-)/TOTAL (UNITS 10%%-2) {Po} R22 ETA INTO (PIO 2GAMMA)/TOTAL {P7)
R10 (0.7) OR LESS RITTENBER 65 HBC 6766 R22 .12 OR LESS CL=.95 JACQUET 69 HLBC 6/70
R22 e e e e e e s
R11l ETA INTG (E+E~PI+PI-)/(PI+PI-GAMMA) (P6)/(P4) R22 FIT 0.031 0.011 FROM FIT
R11 1 0.026 0.026 GROSSMAN 66 HBC 6766
K23 ETA INTO MU+MU-/TCTAL [UNITS 10%%-5) 121
R12 ETA INTD 2 GAMMA/NEUTRALS (PLI/(PL+P2+PT) R23 ° 2. OR LESS CL=.95 WEHMANN 68 OSPK 4768
R12 S (0.416) 10.044) DIGIUGND 66 CNTR ERROR DOUBLED 6/66
R12 “h4h .07 GRUNHAUS 66 0OSPK 8767 K24 ETA INTO MU+MU—PIO/TOTAL (UNITS 10#%%-4) (P14}
R1Z S (.5791  {.052} FELDMAN 67 OSPK 8/67 R24 5. OR LESS WEHMANN 68 DSPK 4768
R12 §  SEE ThE NOTE ON ETA DECAY INTO NEUTRALS ABOVE.
R12 T 39) t0.06) ONE 66 CNTR 8767 R25 ETA INTO MU+MU-/2GAMMA {UNITS 10¥*-5) (PL2)/UP1)
R12 T THIS RESULT FROM cumamms r,mss SECT]DNS FROM TWO OIFFERENT EXPTS. R25 5.9 2.2 HYAMS 69 0SPK 7769
R12 . oV 67 OSP 11767
R12 -535 ~018 BUTT“” 70 DSPK 12/70 R26 ETA INTO (PIO ZGAMMA)IIBPIO + PIO 2GAMMA} 1PT1/(P2+PT)
R12 -486 <036 cox 70 HBC 6770 R26 N 0. KANOFSKY 70 GSPK 2/71
R12 0.57 0.09 STRUGALSK 71 HLBC 5/7L R26 N WE HAVE CHANGEU n-E ERROR ON THIS EXPERIMENT FROM +0.3,-0,1 2/71
R12 113 0.60 0.14 KENDALL 74 OSPK 12775 R26 N TO THE ABOVE +0.3,-0,3 SINCE IT IS CLEAR FROM FIGURE 7 IN THE 2/71
R12 LIRS SRR R26 N ARTICLE THAT A CENTRAL VALUE OF 0.0 IS ABCUT AS PROBABLE AS THE 2771
RL2 AVG 0.535 0,018  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) R26 N QUOTED VALUE OF 0.1. 2/71
R12 STUDENT  0.535 0.016  AVERAGE USING STUDENT10(H/1.11} —— SEE MAIN TEXT R26 e e e e e e
RlZ FIT 0.535 0.013 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) R26 FIT 0.095 0.032 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)
(SEE IDEOGRAM BELOW )
R27 ETA INTO (PI+ PI- )/TOTAL lUNXYS 10**~z| (P15} 6/73
HEIGHTED AVERAGE = 0.535 ¢ 0.018 R27 0.15 OR LES ALER 73 ASPK CON. LEV. NOT GIVEN 6/73
ERROR SCALED BY 1.3 R28  ETA INTO (E*E—GAMMA]/(PHPI -PI0) LUNITS 10%s 2) (P8)/(P3)
- R28 J 80 2. 75 DSP 2/76
R28 J VALUE CHANGED BV ERRATUM. 2/76
Values above of weighted average, R28 s e e s e e
error, and scale factor are for the R28 FIT 2.11 0.50 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0}
der! i .
T e only, dThe R29  ETA INTQ (E+ E-1/TOTAL (UNITS 10%#-4) (P163
ata were actually processed by a R29 D 3. OR LESS 90 DAVIES 74 RVUE 2/78%
constrained fit program, Whl_(:h R29 D DAVIES 74 EXTRACTS THIS INFORMATION FROM ESTEN 67. 2/78%
calculates its own values of x, &%,
and scale factor, which are differ- TETTT SmITToms ST Tess s mommEe e
ent from the values shown here. 14 €TA C-NONCONSERVING DECAY PARAMETERS
RELATED TEXT SECTION VI C.1
CHISQ AL LEFT~RIGHT ASYMMETRY PARAMETER FOR PI+ PI- PIO (UNITS 10%%-2)
_— Al 1351 7.2 2.8 BALTAY 66 8/66
KENDALL 74 OSPK Al 1300 5.8 3.4 CLPWY o6 hoc 8766
“STRUGALSK 71 HLBC 0.1 Al 10665 (0,3) (1.0} CNOPS 66 OSPK REPL BY MULLER 69 8/67
AL 705 -6.1 4.0 LARRIBE 66 HBC 8/67
Cooetox 70 HBC 1.9 AL 636800  (1.5) .51 GORMLEY3 68 ASPK . 6768
4 © - ... .BUTTRAM 70 DSPK 0.0 Al 10709 3 1.1 MULLER 69 0SPK 9769
At 1138 -1l.4 3. CARPENTR 70 HBC 6/10
© -+ "BUNIARTOU 67 OSPK 2.8 Al 349 3.2 5.4 DANBURG 70 DBC 2/71
+ B -BRUNHAUS 66 OSPK 1.8 A1 220K -0.05 0.22 LAYTER 72 ASPK 8/72
Al 165K 0.28 0.26 JANEL 74 0SPK 3/74
6.6 Al G GORMLEY3 68 ASYMMETRY PROBABLY DUE TO UNMEASURED (E X B) SPK. CH. 3/74
(CONLEY Al G EFFECTS. NEW EXPTS. WITH (E X B) CONTROLS DONT OBSERVE ASYMMETRY.  3/74
0.3 0.5 0.7 0.9 20.157) Al
- AL AVG 0.12 0.17 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
ETA INTO (2 BAMMA)/NEUTRALS Al STUDENT 0.1l 0.19 AVERAGE USING STUDENTLO(H/1.11} —- SEE MAIN TEXT
R13 ETA INTG 3PIO/NEUTRALS (P21/1PL+P24PT) A2 LEFT-RIGHT ASYMMETRY PARAMETER FOR PI+ PI- GAMHA (UNITS 10%%-2)
R13 $ (0.209)  (0.054) DIGIUGNO 66 CNTR  ERROR DOUBLED 2756 A2 33 -2, 17. CRAWFORD 66 HBC 1L/66
/13 & (.29) (101 GRUNHAUS 66 DSPK 8767 A2 4 8. LITCRETEL 67 Dac 8/67
RI3 S (.177)  (,035) FELOMAN 67 G5PK 8/67 Az N 1620 1.5 2.5 MULLER = 69 OSPK 9769
R13 S  SEE THE NUTE oN ETA DECAY INTD NEUTRALS ABOVE. A2 7257 1.22 1.56 GURMIéEV 70 AS:K 6/170
R13 NIATOY 67 OSPK 11767 A2 36K 9.5 0.6 THALER 72 ASPK 8/72
R13 R REDUNDANT INFORNAHDN FROM TH[S EXPER[MENT. A2 35k o 1. 0.6 JANEZ T4 OSPK 3/74
R13 R AM 70 OSPK 12/70 A2 N MULLER 69 xs SENSITIVE ONLY TQ UPPER .4 OF GAMMA-RAY SPECTRUM.
R13 .392 .042 cox 70 HBC 6/70 A2 L R
R13 0.32 0.09 STRUGALSK 71 HLBC 5771 A2 AVG 0.88 0.40 AVEKAGE {ERROR INCLUDES SCALE FACTOR OF 1.0}
R13 75 0.40 0.14 KENDALL 74 0SPK 12/75 A2 STUDENT  0.88 0.45 AVERAGE USING STUDENT10{H/1.ll) —- SEE MAIN TEXT
R13 e s w % s e s ow =
R13 AVG 0.397 0.025  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0} AS SEXTANT ASYMMETRY PARAMETER FOR Pl+ Pl- PIO (UNITS 10%¥-2)
R13 STUDENT  0.397 0.027  AVERAGE USING STUDENTIO(H/1.11} -- SEE MAIN TEXT As 1300 6.8 . cLewy 66 HBC 12/75
R13 FIT 0.421 0.014 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) ﬁS ;9”? -(2)"; 3-2 Egﬁaégsz 2‘; :?gg 12/75
s . . 12/75
R14 ETA INTO PIO {2 GAMMA)/2GAMMA (P71/(P1) AS 220K 0.10 9.2 LAYTER 72 ASPK 12/75
R14 {.5) OR LESS CL=.90  WAHLIG 66 SPRK 7/66 :5 165K 0.20 0.25 JANEL 74 OSPK 12/75
Rl4 0.0 0.14 BALTAYL 67 DBC 11/67 s R
R14 P (0.05})  (0.04) BONAMY 67 SPRK PRELIMINARY RESULT 11/67 AS  AVG 0.19 0.16 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,0}
R4 RSO AS  STUDENT  0.19 0.17 AVERAGE USING STUDENT10(H/1.11) —— SEE MAIN TEXT
RL4 FIT 0.083 0.030 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)
AQ QUADRANT ASYMMETRY PARAMETER FOR PI+ PI- PIO (UNITS 10%#-2)
RLS ETA INTO {E+E-PIO)/TOTAL (UNITS 10%*-2) (p5) AQ 220K -0.07 9.22 LAYTER 72 ASPK 12/75
R1S 0.7  OR LESS RITTENBER 65 HBC 6/66 A0 185k -0.30 0.25 JANEL 74 0SPK 12775
RL5 0.084 DR LESS CL=.90 BAZIN 68 DBC 6/68 AQ LR R
R1S o 0.016 OR LESS CL=.90  MARTYNOV 76 HLSC 6777+ AQ  AVG -0.17 0.17 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
AQ  STUDENT -0.17 0.18 AVERAGE USING STUDENTIO(H/1.11} =~- SEE MAIN TEXT
R1& ETA INTO ZGAMHA/(BPIO + P10 2GAMMA) {PLI/(P2+P T}
R16 0.80 BACCI 63 CNTR 1766 BET BETA FCR ETA TQ PI+ PI- GAMMA. SENSITIVE TO D-WAVE CONTRIBUTION.
R1E - . BET DN/DCOS THETA = SIN®%2 THETA * (1 + BETA * COS®%2 THETA) 12775
BET 7250 -0.060 0.065 GORMLEY 70 WIRE 12/75
R16 FIT “171507 7 0.060 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) SET L 0.0 oroe SN 1 wine !
. . 12/15
[3%4 ETA INYO (PI+PI-PI0 GAMMA}/(PI+PI-P10)} (UNITS 10%#-2) BET 35K 0.1t 0.11 JANEZ 74 0SPK 12/75
RL17 (P10)/(P3) BEY L AUTHORS OONT BELIEVE THIS YO INDICATE D-WAVE BECAUSE DEPENDENCE OF 127715
R17 1.0 OR LESS FLATTE &7 HBC 8/67 BET L BETA ON GAMMA ENERGY INCONSISTENT WITH THEOR. PREDICTION. 12/75
R17 0.9 OR LESS PRICE &7 HBC 8/67 BET L COS**2 DEPENDENCE MAY ALSC COME FROM P AND F-WAVE INTERFERENCE. 12/7%
R17 1.6 OR LESS ClL=.95 BALTAYZ 67 DBC 11767 BET LS N R
R17 1.7 OR LESS CL=.90 ARNOLD 68 HLBC 9768 BET AVG 0.047 0.062  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5)
RI? T O 0.24 OR LESS CL=.90 THALER 73 ASPK 6773 BET STUDENT  0.053 0.053  AVERAGE USING STUDENTIO{H/1.11} =-— SEE MAIN TEXT
RIT T 0 0.0 0.15 LIMIT ABOVE RESTATED FOR AVERAGING 6/73
14 ENERGY DEPENDENCE OF ETA DALITZ PLOT
R18 ETA INTO (PI+PI- 2GAMMA)/(PE+PI-PIO) (P111/(P3)
R18 .009 DR LESS PRICE 67 HBC 8767 op RELATED TEXT SECTIGN VI C.2
RLS J0l6 OR LESS CL=.95 BALTAY2 &7 DBC 11767 Dp THE FGLLOWING EXPTS FIT TG ONE OR MORE OF THE COEFFICIENTS
op A.8,C,0, OR E FOR ETA TO PI+ PI- PIO
R19 ETA INTO 3PIO/(PI+ PI- PIO) P21 /(P3) g? 13'33”&2 %E':ENTZ‘Z 1C*ZA“V + B*év**Z) + C¥X ; D¥{X#22) + E*X¥Y ,
R19 1.3 4 BAGLIN2 67 HLBC 8/67 . 65 12/75
RLS 147 0220 0.17 BULLOCK 68 HLBC s768 op 705 SEE TEXT SEC VI C.2 LARRIBE 66 HBC 12/75
RLS 199 1.50 s .29 BAGLIN £9 HLBC 1769 oP 7170 SEE TEXT SEC VI C.2 CNOPS 68 0SPK 12/75
RLY e e e e e e . op 37K SEE TEXT SEC VI C.2 GORMLEY3 68 WIRE 12/75
R19 AVG 1.46 0.13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) op 526 SEE TEXT SEC VI C.2 BAGLIN 69 HLaC 12/75
R19 STUDENT  1.46 0.14 AVERAGE USING STUDENTLO(H/1.11} -— SEE MAIN TEXT op 1138 SEE TEXT SEC VI C.2 CARPENTR 70 HBC 12/75
R19 FIT 1.268 0.060 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1} gP 73'5-‘3 SEE ;E:I géz \V1§ gg gégiggﬁ ;g Dll!C 12/75
P 2 SEE TE - Y WIRE 12775
R20 E£TA INTO 2GAMMA/{{3PI0)+2/3(PI0 2GAMMA)) (PLI/(P2+2/3PT) bp 220K SEE TEXT SEC VI C.2 LAYTER 72 ASPK 12775
RZ0 1.10 0.5 MULLER 63 DBC 7766 oP 81K SEE TEXT SEC VI C.2 LAYTER 73 ASPK 12/15
R20 e e e e
R20 FIT 1.187 0.058 FROM FIT ([ERROR INCLUDES SCALE FACTOR OF 1.2) 40 ALPHA PARAMETER FOR ETA TO 3 P10
AQ MATRIX ELEMENT #%2 = 1 + 2%ALPHA*Z [(SEE TEXT SEC VI C.3}) 127175
R21 ETA INTO NEUTRALS/TOTAL (PLEPZ+PT) AQ 192 -0.32 0.37 BAGLIN 70 HLBC 12/75
k21 «79 .08 BUNIATOV 67 OSPK 11/67
R21 16K .705 .008 BASILE 71 CNTR MM SPECTROMETER 8/71 B Rk ERE FRERRERSE FRakbEaeE
R21 e e e e e
R21 AVG 0.7058 0.0080 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
R21 STUDENT 0.7058 0.0086 AVERAGE USING STUDENT10{H/1.11} =- SEE MAIN TEXT
R2} FIT 0.7103 0.0068 FROM FIT (ERROR INCLUDES SCALE FACTGR OF 1.1)
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REFERENCES FOR ETA

PEVSNER s KRAEMER»NUSSBAUM,RICHARDSON + [JHU)

ALFF,BERLEY sCOLLEY,BRUGGER + {(COLU+RUTGERS)
BASYIEN, BERGE, DAHL, FERRD-LUZZI + (LRL)

CHRETIEN+ (BRAN+BROWN+HARVARD+MIT+PADOVA)
E PICKUP,ROBINSON,SALANT (CNRC+BNL )
J SHAFER:FERRO-LUZZIsMURRAY # (UCB+LRL)
BACCI,PENSO,SALVINI + (ROMA+FRAS)

BUSCHBECK-CZAPP+COOPER + (VIENNA,CERN,AMST)

F S CRAWFORD,L1OYD, FOWLER (LRL+DUKE}
F S CRAWFORDsL LLOYDsE FOWLER (LRL+DUKE)
DELCOURT yLEFRANCOIS,PEREZ Y JORBA+ {CRSAY)
MULLER,PAULT + {SACL+ROMA)
H W FOELSCHEsH L KRAYBILL {YALE}
KRAEMER y MADANSKYy FIELDS + {JHU+NWES+WOGO )
E PAULI,A MULLER (SACLAY)
FOSTERyPETERSyMEER:LOEFFLER + (WISC+PURDUE)
FOSTER,GOOD, MEER (WISCONSIN}
M,CL.FOSTER (WISCONSIN)
LR.PRICE,F.S.CRAWFORD (LRL}
RITTENBERGs KALBFLEISCH {LRL+BNL)

ALFF-STEINBERGERBERLEY+ {COLUMBIA+RUTGERS)
+FRANZINT +KIMsKIRSCH+{COLUMBIA+STGNY BROOK )
COLUMBIAsLRLyPURDUE s+ WISCONSIN,YALE

CNOPS FINOCCHIARS ,LASSALLE s (CERNETHZSACL)
F.S.CRAWFORDsL.R.PRICE {LRL)

DIGIUGNOsGIORGLs SILVESTRI+ (NAPL,TRST¢FRAS)

R GROSSMAN+L PRICE+F CRAWFORD (LRL)
JGRUNHAUS (COLUMBIA)
F E JAMES+H L KRAYBILL {YALE+BNL)

JGNESBINNTEyDUANE, HORSEY s MASON, (LOTC,RHEL}

LARRIBEsLEVEQUE ¢ MULLER,PAULI s+ (SACL+RHEL)
WAHLIG: SHIBATAsMANNELLI {MIT+P1SA)
BAGLIN,BEZAGUET s DEGRANGE ++ {EPOL+UCB)
BAGLIN+BEZAGUET,DEGRANGE ¢ + (EPOL+UCB)
BALTAY , FRANZINI ,KIMyNEWMAN+ {COLU+BRAN}
BALTAY s FRANZINI KIM,NEWMAN+® {COLU+STON)

BEMPORAD » BRACCINI +F DA, LUBELSMEY+(P15A,BONN}

BILLING ¢BULLOCKs ESTEN,; GOVAN,+
BCNAMY y SONDERE GGER

{LOUC,DXF}
{SACLAY)

BOWEN,CNOPS yFINOCCHIARO .+ (CERN+ETHZ+SACL)
BUNTATOV,ZAVATTINI, DEINET,+ (CERN+KARL }
CENCE, PETERSONs STENGER, CHIU+ (HAWATI+LRL)
FELDMANFRATI, GLEESON,HALPERN,+ (PENN)
S«MJ.FLATTE {LRL)
S.M.FLATTE AND C.G.WOHL (LRL}

LITCHFIELD,RANGAN SEGAR y SMITH+ (RHEL+SACLAY)
LoR.PRICE+F.S.CRAWFORD {LRL)

+PATY,BAGLINsBINGHAM+ {STRB+MADR+EPOL+UCB]
BAZIN,GOSHAW s ZACHER 4 (PRINCETONy QUEENS)
+ESTEN, FLEMING»GOVAN, HENDERSONOWEN+ {LOUC)
GORMLEY ¢ HYMAN, LEE yNASH,PEOPLES+ {COLU+BNL}
WNEHMANN s ENGELSs+ (HARV+CASE+SLAC+CORN+MCGI)

BAGLIN,BEZAGUET,+ (EPOL sUCB+MADRy STRB}
+BEZAGUET ,DEGRANGE s MUSSET +(EPOLyMADR,STRB)
HYAMS yKOCH,POTTER . VON LINDERNs+ (CERN,MPIM)
JACQUETNGUYEN-KHACHAATUFT + (EPOL + BERG}
ARMAND MULLER {STRB)

+BEZAGUET DEGRANGE, MUSSET+ {EPOL bMADR*‘STKB)
+KREISLER+MISCHKE (PRIN)
CARPENTERBINKLEYs CHAPMANCOX+ DAGAN+ (DUKE)

C£OX ¢ FORTNEY ,GOLSON {DUKE}
+ABOLINS sDAHL» DAVIE S HOCHyKIRZ 4+ (LRL}
+GRUNHAUS yKOZLOWSK] ¢ NEMETHY + {COLU,SYRA)
GORMLEY s HYMANsLEEsNASH, PEOPLES+ {COLU+BNL}
MICHAEL GDRMLEV {cotu}

A. KANDFSK (LEHI )
+BUNIATOV,ZAVATT!NI.DElNET* (CERN,KARL}

+BOLLINI DALPIAZ,FRABETTI+ [CERN, BGNA.STRBI

+CHUVILO,GEMESY, I VANOVSKAY A+ (JINR)
AGUILAR-BENITEZ» CHUNG,EISNERsSAMIOS {BNL}
BLOODWORTH, JACKSON, PRENTICE,YOON (TORONTO)
+APPELyKOTLEWSKE +LEEsSTEINTHALER {coru)
+APPELyKOTLEWSKI 4LAYTER,LEE,STEIN {coLud
+APPEL, KOTLEWSKI +LEEySTEIN «THALER (cow)
+APPEL yKOTLEWSKI,LAYTER,LEE,STEIN {coLy)
+DEWIREsGITTELMAN,HANSONsLOH + (CORN+BING)

+GUY,Z1A (BIRM#RHEL+SHMP)
ESTEN,GOVANsKNIGHT, MILLER TOVEY+ {LOUC+OXF)
+JONES +L 1PMAN, OWEN, PENNEY+ [RHEL+LOWC+SUSS)
4JONES, L1PMAN, OWEN, PENNEY+ {RHEL +LOWC+SUSS)

#LANOU,MASSIMO,SHAPIRD + (BROW+BARI+MIT)
+GRANN1S y JONES s LIPMAN, OWEN + {RHEL+LOWC}
+GRANNTS y JONES s LIPMAN,DWEN + {RHEL+LOWC )

PRIVATE COMMUNICATION.
(JINR)

ERRATUMy M.R+JANE,
+SALTYKOVsTARASOV,UZHINSKIT

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS

62 PRL 8 114
62 PRL 8 117
62 PRL 8 293

BASTIEN,BERGEsOAHLs FERRO-LUZZI yMILLER+{LRL}
D CARMONY,A ROSENFELD,VAN DE WALLE tLRL)
A ROSENFELD,0 CARMONY, VAN DE WALLE (LRL}

EEHEEE

EE RS

54

Data Card Listings

For notation, see key at front of Listings.

10 CHARGED K{494,JP=0-) [=1/2
10 CHARGED K MASS (MEV)
M 493.9 0.2 COHEN 57 RVUE +
M 493.7 0.3 BARKAS 63 EMUL -
M 493.78 0.17 GREINER 65 EMUL + VIA TAU DECAY T/66
M A (493.87) (0.19) KUNSELMAN 71 CNTR - KAONIC ATOMS 10/71
M 493,691 0.040 BACKENSTO 73 CNTR — KAJINIC ATOMS 1/73
M A 493.662 0.19 KUNSELMAN 74 CNTR -~ KAONIC ATOMS /74
M 493.657 0.020 HENG CNTR -~ KAONIC ATOMS 6/77%
MoA KUNSELMAN 74 UPDATES KUNSELMAN 71 WITH IMFRDVED KAONIC ATOM CALC. /74
“ ..
M AVG 493.667 0.018 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
M STUDENT 493.667 0.020 AVERAGE USING STUDENT1O0(H/1l.11) == SEE MAIN TEXT
M FIT 493.668 0.018 FROM FIT (ERRCR INCLUDES SCALE FACTOR OF 1.0) 2/78%
10 (K+) = {K=) MASS DIFFERENCE {(MEV)
DM F  L.5M -0.032 0.090 FORD 72 ASPK +— 4/72
oM F FORD 72 USES M{PI+}-M(PI-) = +28+-70 KEV. 1773
10 CHARGED K MEAN LIFE (UNITS 10%%-8)
T CHAR. K MEAN tIFE
T o (0.95 {0.36) (0.25) ILOFF 56 EMUL
T o 52 {1.60) (0.3} (0.3) EISENBERG 58 EMUL
T 1.21 C.06 0.06 BURROWES 59 CNTR
T 1) 33 (1.38) (0.24) (0.24) FREDEN 60 EMUL
T o] {1.25) {c.22) (0.17) BARKAS 61 EMUL
T 4] 51 {1.27) {0.361 10.23) BHOWMIK 61 EMUL
T 293 1.31 0.08 0.08 NORDIN 61 HBC -
T {1.24} {0.07} NORDIN 61 RVUE -
T 1.231 0.011 0.011 BOYARSKI 62 CNTR +
T 1.2443 0.0038 FITCH 65 CNTR + K AT REST 6766
T 1.221 0.011 FORD 67 CNTR +- 8/67
T 1.2272 0.0036 LOBKOWICZ 69 CNTR + K IN FLIGHT 9/66
T 3M 1.2380 0. CNTR + STOPPING K 2/7
T a OLD EXPERIMENTS HITH LARGE ERRORS EXELUDED FROM AVERAGING 2/71
T o . .
T AVG 1.2370 0.0032 0.0032 AVERAGE {ERROR INCL. SCALE FACTOR OF 2.4)
T STUDENT 1.2374 0.0016 0.0016 AVG BY STUDENT10{H/1.11) -— SEE MAIN TEXT
T FIT 1.2371 0.0026 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.9}
(SEE IDECGRAM BELOW }
WEIGHTED AVERAGE = 0.8084 * 0.0021
ERROR SCALED BY 2.4
Values above of weighted average,
error, and scale factor are for the
reader's convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of X, &,
and scale factor, which are differ-
ent from the values shown here,
CHISQ
e e OTT 71 CNTR 0.4
-LOBKOWICZ 69 CNTR 7.3
«FORD 67 CNTR
-FITCH €5 CNTR 3.7
‘BOYRRSKI 62 CNTR
*NORDIN 61 HBC
BURRDOWES 59 CNTR
11.4
! (CDNLEV
0.70 .75 0.80 0.85 0.90 0.95 =0.003)
CHARGED K DECAY RATE (UNITS 10%sB SEC-1)
10 ({K+) — (K-}}/AVG., MEAN LIFE DIFFERENCE {(PERCENT}
DT N THIS QUANTITY IS A MEASURE OF CPT INVARIANCE IN W.I.
oT 0.47 0.30 67 CNTR 8/67
oT 0.090 0.078 LDBKOH!CZ 69 CNTR 12/70
b7 e e s e e s e
DT AVG Galls 0.093 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2}
DY STUDENT 0.112 0.083 AVERAGE USING STUDENT10{H/l.L1) —— SEE MAIN TEXT
10 CHARGED K PARTIAL DECAY MODES
DEEAV MASSES
PL CHAR. K INTO MU NEU K My2 105+
P2 CHAR. K INTO PI PIO K P12 139+ 136
P3 CHAR. K INTO Pl Pi+ PI~- TAU 139+ 136+ 139
P4 CHAR. K INTQ PI 2PIO TAU PRIME 139+ 134+ 134
P5 CHAR. K INTO MU PIO NEU K MU3 105+ 134+ 0
Po CHAR. K INTO € PIO NEU K E3 «5+ 134¢ 0
P7 K+ INTO PI+ PI- Es+ NEU K E+ 4 139+ 139+ .5+ 0
P8 K+ INTO PI+ PI+ E- NEU K E- 4 139+ 139+ .5+ [}
P9 K+ INTO P1+ PI- MU+ NEU K+MU+ & 139+ 139+ 105+ o
P10 K+ INTO PI+ PI+ MU~ NEU K+MU- 4 139+ 139+ 105+ o
P11 CHAR. K INTO E NEU K E2 « 5+ o
P12 CHAR. K INTO MU NEU GAMMA K MU RAD 105+ 0+ 0
P13 CHAR. K INYO PI PIC GAMMA K PI RAD 139+ 134+ [}
Pl CHAR. K INTG PI PI+ PIl- GAMMA TAU RAD 139+ 139+ 139+ [}
P15 CHAR. K INTO PI E+ E- PI E E 139+ .5+ .5
Ple CHAR. K INTO PI MU+ MU~- Pl MU MU 139+ 105+ 105
P17 CHAR. K INTD PI GAMMA GAMMA Pl GAM GAM 139+ o+ Q
P18 CHAR. K INTO PIO E NEU GAMMA P1 E NEU GAM 1344+ .5+ o+ aQ
Ple K#= INTQ PI-=+ E+~ E+- PI=dE+-E+— 139+ .5+ .5
P20 CHAR. K INTD PI NFU NEU PI NEU NEU 139+ 0+ o
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P21 CHAR. K INTO E NEU GAMMA K E2 RAD o5+ o+ ]

P2z CHAR. K INTO PI GAMMA K PI GAM 139+ 0

P23 CHAR. K INTO PI 3GAMMA Pl 3GAM 139+ 0+ 0+ O

P24 CHAR. K INTO PIO P10 E NEU K E4 2P10 134+ 134+ .5+ o

P25 K+ INTO PI- E+ MU+ PI-E+MU+ 139+ .5+ 105

P26 K+ INTG P+ E+ MU~ PI+E+MU- 139+ .5+ 105

P27 CHAR. K INTO MU NEU NEU NEUBAR MU 3NEU 105+ 0+ 0+ O

P28 CHAR. K INTO PIO MU NEU GAMMA PI MU NEU GAM 134+ 105+ 0+ ]

P29 K+ INTG PI+ MU+ E- PI+MU+E- 139+ 105+ .5

P30 CHAR. K INTO My NEU E+ E- MU NEU E+E- 105+ 0+ .5+ .5

P31 K4+— INTO MU-+ NEU E+— E+— MU-+ NEU 2E+- 105+ 0+ .5+ .S

P32 CHAR. K INTO NEU E E E NEU 3E 0+  .5¢ .5+ .5

CHARGED K CONSTRAINED FIT

OVERALL FIT OF MEAN LIFE, WIDTHS AND BRANCHING
RATIOS USES 59 DATA POINTS TO DETERMINE SIX 3/778%
QUANTITIES. OVERALL FIT HAS CHISQ=78.0. MAIN 3/78%
CONTRIBUTION (13.,2) COMES FROM R19 OF HAIDT 3/78%

71 (WE SEE NO REASON TO REJECT THIS EXPERIMENT
AT THIS TIME)

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P;, as follows: The diagonal elements are P;+5P;, where
6P, = V(8P 8P}, while the off-diagonal elements are the normalized correlation coeffi-
i P8P ) /(6P, . 6P,).
cients { Py PJ)/( P] 6PJ)

above; only those Pi appearing in the matrix are asaumed in the fit to be nonzero and

For the definitions of the individual Pi' see the listinga

are thus constrained to add to 1.

Pl P2 P 3 P4 PS5 P&
P 1 .6350+-.0016
[ 4 -.7381 .2116+4-.0015
P 3 =.1919 «0559+-.0003
P 4 -.1819 +2039  L.0L73+-.0005
PS5 —.2725 -.1179 -.3230 .0320+.0009
P o ~.3388 -1501 «0258 +2122 .0482+-.0005

E TED PARTIAL DECAY MODE RATES

The matrix below is the branching fraction matrix above, transformed into rate

space; i.e., G; = ;» in appropriate units. In analogy to the matrix above,

= V(8G8Gy), while the off-diagonal
elements are the normahzed correlatxon coef[lclents (3G, EG )/(6(3 - 8G.). Note that,

because of the error in I, |, the errors and correlations here are not directly derivable

r=1r
i wtal
the diagonal elements are G tﬁG i where 5G

from thoge above.

G 1 G 2 G 3 [ G 5 G 6
6 1 .51334-.0017
G 2 —+3275 .1710+-.0013
6 3 ~.0991 «0452+4-,0002
G 4 -+1076 22062  .0L40+-.0004
G 5 ~+1623 -.1229 -.3193 .0258+-.0007
G & ~+1551 .1533 0311 +2194 .0390+~.0004
10 CHARGED K DECAY RATES
Wi CHAR. K lNTU MU NEU (UNITS 10%*6 SEC-1} 61}
Wi 1.2 0.8 FORD 67 CNTR +~- 8/67
Wl . . .
WL FIT 51.33 0.17 FROM FIT {ERROR INCLUDES SCALE FACTOR DF 1.2
w2 CHAR. K INTO PI PI+ PI— (UNITS 10‘*6 SEC-1) (63)
"z (4.496) (0.030) 67 CNTR +- SEE NOTE F 8/867
LT3 F 3.2M (4.529) (0.032) FDRD 70 ASPK SEE NOTE ¥ 11/70
W2 4.511 a. FORD 0 ASPK SEE NOTE F 1r/70
w2 F THE LAST IS THE COMBINED RESULT OF FORD 67 AND FORD 70
W2 -
W2 FIT ’1.517 0-023 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)
W3 CHAR. K INTO (TAU) - (TAU PRIME) (UNITS 10%%6 SEC-1)
w3 (63-54)
w3 USED FOR DELTA I = 1/2 TEST.
W3 « o s . . - .
W3 FIT 3.117 0.039 FROM FIT
We CHAR. K INTO (MU PIO NEU) + (E PID NEU) (UNITS 10*%6 SEC-1}
L1 (G5+G6)
Wé USED FOR DELTA I = 1/2 TEST.
.13 . s e e o e .
W4 FIT 6484 0.089 FROM FIT
10 ({K#) — (K~))/AVG., DECAY RATE DIFFERENCE {PERCENT}
D1 DEFFERENCE IN K MU2 RATES ((Gltl—lGl Y1761 (PERCENT)
D1 —-0.54 o 67 CNTR 8/67
02 OIFFERENCE IN TAU RATES ((63+)-1G63-)1}/63 (PERCENT)
D2 -0.50 -90 FLETCHER 67 OSPK 8/67
Dz F (-0.04) to.21) FORD 67 CNTR SEE NCTE F 8/67
D2 F 3.2M 10.10) 1{0.14) FDRD 70 ASPK SEE NOTE F 11/70
D2 F 0.08 0.12 FORD TO ASPK SEE NOTE F 11770
D2 § {-0.02) SMITH T3 ASPK +- 11/73
02 F SECOND FORD 70 VALUE 1S FIRST FORD 70 COMBINED WITH FORD 67.
b2 S SMITH 73 VALUE OF D2 IS DERIVED FROM SMITH 73 VALUE OF D3. 11773
D2 e % e s 4 e
D2 AVG 0.07 0.12 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
D2 STUDENT 0.07 0.13 AVERAGE USING STUDENT10(H/1.11) -~ SEE MAIN TEXT
D3 OIFFERENCE IN TAU PRIME RATES ((GA&) {G4~) }/AVERAGE {PERCENT)
D3 1802 ~1.1 1.8 RZI 69 05PK 5/70
D3 0.08 6.58 SHITH 73 ASPK +- 11/73
03 P
D3 AVG -0.03 0.55 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
D3 STUDENT -0.03 0.60 AVERAGE USING STUDENT10(H/1.11) —— SEE MAIN TEXT
D4 DIFFERENCE IN K PI2 RATES (162+)~({G2-) ) /AVERAGE (PERCENT}
D4 0.8 . HERZO 69 GSPK 5770

Stable Particles
Ki

DIFFERENCE IN K PI1 RAD RATES ((GL3+)}-(G13-)1/AVERAGE (PEKCENT)

24 0.0 24.0 EDWARDS 72 OSPK PI KE 58-90 MEV 8/72
4000 1.0 4.0 ABRAMS 73 ASPK +— P1 KE 51-100 MEV 3/74
2461 0.8 5.8 SMITH 76 WIRE #- PI4-KE 55-90 MEV 11/76%

AVG 0.9 3.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
STUDENT 0.9 3.5 AVERAGE USING STUDENTL1O0{H/1.11} —— SEE MAIN TEXT
10 CHARGED K BRANCHING RATIOS
u} OLD DATA EXCLUDED
CHAR. K INTO {MU NEU)/TOTAL (UNITS 10¥*=2) irPi}
0 (58 51 (3-0] RGE 56 EMUL +
o 156.9) ALEXANDER 57 EMUL +
a aLp EXPERIMENTS NUT INCLUDED IN AVERAGING 1/71
62K £3.24 0.44 CHIANG T2 OSPK + 1.84 GEV/C K+ 9/72
FIT 63.50 O. 16 FRCM FIT (ERROR INCLUDES SCALE FACTOR OF L.0)
CHAR. K INTD (PI PIO}/TOTAL IUNITS 10%%-2) p2)
c (27.7) (2.7) 56 EMUL +
[ .21 (2 ALEXANDER 57 EMUL +
o EARLIER EXPERIHENTS NOT AVERAGED
(2 0.6 CALLAHAN 65 HLBC SEE R17
(21 6) (0.6} TRILLING 65 RVUE 6/66
16K 2t.18 0.28 CHIANG 72 OSPK + 1.84 GEV/C X+ 9/72
FIT 21.16 0.15 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
CHAR. K INTO (PI PI+ PI- )/TEITAL (UNlTS 10%%-2) P3)
o {5.6) {0.4) 56 EMUL +
0 {6, 8) {0. ’w) ALEXANDER 57 EMUL +
[¢] (5 0. TAYLOR 59 EMUL +
Q EARLIER EXPERIMENTS NOT AVERAGED
. 0.3 ROE 61 HLBC + 9/66
2332 5.54 .12 CALLAHAN 64 HLBC +
540 5.1 0.2 SHAKLEE &4 HLBC + 9/66
5.71 0.15 DE MARCD 65 HBC 6/66
44 6.0 0.4 YOUNG 65 EMUL + 6766
P 693 5.34 0.21 PANDUULAS 70 EHUL + 10770
¢ 2330 15.56} 10.20) CH 72 DSPK + 1.B4 GEV/C K+ 9s12
[ THIS VALUE 1S NOT INDEPENDENT OF CHIANG 72 RI.RZ,RI' R5, AND Ré 9772
P INCLUCES EVENTS OF TAYLOR 59.
AVG 5.521 0.098  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)
STUDENT  5.533 0.089  AVERAGE USING STUDENT10(H/1.11)} -- SEE MAIN TEXT
FIT 5.588 0.030 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)
(SEE IDEOGRAM BELOW }
WEIGHTED AVERAGE = 5.521 = 0.098
ERROR SCALED BY 1.3
Values above of weighted average,
error, and scale factor are for the
reader's convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of X, 5%,
and scale factor, which are differ-
ent from the values shown here.
CHISQ
r - -PANDOULAS 70 EMUL 0.7
+ *YOUNG 65 EMUL 1.4
+ 'DE MRRCOD 65 HBC 1.6
« ep e}« -SHAKLEE 64 HLBC 4.4
-+ «++ CALLRHAN 64 HLBC 0.0
—_1t *ROE 61 HLBC 0.4
B.6
¢(CONLEUV
4.8 5.0 5.5 6.0 6.8 7.0 =0.,127)
CHAR.K TO (PI PI+ PI-)-TOTAL (UN 10m%=-2)
CHAR. K INTO (PI ZPIO)/TOTAL lUN[TS 10"—2) tera)
o (2.1) (0. 56 EMUL +
o {2.2) 0. 4) ALEXANDER 57 EMUL +
a {1.5) {0.2) TAYLOR 59 EMUL +
o] EAKLIER EXPERIMENTS NOT AVERAGED
1.7 0.2 ROE 61 HLBC + 11767
108 1.8 0.2 SHAKLEE 64 HLBC + 11767
P 198 1.53 0.11 PANDDULAS 70 EMUL + 10/70
1307 1.84 0.06 CHIANG 72 OSPK + 1.84 GEV/C K+ 9772
14 lNCLUDES EVENTS OF TAYLOR 59.
AVG 1.767 0.071 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.4}
STUDENT 1.778 0.063 AVERAGE USING STUDENTLO(H/1.11} —— SEE MAIN TEXT
FIT 1.732 0.045 FROM FIT (ERROR INCLUDES SCALE FACTOR OF t,3)
(SEE 1DEOGRAM BELOW )
CHAR. K INTO {MU PEQ NEU}/TOTAL (UNIYS 10%*-2) irs)
0 (2.8} {1.0 IRGE 56 EMUL +
<} (5.9} (1.3) ALEXANDER ST EMUL +
a (2.8) (0.4 TAYLOR 59 EMUL +
O EARLIER EXPERIMENTS NOT AVERAGED
2345 3.33 0.16 CHIANG 72 OSPK + 1.84 GEV/C K+ 9s72
FI1T 3.197 0.086 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.7)
CHAR. K INTO (E PIO NEU)/TOTAL (UNITS 10%%-2} 1Ps)
1] (3 21 i1. 3) BIRGE 56 EMUL +
1) .11 (1. ALEXANDER 57 EMUL +
o EARL]ER EXPERIHENTS NOT AVERAGED
. 0. CE &1 HLBC + 11/67
429 4.7 0.3 SHAKLEE &4 HLBC + 11767
3516 4.86 0.10 CHIANG 72 OSPK + L1.84 GEV/C K¢ 9/72
AVG 4.849 0.093 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
STUDENT  4.85 0.10 AVERAGE USING STUDENTIO(H/1.11) =-- SEE MAIN TEXT
FIT 4.824 0.052 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1}
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WEIGHTED RAVERAGE = 1.767 = 0.071 RLO CHAR. K INTD (MU PIO NEUI/TAU {P51/(P3) ,
R19 2845 0.632 BISI 1 65 H+HL + . Bl66
ERROR SCALED BY 1.4 R19 38 0.90 0 lb YOUNG 65 EMUL + 8/66
_[_ R19 H 1505 {0.510) 10.017) EICHTEN 68 HLBC + 11/68
R19 H1505 0.503 0.019 23 71 HLBC + 12770
R1S H HAIDT 71 IS A REANALYSiS OF EICHTEN 68.
R19 - . .- - -
: R19 AVG 0.536 0.05‘9 AVERAGE {ERRUR INCLUDES SCALE FACTOR OF 3.2)
Values above of weighted average, ’R19 STUDENT  0.527 0.025 AVERAGE USING STUDENT10(H/1.11) —- SEE MAIN TEXT
error, and scale factor are for the R19 FIT 0.572 0.016 FROM FIT {ERRCR INCLUDES SCALE FACTOR OF 1.8}
reader’s convenience only, The (SEE IDEOGRAM BELOW
data were actually processed by a
constrained {it program, which
calculates its own values of X, X, WEIGHTED AUERAGE = 0.536 *+ 0.054
and scale factor, which are differ- ERROR SCALED BY 3.2
ent from the values shown here, ‘
J—
CHISQ Values above of weighted average,
—— 4o onmns 22 osec a.s crrar nd soale factor are for the
oniy. e
. + + « +PANDDULAS 7?0 EMUL 4.6 data were actually processed by a
—_— « - - -SHAKLEE €4 HLBC 0.0 constrained fit program, which
—_ ‘ROE 61 HLBC 0.1 calculates its own values of X, &%,
_S 3 and scale factor, which are differ-
(CDNI:EU ent from the values shown here.
1.2 1.6 2.0 2.4 =0.100}
CHAR. K INTO (PI 2PID)/TOTAL (UN 10%®-2)
CHISQ
R7 CHAR. K INTG (P12 + MU3)/TOTAL (UNITS L0#%-2)  (P2ePS5) 11/67 + coscesesr -HRAIDT 71 HLBC 3.1
R7 WE COMBINE THESE TWO MODES FOR EXPTS MEASURING THEM IN XENON BC — 1 YOUNG 65 EMUL
R7 BECAUSE OF DIFFICULTIES OF SEPARATING THEM THERE
R7 23.4 1.1 ROE 61 HLBC + 11767 se-- - - +BISI 1 65 H+HL _?7.5
R7 886  25.4 0.9 SHAKLEE 64 HLBC + 11767 10.5
RT D T P Y
RT AV 24.60 0.98 AVERAGE (ERROK INCLUDES SCALE FACTOR OF 1.4) 0.2 0.6 1.0 1.2 [EODNES:LLJJ
RT STUDENT 24.61 0.83 AVERAGE USING STUDENT10(H/1.11} == SEE MAIN TEXT . . . =0.
RT FIT 24.36 0.15 FROM FIT {ERROR INCLUDES SCALE FACTOR OF l.1] CHARGED K INTO (MU PID NEU)~TAU
R K¢ INTO (PI+ PI+ E= NEU)/TDTAL (uan 10%#-7} (P8)
R8 20. OR LESS € RGE 65 FBC + 8/66
R8 V) 6.9 OR LESS Y 69 HLBC + 10/69
R8 o %.0 OR LESS SCHHEINEE T1 HLBC + 9/71 R20 CHAR. K INTO (E PIO NEU}/TAU {Pel/(P3)
R20 230 0.90 0.06 BORREANI 64 HBC + - B8/66
r9 K+ INTO (Pi+ PI- MU+ NEUI/TOTAL (UNITS 10%¥%-5)  (P9) R20 37 0.90 0.16 YOUNG 65 EMUL + . 8766
R 1 0.77 0.54 0.50 CLINE 65 FBC 4 8/66 R20 854 0.94 0.09 BELLOTT2 67 HLBC 11767
R20 H 4385  (0.846) (0.021) EICHTEN 68 HLBC + 11/68
R10 K+ INTO {PI+ PI+ MU- NEU)I/TOTAL (UNITS 10¥#*-¢) (P10} R20 H4385 0.850 0.019 HAIDT 71 HLBC + 12/70
R10 o 3.0 OR LESS CL=.95 BIRGE 65 FBC + 8/66 R20 2827 0.856 0.040 BRAUN 75 HLBC + 12775
R20 H HAIDT T1 IS A REANALYSIS OF EICHTEN 68.
R11 CHAR. K INTO (E NEU)/TOTAL {UNITS 10%#-5) (P11} R20 . .
R11 160.0 OR LESS CL=.95 BORREANI 64 HBC + 11/67 R20 AVG “01856° T 6.016  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
R11 4 2.1 1.8 1.3 BOWEN 67 OSPK + 8761 R20 STUDENT  0.858 0.018  AVERAGE USING STUDENTLO(H/1.11) —- SEE MAIN TEXT
R11 BOWEN RESULT SHOULD BE CORRECTED TO 1.9(+1.7,-1.2) BECAUSE OF R20 FIT 0.8633  0.0098 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.1)
R11 K+ TO E+ NEU GAMMA DECAYS BEFORE COMPARING WITH BOTTERILL 67 R28
R21 K+ INTO {PI+ PI- E+ NEUJ/TAU (uuns 10%%-4} (PT)/(P3)
R12 CHAR. K INTO {PI GAMMA GAMMA)}/TOTAL (UNITS wu-q: Z R21 69 6.7 1.5 RGE 65 FBC + 8/66
R12 P17)
R12 ALL VALUES GIVEN HERE ASSUME A PHASE SPACE PION ENERGY SPECTRUM 2172 REY s 5:52 S:6a g;l‘;mm 53 hLhC ¢ AT
R12 -0.1 68 OSPK + TIPI} 60-90 MEV  9/73 R21 106 7.0 0.9 SCHWEINBE 71 HLBC + 9/71
R12 a 0.5 90  KLEMS 71 OSPK + T(PIJGT 117 MEV  8/71 R21 30K 7.21 0.32 ROSSELET 77 SPEC + 11777%
R12 0 0.35 90 LJUNG 73 HLBC + 6-102,114-127HEV 9/73 R21L R
R12 0 -0.42 ABRAMS 77 SPEC + TIPIILT 92 MEV  12/77% R21 AVG 6.98 0.26 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
R21 STUDENT  7.02 0.29 AVERAGE USING STUDENTLO(H/1.11) == SEE MAIN TEXT
Ri3 CHAR+ K INTO (PI PIO GAMMA}/TOTAL (UNITS 10%%-4) (PlBl
R132 0 18 (2.2) (0.7} CLINE 64 FBC PI+ KE 55-80 MEV 8766 R22 K+ INTO (PI+ PI— MU+ NEUM/TAU (UNITS 10%%-4} (P9)/(P3)
R13 0 1.9 OR LESS €L=.90 EMMERSON 69 0SPK PI+ KE 55-80 MEV 10/69 R22 1 (2.5) APPROX GREINER 64 EMUL + 8/66
R13 M 0 1.0 OR LESS MALTSEV 70 HLBC + PI+ KE LT 55 MEV 12/75 R22 7 287 1.55 BISI 67 DB + 11767
R13 42100 2.71 0.19 ABRAMS 72 ASPK +- PI+ KE 55-90 MEV 1/73
RI3 0 24 (2.4) (0.8) EDWARDS 72 0SPK PI+ KE 58-90 MEV 8/72 . . N e .
RI3 L (1.5) (1.1) (0.6} LJUNG 73 HLBC + PI+ KE 55-80 MEV 9/73 223 1§§3R K;:;D € 3321“5””"‘“2 "éé;,;ﬁ "Sézouspﬁ'ipb)““ P2} 8/67
R13 L (2.6) (1.5) (1.1} LJUNG 73 HLBC ¢ PI+ KE 55-90 MEV 9/73 R23  si10 16 0.22 ESCHSTRUT 68 OSPK + 1768
R13 GL 17  (6.8) (3.7) (2.1)  LJUNG 73 HLBC + PI+ KE 55-102MEV  9/73 R23 W 5.5 0.64 WEISSENBE 76 SPEC + 1778%
:}g o 24&}‘” Nics-’sungr?cs exp;amer«ﬂ‘;:s Avg;ﬁagé“ += PI4—KE 55-90 MEV 1;;_7’3: R23 W VALUE CALCULATED FROM WEISSENBERG 76 KE3, KMU2, KPI2 VALUES 1/78%
- *
R13 M MALTSEV 70 SELECTS LCW PI+ ENERGY TO ENHANCE DIRECT EMISSION CONTR. 1/76 ;gi W To f"f”f"“"f ?ETE'_‘DENCE ON DUR 1974 TAU AND TAU-PRIME FRACTIONS. 1/18
R13 L THE LJUNG 73 VALUES ARE NOT INDEPENDENT. 9/73 RZ3 AVG 6.01 0.15 AVERAGE (ERRCR INCLUDES SCALE FACTOR OF 1.0}
R13 A ABRAMS 72 OBSERVES DIRECT EMISSION BR. RATIO OF (1.56+~0.35)%10%%-5 1/73 R23 STUDENT  6.01 0.17 AVERAGE USING STUDENTIO(H/1.11) — SEE MAIN TEXT
R13 A +-0.5%10%%-5 ADDNL. SYST. ERROR AND INNER BREMSSTRAHLUNG BR. RATIO 1/73 R23 EIT 5.698 0.067 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l.1)
R13 A COF {2.55+-0.181%10%%-4, WE QUOTE THE SUM OF THESE BR. RATIOS. 1773
R13 LR R R24 CHAR. K INTO (PI pm)/mu NEU) (P2)/7(P1)
RL13 AVG 2.75 0.16 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0} R2&4 A4517 0.3277  0.00: AUERBACH 67 OSPK + 1/74
R13 STUDENT  2.75 0.18 AVERAGE USING STUDENT10(H/1.11} -- SEE MAIN TEXT R24 1600 0.305 0. 015 ZELLER 69 ASPK + 10769
R24 ¥ 25K  10.328) {0.005) WEISSENBE 74 STRC + /74
RL4 CHAR. K INTO (PI PI+ PI- GAMMA)/TOTAL {UNITS 10%#-4) R24 W 0.3355  0.0057 WEISSENBE 76 SPEC L /T8%
R14 tP14) R2¢ A AUERBACH 67 CHANGED FROM .3253+-.0065. SEE COMENT WITH RATIO R26. L1/74
R14 1.0 0.4 STAMER 65 EMUL + EGAM GT 11MEV 8/66 R24 W WEISSENBERG 76 REVISES WEISSENBERG T4« 1/78%
R24 ® s s s e s s e
R15 CHAR- K INTO (Pl E+ E—)/TDTAL (UNITS 10%%-6) tPis} RZ24 AVG 0.3307 0.0051 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2)
R15 1 2.45 OR LESS CAMERINT 64 FBC + 8/66 R24 STUDENT  0.3307  0.0048 AVERAGE USING STUDENT10(H/t.11) -- SEE MAIN TEXT
R15 4.4 OR LESS BISI 67 DBC 4 11/67 R24 FIT 0.3332  0.0030 FROM FIT (ERROR INCLUDES SCALE FACTOR OF :.0)
R15 ¢ (0.41 OR LESS CLINEL 67 FBC + J11/67
R1S ¢ 0.88 OR LESS CLINE2 67 FBC + . 2/74 R25 CHAR. K INTO (E PIO NEU)/(MU NEU) (P6)/LPL)
R15 32.0 OR LESS BEIER 72 DSPK += 9/72 RZ5 A 295 0.0791  0.0054 AUERBACH 67 OSPK + 1774
RLS 1.7 OR LESS CENCE T4 ASPK + THREE TRACK EVTS 10/74 R25 960 -0775 .0033 BOTTERI1l 68 ASPK + 5/68
RLS 0.27 OR LESS € T4 ASPK + TWO TRACK EVENTS 10/74 R25 ssl 0.069 0.006 GARLAND 68 OSPK + 4768
RL5 C CLINE2 REPLACES CLINEl. CLINEI xs NOT FOR CL=.90 . 2/74 RZ5 350 0.069 0.006 ZELLER 69 ASPK + 10769
R25 A AUERBACH 67 CHANGED FROM .0797+-.0054, SEE COMMENT WITH RATIO R26. 1/74
Rl6 CHAR. K INTO {PI MU+ MU-}/TOTAL (UNITS LlO**-6}) {PL&) R25 A THE VALUE .0785+-.0025 GIVEN IN AUERBACH 67 IS AN AVERAGE GF 3/74
R1é 3.0 OR LESS C 30 CAMERINI 65 FBC + 8766 R25 A AUERBACH 67 R25 AND CESTER 66 R23. 3/74
’l6 2.4 OR LESS CL=.90 BISI 67 DBC + 11767 RZ5 N
R25 AVG 0.0752  0.0024 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
RL7 CHAR. K INTG (PI P101/TAU (p21/4p3) R25 STUDENT  0.0753  0.0027 AVERAGE USING STUDENTL1O(H/L.11) == SEE MAIN TEXT
R17 134 2.24 0.34 YOUNG 65 EMUL + - 8/66 R2S FIT 0.07597 0.00091 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)
RL7 1045 3.96 0,15 CALLAHAN 66 FBC + 9/66
R17 e e e e e e R26 CHAR. K INTOD (MU PIO NEUI/(MU NEU) (PS)/(PL)
RLT AVG 3.84 0.27 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9) R26 A 307 0.0486  0.0040 AUERBACH 67 OSPK + 1774
RL?7 STUDENT  3.86 0.16 AVERAGE USING STUDENTI10(H/1.11) — SEE MAIN TEXT RZ6 G 424 0.0480  0.0037 GARLAND 68 OSPK + 1/74
R17 FIT 3.767 0.034 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) R26 240 0.054 0.009 ZELLER 69 ASPK + 10769
RZ6 A AUERBACH 67 CHANGED FROM .0602+-.0046 BY ERRATUM WHICH BRINGS THE 1/76
R18 CHAR. K INTO (P1 2PL0}/TAU (Par/(e3) R26 A MU-SPECTRUM CALCULATION INTO AGREEMENT WITH GAILLARD 70 APPENDIX B. 1/74
RL8 2027 0.303 0.009 BISL 65 HeHL + . 8766 R26 G GARLAND 68 CHANGED FROM .0554-.004 IN AGREEMENT WITH MU-SPECTRUM 1774
R18 17 0.393 0.099 YOUNG 65 EMUL + 8768 R26 G CALCULATION OF GAILLARD 70 APPENDIX B. 1.G.PONDROM, PRIV.COMM.(73) 1/74
R18 v e e e e o e e . R2& e e e e e 4o
R18 AVG 0.3037 0.0090 AVERAGE (ERKGOR INCLUDES SCALE FACTOR OF 1.0} R26 AVG 0.0488 0.0026 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0}
R18 STUDENT ~ 0.3037  0.0097 AVERAGE USING STUDENT10(H/1.111 = SEE MAIN TEXT R26 STUDENT  0.0487  0.0028 AVERAGE USING STUDENT10{H/1.11) -= SEE MAIN TEXT
R18 FIT 0.3100  0.0079 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) R26 FIT 0.0503  0.0014 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.7}
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R27  CHAR. K INTO (MU NEU)/TAU (PLI/(P3) Ras CHAR. K INTO (PT F4 E-1/(PIr PI= £ NEUD (UNITS 10%%=3)  (PLS)/(PT)
RZ7 R 427 110.38)  10.82) YOUNG 65 EMUL + 9/66 R4t B 41 7. 75 SPEC + 11775
R27 R DELETED FROM OVERALL FIT BECAUSE YOUNG 65 CONSTRAINS HIS RESULTS. R46 B BLLCH 75 QUUTES THIS RESULT MULTIPLIED BY OUR 1974 KE4 BR.FRAC. 11/75
R27 R TO ADD UP TO l. CNLY YOUNG MEASURED MU2 DIRECTLY.
R27 e e e e Ra7 ChaR. K INTO (€ NEU GAMI/UE NEU] (P211/(P11)
R27 FIT 11.364 0.072 FRCM FIT R47 H 56 1.05 0. 0.30 HEARD1 75 SPEC + PIE} 236 1D 247 11775

Re? i ABOVE 13 SENSITIVE ONLY 1D STRUCTURE DECAY TERN. 11775
R28 CHAR. K INTO (E NEU)/{MU NEU) (UNITS 10%%-5) (PL1)/(P1}
R28 10 1.9 0.7 0.5 BOTTERILL 67 ASPK + 11/67 R48& K+ INTC (PI+~MU—+E+)/(PI4PI~E NEUl {UNITS 10%%~4) (P25+¢P26)/({P7) 11/76%
R28 8 1.8 0.8 0.6  MACEK 69 ASPK + 4769 Ré8 D 0 1.9 OK LESS CL=.90 DIAMANTBE 76 SPEC + 1L/76%
R28 112 2.42 0.42 CLARK 72 OSPK + 1773 R48 D DIAMANTBE 76 QUOTES THIS RESULT TIMES QUR 1975 KE4 BR. RATIC. 11/76e%
R28 534 2.37 0.17 HEARD2 75 SPEC + 11/75
R28 404  2.51 0.15 HEINTZE 76 SPEC + 2176 Rag Ke LNTO (PLe MUe E-)/(PLIPI= € NEUD (UNITS 10%4=4) ($29)/(PT) 1L/76%
R28 e e e e e R49 D 1.3 OR LESS CL=.90 DIAMANTBE 76 SPEC + 11/76%
R28 AVG 2.42 0.11  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0} Réo D DIAMANTAE 76 QUOTES THIs RESULT TIMES GUR' 1975 KE4 88 RATIO. 117764
R28 STUDENT  2.42 0.12  AVERAGE USING STUDENTLO(H/1.11) —~ SEE MAIN TEXT

R50 CHAR. K INTO {MU NEU E+E-)/{(PI+PI-ENEU} (UNITS 10%**-3) (P30)/(P7) 11/76%
R29  CHAR. K INTO (MU PLO NEUI/(E P10 NEU} (P51/1P6) RS0 D 14 (3,3} (0.9) DIAMANTBE 76 SPEC + M(EE) GT 140 11/76%
R29 C1509  0.703  0.056 CALLAHAL 66 HLBC 6/68 RS0 D 14  27. 8. DIAMANTBE 76 SPEC + EXTRAPOLATED BR 11/76%
R29 5601  0.667  0.017 BOTTERIZ 68 ASPK + 6768 R50 D DIAMANTBE 76 QUOTES THESE RESULTS TIMES OUR 1975 KE4 B8R RATIC. 11/76%
R29 H 1398 (0.604) (0.022) EICHTEN 68 HLBC 10768 R50 D THE SECOND DIAMANTBE 76 VALUE 15 THE FIRST VALUE EXTRAPGLATED TO 0 11/7¢%
R29 H (0.596}) {0.025) HAIOT 71 HLBC + 12/70 RS0 D TO INCLUDE LOW MASS E PAIRS. 11/76%
R2S D3480 0.698 04025 CHIANG 72 OSPK + 1.84 GEV/C K+ 9772
R29 L 554 0.705 0.063 LUCAS2 73 HBC -~ DALITZ PRS ONLY 11/73 R51 K= INTO(PI-+E+—E+—)/(PI+PI-E NEU) UNITS(10%%~4) (PL91/IPT) 11/76%
R29 B 1585 10.608) (0.014) BRAUN 75 HLBC + 1776 RSL O 2.5 OR LESS CL=.90 DIAMANTBE 76 SPEC + 11/76%
R29 0.67 0.12 WEISSENBE 76 SPEC + 1778% | R5L 0 DIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 BR RATIO. 11/76%
R29 E 10.670) {0.014) HEINTZE 77 SPEC + 12/77%
R29 COMMENTS RS2 ko= INTO(MU=s NEU E4= E+=3/1P14PI-E NEU)(UNITS 10%s=3) (P3L1/(PT) 11/76%
R29 C FROM CALLAHANL 66 WE USE ONLY THE MU3/E3 RATIO AND 00 NOT R5Z D OR LESS CL=.90 DIAMANTBE 76 SPEC + 11/76%
R29 C INCLUDE IN THE FIT THE RATIOS MU3/YAU AND E]/TAU' SINCE THEY SHOW R52 D DIAMA'\TBE 76 QUOTES THIS RESULT TIMES OUR 1975 KE4 BR RATIO. L1/76%
R29 C LARGE DISAGREEMENTS WITH THE REST OF THE DATA
R29 +  HAIDT 71 IS A REANALYSIS OF EICHTEN 68- RS3 ke INTO (NEU £+ Ev €-3/(PItPl- € NEU) (UNITS 1otw=2) (P32)/(PTI 11/76%
R29 H ONLY INDIVIDUAL RATICS INCLUCED IN FIT (SEE R19 AND R20J. 11/68 R53 Q.54 0.54 0.27 DIAMANTBE 76 SPEC + 11/76%
R29 D CHIANG 72 R29 1S STATISTICALLY INDEPENDENT OF CHIANG 72 R5 AND R&. 9/72 R53 O DIAMAN]BE 76 QUOTES THIS RESULT TIMES OQUR 1975 KE4 BR RATIC. 11/76%
R29 L LUCAS 73 GIVES N(MU3)=554+-7,6PCT, N(E3)=786+-3.1PCT. WE DIVIDE. 11/73
R29 B BRAUN 75 VALUE 1S FROM FORM FACTOR FIV. ASSUMES MU-E UNIVERSALITY. 1/76 —_—— -— -
R29 E  HEINTZE 77 VALUE FROM FIT TO LAMBDAO. ASSUMES MU-E UNIVERSALITY, 12/77%
R29 P
RZ9 AVG 0.679 0.013  AVERAGE (ERRDR INCLUDES SCALE FACTOR OF 1.0) Note on Slope Parameter for K > 37 Decays
RZ29 STUDENT 0.679 0.015 AVERAGE USING STUDENT10{H/1.11) —- SEE MAIN TEXT
R29 FIT 0.663 0,018 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1,7)
R30 CHAR. K INTO (P10 E NEU GAMMA)/ (PIO E NEU) (UNITS 10%%-2) AS was dlscussed in seCtlon VI B'l Of the
R30 (Pr81sipe) .
R30 1.2 0.8 BELLOTTL 67 HLBC + EGAM GT 30MEV  11/67 text, for the 3T decays of the K mesons we list
R30 R 13 0.76 0.28 ROMANG 71 HLBC EGAM GT 10MEV 10/71
R30 R (0.531 {0.22) ROMANG 7L HLBC + EGAM GT 30 MEV 9773 "won . . . .
R30 L 16  0.48 0.20 LJUNG 73 HLBC + EGAM GT 30 MEV  9/73 the slope parameter "g" which is defined, as in
R30 L .22)  t0.15)  10.101 LJUNG 73 HLBC + EGAM GT 30 MEV  9/73
R30 L FIRST LJUNG VALUE 1S FOR COS{ELECT-GAMMAIL.T. 0.9, SECOND VALUE IS  9/73 :
R30 L FOR COS(ELECT-GAMMA) BETW 0.6 AND 0.9 FOR COMPARISON WITH ROMANO. 9772 that section, by
R30 R BOTH ROMANO VALUES ARE FOR COS(ELECT—GAMMA) BETW 0.6 AND 0.9. 9/13
R30 R SECCND VALUE IS FOR COMPARISON WITH SECOND LJUNG VALUE. 9/73
R30 R WE USE LOWEST EGAM CUT FOR TABLE VALUE. SEE ROMANQ FOR EGAM DEPEND. 9/73 ( ) 2
R30 4 e e e e e e e w S -8
R30 AVERAGE MEANINGLESS (SCALE FACTOR = 1.0) 2 3 0

M® =« 1 +g + h
R31 K= INTQ (PI+ E= E=}/TOTAL (UNITS 10%%-5) P19y m? m2
R31 TEST OF LEPTON NUMBER CONSERVATION, T+ I+
R31 1.5 OR LESS CHANG 68 HBC - 3/68
R32 CHAR. K INTO {PI NEU NEU,/TUTAL (UNITS 10%%-6) tP20)
R32 C (1.4) OR LESS KLEMS 71 OSPK + TIPI) 117-127MEV 3/74 (s.-s.) s. - s.\?
R32 C €0.94) OR LESS CABLE 73 CNTR + T(PI) 60-105 MEV 2/74 . 2 1 2 1
R32 C o 56 OR LESS CABLE 73 crmz + TYIPI) 60-127 MEV 2/74 + 3 + k + e (1)
R32 L .0 OR LESS 8C + 9/73 2 2
R32 € KLEMS T AND CABLE 73 ASSUNE PI SPECTRUM SAWE &S KE3 OECAY. 3774 m 4 m_y
R32 € SECOND CABLE LIMIT CCMBINES CABLE AND KLEMS DATA FOR VECTOR INT, 2/74 Ll m
R32 L LJUNG 73 ASSUMES VECTOR INTERACTION. 9/73
R33 | CHAR. K INTO (E NEU GAMMA)/TOTAL (UNITS 10s-5) (p21] where
R33 M 7. €SS MACEK TO GSPK ¢ PUE) 234 TO 247 12/70
R33 M ABOVE 15 MEASUREMENT OF STRUCTURE-OEPENDENT DEEAY ONLY.
R36  CHAR. K INTO (P GAMMAI/TOTAL (UNITS 10we-6) tpz2) = 2 _ 2
R34 .0 OR LESS CL=.90  KLEM 71 K 7 s, = (p,-p.,) = (m,-m,) - 2mT. (2)
s osp 8/71 i P b, K 5 ki
R35  CHAR. K INTO (TAUI/{TAU PRIME} (P3/P4)
R35 USED FOR DELTA 1=1/2 TEST. 1
R35 P U 2 2 2 2
R35 FIT 3.226 0.082 FROM FIT s, = —2 s, = = (m°+mi+ms+m?) (3)
0 3 i 3 K 1 2 3
/36 CHAR. K INTO (P]1 3GAMMA}/TOTAL (UNITS 10%%—4) (P23)
R36 3.0 OR LESS Ci=.90 KLENS 71 OSPK + TIPI) GT 117MEV 8/71
R37 K+ INTO (PI+ PI+ E- NEU)/(PI+ PI- E+ NEU) {UNITS 10%*—4| (P81/(p7)
R3T 0 130. OR LESS (1L=.95 BOURQUIN 71 ASPK 8/76% are t —
R37 3 3.6 ORLESS CL=.95 BLOCH 76 SPEC 8/76% By’ By he four-vectors for the X and the
Sth . s
R38 CHAR. K INTD (PIO PIO E NEU}/KE3 (UNITS 10%%-4) (P24)/(P6) i icn, and the index 3 r
R38 0 37.0 OR LESS CL=,90 ROMANG 71 HLBC + 12/71 b ! efers (4)
R38 2 3.8 5.0 1.2 LJUNG 73 HLBC + 9/13 . : . . .
to the odd pion, i.e., the third pion in

R39 K+ INTO (PI~ E+ MU+)/TOTAL (UNITS 10%%-8) P25)
R39 K- INTO (PI+ E~ MU-}/TOTAL IS ALSO INCLUDED HERE :
R39 2.8 OR LESS CL=.90 BEIER T2 0SPK +- 9/72 the decays listed below.
R&0 K+ INTO (PI+ E+ MU—1/TOTAL {UNITS 10%#-8) (P26} We refer to the three possib
R40 K= INTG {PI- E- MU+}/TOTAL IS ALSO INCLUDED HERE p le Charged decays as
R40 L.4 CR LESS CL=.90 BEIER 72 OSPK +— 9/72 0

T, T', and T
Rel  CHAR. K INTD (M SNEU)/TDTAL (UNITS 10%s-e) P27) 4
R4l P .0 LESS CL=.90  PANG 73 CNTR + 11/73 * + + + F
R4l P PANG 73 ASSUHES MU SPECTRUM FROM NEU-NEU INTERACTION OF BARDIN 70. 3/74 T K > TTm
R42 CHAR. K INTO (P10 MU NEU GAM)/TDTAL(UNIYS 10%#=-5) {P28) /73 'i 0 0 +
R42 0 6.1 DR LESS CL=.90 L4 73 HLBC + EGAM GT 30 MEV  9/73 T K > 7w
ReZ  ChaR. Kk INTD (€ PIO NEUI/(PT PIO) (P6I/1P2)
Re3 L 786  0.22 0.012 LUCAS 73 HBC - DALITZ PRS ONLY L1/73
Ra2 L LucAs 13 Glves NTE31=7664-3.10CTs N(PI2135640-3. 1PCT. WE DIVIDE. 11/73 0 0 + -0
R43 . e T K = 1T
R43 FIT 0.2280 0.0031 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.,1) L
ka4 CHAR. K INTO (PI 2PIQ)/(PI PIO} 1P4)/(P2)
R44 L 574 0.081 0.005 LUCASZ 73 HBC - DALITZ PRS ONLY 11/73
R44 L LUCAS 73 GIVES N(PI 2P10)=574+-5.9 PCT, N{PI2)=3564+-3.1 PCT. 11/73 The measurements of va consi 1 e d
R44 L WE QUOTE 0.5*N(PI 2PI0)/N(PI2) WHERE 0.5 IS BECAUSE ONLY DALITZ LL/73 g ry Slderab y b yon
R44 L PAIR P10*S WERE USED. 11/73 N N
R44 . e e the authors' quoted errors as can be seen in the
R4a4 FIT 0.0819 0.0022 FFOM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3}
R4S CHAR. K INTOUMU NEU GAMMA}/TOTAL {(UNITS 10%#-3} (P12) 7/74 ideograms associated with the GT+, GT-, and GTP
R4S 12 5.8 3.5 WEISSENBE 74 STRC + E~GAMMA GT 9 MEV 7/74 +

subsections of the K Data Card Listings and the
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GTO subsection of the Ki Listings. Appendix I
discusses tests of the AI = 1/2 rule utilizing these
slopes.

There is no indication of a CP-violating
asymmetry in Ki decay as measured by the asymmetry
parameter O, (equivalent to j) given in subsection
A of the KE Listings.

The high-statistics To—decay experiment of
MESSNER 74 finds significant non-zero guadratic
coefficients h and k. CHO 77, a lower-statistics
7° experiment, obtains results in agreement with
MESSNER 74 but can also obtain good fits with a
linear term (g) only. The correlation between the
linear and quadratic coefficients changes the CHO
77 g , from 0.629* 0.017 (linear fit) to 0.681+#%
0.0ZZ (quadratic fit). Another recent experiment,
PEACH 77, does not observe this correlation and is
in agreement only with the linear fit of CHO 77.

Because the quadratic terms are required by
MESSNER 74, we now include only those T° experiments
in the average for which we have quadratic (g,h,k)
fit information.

There is some evidence for a non-zero k
coefficient from Ti experiments. FORD 72 (1.5M
events) have studied Ki > ﬂiﬂiﬂ$ and find that the
XZ/DF goes from 1.38 to 1.20 for DF ~ 150 when the
second order and CP-violation terms are added.
However, the authors state that since their Coulomb
correction is larger than the experimental errors
and is not well known, it is difficult to interpret
these results. DEVAUX 77 also finds a non-zero k.
However, these experiments do not find a strong
correlation between g and the second order coef-
ficients.

We continue compiling the linear coef-

ficient g.
Parametrizations

In the literature other definitions of slope

parameters have appeared. We have converted to the
definition of g in Eg. (1) whatever experimental
quantity has been reported. We give the conversion
to the definition (1) for the most widely used
parametrizations and tabulate the conversion

factors for the reader's convenience.

58

Data Card Listings

For notation, see key at front of Listings.

a) For analysis of charged K's the expression

often used is:

[M|> = 1+ay
y

with

3T_-Q

Y = —rur , Q = mK - Zmi .

w0 |w

The relevant formulae are:

s, - S
vy = -2 320 4
2 mKQ
with
A m, - my m3+m1
= 2 -
9 Ty
and
-c_a 2
Yy 3 P
g y with ¢ = = — -
1+ ayA y 2 mKQ

b) For the analysis of x° decay the expression

often used is:

m
2 _ X -
IM|* = 1+ 2a = (2T, - T )

3 3max
T
with
2 2 2
mK + m3 - 4m12
T3max = 2mK =My o
The relevant transformations are
s, - s
Ty = '%* §a+m
and
. - -2at
- ’
l+atct
with
2m
- Zx[2 - ]
€t T 3 [3 Q(1+4) T3max
mﬂ_+

c) Other K’ authors use the same form of
matrix element as given in b) above, but define

2
Timax ~— 3 e -
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The relevant transformation is then

, with ¢

d) Older x° analyses were done using

T
]2 1+a—3.

v

| M

The relevant transformation is then

2
-c_a m,
g = E.T‘d%- , with c = —IT?
vov v 2m,
and
Q
= == + .
dv 3m @ 8

For the reader's convenience we give a table

of numerical values for Q, T3max' A, cy, and Cypr

obtained using the masses from the current edition.

+ ks o
T T T
Q 75.00 84.21 83.60
T 48.10 53.22 53.91
3max
A 0.0 -0.0789 0.0798
e} 0.7891 0.7028 0.7023
Yy
cy 0.0963 -0.0768 0.3204
c 0.0 -0.2247 0.2272
u
cv 0.0400 0.0400 0.0393
d 0.0506 0.0524 0.0605
v
References
+ 0
See the reference sections of the K and KL Data
Card Listings.
10 CHARGED X ENERGY DEPENDENCE OF DALITZ PLOUT
RELATED TEXT SECTION VI B.l, APPENDIX I, AND MINI-REVIEW ABOVE
MATRIX ELEMENY SQUARED = 1 + G (S3-SO)/{MPI+x%2)
GT+ (LINEAR ENERGY DEPENDENCE (G) FOR TAU DECAYS K+ INTO PI+ PI1+ pI-
6T+ THESE EXPTS FIT M**2=14AY%*Y, WE LIST G IN THE MAIN LISTING AND
GT+ GIVE AY AT RIGHY. G=—-1.5%AY*(MPI*%2}/({M¥K*Q). SEE NQTE ABOVE.
GT+ZL 5428 (-0.22) (0.024) ZINCHENKD 67 MBC + AY=0.28+-.03 10/69
GT+ L 9994 (-0.218) {(0.016} BUTLER 68 HBC + $277+-.020 10/69
6T+ 617898 (~0.196) (0.012) GRAUMAN 70 HLBC + A +228+-.030 8/70
GT+Q 750K ~0.2158 0.0028 FORD T2 ASPK + AY=0.2734+-,0035 4/72
GT+ 39819 -0.201 0.008 HOFFMASTE 72 HLBC + [INCLUDES GRAUMAN 1/71
6T+ 225K ~-0.222 0.0064 DEVAUX T7 SPEC + AY=0.2822+-.0077 11/77%
6T+ L EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 3/78%
6T+ Z ALSO INCLUDES DBC EVENTS
GT+ G EMULS. DATA ADDED — ALL EVENTS INCLUOED BY HOFFMASTER 72 /7t
6T+ Q THIS VALUE GF AY IS FROM A QUADRATIC FIY WITH Y##2 CUEF=,030+-.010. 4/72
6T+ Q A LINEAR FIT IS QUOTED CNLY FOR THEIR COMBINED K+ AND K- SAMPLE. 4172
GT+ Q IT GIVES AY=0.2737+-.0032 . THE QUADRATIC FIT TC THE COMBINED 4772
GT+ Q SAMPLE GIVES AY=0.2752+-.0033 AND Y#%2 COEFF=0.025+-.01l0 . 4772
GT+ Q (CHISQ/DF)=1.38 FOR {INEAR FIT AND 1.20 FOR QUADRATIC FIT. 1/73
GT+ . .. . e .
GT+ AVG -0. 2153 0.0036 AVERAGE (ERROR INCLUDES SCALF FACTOR QF 1.5)
GT+ STUDENT -0.2155 0,0027 AVERAGE USING STUDENTLO(H/1.11} -- SFE MAIN TEXT

(SEE IDEGGRAM BELOW )

Stable Particles
Ki

WEIGHTED AUVERAGE = -0.2163 # 0.0036
ERROR SCALED BY 1.S

—_
CHISQ
~~~~~ DEVAUX 77 SPEC 1.1
—+ -HOFFMRSTE 72 HLBC 3.2
— - -FORD 72 ASPK _0.Q
4.3
(CONLEV
-0.24 -0.22 -g.20 -0.4B =0.115)
LIN. ENERGY DEP. FOR K+ TO PI+ PI+ PI~
GT— LINEAR ENERGY DEPENCENCE {G) FOR TAU DECAYS K- INTD Pi- PI- PI+
GT- FOR DEFINITION OGF AY SEE NOTE IN ABOVE SECTION GT+.
6T~ F 1347 {-0.220) (0,035} FERRO-LUZ &1 HBC — AY=0,28+-.045 10/69
GT—-ML 5778 190) 10.023) MOSCOST 68 HBC - AY=0,242+-.029 10/69
G6T- 50919 =-0.194 0.007 MAST 69 HBC  — AY=0,247+-.009 10/69
GT-@ 750K —0 2lB7 0 0028 FORD T2 ASPK - AY=0.2770+-.0035 4/72
GI- 81K LUCASl 73 HBC - AY=0.2524-.0t1 10/72
T- F NO RAD!AYIVE CURRECTI[NS INCLUD
gT— L EXPERIMENTS WITH LARGE ERRORS NCT INCLUDED IN AVERAGE. 3/78%
GT- M ALSO INCLUDES DBC EVENTS.
GT- Q  THIS VALUE GF AY IS FROM A QUADRATIC FIT WITH Y#%2 COEF=.020+-.010. 4/72
61- @ SEE ALSO YHE NOTE Q IN THE GT+ SECTION ABOVE. 4772
GT- P Y
GT— AVG -0.2137 0.0067 AVERAGE {ERROR INCLUDES SCALE FACTOR CF 2.7)
GT- STUDENT =0.2147  0.0037 AVERAGE USING STUDENTLOtH/1.11) -- SEE MAIN TEXT
{SEE IDEOGRAM BELOW )
WEIGHTED AUVERAGE = -0.2137 * 0.0067
ERROR SCALED BY 2.7
LHIs@
*LUCAST 73 HBC 3.4
—+ -FORD 72 RSPK 3.1
—t— ‘MAST 69 HBC 7.9
14.5
(CONLEY
-0.24 -0.22 -0.20 -0.18 -0.186 =0.001)
LIN. ENERGY DEP. fOR K- TO PI- PI- PI+
DG ((GT+I={GT—1)/LIGT+)+{GT~)} IN PERCENT
DG A NON-ZERQ VALUE FOR THIS QUANTIT‘I INDICATES CP VIOLATION
06 3.2M -0.70 0.53 70 11/70
GTP LINEAR ENERGY DEPENDENCE (G) FOR TAU PRIME DECAY CHA.K INTC Pl PIOPIO
GTP 92 0.48 0.04 KALMUS 64 HLBC + 10/69
GTP 1874 0.586 0.098 BISI 65 HLBC + ALSO HBC 10/69
GTP 4048 0.516 0.020 DAVISON 69 HLBC + ALSC EMUL 10769
GTP 198 0.516 0.074 PANDUULAS 70 EMUL + 10/70
GTP A1365 0.67 0.06 AUBERT 72 HLBC 1773
GTP 574 0.484 0. 084 Lucasz 73 HBC ~ DALITZ PRS ONLY 9/73
GIP 5635 0.602 0.021 SHEAFF 75 HLBC + 2/76
GTP S 27K 0.510 0.060 SMITH 75 WIRE + 12/75
GIP B3263 0.648 0.036 BRAUN 76 HLBC + 11/777%
GTP LE4639  (0.806) (0.220} BERTRAND 76 EMUL 12/77%
GTP A WE GIVE LINEAR TERM Of MIGHER ORDER FIT. EQ.1 OF APP. ll.AuBERT T2, 1773
GTP S SMITH 75 MEASURES QUADRATIC COEFFICIENT H=0.009+-0.04 12/75
GTP B BRAUN 76 GIVES C=.3244-,018 FOR LINEAR MATX.ELEM. FIT. ABOVE G=2%C. L1/77%
GTP E WE GIVE LINEAR TERM OF HIGHER ORDER FIT, 12/77%
GTP L EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 3/78%
GTP . e .. . e .
GTP AVG 0561 0.021 AVERAGE (ERROR INCLUDES SCALE FACTOR GF 1.7}
GTP STUDENT  0.559 0.020  AVERAGE USING STUDENT10(H/1l.11) —— SEE “A[N TEXT

{SEE IDEOGRAM BELOW )
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K:t

HEIGHTED AVERAGE = 0.561 % 0.021
ERROR SCRLED BY 1.7

CHISG
76 HLBC 5.9
7S WIRE 0.7
76 HLBC 3.9
73 HBC 0.8
72 HLBC 3.3
70 EMUL 0.4
—-+- 69 HLBC 5.0
—_ 65 HLBC 0.1
—_— 64 HLBC _4.1
24.1
0.3 0.5 0.7 0.9 ‘537552,
LIN. ENERGY DEP. FOR K TO PI PIO PIO
Not S and K.
ote on K and K Form Factors
23 23
Definitions of the parameters A+, £(0), XO,

Ifs/f+| and ]fT/f+| and a general discussion of the
methods of analysis are given in Section VI B.2 of
the text.

This note describes the contents of the Data
Card Listings for the two KU3 parametrizations,
(A+, £(0)) and (X+, AO), which were discussed in
the text. Problems related to our data entries for
individual experiments are discussed and a compari-
son of results is given.

X3 Experiments

The matrix element for Kp3

pure vector current, is given by Eg. (2) in Section

decay, assuming a
VI B.2 of the text. Most experiments appear to be
compatible with the assumption that f+ depends
linearly on t and that f_ is constant. Only DALLY
72 (KZ3) appears to require A_ # O (by about three
standard deviations). A single data bin at low q2
seems to be responsible. The effect is not observed
in the high-statistics experiment of DONALDSON2 74

0
(also KU3).

A i i :
A, £(0) Parametrization 3
decay are entered into the K and Ki sections of

X+ data from K

the Data Card Listings in subsection L+M. The
corresponding £(0) values are entered in subsection
XIA, XIB, or XIC, depending on whether Method A, B,
or C, discussed below and in the text, was used.
The data cards contain the values, one-standard-
deviation errors AX+ and A£(0), as well as the

correlation dE(O)/dX+, all indicated on the e_l/2
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likelihood contour below. The correlations are

given on the right side of the £(0) data cards.

T
~N
d
o Slo d€ (0)
By pe ——"
) +
w

L IS

L ° |
I =
—}+L—30 Parametrization: This parametriza-
tion is used in recent K analyses. To facilitate

u3
comparison between experiments, we convert earlier

experiments from the (A+,E(O)) parametrization to
(A+,Ao) whenever possible (i.e., when A+ and £(0)
values, errors, and correlations are given). The

transformation between these parametrizations is:

A, = k+ + a&(o0) ,

2 _ dg (0) 2 2,,2
A)\O = (l+2a—cW)A)\++aAE ’

da
L
dk+

dé (o
= 1l+a —%%—L B
+
h = 2/( 2 m2) The A, value, the one-
where a =m /(m -m). e A, value,
standard-deviation error AXO, and the correlation
dAO/dA+ are given in subsection LO of the data
cards.
We also convert (X+,A0) results into the (X+,

£(0)) parametrization whenever possible so that
subsection LO is essentially equivalent to the three

subsections XIA, XIB, and XIC.

Individual analyses have used a variety of

parametrizations. Problems arise when trying to
express their results in terms of the parametri-
zations used here. The discussion of these problems
is divided into three sections corresponding to the

three methods of analyses discussed in the text.

Method A: Dalitz plot analyses and pion

spectrum analyses usually determine X+ and £(0)

(or AO) values, errors, and correlation. Such
measurements are entered in the L+M, XIA, and LO

subsections. They give rise to the error ellipses
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shown in Figs. 1 and 2. These are approximations
to likelihood contours.

Some analyses of this type fix X+ and determine
£(0), e.g., CARPENTER 66 and PEACH 73 (both K1013)'

We enter E£(0) and dE(O)/dA+ in the XIA section and
give the fixed X+ value in the data card footnote.
The £(0) error is parenthesized because it does not
include the uncertainty in the value of A+. These
results, transformed to Ao measurements, give rise
to bands in Fig. 2. These bands are also approxi-
mations to the likelihood contours. The actual
likelihood bands would not be straight.

In some cases, we alter an error from its
published value in order to obtain an error ellipse
with a width which matches the error in §(0) for
fixed X+. These adjustments are noted in the £(0)
data card footnotes, e.g., for CALLAHAN1 66 and
HAIDT 71 (K+ subsection XIA), where the published
errors and correlation violate the constraint

(ngi < 1 on the normalized correlation coefficient

CAE given by
] ] | I
+
K#3
0.1 /—
e@
CALLAHAN 66+ W
I & —
CHIANG 72
HEINTZE 7 Ks/Kes
Ao O
® ~IBraunt 73 &
MERLAN 74 N 1«6/
ot
ANKENBRANDT ¢
— 727/ —
KIJEWSK! 69
@ HAIDT 71
<X° ARNOLD 74
-0.l /o" 7
| 1 | 1
0 0.1
XBL 762-2298 >\+

Fig. 1. One-standard-deviation (e_l/2) likelihood

contours in the (A+,AD) plane for KU3'

Stable Particles

I{i
o - Ay ag (o
AE AL dh
In some cases, e.g., BRAUN1l 73, the parametri-
zation used is X+, E(0), E(t™), where t” is the
weighted average of t with weighting according to
the sensitivity to £. In this case we do not use
£(0). It is a badly determined parameter comparable

to A_ or the slope of £(t). Instead, we use

1]

£ = eHa+ e

ago) _ ag(eh)
&

ai
+

1+ 2t + e

-0.2

XBL 7622297 )

Fig. 2. One-standard-deviation (e—l/z) likelihood

contours in t 0
i he (A+,AO) plane for Ku3.
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With the BRAUN1l 73 values, A+ = 0.027, £(6.6) =
-0.34 * 0.20, and dE(6.6)/d)\+ = =14, we cbtain

E(0) = (-0.40%0.24) - 19(A, - 0.027) ;

or for their fitted A+ = 0,025 * 0.017, we get
£(0) = -0.36 % 0.40.

Method B: Branching ratio experiments cannot

determine A+ and £(0) simultaneously, but simply
fix a relationship between them, given in Section
VI B.2 of the text. Results are usually quoted as
values of £(0) at fixed X+. We list these results
in subsection XIB, but we do not average them
because the X+ values differ. Instead, we compute
a combined result by using the relations in the
text and our fitted values of F(K§3)/F(Kz3) and
F(K£3)/T(K;3), which include the branching ratios
from these experiments. The branching ratios from
our current edition and the results for £(0) and An
evaluated at A+ = 0.030 are

+

X K
.

T(Ku3) /T(K ;)  0.663%.018(s=1.7) 0.695 *.017
£(0) ~0.20 £ .15 (s=1.7) +0.08 * .13
g (0) /dx -11.9 -10.3
A, +0.014 *.,012(s=1.7) +0.037 £.011
dah /da, +0.04 +0.12

The scale factor $§ is the amount by which the error
has been multiplied in order to compensate for
discrepancies in the branching ratios. These Ao
results give rise to the Ku3/Ke3 bands in Figs. 1

and 2.

Method C: Polarization experiments measure

(£(t)) , the weighted average of £(t) over the t
range of the experiment, where the weighting
accounts for the variation with t of the sensi-
tivity to £{(t). Such measurements are entered in
subsection XIC.

To reinterpret these results in the (X+,E(O))
parametrization, we recognize that X+= 0 corre-
sponds to £(t) constant (always assuming A_=0) so

that

E(O)’)\+=O = OCE(E) .
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The correlation with X+ is given by the following
relations (valid for small A+):

~ t
E@ ~ () + A ()
m

where (t/mﬁ) is the average value of t weighted by

the sensitivity to £(t). These results, transform-
ed to Ao and dko/dk+ values, are entered in sub-
section LO and give rise to bands in Figs. 1 and 2.
In Figs. 1 and 2, we disregard those polari~
zation measurements for which dE(O)/d)\+ is not
obtainable. Also we disregard MERLAN 73 because
the signs of £(0) and dE(O)/d)x+ are opposite,
whereas the above equation requires them to be the

same (since t>0).

Comparison of KU3 Experiments: Figures 1 and

2 show the likelihood contours in the (X+,Ao) plane

+
for KU3 and Kﬁs respectively.
The K;3 Dalitz plot results (ellipses) shown

are fairly consistent and appear to cluster between
the Ku3/Ke3 result and the polarization results of
BETTELS 68 and CUTTS 69.

The K’ results are much

less consistent with a small clﬁzter appearing in
the neighborhood of the DONALDSON2 74 result.

X2 fits to the results shown in Fig. 1 and
Fig. 2 yield the following values for k+ and Ao'

The corresponding values of £(0) are also given.

K

Kia u3
x+ +0.026 * .008%* +0.034 * ,006*
A -0.003 = .007* +0.020 * .007%*
aky/ah, -0.15 -0.24
X%/ oF 40/19 72/12
s 1.5 2.5
£(0) -0.35 = ,14% Z0.16 * .11*
dE(O)/dx+ -14, -15,

*All errors have been increased by the scale
factor S = ()(2/DF)15 to take into account the
discrepancies between measurements.
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In view of the large XZ/DF of these fits, Chounet,l Chounet, Gaillard, and Gaillard,2 and

especially K’ the fit results should be taken Pond}:om.3

u3’

with a grain of salt. The largest contributors to References
X2 in the K:3 case are CHIANG 72 with 8.1, and 1. M.X.Gaillard and L. M. Chounet, "KSLB Form
the polarization results, BETTELS 68 with 6.8 and Factors,” CERN 70-14 (May 1970), and Phys.
CUTTS 69 with 5.5. In the K&3 case the largest Letters 32B, 505 (1970).
contributors are the polarization results of 2. L. M. Chounet, J. M. Gaillard, and M. K. Gaillard,
SANDWEISS 73 with 17, LONGO 69 with 14, and CLARK Physics Reports 4C, 199 (1972).
77 with 12, and the Dalitz plot results of ALBROW 3. L. G. Pondrom, "Weak Decay Processes," Proc.
72 with 11, ALBRECHT 74 with 7.3, and PEACH 73 with Particles and Fields 1976, BNL, Oct. 6-8, 1976.
10 CHARGED K FORM FACTORS 8/67

2
5.3. All other X~ values were less than 4.
RELATED TEXT SECYEON VI B.2 AND MINI-REVIEW ABOVE,

The DONALDSON2 74 result IN THE FORM FACTCR CONMENTS, THE FOLLOWING ABBREVIATIONS ARE USED.
F+ ANO F- ARE FORM FACTORS FOR THE VECTOR MATRIX ELEMENT,

FS AND FT REFER TO THE SCALAR AND TENSOR TERM.
A = 0.030 % 0.003 FO = (F+} + (F—2%T/(MKk*2-Mp [%%2]

+ L+, L~ AND LD ARE THE LINEAR EXPANSION COEFFS. OF Fe, £~ aND FO.
L+ REFERS TO THE KMU3 VALUE EXCEPT IN THE KE3 SECTIONS.
DX1/DL IS THE CORRELATION BETWEEN XI(0) AND L+ IN KMU3.

A = 0.019 *+ 0.004 DLO/DLS IS THE CORRELATION BETWEEN L0 AND Lt [N KMU3.
0 = MOMENTUM TRANSFER TG THE PI IN UNITS GF MPI%%2,
D = DALTTZ RLOT ANALYSIS
0 P1 = PI SPECTRUM ANALYSIS
i isti i MU = MU SPECTRUM ANALYSIS
clearly dominates the statistics in the KU3 case. oL S oA TN A AysTs
. X i BR = KMU3/KE3 BRANCHING RATID ANALYSIS
The A value is consistent with the K value of € = POSITRCN OR ELECTRON SPECTRUM ANALYSIS
+ el RC = RADIATIVE CORRECTIONS
A., and with the pole approximation X1A XIA = F—/F+ (DETERMINED FROM SPECTRA)
+ X1A 76 (+1.8} (0.6} WN 62 XEBC + DP+BR, L+=0 1/74
X14 87 {+0.7) €0.51 cuconsu 64 EMUL + MU+BR RVUE, L+=0 1/74
2 X1A J (~0.08)  (0.7) JENSEN 64 XEBC + OP+BR(KMU3,KE3}]  1/74
XIA 2648  10.0) (1.1} (0.9) CALLAHAL 66 FRBC + MU, L+=05 T UNKN 1/74
ﬂ&( XIA C 444 +C.72 0.93 CALLAHAL 66 FRBC + PI, DXI/DL=-17 1/74
£f () = £ (0) . X14 78 (~0.5) (0.9) EISLER 68 HLBC + PI,L+=0,NO DX/DL 1/74
+ + 2 XIA K2041 ~0.5 0.8 KIJEWSKI €9 DOSPK + Pl, DXI/DL=-26 1774
an* = t XIA H3240 ~la.l 0.56 HAIDT 71 HLBC + DP, 1/74
XIA 44025 ~0.62 0.28 ANKENBRAN 72 ASPK + PI, 1/74
XIA 83480  +0.45 0.28 CHIANG 72 OSPK + DP, 1/74
XIA 01897 ~0.36 0.40 BRAUNL 73 HLBC + DP, 3774
XIA N 490  ~0.8 0.8 ARNOLD 1:. HLBC + 0P, 11/75
i i - X1A M6527  ~0,57 0.24 MERI DPy DXI/DL= -9  3/74
Their f0 (t} extrapolates linearly to the Callan XTI o Sinsen 64 GIVES L oMeL +E=- 20200 05T DX1 71" DRKNDHAL INCLUDES 1/74
. : . XIA J  SHAKLEE 64 XIB(KMU3/KE3). 1774
Treiman point. It is less than two standard XIA C CALLAHAN 66 TABLE 1| (P1 ANAL) GIVES DXE/Di=(.72-.050/10-.04)=-17,  1/74
XIA C ERROR RAISED FROM .80 TO AGREE WITH DXI10=.37 FOR FIXED Le. 1774
s s XIA K KIJEWSKI 69 F1G. 17 WAS USED TO OBTAIN DXI/DL AND ERRORS. 1774
deviations from the K 3/K 3 result. XIA H HAIDT 71 TABLE 8 (DP ANAL) GIVES DXI/OL=(-1,140.5)/(.050-.029)=-29, 1774
2 e XIA H ERROR RAISED FROM .50 TO AGREE WITH DX10=.20 FOR FIXED L+. 1/74
XIA A ANKENBRANDT 72 FIG. 3 WAS USED TO OBTAIN DXI/DL. 1774
XIA B CHIANG 72 FIG. 10 WAS USED TO OBTAIN DXI/DL. 1774
K Experiments XIA B FIT HAD L-=L+ BUT WOULD NGT CHANGE FOR L-=0. L.PONDROM,PRIV.COM.T4 1/74
—e3 X1A O BRAUNL 73 GIVES XI(T)=-.34+-,20, DXI{T)/DL+=—1% FOR L+=,027, T=6.6. 3/74
XIA D WE CALCULATE ABOVE XI(0) AND DXI{0}/DL+ FOR THEIR L+¢=.0254-,017 . 3/74
. XIA N ARNOLD 74 FI1G. 4 WAS USED TG OBTAIN XIA AND DXI/OL. 11775
The f term of the matrix element [Eg. (2) text XIA M MERLAN 74 F1G.5 WAS USED TO OBTAIN DXI/DL. ;/74

SeCtion v B 2] can be neglected for K because X1A FIT DlSéUS‘SéD.IN l‘;D{E.UV; KL3 FORM FACTORS ABOVE.
: e3

P31 XIB = F~/F+ (DETERMINED FROM KMU3/KE2)
iE g i X1B THE KMU3/KE3 BRANCHING RATIO FIXES & RELATIONSHIP BETWEEN XI(0) 1/74
it is proportional to the lepton mass. 2The f+ term X1B AND L+. WE QUOTE THE AUTHORS XI(0) AND ASSOCIATED L+ BUT DO NOT 1774
X . X 2 x18 AVERAGE BECAUSE THE L+ VALUES DIFFER. THE FIT RESULT AND SCALE 174
is usually assumed to be linear in t=gq = (P_-P_)°, XI8 FACTOR GIVEN IN THE ABOVE NOTE ON KL3 FORM FACTORS ARE NOT OBTAINED 2776
K ki) X18 FROM THESE XIB VALUES. INSTEAD THEY ARE OBTAINED DIRECTLY FROM THE 2/76
: Xi8 FITTED KMUB/KE3 RATIO (R29).
the square of the four-momentum transfer, i.e., X158 20,17 0.75 0.99 SHAKLEE 64 XEBC +
x18 +0.6 0.5 BISI 1 65 HBC +
5 i XIB 500  +0.8 0.6 cutTs 65 DSPK +
the effective mass of the lepton pair. We quote b ese  iola ae CALLAHAL 6é SREC »+
. . e XIB 306  +0.75 0.50 AUERBACH 67 OSPK +
the linear coefficient A (L+E on the data cards). XIB B 5601 10.15) BOTTERIL2 68 ASPK +
+ XIB E 1398 10.20) EICHTEN 68 HLBC +
. xIB <86 0.6 GARLAND 648 0SPK +
There has been some suggestion of departure from XiB 0.82 ZELLER &9 ASPK +
0 XIB B 0.22 BOTTERIL 70 OSPK +
i i i X1B EL505 0.27 HAIDT 71 HLBC +
linearity [CHIEN 71 (Ke3) and Chounet, Gaillard, s iz ol olts CHIANG 72 0SPK +
. 1 XIB K sSK  -0.12 0.12 HEINTZE 77 CNTR +
and Gaillard — Review t no o i i . Xi8 BOTTERIL 70 15 REEVALUATION OF BOTTERIL 2 68 WITH DIFFERENT L+. 1714
I but n ompelling evidence XIB E. BICHTEN 68 HAS L4=.023+-.008, T=4, INDEP. OF L-. REPL. BY WAIDT 71. 1/74
. , XIB H CALCULATED BY US FRCM LO AND L+ GIVEN BELOW. 3/78%
The A, results are fairly consistent and the X1B O
+ XIB FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS ABOVE.
average values are XIC  XIC = F=/F+ (DETERMINED FROM MU POLARIZATION IN KMU3)  ——mmm————moe
Xic THE MU POLARIZATION IS A MEASURE OF XI4T). NO ASSUMPTIONS ON L+-
+ Xic NECESSARY, T (WEIGHTED BY SENSITIVITY TO X10) SHOULD BE SPECIFIED.
K _: A = 0.0285 + 0.0043 XIC  IN L++XI(0} PARAMETERIZATION THIS IS XI{0) FOR L+=0, DXI/DL=XI*T,
el + XIC FOR RAD. CORR. TO MUON POLARIZATION IN KMU3 SEE GINSBERG 71.
XIC T 2100 [(+1.2) {2.4) {1.8) BORREANI 65 HLBC + POLARIZATION 8767
XIC T SO0 BTWN -4.0 AND +t.7 CuTTS 65 OGSPK + LONG. POL. 1/74
0 XIC T 397 (-~l.4} {1.8) CALLAHAL 66 FRBC + TOTAL POL. B/67
K™ _: A, = 0.0300 = 0.0018 (S=1.2) XIC T 2950 (-0.7) €0.9) €3.3) CALLAHAL 66 FRBC + LONG. POL. are7
33 + XIC B&00O -1.0 0.3 BETTELS 68 HLBC + TOTAL POL. 1/74
0 XIC (3133 -0.95 0.3 cuTYS 69 0SPK + TOTAL POL. 0 L/T4
$7d XIC M 40K {-D.64)  10.27) MERLAN 74 ASPK + POL.DXI/DL=+1.7 3/74
where the Ke3 error has been multiplied by the XIC DL585 -0.25 1.20 BRAUN 75 HLBC + POL. T=4.2 1776

XIc T T VALUE NOT GIVEN.

scale factor 1.2 to compensate for inconsistencies XIC B BETTELS 68 OXI/DL=XI[#T=-1.0%4.9=-4.9 .
XIC € CUTTS 69 T=4.0 WAS CALCULATED FROM FIGa8. DXI/DL=XI*T=-.95%4=-3,.8 . 1/74

. . 0 . XIC M MERLAN 74 POLARIZATION RESULT (FIG.5) NOT POSSIBLE. SEE DISCUSSION 1776
(see ideogram in K_ section L+E). XIC M COF POLARIZATION EXPERIMENTS IN NOTE ON KL3 FORM FACTORS ABOVE. 1776
L XIC D BRAUN 75 DXI/DL=XI*T=-.25%4,2=-1.0 . 1/7¢

xIC

See also the excellent reviews of Gaillard and XIC FIT DISCUSSED IN NOTE ON KL3 FORM FACTOKS ABOVE.
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ixi IMAGINARY PART OF X1 {TEST OF T REVERSAL) = ————————=mmmeemaea— BRCOWN 62 PRL 8 450 BROWNs KADYK 3 TKILL ING,ROE+ {LRLyMICH)
IX1 26648 Q.0 1.0 CALLAHAL &6 FRBC + MU /74 BARKAS 63 PRL 11 26 W H BARKAS,J N DYERsH H HECKMAN (LRL)
IX1 397 +1l.6 1.3 CALLAHAL 66 FRBC + TGTAL PCL. 1714
IX1 2950 0.5 1.4 0.5 CALLAHAL 66 FRBC + LONG. POL. 1/74 BORREANT &4 PL 12 123 G BORREANI,G RINAUDOU,A WERBROUCK {TURIN}
Ix1 6000 -0.1 0.3 BETTELS 68 HLBC + TOTAL POL. 1/74 CALLAHAN &4 PF 136 B 1463 A CALLAHAN,R MARCHyR STARK (WISCONSINY
Ix1 3133 -0.3 0.3 Q.4 CuTTS 69 OSPK + TOTAL POL. FIG.7 L1/74 CAMERINI 64 PKL 13 318 CAMERINI CLINE FRY,POWELL {WISCONSIN+LRL)
IX1 e s e e e s CLINE &4 PRL 13 101 D CLINE, W F FRY (WISCONSIN)
IXI AVG -0.09 0.21 AVERAGE {ERRDR INCLUDES SCALE FACTOR OF 1.0) GIACOMEL 64 NC 34 1134 GIACOMELLI+MONTI,QUARENI+ (BCLOGNA,MUNICH)
IX1 STUDENT =-0.10 0.2 AVERAGE USING STUDENT10{H/1.11}) =~ SEE MAIN TEXT GREINER &4 PRL 13 284 D GREINERy W OSBORNE, W BARKAS {LRL)
JENSEN &4 PR 136 51431 JENSENs SHAKLEE yROE ) SINCLAIR {MICH}
L+M LAMEDA + {LINEAR ENERGY DEPENDENCE CF F+ IN KMU3 DECAY) - KALMUS 64 PRL 13 +KERNAN, PU, POWELL ,DCWD (LRL,yWISC)
L+M SEE ALSC THE CORRESPONDING ENTRIES AND FUCTNOTES IN SECTIONS XIA, SHAKLEE 64 PR 136 B 1423 SHAKLEE s JENSEN yROE s SINCLAIR (MICH)
LM XICy AND LO.
LM FOK RAD.COR. OF KMU3 OP SEE GINSBURG TO AND BECHERRAWY 70. 3/74 BIRGE 65 PR 139 8 1600 BIRGE,ELY,GIDAL,CAMERINI,CLINE + (LRLHWISC)
L+M 444 0.0 0.05 CALLAHAL 66 FRBC + PI 1/74 BISI 65 NC 35 768 BISI,B0RREANI+CESTER,FERRARC + {TORINO)
L+M 2041 0.009 0.026 KIJEWSKI 69 OSPK + PI 1/74 BISI 1 65 PR 139 B 1068 BORREANI sMARZARI-CHIESA,RINAUDD+  (TORINDI
L+M 3240 0.050 0.018 HAIDT 71 HLBC + DP /74 BOKREANI 65 PR 140 BL686 BORREANI,GIDAL K INAUDG, CAFORIO+ (BARI,TORI)
L+M  A4025 0.024 0.019 ANKENBRAN 72 ASPK + PI 1/74 CALLAHAN 65 PRL 15 129 A CALLAHAN,D CLINE (WISCONSING
L+M 3480 -0.006 0.015 CHIANG 72 OSPK + DP 1774 CAMERINI 65 NC 37 1795 *CL[NEleDAL.KALMUS.KERNAN {WISC+LRL )
(+M 1897 0.025 0.017 BRAUNL 73 HLBC + OP 3774 CLINE 65 PL 15 293 A CLINE,W F (WISCONSIN}
LM 490 o 025 o. oao ARNOLD 74 HLBC + DP 7174 CuTTS 65 PR 138 B969 CUTTS,EL IDFF.STIENING (LRL)
L+M €527 027 0. MERLAN T4 ASPK + DP 3/74
Lt4M A ANKENBRANDT T2 L+ FRCM FIG.3 TO MATCH DXI/OL. TEXT GIVES .024+-.022 1/74 DE MARCC 65 PR 140 B 1430 DE MARCO,GROSSO+RINAUDD {TORINO+CERN)
L+M FITCH 65 PP 140 B 1088 FITCHeQUARLESy WILKINS(PRINCETON+MT HDLVDKE)
L+M FIT DISCUSSED IN NDTE DN KL3 FORM FACTORS ABOVE. GREINER 65 ARNS 15 67 QUOTED BY BARKAS L)
STAMER 65 PR 138 B 440 STAMER yHUETTER sKOLL ER» TAYLOR »G RAUMAN (STEV)
Lo LAMBDA O (LINEAR ENERGY DEPENDENCE OF FO IN KMU3 DECAY)  ~—=-=—oo—e TRILLING 65 UCRL 16473 GEGRGE H TRILLING {LRL)
Lo WHEREVER POSSIBLE. WE HAVE CONVERTED THE ABOVE VALUES OF XI(0} INTO UPCATED FKOM 1965 ARGONNE CINF., PAGE S.
L0 VALUES OF LO USING THE ASSOCIATED L+M AND OXI/DL. YOUNG 65 UCRL 16362 POH-SHIEN YOUNG (THESIS,BERKELEY) (LRL)
LO W 444 +0.058 0.036 CALLAHAL 66 FRBL + PI,DLO/DL+=-0.37 1/74 ALSG 67 PR 156 1464 P=S YOUNG+W.Z.OSBGRNE W .H.BARKAS {LRL)
L0 L 6000 =-0.063  (0.024) BETTELS 68 HLBC + POL,DLO/DL+=+.60 1/74
LO W 2041 -0.031 0.C45 KIJEWSKI 69 OSPK + PI.DLO/DL+=-1.10 1/74 CALLAHAL €6 PR 150 1153 CALLAHAN,CAMERINI+(WISC,LRL4RIVERSIDE, BARI)
L0 L 3133 -0.056  (0.024) CUTTS 69 OSPK + POL,DLO/DL+=+.69 1/74 CALLAHAN 66 NC 44A 90 A C CALLAHAN (WISCONSIN]
LO W 3240 -0.039 0.029 HAIDT 71 HLBC + DP.DLO/DL+=-1.34 1/74 CESTER 66 PL 21 343 CESTER,ESCHSTRUTH,CNETLL+ {PRINCETON-PENNI]
LC W 4025 -0.026 0.013 ANKENBRAN 72 ASPK + PI+DLC/DL+=+0.03 1/74 ALSO 67 AUERBACH, FOLTNOTE 1.
LO W 3480  +0.030 0.014 CHIANG 72 OSPK + DP.DLO/DL+=-0.21 1/74
L0 DL897  -0.008 0.020 BRAUNL 73 HLBC + DP,DLO/DL+=-0.53 L/T6 AUERBACH 67 PR 155 1505 +DBBBS yMANN s MCFARLANE, WHI TE+ (PENN,PRIN}
Lo 450 -0.040 0.040 ARNDLD 74 HLBC + OP,DLO/DL+=-0.62 T/T4 ALSD 74 PR D9 3216 ERRATUM
Lo 8 (=0.017) (0.011} 8RAUN 74 HLBC + KMU3/KE3 VS. T  11/75 BELLOTT1 67 HEIDELBERG CCNF  BELLOTTI.PULLIA (MILAN)
LO M 6527 ~-0.019 0.015 MERLAN T4 ASPK + DP,ODLO/DL+=40.27 3/T4 BELLOTT2 67 NC 52A 1287 BELLOYTI,FIORINI,PULLIA {MILAN}
L0 L 1585 +0.008 0.097 BRAUN 75 HLBC + POL+DLO/DL+=+.92 1/76 ALSG 66 PL 20 690 BELLOTTI+FIORINI PULLIA+ (MILAN)
L0 H 55K  40.019  (0.0l0) HEINTZE 77 SPEC + BR,DLO/DL+=+0.03 12/77* | BISI 67 PL 258 572 8ISI+CESTER,CHIESA, VIGONE (TORINO)
LO W LO CALCULATED BY US FROM XI0s L4M, AND DXI/DL. 1/74
Lo L LO VALUE IS FOR L+=0.03 CALCULATED BY US FROM XIO AND DXI/DL. 1/74 BOTTERIL 67 PRL 19 982 BOTTERILL, BROWN,CORBETT,CULLIGAN + (OXFORD)
Lo D THIS VALUE AND ERROK ARE TAKEN FROM BRAUN 75 BUT CORRESPOND TO THE 1/76 ALSD 68 BCTTERIL
L0 D BRAUNL 73 L+M RESULT. ODLO/DL+ IS FROM BRAUNL 73 OXI/OL IN XIA ABV. L/76 BOWEN 67 PR 154 1314 BOWEN ¢ MANN, MCFARLANE s HUGHES + { PENN—PRINCETO)
LO B BRAUN 74 IS A COMBINED KMU3-KE3 RESULT. IT 1S NOT INDEPENDENT OF  11/75 CLINEl 67 HEIDELBERG CGNF  CLINE,HAGGERTY,SINGLETON,FRY+  {WISCONSIN}
L0 8 BRAUNL 73 (KMU3) AND BRAUN2 73 (KE3) FORM FACTOR RESULTS. 11/75 CLINE2 67 RERCEG NOVI TBL.4 D.CLINE,PROC.INTL.SCH.ON ELEM.PART,PHYSICS
LO M MERLAN 74 LO AND CLO/OL+ WERE CALCULATED BY US FROM XIA, L+M, AND 3/74
Lo M DXI/OL. THEIR FIG.6 GIVES LO=-0.025+-0.012 AND NO DLO/DL+. 3/74 FLETCHER 67 PRL 19 98 FLETCHER ;BELER, EDWRADS , + (ILLINOIS)
L0 H HEINTZE 77 USES L#=0.0294-0.003. DLO/DL+ ESTIMATED BY US. 12777+ | ForD 67 PRL 18 1214 +LEMONICKNAUENBERG s PIROUE (PRINCETON)
Lo P IMLAY 67 PR 160 1203 IMLAY ESCHSTRUTH, FRANKL IN+ (PRINCETON}
L0 FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS ABOVE. KALMUS 67 PR 159 1187 KALMUS s KERNAN (LRL)
ZINCHENK 67 RUTGERS{THESIS}  ZINCHENKO {RUTGERS)
L+E LAMBCA + (LINEAR ENERGY DEPENDENCE OF F+ IN KE3 DECAY)  ———==———-
L+E FOR RAD.COR. OF KE3 DP SEE GINSBURG 67 AND BECHERRAWY T0. 3/74 BETTELS 68 NC 56A 1106 AACHEN-BARI-BERGEN-CERN-EP~NIJMEGEN-ORSAY+
L+E 217 +0.036 045 BROWN 62 XEBC + NO RC ALSD 71 HAIDT
L+E 407 ~0.010 .029 JENSEN 64 XEBC + P, NG RC 8/67 BOTTERIL 68 PR 171 1402 BOTTERILL,BROWN,CLEGGsCORBETT + (OXFORD}
L+E 230  -0.04 .05 BORREANI 64 HBC + E+y NO RC 8/67 BOTTERI1 68 PR 174 1661 BOTTERILL+BROWN,CLEGGs CORBETT + (OXFORD)
L+E 854 0.045 0.017 0.018 BELLOTT2 67 FBC + DP, USES RC 11767 BOTTERIZ 68 PRL 21 766 BOTTERILL+BROWN,CLEGG, CORBETT + (DXFDRD)
L+E 1393 +0.016 <016 IMLay 67 OSPK + DPs NO RC 8/67 BUTLER 68 UCRL-18420 +BLAND, GOLDHABER s GGLDHABER y HIRATA+ {LRL
L+E 5185 +0.028 013 «014 KALMUS 67 FBC + E+, PI, ND RC 8767 CHANG 68 PRL 20 510 CHANG»YODH, EHRLICH, PLANDO(MARVLANDVRUTGERSl
L+E 960 .08 .04 BOTTERILL 68 ASPK + E+, USES RC . 6768
L+E 90  -0.02 0.08 0.12 EISLER 68 HLBC + PI+ USES RC 6/68 CHEN 68 PRL 20 73 CHEN,CUTTS, KIJEWSKI 4 STIENING + (LRLyMIT)
L+E 1458 <045 .015 BOTTERIL 70 OSPK PI, USES RC 10769 EICHTEN 68 PL 27B 586 AACHEN-BARY-CERN-EP-ORSAY-PADOVA-VALENCIA
L+E 2707 0.027 0.010 STEINER 71 HLBC + DP, USES RC 11771 EISLER 68 PR 169 1090 EISLER +FUNG yMARATECKsMEYER,PLANO {RUTGERS )
L+E 4017 0.029 0.011 CHIANG 72 OSPK + DP, RC NEGLIGBLE 9/72 ESCHSTRU 68 PR 165 1487 ESCHSTRUTH yFRANKLIN,HUGHES+({ PRINCETON, PENN)
LeE A 0.027 0.008 BRAUNZ 73 HLBC + DP, NC RC 3/74 GARLAND 68 PR 167 1225 +TSIPIS,DEVONS,ROSEN+ (COLUMBIA+RUTG,WESC)
L+E B (0.025) (0.007) BRAUN 74 HLBC + KMU3B/KE3 VS. T  11/75 MOSCOSO 6B THESIS M 1L MOSCOSO (UNIV PARIS ORSAY1
L+4E A BRAUN2 73 STATES THAT RC OF GINSBERG 67 WOULD LOWER L+E BY .002 BUT 3/74
L+E A THAT RC OF BECHERRAWY DISAGREES AND WOULD RAISE L+E BY .005 . 1/76 CUTTS 6S PR 184 1380 +STIENING,WIEGAND s DEUTSCH (LRL,MIT)
L+E B BRAUN 74 IS A COMBINED KMU3-KE3 RESULT. IT IS NOT INDEPENDENT OF  11/75 ALSO 68 PRL 20 955 CUTTS,STIENING,WIEGAND, DEUTSCH (LRLMIT)
L+E B BRAUNL 73 (KMU3) AND BRAUN2 73 (KE3) FORM FACTOR RESULTS. 11/75 DAVISON 69 PR 180 1333 +BACASTOW,BARKAS EVANS s FUNG s PORTER+ tUCR)
L+E e = e s e s & e ELY 69 PR 180 1319 ELY,GIDAL yHAGOPI ANy KALMUS+ {LOUC+WISC+LRL])
L+E AVG 0.0285  0.0043 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.0} EMMERSON 69 PRL 23 393 EMMERSON y QUIRK (OXFORD)
L+E STUDENT  0.02B4  0.0047 AVERAGE USING STUDENTLO(H/1.11} -- SEE MAIN TEXT
HERZO 69 PR 186 1403 +BANNER , BETER, BERTRAM, EDWARDS + tILL)
FS FS/F+ RATIO OF SCALAR TU F+ COUPLINGS FOR KE3 DECAY(ABS. VALUE ) ===~ KIJEWSKI 69 UCRL-18433 THESIS P K KIJEWSKI (LBL)
ES .18 OR LESS 90  BELLOTTZ2 67 10769 LGBKOWIC 69 PR 185 1676 +MELISSINGS {NAGASHIMA, TEWKSBURY+ (ROCH,BNL)
FS .30 OR LESS KALMUS 67 HLBC + 10769 ALSD 66 PRL 17 548 LOBKOWECZ/MELISSINDSsNAGASHIM®  [ROCH+BNL}
FS 0.23 OR LESS BOTTERILL 68 ASPK 8/66 MACEK 69 PRL 22 32 MACEKsMANN,MC FARLANE, ROBERTS+ {PENN, TEMPLE}
Fs 2707 0.14 0.03 STEINER 71 HLBC + L+,FS,FT,PHI FIT 2/72 MAST 69 PR 183 1200 +GERSHWIN, ALSTON-GARNJOST s BANGERTER+  (LRL]
FS 4017 0.13 OR LESS CHIANG 72 OSPK + 9772 IELLER 69 PR 182 1420 ZELLER,HADDDCKy HELL AND s PARL+ (UCLA,LRLI
FS 2827 0.00 0.10 BRAUN 75 HLBC + 12/75
£S . BOTTERIL 70 PL 318 325 +BROWN, CLEGG + CORBETT, CULLIGAN+ (OXF)
FS AVG 0.125 0.044  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3} FORD 70 PRL 25 1370 +PIROUE s REMMEL , SMITH, SOUDER (PRIN)
FS STUDENT  0.126 0.037  AVERAGE USING STUDENT10(H/1.11) -— SEE MAIN TEXT GRAUMAN 70 PR DL 1277 +KOLLER s TAYLOR(PANDGULAS+ [STEV,SETO,LENI )
ALSC 69 PRL 23 737 +KOLLER s TAYLORs PANOOULAS+  (STEVSETG,LEHI }
€T FT/F+ RATIO OF TENSOR TO F+ COUPLINGS FOR KE3 DECAY{ABS. VALUE)——-— MACEK 70 PR DI 1249 +MANN MCFARLANE, ROBERTS {PENN)
FT .58 DOR LESS BELLOTTZ 67 HLBC 10/69 MALTSEV 70 SJNP 10 678 +PESTOVA , SOLODOVNIKOVA, FADEEY + (JINR)
FT 1.1 OR LESS KALMUS 67 HLBC + 10/69 PANDOUL A 70 PR D2 1205 +TAYLOR,KOLLERyGRAUMAN + {STEV,SETO}
FT 0.58 OR LESS BOTTERILL 68 ASPK 8/66
FT 2707 0.24 0.16 STEINER 71 HLBC + L+,FS,FT,PHI FIT 2/72 BASILE 71 PL 36B 619 +BREHIN,DIAMANT~BER GER s KUNZ+ {SACL+GEVA)
FT 4017 0.75 OR LESS CHIANG 72 OSPK + 9/72 BOURQUIN 71 PL 368 615 +BOYMOND , EXTERMANN, MARASCO+ (GEVA.SACL }
FT 2827 0.07 0.37 BRAUN 75 HLBC + 12/75 HAIDT 71 PR D3 10 AACHEN+BART +CERN#EP +NTJMEGEN+DRSAY +P ADDVA+
FT e e e e e e e e ALSO 69 PL 29B 691 +(AACH,BART yCERN+EPOL s N1JM,ORS AY, PADOs TORI )
FT  AVG 0.22 0.14 AVERAGE {(ERROR INCLUGES SCALE FACTOR OF 1.0} KLEMS 71 PR D4 66 +HILDEBRAND, STIENING (CHIC,LRL)
FT  STUDENT 0.22 0.15 AVERAGE USING STUDENTLO(H/1.11) —— SEE MAIN TEXT ALSO 70 PRL 24 1086 KLEMS 4 HI LDEBRAND, STIENING (LRL,CHIC}
ALSD 70 PRL 25 473 KLEMS + HILDEBRAND, STIENING (LRL, CHIC)
FTM FT/F+ RATIO OF TENSOR TO F+ COUPLINGS FOR KMU3 DECAY  ~====we———ee
FTM 1585 0.02 0.12 BRAUN TS HLBC 1776 KUNSELMA 71 PL 34B 485 R. KUNSELMAN (WYOMING}
oTT 71 PR D3 52 OTT,PRITCHARD {LOQM)
KE4 KE4 DECAY FORM FACTORS ARE GlVEN [N THE FOLLOWING PAPERS RCMANO 71 PL 368 525 +RENTON,AUBERT yBURBAN-LUTZ (BARI,CERNsDRSA)
KE4 ILE 71 ASPK + 11/75 SCHWEINB 71 PL 36B 246 AACHEN+BELGIUM+CERN+NTJMEGEN+PADOVA COLLAB
KE4 BE!ER 73 OSPK 4= 11/75 STEINER 71 PL 36B 521 AACHEN+BARI+CERN+EPCL +ORSA+NIJM+PADD+TORIN
W EEEF FEXFXHREE AFFRXXKER FRXFEEARE ABRAMS 72 PRL 29 1118 +CARROLL,KYCIA,LI,MENES,MICHAEL + {(BNL)
ANKENBRA 72 PRL 28 1472 ANKENBRANDT , LARSEN+ (BNL+LASL+FNAL+YALE)
AUBERT 72 NC 124 509 +HEUSSE, PASCAUD, VIALLE+ {ORSA+BRUX+EPGL )
REFERENCES FOR CHARGED K BEIER 72 PRL 29 &78 +BUCHHGL 2 yMANNy PARKER (PENNSYLVANIA)
CHIANG 72 PR D& 1254 +RGSENy SHAPIROyHANDLER s OL SEN+ (ROCH+WISC)
BIRGE 56 NC 4 834 BIRGE+PERKINS ¢ PETERSONy STORK JWHITEHEA {LRL}
ILCFF 56 PR 102 927 ILOFF,GOLDHABER, LANNUTTI(GILBERT + (LRL) CLARK 72 PRL 29 1274 +{ORKyEL [OFF yKERTHy MCREYNOLDSs NEWTON+ {LBL)
ALEXANDE 57 NC 6 478 ALEXANDER s JOHNSTON, OCEALLAIGH {DUBLIN INST) EDWARDS 72 PR D5 2720 +BETERyBERTRAM,HERZD,KOESTER + (ILL)
COHEN 57 FUND.CONS.PHYS.  +CROWE,DUMOND (ATOMICS INTER.+LRL+CIT]) FORD 72 PL 388 335 +PIROUE, REMMEL » SMITH, SOUDER (PRINCETON)
EISENBER 58 NC 8 663 EISENBERGsKOCH»LOHRMANN,NIKOLIC + (BERN) HOFFMAST 72 NP B36 1 HOFFMASTERsKOLLERsTAYLOR+ (STEV+SETO+LEH] }
BURROWES 59 PRL 2 117 BURROWES yCALOWELLyFRISCHsHILL + IMIT)
TAYLOR 59 PR 114 359 S TAYLOR,HARRIS,OREARJLEE,BAUMEL {COLUMBIA} ABRAMS 73 PRL 30 500 +CARROLL+KYCIA) LI MENES,MICHAEL + (BNL}
BACKENST 73 PL 43B 431 BACKENSTOSS y BAMBERGER+{ CERN+KARL+HEID+STQOH )
FREDEN 60 PR 118 564 S C FREDEN,F C GILBERT+R § WHITE (LRL} BEIER 73 PRL 30 399 +BUCHHGL Z yMANN+ PARKER + ROBERTS {PENN)
BARKAS 61 PR 124 1209 BARKAS,DYER,MASONyNORRIS,NICKOLS,SMIT (LRL) BRAUNL 73 PL 47B 182 AACHEN+BARI +BRUSSEL S+CERN COLLABORATION
BHOWMIK 61 NC 20 857 B BHOWMIK,P C JAIN,P C MATHUR {DELHI UNIV) ALSO 75 BRAUN
FERFO-LU 61 NC 22 1087 FERRO-LUZZI+MILLERs MURRAYROSENFELD+ (LRL) BRAUNZ 73 PL 478 185 AACHEN+BARI+BRUSSEL S+CERN COLLABURATION
NORDIN 61 PR 123 2166 PAUL NDROIN JR (LRL) ALSO 75 BRAUN
ROE 61 PRL 7 346 RGE.SINCLAIR,BROWN,GLASER + (MICH+LRL) CABLE 73 PR D8 3807 +HILDEBRAND,PANG, STIENING (EFI+LBL])
BOYARSKI 62 PR 128 2398 BOYARSKI +LOHsNIEMELA,RITSON (MIT)




65

Data Card Listings Stable Particles
For notation, see key at front of Listings. K*, K° K&

LJUNG 73 PR DB 1307 D.LJUNG,0.CLINE {WISCY | TTTTUT TTTTTToTT TTemTTTTT TTTTTTTTT TeeTTheT -
ALSO 72 PRL 28 523 D.LJUNG (WISC)
ALSC 72 PRL 28 1287 0.CLINE,D.LJUNG (W15C) 11 (KO} — (K+=) MASS DIFFERENCE (MEV)
ALSO 69 PRL 23 326 CAMERINI +LJUNG, SHEAFF»CLINE {WiscC)
LUCASL 73 PR 08 719 LUCAS, TAFT,WILLIS (YALE) o 3.9 0.6 ROSENFELD 59 HBC -
LUCAS2 73 PR D8 727 LUCAS, TAFT (WILLIS {YALE) D 5.4 .1 CR:“FDRD 59 HBC +
PANG 73 PR 08 1589 +HILDEBRAND, CABLEsSTIENING  (EF[+ARIZ+LBL) o 9 3.90 0.25 BURNSTEIN 65 HBC -
ALSG 72 PL 40B 699 CABLEHILDEBRAND+PANGsSTIENING {EFL+LBL}) o) 7 3.71 0.35 KIM 65 HBC - K= P TO KO N 6/68
SMITH 73 NP 860 411 +BOOTH,RENSHALL, JONES+ (GLAS+LIVP+OXF +RHEL ) 0 417 3.95 0.21 HILL 68 DBC + K+D TO KOPP 3/68
D e » 4 e 4 s e 3 .
ARNOLD 74 PR D9 1221 C L ARNOLD+B P ROE»D SINCLAIR (MICH) D AVG 3.92 0.14 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
BRAUN 74 PL 518 393 +CORNELSSENsMARTYN + [AACH+BARI+BRUX+CERN} O STUDENT  3.91 0.15 AVERAGE USING STUDENTIO(M/1.11) ~— SEE MAIN TEXT
CENCE 74 PR D10 776 +HARRIS» JONES,MORGADD + {HAWA+LBL*WISC) o FI1T 4.01 0.13 FRCM FIT (ERROR INCLUDES SCALE FACTOR QOF l.l) 2/78%
ALSO 73 TRESIS (UNPUBL.) D 8 CLARKE (WISC)
KUNSELMA T4 PR C9 2469 R . KUNSEL MAN {WYOM) Fredes = * haRaa b e HEEFEAEE
MERLAN T4 PR D9 107 +KASHA s WANDERER 4 ADA IR+ (YALE+BNL+LASL )
WEISSENB 74 PL 48B 476 WEISSENBERG,EGOROV, MINERVINA + {(ITEP+LEBD]) REFERENCES FOR NEUTRAL K
BLOCH 15 PL 568 201 +BREHIN, BUNCE , DEVAUX+ (SACL+GEVA) CRAWFORD 59 PRL 2 112 CRAWFORDCREST[4GOCDySTEVENSON,TICHD  (LRL)
BRAUN 75 NP B89 210 +CORNELSSENsMARTYN+  {AACH+BARI#BRUX+CERN) ROSENFEL 59 PRL 2 110 A H ROSENFELD,F SOLMITZ,R D TRIPP (LRL)
CHENG 15 NP A254 331 +ASANDCHEN s DUGANHU, WU, HUGHES+ (COLU+YALE) CHRISTEN 64 PRL 13 1348 CHRISTENSON+CRONINy FITCH, TURLAY [PRINCETON)
HEARDL 75 PL 55B 32 +HEINTZE sHEINZELMANN+ {CERN+HEID) BURNSTEI 65 PR 138 B B9S R A BURNSTEINsH A RUBIN (MARYLAND )
HEARD2 75 PL 558 327 oHsmrzE.HEINzELMANm (CERN+HEID) KIM 65 PR 140 B 1334 J K KIMeL KIRSCH.D MILLER (COLUMBIAY
SHEAFF 75 PR Dl2 2570 M. SHEA (WI5C)
SMITH 5 NP BS1 45 +BOOTH RENSHALL JONES# (GLAS+L [VP+OXF +RHEL ) BALTAY 66 PR 142 932 BALTAY, SANDWEISS, STONEHILL + [YALE+BNL)
! T ' ’ FITCH 67 PR 164 1711 FITCH, ROTH,RUSS, VERNON (PRINCETON)
BERTRANC T6 NP Bl1l4 387 +SACTON + (BRUX+UBEL +DUUCHLOUC+WARS ) HILL 68 PR 168 1534 HILL,ROBINSON,SAKITT,CANTER  (BNL,CARNEGIE }
BLOCH 76 PL 60B 393 +BUNCE,DEVAUX y DIAMANT~BERGER+ (GEVA+SACL)

g';:‘,ﬂms ;‘; ';[‘56;; fgé ;T:ﬁ:ﬂ:sﬁ%ggfaswmé“}:ﬁ;“?‘"I(‘Eitffggw; EEREE ARAEKAEER SEAREEEEE FEESCEIRE TRRESTELE ERENECHUE EEEARIKEE TEKEETHE
HEINTZE 76 PL 60B 302 +HEINZELMANN, IGO-KEMENES , MUNDHENKE+ (HEID) FRERE SEROARIIE LRSI ALL AREIR LS
SMITH 76 NP BLOS 173 +BOOTHsRENSHALLy JONES+ (GLAS+L IVP4+OXF+RHEL }
ENB 76 NP 5 WEISSENBERG» EGOROV, MINERVINA+ (ITEP+LEBD)
WE1SS BIL5 5 ’ ' 12 SHORT-LIVED NEUTRAL K(498, JP=0-) I=1/2
ABRAMS 77 PR D15 22 +CARROLL +KYCIAsLT+MICHAEL ¢ MOCKETT +  (BNL)
DEVAUX 77 NP Bl26 11 4+BLOCH,DIAMANT-BERGER, MAILLARD+ [SACL+GEVA) T Tttt Tt -
HEINTZE 77 PL 708 482 +HEINZELMANN 1GO-KEHMENES, + {HETD+CERN)
ROSSELET 77 PR D15 574 +EXTERMANN, FISCHER, GUISAN + (GEVA+SACL)

Note on the K; Mean Life

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS

BLOCK 62 CERN CONF 371 BLUCK, LENDINARA, MONART (NWES+BOLOGNA) From 1968 until 1972 our average value for the
PAPERS NOT REFERRED TD [N DATA CARDS 0 . -10
K’ mean life was (0.862 % 0.006) X 10 second.

BRENE &1 NP 22 553 BRENE, EGARDT yQVIST (NORD) S
BIRGE 63 PRL 11 35 BIRGE/ELY+GIDAL,CAMERINT + (LRL+WISC+BART) : ; - .
ADAIR 64 PL 12 67 ADAIR ,LEIPUNER (YALE + BNL) Since then several high-precision experiments have
CABIBBO 64 PL 9 352 CABIBBOyMAKSYMOWICZ (CERN)

ALSO 64 PL 11 360 CABIBBOyMAKSYMOWICZ {CERN) 3 3 3 :

ALSO 65 Pt 14 72 CABIBBO, MAK SYMOWICZ (CERN) obtained results compatible with each other which
CABIBBO 66 BERKELEY CONF 33 CABIBBO {CERN) average (0.8923 % 0.0022) x 10_10 second. This is
GINSBERG 67 PR 162 1570 EDWARD S GINSBERG (U. MASS BOSTON}
WILLIS 67 HEIDELBERG 273 W J WILLIS ~RAPPORTEUR TALK (YALE} . L. .
CRONIN 68 VIENNA CONF 241  RAPPORTEUR TALK {PRINCETON) about five standard deviations above the previous
HAIOT 2 69 PL 29B 696 + LAACH,BARI+CERN,EPOL ,NIJM,ORS A, PADD, TORT )
BARDIN 70 PL 32B 121 BARDIN,BILENKY, PONT ECORVD (JINR) average. The origin of this discrepancy is not
BECHERRA 70 PR Dl 1452 T.BECHERRAWY {ROCH)
FEARING 70 PR D3 542 +F [SCHBACK, SMITH (STON+BOHR) i i i i i
GAILLARD 70 CERN 70-14 N K GAILLARDs L M CHOUNET (CERN+ORSA ) known. The discrepancy is displayed graphically in
GINSBERG 70 PR DI 229 £ S GINSBERG (11T HALFA) ) , ! .

the ideogram below which contains all experiments,
GINSBERG 71 PR D& 2893 E S GINSBERG (MIT)
HOUNET 72 PL 4C 199 (PHYS. REPTS.)ICHOUNET,2%GAILLARD (ORSA+CERN}
¢ ' 0ld and new.
hobpind ho! Since the newer experiments are in principle
eri — i i i i

1 NEUTRAL K(498.0P0m) 1o1/2 superior — that is, they have higher statistics,

= better acceptance, and easier trigger conditions -~

11 NEUTRAL K MA tME
v MASS LMEV) we have chosen to average them separately from the

" 498.1 0.4 CHRISTENS 64 DSPK
M 2223 49T.44 0.33 KIM 65 HBC KO FROM PBAR P 6/66 i i i
M 4500 498.9 0.5 BALTAY 66 HBC KO FROM PBAR P 6/66 older experiments as is seen in the Data Card
“ 497.44 0.50 FITCH 67 OSPK 11767 L. X
M e e e e Listings below. 1In the Stable Particle Table,
M AVG 497.87 0.32  AVERAGE (ERRCR INCLUDES SCALE FACTOR OF 1.5)
M STUDENT 497.83 0.26  AVERAGE USING STUDENTLO(H/L.11) =-- SEE MALN TEXT : .
M FIT 457.67 0.13 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1} 2,78+ | W& quote the new value, but give the old value in
(SEE IDEOGRAM BELOW )
a warning footnote.
WEXIGHTED RUERAGE = 497 .87 + 0,32 12 KOS MEAN LIFE {UNITS 10%*~}10 SEC}
ERROR SCALED BY 1.8 T KOS MEAN LIEE (PREC1STL EXPERIMENTS)
-_— T o 90 67)  (0.13)  (0.13} BOLDT 58 CC
R 1 512 o 94 0.05 0.05 CRAWFORD 59 HBC
Values above of weighted average, T 0 63 (1.091 (0.18)  (0.15) BOWEN 60 CC
error, and scale factor are for the T G OLD EXPTS WITH LOW STATISTICS NOT INCLUDED IN AVERAGE. 6/68
reader's convenience only. The T 378 0.94 0.05 0.05 BERTANZA 62 HBC
data were actually processed by a I 202 g-gz g-gz ﬁ:’ggigz :2 g;féﬁ
T 4 . .
Coi‘s‘fatm“‘ fit program, ""fhmh T 0866 0.016 ALFF-STET 66 DSPK 9766
calculates its own values of X, 6%, T 572 0.90 0.06 0.05 AUERBACH 66 DSPK 8/67
and scale factor, which are differ- T 4500 0.92 0.04 BALTAY 66 HBC 6/66
ent from the values shown here. T B (0.904) (0.024) BOTT-BODE 66 OSPK 9766
T 5000  0.843 0.013 KIRSCH 66 HBC 6/66
T 19994  0.856 0,008 DONALD 68 HBC 6768
T H 20000  ©0.872  0.009 HILL 68 DBC 11772
T e e e e,
T AV 0.8641 0.0065 0.0065 AVERAGE {ERRDR INCL. SCALE FACTOR QF 1.3)
T  STUDENT  0.8642 0.0060 0.0059 AVG BY STUDENTIOUH/1.11) -- SEE MAIN TEXT
(SEE IDEOGRAM BELOW )
CHISQ
T KOS MEAN LIFE (PGST-1971 EXPERIMENTS)
0.7 T THESE VALUES ARE USED TC DETERMINE THE STABLE PARTICLE TABLE
4.3 T VALUES OF THE KOS MEAN LIFE AND RATES.
T H 50K 0.8958  0.0045 SKJEGGEST 72 HBC 1/73
1.7 T F 21732 (0.867) (0.024) FACKLER 73 0SPK 11773
— 0.3 T 6M  0.8937  0.0048 GEWENIGER 74 ASPK 3/74
) Toc 0.8913  0.0032 CARITHERS 75 SPEC 1715
. 1 26K 0.881 0.009 ARGNSON 76 SPEC 11/76%
496 .5 497 .5 498 (CONLEV T S T T,
. . .5 498.5 §00.5 =0.072) T AVG 0.8923  0.0022 ©0.0022 AVERAGE (ERROR INCL. SCALE FACTOR OF 1.0}
T STUDENT  0.8924 0.0025 ©0.0024 AVG BY STUDENTIO(H/L.11) == SEE MAIN TEXT
NEUTRAL K MASS (MEV) TOFIT 0.8923  0.0022 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)

{SEE IDEGGRAM BELOW )
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Stable Particles Data Card Listings
K2 For notation, see key at front of Listings.

COMMENTS R3 KOS INTO {PI+ PI=}/(PI10 P10I (P1}/(P2)
T H HILL 68 HAS BEEN CHANGED BY THE AUTHORS FROM THE PUBLISHED VALUE 11/72 R3 N 267 (2.12) {0.17) 80Z0K1 69 HLBC 5770
T H (0.865+-0.009) BECAUSE OF A CORRECYION IN THE SHIFT DUE TO ETA+-. 11772 R3 G 3016  {2.285) ({0.055) GOBBI 69 0SPK KN TG KOP 5/69
T H SKJEGGESTAD 72 AND HILL 68 GIVE DETAILED DISCUSSIONS GF SYSTEMATICS R3 3700 2.10 0.06 MORF IN 69 HLBC KeN TO KOP 10/69
T OH ENCOUNTERED IN THIS TYPE OF EXPERIMENT. R3 G 7944 2.282 0.043 MOFEETT 70 OSPK KeN TO KOP 2/72
T B KOS MEAN LIFE NOT ThE PRIMARY QUANTITY MEASURED IN THIS EXPT, 6768 kK3 B 6150 2.22 0.095 BALTAY 71 HBC K-P TO KO +NEUTRALS 12/71
T F  FACKLER 73 DOES NOT INCLUDE SYSTEMATIC ERKORS. 11/73 R3 A 3068 2.22 0.10 ALITTI 72 HBC K+P TG PI+ P KO  6/72
T C CARITHERS 75 VALUE IS FOR KOL~KOS MASS DIFFERENCE OM=.5348+-.0021. 11/75 R3 6380 2.22 0.08 MORSE 72 DBC K+N TO KOP 2/72
T oC THE DM DEPENDENCE OF THE TOTAL DECAY RATE (INVERSE MEAN LIFE) IS 11/75 R3I N 701 2.10 a.11 NAGY 72 HLBC K+N TG KOP 1773
T C GAMMA(KOS)=([1.122+4~.004)+.16%(DM-.5348)/DM)*10%*10 /SEC. 11775 R3 4799 2.16 0.08 HILL 73 DBC K+D TO KO P P 9773
T C VALUE WOULD NOT CHANGE WITH OUR CURRENT DM=.5349+-.0022. 2/16 R3 16K 2.169 0.094 COWELL 74 OSPK PI- P TG LAM KO  7/75
3 1315 2.11 0.09 EVERHART 76 WIRE PI- P TO LAM KO 11/76%
R3 N NAGY 72 IS A FINAL RESULT WHICH INCLUDES BOZOKI 69. 11/73
R3 6 MOFFETT 70 IS A FINAL RESULT WHICH INCLUDES GOBBI 69. 2/72
WEIGHTED RUERAGE = 1.1261 = 0.0059 R3 B THE DIRECTLY MEASURED QUANTITY IS KS TO PI+PI-/ALL KOBAR=.345+-.005 12/71
ERROR SCALED BY 2.3 :g A ThE DYRECTLY MEASURED QUANTITY IS KOS TO PI+ PI-/ALL KO=.345+-.005 6/72
T R3  AVG 2.197 0.026 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0)
R3  STUDENT  2.192 0.031  AVERAGE USING STUDENT10{H/1.11} -- SEE MAIN TEXT
RI  FIT 2.186 0.025 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1}
CHISQ
e R4 (KOS INTO PI+ PI- P10, CP VIOLATING)/(KOL INTO PI+ PI- PIO)
= ARONSON 76 SPEC 0.6 R4 TEST CF CP VIGLATION — SEE TEXT SECTION VI B.3A FOR DEFINITIONS
«+ >+« - .CARITHERS ?S SPEC 1.1 R4 CPT ASSUMED VALID - {I.E. RE(A}=0} - ONLY {IMA)#**2 QUOTED HERE
. e R& 18 (3.8) OR LESS CL=.90  ANDERSON 65 HBC 10769
GEHENIGER 74 ASPK 1.4 Re 0.45 DR LESS BEHR 66 HLBC 8/66
¢+« .. .SKJEGGEST 72 HBC 3.1 R4 53 (1.7} OR LESS WEBBER 70 HBC 8/70
—_— e R4 € 71 0.8 DR LESS WEBBER 70 HBC 8770
HILL 68 Dpac 3.0 R4 99 1.2 DR LESS CHO 71 DBC 4/T1
—+- - - - - - -DONALD 68 HBC 14.9 R4 J 98  (l.0) OR LESS JAMES 71 HBC 6/71
. H A R¢ M 50 (1.2) QR LESS MEISNER 71 HBC CL=.9 NOT AVAIL. 2/71
KIRSC 66 HBC 1.8 R J 180 0.66 OR LESS JAMES 72 HBC 1/73
- - - - - -BALTAY 66 HBC . R4 99 1.2 DR LESS JONES 72 OSPK 1o/72
. R4 384 0.12 QR LESS METCALF 72 ASPK 2774
RUERBACH 66 OSPK R& 148 0.71 GR LESS CL=.90 MALL ARY 73 0SPK RE(A)=—.054-.17 8/173
—t—- -+ - - -ALFF-STEI 66 0OSPK 1.8 R4 192 1.2 OR LESS CL=.90 BALDOCEOL 75 HLBC 12/75
T .. R4 C THIS IS THE COMBINED RESULT OF ANDERSON 65 AND WEBBER 70
KREISLER 64 OSPK R4 S JAMES 72 1S A FINAL RESULT WHICH INCLUDES JAMES T71. 11/73
+ <« -CHRETIEN 63 HLBC R4 M THESE AUTHORS FIND REAL{A}= 2.75+—.65, ABOVE VALUE AT RE(A)=0 2/1
ot "BERTANZA 62 HBC RS KOS INTQ (MUs HU-)/CHARGED (UNITS 10%%-5) (P3)/1(P1)
-\ -+ ---CRAUFORD 59 HBC RS OR LESS €1=.90 BOTT-BODE 67 OSPK a/67
36.7 R5 zo o OR LESS CL=.90  BOHM 69 0SPK 2771
RS 1.07 OR LESS CL=.90  HYAMS 69 OSPK 10/69
(CONLEU RS S 32.6 OR LESS CL=.90 srun.xs 69 ospx 5769
1.0 1.1 1.2 1.3 =0.000) R5 0.047 OR LESS C[L=.90  GJE 73 Asp 7773
R5 S VALUE CALCULATED BY US, USING 2. 5° INSTEAD oF 1 evsm 90 PERC.CL
KOS DECRY RATE (UNITS 1010 SEC-1) ! '
- - R& xos INTO (PI+ P1- GAMMA}/(PI+ 91—1 1UN, mu-zx (P51/1P1)
R6 NO RATIC GIVEN LLOTTE 66 PG GT 50 MEV/C  10/69
12 KOS PARTIAL DECAY MODES R6 m 3.3 1.2 HEBBER 70 uac PG GT 50 MEV/C  10/69
R6 B 2.8 0.6 BURGUN 73 HBC PG GT 50 MEV/C  11/73
DE“V MASSES R6 C 29 {3.0) (0.6} BOBISUT 74 HLBC PG GT 40 MEV/C  12/75
Pl KOS INTQ PI+ P1- 139+ 13 R6 T 2.68 0.15 TAUREG 76 SPEC PG GT 50 MEV/C  6/77%
P2 KOS INTO P10 P10 134+ 13‘ R& B BURGUN 73 ESTIMATES THAT OIRECT EMISSION CONTRIBUTION IS .3+-.6 . 11/73
:2 :gg ;mg 'E“U*E"U‘ 102: 102 R6 C BOBISUT 74 NOT INCLUDED IN AVERAGE BECAUSE P(GAMMA} CUT DIFFERS. 1/76
+ B : : R6 C ESTIMATES DIRECT EMISSICN CONTRIBUTION TO 8E 0.5 OR LESS, CL=.95. 1776
PS KOS INTO PI+ PI- GAMMA 139+ 139+ ¢ T . =.90. «
re KOS INTO GAMMA GANMA o 8 Re T TAUREG 76 FIND OIRECT EMISSION CONTRIB LT +06,Ci=.90 6/7T
e7 KOS INTO 3PI0 134+ 134+ 134 R6  AVG 2.70 0.14 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
R6 STUDENT  2.70 0.16 AVERAGE USING STUDENT10(H/1.11} -- SEE MAIN TEXT
RY K0S mm (E+ E-)/CHARGED (UNITS mu—sp (P41/(P1)
12 KOS BRANCHING RATIOS R7 0.0 OR LESS C(=.90 80 69 0SPK 2/
R1 KOS INTO (PI+ PI(—])/TOTAL CRAWFORD 59 HBC {P1h R8 KOS INTO 2 GAMMA/TOTAL (UNITS 10%¥-3) (1231
R1 0.8 o EORD 2o pee RE R 0 21.0 DR LESS CL=.90 BANNER 69 OSPK 12/71
1 0. 0.0 coLumBIe 69 RS R 0 2.2 ORLESS CL=.90 REPELLIN 71 OSPK 12/71
U ‘°'7“°’ ‘0'02“ ANDERSON 62 HBC R8 R 0 0.7l OR LESS CL=.90 BANNER 72 OSPK 8/12
WU 3447 0.670 0.010 DOYLE 69 HBC PI~ p TO LAM KO  1/76 8 o z 0 OR LESS CL=.90 MORSE 12 uac 2772
AL U ANDERSCN RESULT NOT PUBLISHED, EVENTS ADDED TO DOYLE SAMPLE 2rn RS OR LESS CL=.90 BARMINZ 73 Hi 2774
i IR I MUM INTERFERENCE IN K KL TO 2 GAMMAS 12/71
AL AVG 0.6710 ©0.0096 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0} R8 R THESE ”""S ARE FOR MAXIHUM INTE S t oA
11 STUDENT  0.671 0.010  AVERAGE USING STUDENTIO(H/1.11) ~-- SEE MAIN TEXT RO (KOS INTQ P+ PI~ P10s CP CONSERVING)/{KOL INTG PI+ PI- P10}
o FIT 0.6861  0.0024 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.1) R9 384 0.42 OR LESS CL=.90  METCALF 72 ASPK 11772
12 Kos INTO (P10 PIOI/TOTAL awroro 59 Hae 2 RLO (KOS INTO 3PIO,CP VIOLATING)/(KOL INTO 3P10)
2 0.217 0.11 CRAWFORD 58 nBC. RIO  SEE COMMENTS UNDER BRANCHING RATIO Ré
2 9-26 0:9¢, BACLAN oD miec R10 22 1.2  OR LESS CL=.90 BARMINL 73 HLBC 11/73
2 loss 933 oloie SROWN o3 HLBC R10 6 0.28 OR LESS CL=.90 GJESOAL 74 SPEC 11775
198 0 288 0o021 CHRETIEN 63 HLBC R10 G GJESDAL 74 USES K2PI, KMU3 AND KE3 DECAY RESULTS AND UNITARITY. 11775
12 - . RIO G CALCULATES ABS(ETAOO0)=.26+-.20. WE CONVERT TO CL=.90 UPPER LIMIT. 11/75
12 AvG 0.316 0.014  AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.3} PO
12 STUDENT  0.316 0.0l4  AVERAGE USING STUDENTLO(H/1.11] —- SEE MAIN TEXT
2 FIT 0.3139  0.002¢ FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) R FOR K
(SEE IDEOGRAM BELOW ) REFERENCES FOR K0S
BOLDT 58 PRL 1 150 E BOLDT+D O CALOWELLsY PAL (MIT)
CRAWFORD 59 PRL 2 266 CRAWFORD,CRESTI,DOUGLASS 600D, TICHD + [LRL)
BAGLIN 60 NC 18 1043 BAGLIN,BLOCH,BRISSON,HENNESSY + (EPOL)
WEIGHTED AVERAGE = 0.316 = 0.014 BOWEN 60 PR 119 2030 BOWEN,HARDY s REYNOLDS + SUNs MOORE+  {PRIN+BNL }
A H F 7 HWARTZ + {COLUMBIA}
ERROR SCALED BY 1.3 COLUMBIA 60 ROCH CONF 72 M SCl
—_ BROWN 61 NC 19 1155 BROWN, BRY ANT s BURNSTEIN+GLASER) KADYK+ (MICH)
ANOERSON 62 CERN CONF 836 J A ANDERSON,F S CRAWFORD + (LRL}
BERTANZA 62 PREPRINT D105 BERTANZAyCONNOLLY (CULWICK,EISLER + ¢BNL}
Values above of weighted average, UNPUBLISHEDs BUT RECERTIFIED BY AUTHORSs AUGUST 66.
error, and scale factor are for the CHRETIEN 63 PR 131 2208 CHRETIEN+ {BRANDEIS+BROWN+HARVARD+ MIT)
reader! s convenience only, The BROWN 63 PR 130 Te9 BROWN , KADYK s TRILLING+ROE + (LRL#MICH)
data were actually processed by a KREISLER 66 PR 136 B 1074 M KREISLER,0 OVERSETH+J CRONIN (PRINCETON)
constrained fit program, which ANDERSON 65 PRL 14 475 +CRAWFOR ,GOLOEN, STERN sBINFORD + (LRL#WISC}
calculates its own values of :;;“5"' ALFF-STE 66 PL 21 595 ALFF-STEINBERGER,HEUER  KLEINKNECHT + (CERN}
and scale factor, which are er- AUERBACH 66 PR 149 1052 AUERBACH ,DDBBS»LANDE, MANN, SCIULLI+  (PENN}
ent from the values shown here, ALST 65 AUERBACH
BALTAY 66 PR 142 932 BALTAY , SANDWELSS o STONEHILL + (YALE+BNL)
BEHR 66 PL 22 540 BEHR:BRISSON,PETIAU+ (EPOL,MILA,PADD,ORSAY)
BELLCTTI 66 NC 45A 737 +PULLIA,BALDO-CEQLIN + {MILAN+PADUA)
BOTT-80D 66 PL 23 277 BOTT-BODENHAUSEN,DE BOUARD + {CERN]}
CHISA KIRSCH 66 PR 147 939 L KIRSCHsP SCHMIDT (COLUMBIA)
—— -CHRETIEN § .
3 HLBC 1.8 BOTT-BOD 67 PL 248 194 BGTT-BODENHAUSEN, DE BOUARD:CASSEL+  (CERN)
© -+ - - -BROUWN 63 HLBC 1.8 DONALD &8 PL 278 S8 DONALD+EDWARDSsNISAR+ {LIVP,CERN,IPNP,CDEF}
—_ .. ... .BROUN 61 HLBC 0.2 HILL 68 PR 171 1418 HILLsROBINSONsSAKITT + {BNL , CARNEGIE)
+ - -+ - -BABLIN 60 HLBC 0.3 BANNER 69 PR 188 2033 +CRONIN, L IU, PILCHER tPRINCETON)
- ... ..CRAUFORD 59 HBC BOHM 69 THESIS A. BOHM (AACH)
_ BOZOKI 69 PL 30B 498 +FENYVES ;GOMBOSI,NAGY , SURANYT+  (BUDAPEST}
4.7 DOYLE 69 UCRL 18139-THESIS J.C. DOYLE (LRL)
(CONLEU GO8BI &9 PRL 22 682 GOBBI+GREEN HAKEL {MOFFETT ,ROSEN+ (ROCHESTER)
0.18 0.25 0.35 0.45 0.8s =0.19¢) HYAMS 69 PL 298 521 +KOCH, POTTER,VON LINDERNsLORENZ+ CERN{(MPIM}
MORFIN 69 PRL 23 660 MORFINs SINCLAIR {MICH)
K0S INTO (PIO PIO)-TOTAL STUTZKE 69 PR 177 2009 +ABASHIAN, JONES s MANTSCH ORR, SMITHUILLINOIS)




67

Data Card Listings

For notation, see key at front of Listings.

MOFFETY 70 BAPS 15 512 +G0BB1,GREENHAKEL . ROSEN {RUCHESTER)
WEBBER 70 PR D1 1967 +SOLMITZ +CRAWFORD4ALSTON-GARNJQST {LRL}
ALSO 69 UCRL 19226 THESIS 8 R WEBBER (LRL)

BALTAY 7L PRL 27 1678 +BRIDGEWATER ,COOPER, GERSHWINsHABIBI+ (COLU}

ALSD 71 NEVIS-187 THESIS WILLIAM A, COOPER_ {COLUMBIA)
CHO 71 PR D3 1557 +DRALLE CANTERENGLER,FISK+ (CARN+ENL+CASE}
JAMES 71 PL 35B 265 +MONTANET » PAUL 4 PAUL T+ (CERN+SACL+OSLO)
MEISNER 71 PR D3 59 +MANN ,HERTZBACHs KOFLER + {MASA+BNL+YALE )
REPELLIN 71 PL 36B 603 +WOLFF,CHOLLET+GAILLARD + JANE+ {ORSA+CERN)
ALITTI 72 PL 39B 568 J ALITTI,E LESQUOY,A MULLER {SACLAY)
BANNER 72 PRL 29 237 +CRONIN, HOFFMAN, KNAPP, SHOCHET (PRINCETON)
JAMES 72 NP B49 1 +MONTANET 4PAUL » SAETRE+ (CERN+SACL+0SLO)
JONES 72 NC 9A 151 +ABASHIAN,GRAHAM MANTSCH 4ORR, SMITH+ {1
METCALF 72 PL 408 703 +NEUHOFER,NIEBERGALL+ (CERN+IPN+WIEN)
MORSE 72 PRL 28 388 +NAUENBERG»BIERMAN, SAGER+ {COLO+PRIN+UMD}
NAGY 72 NP B47 9% +TELBISZ,VESITERGOMBI (BUDAPEST)

ALSO 69 PL 30B 498 BOZOKI +FENYVES,GOMBOSI,NAGY + (BUDAPEST?}
SKJEGGES 72 NP 848 343 SKJEGGESTAD » JAMES,MONTANET+( OSLO+C ERN+SACL)
BARMINL 73 PL 46B 465 +BARYLOV, CAVIDENKC, DEMIDOV+ {1TER)
BARMINZ 73 PL 47B 463 +BARYLOV,DAVIDENXO, DEMIDOV+ {ITEP)
BURGUN 73 PL 46B 481 +BERTRANET+LESQUOY, MULLER, PAUL I+ (SACL+CERN)
FACKLER 73 PRL 31 847 +FRISCHyMART IN, SMOGT, SGMPAYRAC (MIT)
GJESDAL 73 PL 44B 217 +PRESSER+STEFFENs STEINBERGER+ (CERN+HEID)
HILL 73 PR D8 1250 +SAKITTsSAMIOSyBURRISy ENGL ER+ (BNL+CARN)
MALLARY 73 PR D7 1953 +BINNIE+GALLIVAN,GOMEZ ,PECK,SCIULLI+ (CiT)
BOBISUT 74 LNC 1t 646 +HUZI TA,MATTIOLI+PUGLIERIN {PADO}
COWELL 74 PR D10 2083 +LEE-FRANZINI ,ORCUTT,FRANZINI + (STON+COLU)
GEWENIGE 74 PL 48B 487 GEWENIGER ,GJESDAL ,PRESSER+ (CERN+HEID])
GJESDAL 74 PL 52B 119 +PRESSERSTEFFEN, STEINBERGER + {(CERN+HEID)
BALDOCEQ 75 NC 25A 688 BALDO-CECLIN,BOBISUT,CALIMANI+ {PADO+WISC)
CARITHER 75 PRL 34 1244 CARITHERS +MODISsNYGREN,PUN + (COLU+NYU)
ARONSON 76 NC 32A 236 +MC INTYRE ;ROEHRIG + {WISC+EFI4UCSO+ILLL)
EVERHART 76 PR Dl4 661 +KRAUS s LANDE +LONG, LOWENSTEIN + PENN)
TAUREG 76 PL 65B 92 +ZECH,DYDAK,NAVARRI A+ CHEID+CERN+DORT)

PAPERS NOT REFERREC TO IN DATA CARDS
BIRGE 60 ROCH CONF 601 R W BIRGEsP P ELY + (LRL+WISCONSINJ
MULLER 60 PRL 4 418 MULLER ¢ BIRGE+FOWLER ¢GOOD, PICCIONI+(LRL4BNL }
FITCH 61 NC 22 1160 V FITCHs+P PIROUE+R PERKINS (PRIN+LASL)
Go0D 61 PR 124 1223 GOOD, MATSENMULLER,PICCIONI + {LRL)
CRAWFORD 62 CERN CONF 827 £ S CRAWFORD {LRL}
AUERBACH 65 PRL 14 192 AUERBACH L ANDE + MANN, SCIULLI »UTO + {PENN}
TRILLING &5 UCRL 16473 GEORGE H TRILLING (LRL)

UPDATED FROM 1965 ARGONNE CCNF., PAGE 115.

rEEES
EREEE

)

LONG-LIVED NEUTRAL K(498, JP=0-) I=1/2
13 (KOL) — (KOS) MASS DIFFERENCE
WE GIVE (KOL-KOS MASS DIFFERENCE / HBAR) IN UNITS OF L0*#10 SEC-1
D Tx 12.20) 10.35) FITCH 61 CNTR
o X {0.84} {0.29) (0.22)6000 61 HLBC
D TXC {1.02) (0.23) CAMERINI 62 HLBC 8/67
D T (0.55) 10.24) AUBERT 65 HLBC 6/66
D X (0.26) {0.36) (0.261BALDO-CED 65 HLBC ASSUMES CP CONS.
D TXA (0a64) {0.12}) CHRISTENS 65 DSPK 6766
o T (0.70) OR LESS FITCH 65 OSPK CF. MEISNER 66 7/66
[} v 130 €0.89) {0.15} VISHNEVSK 65 0SPK CU AND AL REGEN ase7
) x (0.514) (0.03 ALFF-STEl 66 DSPK 6/66
0 X 84 0.42) {0.24) (0.36} BALDO-CED 66 HLBC KO+N INTO HYPER. 8/67
4] 1} (0.531) (0.C27 BOTT-BODE 66 OSPK C REGEN 9766
D TX (0.58) {0.17}) CAMERINI 66 HBC, DBC KO+N INTO HYPER 8/67
D N 72 140.64) (0.18 CANTER &6 DBC KO SCATTER IN D2 11/66
D X 95 (0.62) (0.10) (0.16) CHANG 66 HBC KO+P INTO HYPER. 8/67
b3 X 10.81) 0.17) FUJII 66 OSPK TRON REGENERATOR 9/66
] X 59 (0.74) (0.34) MEISNERL 66 HBC 6/66
D + SIGN FAVORED MEISNERZ 66 HBC 9/66
D X {0.38) (0.16} JOVANOVIC 66 OSPK C+URANIUM REGEN, 11/66
D TX 136 (+0.64) 10.19} CANTER 67 DBC KO+D INTO HYPER. 11/67
o X {0.65) t0.11) MISCHKE 67 OSPK «11767
D X 590 {0.59) {0.13) BALATZ 68 OSPK AL REGENERATOR 3/68
D X 10.520) (0.044) CARNEGIE 68 HBC GAP METHOD 3768
D TX (#0.487) (0.046) MELHOP 68 OSPK SY.STEEL REGEN 6/68
0 BX (0.547) (0.024) BOTT-BODE 69 OSPK C REGEN /7T
D FX tg.555) {0.020) FAISSNER 69 ASPK REGEN IN CU 10769
) 0.542 0.0086 CULLEN 70 CNTR 1/71
D R {0.542) (0.008) ARONSON 70 ASPK GAP METHOD 1/71
] X {0.4811 (0.052) ({0.075)BALATS 71 DSPK 9/71
D R (0.534) (0.007) CARNEGIE 71 ASPK GAP METHOD 8/71
D TH 119 (40.67) 10.14) HILL 71 pBC 10/71
D S 1757 (0.557) (0.038) FACKLER 73 0SPK 11/73
D 0.5340 0. 0030 GEWENIG3 74 SPEC GAP METHOD 1L/75
0 0.5334 0.004C GJESDAL T4 SPEC CHG ASYMMETRY 117475
D s s e e o .o - =
)] AVG 0.5349 0.0022 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
0 STUDENT 0.5348 0,0025 AVERAGE USING STUDENTIO(H/1.11} -- SEE MAIN TEXT
COMMENTS
] X NO ATTEMPT HAS BEEN MADE TO CORRECT OLDER EXPERIMENTS WITH LARGE 11/75
D X ERRORS FOR THE SUBSEQUENT CHANGES IN THE KOS MEAN LIFE OR IN ETA+-, 2/76
DT A KOS MEAN LIFE OF 0.862 10%*-10 SEC WAS USED IN CONVERTING THE 1/71
o T MASS DIFFERENCE FROM UNITS OF INVERSE KOS MEAN LIVES TO ABSOLUTE 1/71
o T UNITS. VALUES NOT BEARING THIS FOOTNOTE EITHER WERE GIVEN IN /71
DT ABSDLUTE UNITS QR WERE CONVERTED USING THE AUTHORS® vALUE OF THE 1/71
DT KOS MEAN LIFE. 1771
D C CAMERINI 62 VALUE CHANGED FROM 1.7 (SEE TABLE 1 OF CAMERINI 66} 8/67
o A CHRISTENSON 65 CORRECTED FOR INTERFERENCE 8Y FITCH 65 FOOTNOTE. n
o v VISHNEVSKY 65 NOT CORRECTED FOR INTERFERENCE EFFECTS. 3/68
[ N CANTER 66 ERROR IGNORES UNCERTAINTY OF PHASE SHIFTS. THESE EVENTS 10/71
D N ARE USED IN HILL 71. 10/71
D B BOTT-BODENHAUSEN 69 IS A REEVALUATION DF BOTT—BODENHAUSEN 66. /71
D F FAISSNER 69 HAS ADDNL. SYSTEMATIC ERROR LESS THAN TWO PERCENT. 1/71
D R ARONSON 70 AND CARNEGIE 71 USE KOS MEAN LIFE=,862+-.006 E~10 SEC. 11/75
o R WE HAVE NOT ATTEMPTED TO ADJUST THESE VALUES FOR THE SUBSEQUENT 2/76
2] R CHANGE IN THE X0S MEAN LIFE OR IN ETVA+-, 2/76
0 H HILL 71 PRIMARY RESWLT IS THAT OM IS POSITIVE. 10/71
o] H THE MAGNITUDE MAY HAVE AN ADDITIONAL SYSTEMATIC ERRDR DF ABOUT 0.12 10/71
o N NOT AVERAGED BECAUSE ERRDR IS LARGE AND SYSTEMATICS NOT DISCUSSED, 2/76

Stable Particles
Kg K?

13 KOL MEAN LIFE {(UNITS 10%*-8 SEC)

T KOL MEAN LIFE
T 34 8.1 3. 2.4 BARDON 58 CNTR
T ASSUMED DS=DQ AND DELTA [=1/2 CRAWFORD 59 HBC
1 5 .1 . - DARMON 62 FBC
T 5.3 0.6 FUJII 64 0SPK
T 1700 6.1 1.5 1.2 ASTBURY3 65 CNTR
¥ 5.15 0.14 DEVLIN 67 CNTR
T L {5.0) (0.5 LOWYS 67 HLBC
T <&M 5.154 0.044 VOSBURGH 72 CNTR 2/71
T L SUM OF PARTIAL DECAY RATES.
T P Y
T AVG 5.158 0.042 0,042 AVERAGE {ERROR INCL. SCALE FACTOR OF 1.0)
T STUDENT 5.158 0,046 0,045 AVG BY STUDENTLO{H/1.lLl) == SEE MAIN TEXT
T FIT 5.182 0.040 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0}
13 KOL PARTIAL DECAY MODES
DECAY MASSES
PL KOL INTOQ 3PI0 TAU O PRIME 134+ 134+ 134
P2 KOL INTO PI+ PI- PIO TAU © 139+ 139+ 134
P3 KOL INTOQ PI MU NEUTRINID KL Mu3 139+ 105+ o]
Pa KOL INTO P1 E NEUTRINO KL E3 139+ .5+ [
Ps KoL INTQ PI+ PI- KL PI+ PI- 139+ 139
Pé6 KOL INTQ Mu+ My- KL 2MU 105+ 105
P7 KOL INTO E+ E- KL 2E <5+ .5
Pa KoL INTO E MU KL EMU +5¢+ 105
P KOL INTO TWO GAMMAS KL 2GAMMA o+ Q
P10 KOL INTOD PI+ PI- GAMMA KL PI+-G 139+ 139+ 0
P11 KOL [NTO PlO PIOQ KL 2PIO 134+ 134
P12 KOL INTQ PI E NEU GAMMA KL E3GAM 139+ .5+ 0+ Q
P13 KOL INTQ P10 TWO GAMMAS KL PI2GAMMA 134+ o+ 0
PL4 KOL INTO E+ E- GAMMA KL 2EGAM + 5% .5+ o
P15 KOL INTO MU+ MU- GAMMA KL 2MUGAM 105+ 105+ o
Ple KOL INTO MU+ MU- P10 KL 2MUPIO 105+ 105+ 134
P17 KOL INTO PI+ PI- E+ E- KL 2Pl2E 139+ 139+ .5+ .5
P18 KOL INTOD PIO PI+— E-+ NEU KL 2PIENEVL 134+ 139+ .5+ o
P19 KOL INTO {P1 MU ATOM) NEU KL (PIMUINEU

NEUTRAL K CONSTRAINED FIT
OVERALL FIT OF MEAN LIFE, WIDTHS AND BRANCHING

RATIOS USES 64 DATA POINTS TO DETERMINE SIX 3/78%
QUANTITIES. OVERALL FIT HAS CHI-SQUARED=69.8 3/78%

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, Pi' as follows: The diagonal elements are Pii BPi, where
BPi =y \/EPiGPi) , while the off-diagonal elements are the normalized correlation coeffi-
cients <6Pi6pj>/(épi‘ 8P). For the definitions of the individual P, see the listings
above; only those P; appearing in the matrix are assumed in the fit to be nonzero and
are thus constrained to add to 1,

P11 P2 Pp3 P4 P 5 P11

P 1 .2147+-,0073
P2 —.5340 ,1239+-.0018
P 3 =.5709 «1869 .2701+-.0048
P4 -.6711 .2212 =.1788 .3884+-,0054%
P 5 =-.3361 .4867 .1379 21627  .00204-.0001
Pll <1719 -.1061 ~+1115 -.1312 -.0665 ,0009+-.0002
EITTED PARTIAL DECAY MODE RATES

The matrix below is the branching fraction matrix above, transformed into rate
space; i.e., G, = I, = [, P, inappropriate units. In analogy to the matrix above,
the diagonal elernents are GiﬁﬁGi, where 6Gi =y (6Gi6Gi , while the off-diagonal
elements are the normalized correlation coefficients <6GiGGJ}/(6Gi' 6G.). Note that,
because of the error in rtotal' the errors and correlations here are not directly derivable
from those above.

G 1 G 2 G 3 [ G 5 G11
G 1L .0414+-.0015
G 2 —.3285 .0239+-.0004
G 3 -.3816 <2970 .0521+-.0010
G 4 - 4277 +3439 -.0028 .0749+-,0011
G5 -.2206 «5284 2112 +26440 .0004+-.0000
Git +1814 = 0706 -.0798 -.0896 =+0471 ,0002+-.0000
13 KOL DECAY RATES

W1 KOL INTO PIO PIC PIO (UNITS 10%%*6 SEC-1) 18}
Wl 54 5.22 1.03 0.84 BEHR 66 HLBC ASSUMES ¢P 8/66
Wl e e . e .
WL FIT 4.14 0.15 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3}
W2 KOL INTO PI+ PI- PO {UNITS 10%%6 SEC-1) (G2)
W2 18 .26 - ANDERSON 65 HBC B/6&6
w2 14 l.4 0.4 FRANZINI 65 HBC b6/66
W2 136 2.62 0.28 0.27 BEHR 66 HLBC ASSUMES CP 8/66
W2 53 2.20 0.35 WEBBER T0 HBC ASSUMES CP 10/71
w2 99 2.71 0.28 CHO 71 DBC ASSUMES CP . 4/T1
w2 J 98 {2.5) (0.3} JAMES 71 HBC ASSUMES CP 6/71
w2 50 2.12 0.33 MEISNER 71 HBC ASSUMES CP 10/71
w2 0 180 2435 0.20 JAMES 72 HBC ASSUMES ¢P 1/73
w2 192 2.32 0.13 0.15 BALDOCEOL 75 HLBC ASSUMES CP 1/76
W2 IN THE OVERALL FIT THIS RATE IS WELL DETERMINED B8Y THE MEAN LIFE AN
W2 THE BRANCHING RATIG R2. FOR THIS REASON THE DISCREPANCY BETWEEN THE
w2 W2 MEASUREMENTS DCES NOT AFFECT THE SCALE FACTOR OF THE OVERALL FIT
w2 J JAMES 72 15 A FINAL MEASUREMENT AND INCLUDES JAMES 71. 11/73
Wz @ e e e e e e s
WZ AVG 2.34 0.11 AVERAGE (ERROR INCLUDES SCALE FACYOR QF 1.2)
W2 STUDENT 2.35 0.10 AVERAGE USING STUDENT10(H/L.11) -- SEE MAIN TEXT
W2 FIT 2.391 0,038 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2

(SEE IDEDGRAM BELOW )
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Data Card Listings

For notation, see key at front of Listings.

Stable Particles
K

WEIGHTED AVERAGE = 2.34 = 0,11 R2 KOL INTD (PI+ PI— PIO}/CHARGED (P21/7(P2+P3+P4)
R2 59 0.185 0.038 ASTIER 61 CC 8/66
ERROR SCALED BY 1.2 R2 79 0.151 0.020 ADAIR 64 HBC 8/66
- R2 75 0.157 0.03 0.04 LUERS 64 HBC 8/66
. R2 66 0.15 0.03 0.04 ASTBURYL 65 CC 8/66
Values above of weighted average, R2 326  0.159  0-015 ASTBURYZ 65 CC 6766
error, and scale factor are for the R2 566 0.178 0.017 GUIDONI 65 HBC 6766
reader's convenience only. The R2 1729 10,144}  {0.004) HOPKINS 65 HBC SEE HOPKINS 67 6766
data were actually processed by a R2 126 0.162 0.015 HAWKINS 66 HBC 6766
constrained fit program, which R2 0.161 0.005 HOPKINS 67 HBC 8/67
calculates its own val £ X, 6% R2 1402 0.167 0.016 KULYUKINA 68 CC 2/71
lues of X, OX, R2 1590 0.1605  0.0038 ALEXANDER 73 HBC 1774
and scale factor, which are differ- R2 3200 0.146 0.004 BRANDENBU 73 HBC 1/74
ent from the values shown here, R2 558 0.159 0.010 EVANS 73 HLBC 1/73
Rz 6499 0.163 0.003 CHO 77 HBC 11/77%
CHISQ R2
R2 AVG 0.1587  0.0024 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)
-+ - - - -BALDOCEOL 7S HLBC 0.0 R2 STUDENT  0.1600 0.0022 AVERAGE USING STUDENT10(H/1.11) ~— SEE MAIN TEXT
. .JAMES 72 HBC 0.0 RZ  FIT 0.1584  0.0020 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)
_______ .. .MEISNER 71 HBC 0.4 (SEE IDEOGRAM BELOW )
- - - . .CHO 7?1 0BC 1.7
WEBBER 20 HBC 0.2 WEIGHTED AVERAGE = 0.1587 + 0.0024
_BEHR 66 MLBC 1.0 ERROR SCALED BY 1.3
-FRANZINI 6S HBC 5.5
-ANDERSON 65 HBC
Values above of weighted average,
g.s8 error, and scale factor are for the
(CONLEY reader's convenience only. The
o 2 4 § =0.177) T datatwere Zcft\:ally processehd :ya
constrained fit program, whic
KOL RATE INTO PI+ PI- PIO (10%%6 SEC-1) calculates its own values of X, 6%,
and scale factor, which are differ~
ent from the values shown here.
CHIsE
w3 KOL INTO PI € NEUTRINO (UNITS 10%%6 SEC-1) (G4) « ... .CHO ?? HBC 2.0
W3 7.52 0.85 0.72  AUBERT 65 HLBC DS=D@:CP ASSUMED 8/67
W3 620 7.81 0.56 CHAN 71 HBC 2772 -1 -+ - -EUANS 73 HLBC 0.0
:i AVG " '2l71 T 7 8.46 AVERAGE (ERROR INCLUDES SCA CTGR Of + © 1 'BRANDENBU 73 HBC 10.1
. . 0 LE FA F 1.0)
W3 STUDENT  7.71 0.49  AVERAGE USING STUDENTIO(H/1.11) <~ SEE MAIN TEXT ‘ALEXANDER 73 HBC 0.2
W3 FIT T7.49 0.11 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.1} -KULYUKINA 68 CC 0.3
wa KOL INTO CHARGED (3-BODY] (UNITS 10%*#6 SEC—11 (62663464} ‘HOPKINS 67 HBC 0.2
:zz 98 15.1 1.9 AUERBACH 66 OSPK 8/67 ‘HAWKINS 66 HBC 0.0
We FIT 15.09 0.17  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) ‘BUIDONI 6§ HBC 1.3
-ASTBURY2 65 CC 0.0
w5 KOL INTO LEPTONIC (KMU3+KE3) {UNITS LO¥#6 ssc 1) (63+64}
W5 D 109 9.85 1.15 1.05 FRANZINI 65 HBC 2772 -ARSTBURY1L 65 CC
W5 € 335 1(10.3) (0.81 HILL 67 DBC K+N TO KO P 8767 -LUERS 64 c
w5 D 393 11.6 0.9 CHO 70 D8C K+N TO KOP 10/70 Lu HB
WS D 252  13.1 1.3 WEBBER 71 HBC K- P TO KOBAR N 2/72 -ADAIR 64 HBC
W5 D 410  12.4 0.7 BURGUN 72 HBC K+P TO KOPPI+ 1/73 -1 RSTIER 61 CC
W5 D 126 8.47 1.69 MANN 72 HBC K= P TO KOBAR N 9772 14.2
W5 C CrO 70 INCLUDES EVENTS OF HILL 67 14.2
W5 D ASSUMES D5=DQ RULE (CONLEV
s e e 0.10 0.14 0.18 0.22 0.26 20.077)
W5 AVG 11.60 0.65 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5)
W5 STUDENT 11.66 0.54 AVERAGE USING STUDENTIO(H/l.11} =-— SEE MAIN TEXT KOL INTOD (PI+ PI- PIO)~CHARGED
w5 FIT 12.70 0.15 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)
(SEE IDEOGRAM BELOW )
R3 KOL INTQ (PI MU NEUTRINOD)/CHARGED (P31/(P2+P3+P4)
R3 € 251 (0.356} {0.07}) LUERS 64 HBC
R3 € 172 (€0.39)  (0.0B)  (0.10) ASTBURYL 65 CC 7/66
R3 € 330 (0.335] (0.055) KULYUKINA 68 CC 2/m
= R3 C THIS MODE NOT MEASURED INDEPENDENTLY FROM R2 AND Ré
WEIGHTED AVERAGE = 11.60 * 0.65 R3 e s e eaaa
ERROR SCALED BY 1.5 R3  FIT 0.3452  0.0051 FROM FIT
-1 a4 KOL INTO (PI € NEUTRING)/CHARGED (P4)/[P2+P3+P4)
R4 24 0.46 0.11 NEAGU 61 CC 2/76
s e Ol agnted average, Re 202 0.6 0.05 0.0 KSTOURYL 63 Ce 1760
error, ‘a“d scale factor are for the R& 500  C.498  0.052 "7 KULYUKINA 68 CC 2/m
reader’s convenience only, The R4 c e s s a0 e
data were actually processed by a R&  AVG 0.485 0.032  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
constrained fit program, w}uch R4 STUDENT 0.485 0.034 AVERAGE USING STUDENT1O0(H/1.11) —— SEE MAIN TEXT
calculates its own values of X, 5%, R4 FIT 0.4964  0.0051 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0}
and scale factor, which are differ- RS KOL INTO (PI E NEUI/{{PI E NEU)HPI MU NEUD) (P4}/(P3+P4)
ent from the values shown here, RS 320 0.415 0.120 61 CC
RS DU
RS FIT 015898 © 0.0050 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0
R6 KOL INTG {PI+ PI- PI0}/TOTAL *r2)
CHISA R6
. R6 e e e e ae .
) MANN 72 HBC 3.4 R6 FIT 0.1239 .0018 FROM FIT
- - -BURGUN 72 HBC 1.3
\WEBBER 74 HBC 1.3 RY KOL INTO (LEPTON P1 NEUTRINO)/TOTAL (P3+P4)
" R7
—t - -CHO 70 DBC 0.0 R7 “ e e e e e e
A .FRANZINI &5 HBC 2.5 R7 FIT 0.6584  0.0066 FROM FIT
B.§ R8 KOL INTO (2 GAMMA) /TGTAL (UN. 10%%=4) P9}
(CONLEU LY (1.3) (0.6} CRIEGEE 66 OSP 8766
6 10 14 18 z0.072) RB 32 6.7 2.2 TODORGFF 67 OSPK REPL. CRIEGEE6S 11/68
=0. RB K 33 (7.4} 1.6} CRONIN L 67 OSPK 11767
KOL RATE INTO KMU3 + KE3 (10#%6 SEC-1) R8 90 5.5 1.1 KUNZ 68 0SPK NORM.TO 3PLIC+N) 2/71
R8 23 4.5 1.0 ENSTROM 71 OSPK KOL L.5-9 GEV/C  2/72
R8 R 5.0 (1.01 REPELLIN 71 DSPK 11/71
R8 B 4.54 0.84 BANNERZ 72 OSP 8/72
we KOL INTC PI MU NEUTRINO UNITS L0%%6 SEC~11 (631 R8 B THIS VALUE USES (E0O/E+-)*%2=1.05+-0.14. IN GENERAL, S13R8 = 8/72
o 1; 4.5 1.24 1.08  LOWYS 67 HLBC 8767 R8 B (4.324-0,55) % (10%%~41%({ EOO/E+—)%%2) ., 8/72
we R8 R ASSUMES REGEN AMPL IN COPPER AT 2GEV 1S 22 ca; 10 EVALUA}; e 11/71
TeTory PR R8 R FOR A GIVEN REGEN AMPL AND ERROR, MULTIPLY BY {REGEN AMPL/22MB)**2 11/71
W6 FIT 5.211 0.100 FROM FIT [ERROR INCLUDES SCALE FACTOR OF 1.1) e C CRIEGEE 66 REPLACLD BY TODOROFF 67 Ry
________ — R8 K CRONINL 67 REPLACED BY KUNZ 68. 2/
R8 ...
RE AVG 4.89 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
13 KOL BRANCHING RATIOS R8 STUDENT  4.68 AVERAGE USING STUOENTIO{H/Ll.11} -- SEE MAIN TEXT
RL KOL INTC (PIO PIO PI0}/CHARGED (PLIZ(P2+P3+P4) RY KOL INTO (PT+ PT-}/CHARGED (UNIT 10%%-3) (PS)/(P2+P3+P4)
RL 25, f 0.24 0.08 ANIKINA 64 CC 6766 RO 0 45 (2.0) © CHRISTENS 64 OSPK ETA +~ = 1.954-0.20 2/76
Rl seg 0251 o014 BUDAGOY 66 HLBC ORSAY MEASUR Lores R9 O 54 (2.08) (0.35) GALBRAITH 65 OSPK EYA 4= = 1.99+-0.16 2/76
R1 444 0.277  0.021 BUDAGOV 68 HLGC  EC. POLYTEC.Heas 10768 Re 0 f1.531 = (0.261 BASILE 66 OSPK £TA +- = 1.92+4-0.13. 2/76
ey 29 0.31 0.07 0.06 KULYUKINA 68 CC " R9 O (1.993} {0.080) BOTT-BODE 66 OSPK ETA +— = 1.95¢-0.06 2/76
01 R9 M 4200 {2.60)  {0.07) MESSNER 73 ASPK ETA +~ = 2.23+-0.05 6/73
‘o260 R9 0 OLD EXPERIMENTS EXCLUDED FROM FIT. SEE SUBSECTION E+- BELOW FOR 2/76
. u OR OF
R M¥Coenr 00259 VNG R e o AT o ain Text R9 O  AVERAGE ETA+— OF THESE EXPERIMENTS AND FOR NOTE ON DISCREPANCY. 2776
Rl PIT 0.274 0.012 EROM FIT {(CRROR INCLUDES SCALE FACTOR OF 1.31 R9 M FRGM SAME DATA AS R27 MESSNER 73,BUT WETH DIFFERENT NORMALIZATION.  6/73
R9 e e e e e e
RS FIT 2.589 0.060 FROM FIT
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Data Card Listings Stable Particles

For notation, see key at front of Listings. Ky
:!l.g KOL INTg ;l;l MU gEllJ)/‘PI € NEU) ADAIR 64 HBC (P3)/(P4a) /66 WEIGHTED AVERRGE = 0.437 = D,092
R10 0.82 9.10 DEBOUARD 67 OSPK 11/67 ERRDR SCALED BY 1.6
R10 273 0.7 0.2 HAWKINS 67 HBC 87671 —_—
R10 0.81 0.08 HOPKINS 67 HBC B8/67
RIO 770 0.7L 0.05 BUDAGOV 68 HLBC 10768
R10 K (0.67) (0.13) KULYUKINA 68 CC . 3/74
R10 B 569 {0.711 10.04) BEILLIERE 69 HLBC R 10529 Values above of Welghted average,
R10 1309  (0.648) (0.030) EVANS 69 HLBC REPL. BY EVANS 73 1/73
RI0 3548  0.68 0.08 BASILE 70 OSPK 10/70 error, and scale factor e f?r;the
R1O 6700 0.741 0.044 BRANDENBU 73 HEBC L/74 reader' s convenience only, €
R10 1309 0.662 0.030 EVANS 73 HLBC 1/73 data were actually processed by a
R10 10K  0.662  0.037 WILLIAMS T4 ASPK 10774 constrained fit program, which
R10 K KULYUKINA 68 R10 IS NOT MEASURED INDEPENDENTLY FROM R2 AND Ré4. 1774 calculates its own values of X, &%,
RLO B BEILLIERE 65 IS 4 SCANNING EXPT USING SAME EXPOSURE AS BUDAGDV 68 and scale factor, which are difer-
R10 AVG 0.695 0.019  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1} ent from the values shown here.
RL0 STUDENT  0.695  0.021  AVERAGE USING STUDENTIO(H/L.11) =—- SEE MAIN TEXT
RLO FIT 0.695  0.0l7 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
RLL  KOL INTC (MUMU-I/CHARGED (UNITS L0®e-s) (P67 (P24P3+P4) CHISQ
RIL 100.0 NIKINA 65 CC 6766 — 4 . .REY 76 OSPK 5.6
RLL 0i0  on tESs ALFFLSTEL 6 G 9/66
R11 2.0 DR LESS C BOTT-BODE 67 05PK 8/67 ——+—— - - - ‘FRAISSNER 70 OSPK 2.4
RIL 35.0 OR LESS C FITCH 67 0SPK 3768 LY. ... ... ...BUDARGOV 70 HLBC 0.6
Rz KOL INTO (PL+ PI- GAMMA)/TDTAL lUNITS 10%%~ P tP10) : ©er s+ -BARMIN 70 HLBC c.7
R12 15.0 OR NIKINA 65 6766 . -BANNER 69 DOSPK 0.0
Ri2 20 onrese BELLOVTE 66 MLBC  GAM KE 40-130 MY 5/07 I —
rl2 1 3.0 OR LESS NEFKENS 66 OSPK  GAM KE 120 MEV  6/66 10.4
Ri2 0.4 OR LESS C THATCHER 68 OSPK  GAM KE 20-170 MV 2/71 (CONLEU
R12 3.2 GR LESS ¢ BOBISUT 74 HLBC  GAM KE GT 40 MEV 12/75 -0.5 0.5 1.5 2.5 20.03%)
R1Z D 24 0.0 0.021 DONALDSL 74 SPEC 10774 '
R12 0.46 OR LESS CL=.90 WOO 74 SPEC 12/75 KOL INTO (2PI0)~/(3PID) (10m=x-2)
R12 © USES KOL TO PI+PI-PIO/ALL KOL DECAYS = 0.126 10/74
R13 KOL INTO (E+ E~)/CHARGED (UNITS 10%**—¢6) (PTY/IP2+P34+P4)
A 1000 R LEss PRI oree K2z KoL INTO (MUsMU-)/{PL4PI-) (UNITS 10%e=6) (P61/1P5)
R13 23'0 OR LESS C BOTT-BODE 67 0SPK 8767 R22 0 140. OR ETH 69 SPEC EFF.DENUM.= 16000 5/70
- R22 Q 18. OR DARRIULAT 70 SPEC EFF.DENOM.= 125000 11/70
R14  KOL INTO (E MUI/CHARGED [UNITS L0%%~4) (PBI/(P2+P34P4) Rz a9t R ARKAEL 73 Sppc CRr-DENOM. (15000000 e
’;i: “l"g o tggg é:él;ém“ 22 ook sree R22 € 3 4.5 CARITHE2 73 SPEC EFF.DENOM.= 667000  2/76
Rl4 0.1 OR LESS BOTT-BODE 67 0SPK 8767 R22 C 9 (5.8} CARITHEZ 73 SPEC EFF.CENOM.{1560000) 2776
Rl4 0.05 OR LESS FITCH &7 0SPK 3/68 R22 F 3 4.2 FUKUSHIMA 76 SPEC EFF.DENOM.= 719000 2/76
M R22 16 4.2 SHOCHET 77 SPEC EFF.DENOM.=3820000 B/TT%
- _ R22 A CLARK 71 LIMIT RAISED FROM 1.2 E-06 BY FIELD T4 REANALYSIS. 2716
2{2 [s] Ko‘; lNIg ;(E);. PI(ONfg:/‘E PLe NEKEJAGU &1 CC R22 A NOT IN AGREEMENT WITH THREE SUBSEQUENT EXPTS. SO NOT AVERAGED. 2/7¢6
R15 0 (1.011 (0'1“ LUERS 64 HBC 8766 R22 € CARITHERS ERRORS ARE AT (L=90 PERCENT. SECOND CARITHERS2 VALUE iS5 2776
RI5 0 aee  (aohr i0iaeh KULVUKINA et Bres R22 C AVERAGE OF CARITHERSL 73 VALUE AND FIRST CARITHERS2 73 VALUE. 2776
PEEII oS RO S i N INA B aree R22 F FUKUSHIMA 76 ERRORS ARE AT CL=90 PERCENT. 2176
=0 R22 8/77%
RS D M R S ert 700 Mancr gD FOR MORE PRECISE VALUE, R22 THE CCMBINED RESULT BELOW IS THE OBSERVED NUMBER OF EVENTS 8/77%
' R22 (284-5.3) DIVIDED BY THE SUM OF THE EFFECTIVE DENOMINATORS FOR 8717+
_ _ R22 EACH OF THE UNPARENTHESIZED RESULTS ABOVE. INDIVIDUAL EFFECTIVE B/77%
e ORI oner TTo.bear M P ORean a7 11767 R22 DENOMINATORS ABOVE INCLUDE THE PI+PI-/MU+MU- RELATIVE ACCEPTANCES.  8/77%
R22 e
3 VIOLAT -
R16 SEe aw86"ST3az AN SI3AL 1N THE CP VIOLATION SECTEON 2711 k22 28 4.5 0.9 COMBINED (CL=.68) EFF.DENOM.=6240000 B/77+
RIT KoL INTO (P10 PLOV/TOTAL (ONITS Lo%e-3) - R23  KOL INTO (Ev E= 1/(PL1+P1-) (UNITS 10%%-5) (P73/4P5)
RIT C .21 1.5)  (1.2) CRIEGEE 66 OSPK 1766 Re3 0 100 OR LESS CL=.50  FOETH 59 ASPK 5/70
RIT & Chicctt 2xpT NOT DESIGNED 10 MEASURE 2 P1o DECAY MODE k23 0-10 OR LESS <99 CLARK 7L ASPK 6/71
RIT G 189  (2.5)  (0.8) GAILLARD 69 0SPK  E00=3.64-0.6 5/69
R24  KOL INTO (E MUI/(PI+PI-] (UNITS 10%35) (P81 /(P5)
Y
RIT G LATEST RESULT OF THIS EXPERIMENT GIVEN BV FAISSNER 70 R19 1771 e b te on P R T oy 71 asex ot
R17 FIT 0-94 0.18  FROM FIT R25  KOL INTO (PI E NEU GAMI/(KL E2] (UNTTS 10%#-21  (P12}/(P3}
R18 KOL INTQ (3PIOI/{PI+PI-PIO} (P11 7{P2) R25 10 3.3 2.0 PEACH 71 HLBC GAM KE GT 15 MEV 6/71
- - Y.
me o2l -t oo ed oL Lores 1 s oL INTO (P10 TWO GAWNAS)/(3710) (UNITS 10%x-31 (P131/(P1)
R18 883  (1.65) {0.07) BARMINZ 72 HLBC  ERROR STAT. ONLY 3/74 R26 ° OR LESS  CL=. BANNER 69 OSP 2/72
R18 e e e _ _
R18 AVG 1.81 0.13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0} 25; :.:glﬁ INTlll ZZ“ PIO)gIAU (UNITS 12;;S;ék 13 aseK (Ps);lpzl ., 6/73
R18 STUDENT  1.81 0.14  AVERAGE USING STUDENTIO(H/1.11) - SEE MAIN TEXT 2 - . ETA - = 2.23 6/73
FIT 7 0.076 FROM FIT (ER NCLUDES SCALE FACTOR OF 1. L R
k18 Fl L.733 v 3 R27 FIT 1.635  0.036 FROM FIT (ERROR INCLUDES SCALE FACTOR DF 1.0)
R19  KOL INTO (2PI01/(3P10) (UNITS 10%%-2} (PLL1/(P1)
B9 c 09 s (o) CROMIN L 67 0sec | £TAO0-4.90-0.5  8/e7 R28  KOL INTO (E+ E- GAMMA)/(3PI0) (UNITS L0%#-4} (PL4)/(P1}
e e g H IO et R28 0 1.3 OR LESS CL=.90 BARMINL 72 HLBC 374
R19 C CRONIN2 1S FURTNER ANALYSIS UF cRUNlN‘ NOH BDTH H'THDRA 11/68
e NO EuoNTeZsiEn A HORAMN oW a1aee R29  KOL INTO (MU+ MU- GAMMA}/TOTAL (UNITS LO%%-6) (p15) 12/75
R19 ST 0.46 0.11 BANNER sq USPK ETAOO 2.2+-0.3  2/72 R29 D 7.81 OR LESS CL=.90 ~ DONALDS3 74 SPEC 6/T7%
R19 R 133 (1.313 (0.31} CENCE 69 OSPK R29 D USES KOL TO PI+PI-PIO/ALL KOL DECAYS = 0.126 6/TT%
:ig gg g:;; g:?g :GS:égv ;‘0’ Heae R30  KOL INTO (MU« MU- PIOJ/TOTAL  (UNITS 10##-5) (P16} 12/75
oy i ol P FATSSNER 10 0SPK ETAGo3oailots  19gE0 R30 D 5.66 OR LESS CL=.90  DONALDS3 74 SPEC 6/77%
e R 039 38 i TOOSPK  Epaa0i3:2im0.s 12/70 | R30 D USES KOL TD PI+PI-PIO/ALL KOL DECAYS = 0.126 6/17%
R19 F FAISSNER 70 CONTAINS SAME 2PI0 EVENTS AS GAILLARD 69 R17 R31  KOL INTO (PL+PI-E+E-) /TOTAL  (UNITS LO®¥—6)  (p
- - - 17 12775
RL9 R CENCE 69 EVENTS 4RE INCLUOED IN REV Te. s | R o TR s P ri ks S LHAEN
a1 .
R19 AVG 0.437  0.092 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6) Ra1 b USES Kot T ST+PIPIO7ALL KOL DECAVE o 0 tze AL
R19 STUDENT  0.425  0.065 AVERAGE USING STUDENTIO(H/L.11) -— SEE MAIN TEXT . i
R19 FIT 0.437 ?;gfngg:‘:';‘z{gs“?“ INCLUDES SCALE FACTOR OF 1.5) R32  KOL INTO (PIO PI+~ E-+ NEU}/TOTAL (UNITS 10%##-3) (P18) 12/75
R32 D OR LESS CL=.90 DONALDS3 74 SPEC brTT*
320 KOL INTO (PI+ PI-1/(KE3 + KMU3) (UNITS LOvse3)  (P5)/(P3epe) R32 D USES KOL TO PI+PI-PIO/ALL KOL DECAYS = 0.126 6/TT%
:gg g g‘z"; :g_g;; :g:";g; Ei?g‘;""‘“ 2; gg:ﬁ T -gg::g-g: 5712 R33 KOL INTO (Pl MU ATCM} NEU/TGTAL (UNITS 10%#-7) (PL9) 6/TT#
R20 2703  3.04 0.14 DEVOE 77 SPEC 2500105 11/77+ | 33 18 SEEN COOMBES 76 WIRE ssTT*
R20 © OLD EXPERIMENTS EXCLUDED FROM FIT. SEE SUBSECTION £+— BELOW FOR 2/76 ———— -
RZb o AVERAGE ETA+— OF THESE EXPERIMENTS AND FOR NOTE ON DISCREPANCY. 2776
R20 v e s s w e s oe
R20 FIT 3.076 0.075 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0}
R21 KUL INTO (2GAMMA)Y/(3 PI0) (UNITS 10""‘3) tro)/
R21 2.5 0.7 ARN 8 HLBC | VACOUN DECAY 11768
Rl s BANNER 29 IS NEW EXPT. NOT TO BE CONE WITH RS OF CRONINY 67 2712
R21 115 2.24 0.28 BANNER 69 OSPK 11/68
R21 28 2.13 0.43 BARMIN 71 HLBC 8771
R21 e e
R21 AVG 2.24 0.22  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
R21 STUDENT 2.24 0.2% AVERAGE USING STUDENTL1O(H/1.11) -~ SEE MAIN TEXT
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0 . ..
KY For notation, see key at front of Listings.
13 KOL ENERGY DEPENDENCE OF DALITZ PLOT X1A  XIA = F—/F+ (DETERMINED FRCM SPECTRA)
Xl4 41 - 0.8 A T 6 PK DX ==
RELATED TEXT SECTION VI B.l, APPENDIX 1, AND MINI-REVIEW ON SLOPE X}A BL;i40 (t;_i, io.a,) CBA?;?; £ % ﬂipx 3'52 INl‘)égLUFliv 11//7111:
PARAMETERS IN THE CHARGED K SECTION DF THE DATA CARD LISTINGS ABOVE XIA € 16k (-0.68)  (0.12)  (0.203 CHIEN 70 aSPK o, DXI/OL=—26  1/74
M e ARED = . X1A A9086 -1.5 0.7 AUBROW 72 ASPK  DP, DXI/DL=-28  1/T4
w:gﬁ;vustsgfgg)j?&pﬁigzj th; s:tjs;_g;l::(ip;’f:gt‘z XIA C 16K {+0.5C) {0.61) DALLY 72 ASPK OP, DXI/DL UNKN. 1/74
X1A P1385 -1.00  {0.45) PEACH 73 WLBC 0P, OX1/DL=-20  1/74
STO | LINEAR COEFEICIENT G FOR KL ==> Pl+ PI= P10 MATRIX ELEMENT SQUARED Ma Do 9N onn e SR pxtsoL=-24 11/
gro o 77 :g'.ﬂ’, oy e be el Avs LB 3/71 XIA EL.6M  —0.l1 0.07 DONALGS2 74 SPEC  OP, 17 11775
oT0 @ 66 (0.321  (0.131 hSTRURYL 65 KDl 3/71 XIA F 32K -0.25 0.22 BUCHANAN 75 SPEC  DPs 5.9 2/76
eT0 0 310  {0.511  {0.09) ASTOURYS 6 R 3770 ) XJa L CARPENTER 66 XI(0) IS FOR L+=0. DXI/DL 1S FROM FiG. 9. 174
CTo 4 280  (0.641  (0.17) ANIKINA. 66 HS s /m XIA B BASILE 70 IS INCOMPATIBLE WITH ALL OTHER RESULTS. AUTHORS SUGGEST  1/74
610 @ 126  (0.70)  {0.121 HAWKINS 66 N ;2 e pren XIA B THAT EFFICIENCY ESTIMATES MIGHT BE RESPONSIBLE. 1774
6TO Q 1350  (0.649) (0.044) HOPKING 67 - 0. 3/71 XIA A ALBROW 72 FIT HAS L- FREE, GETS L-=-,030+-.060 OR LAM=+.15+.17-.11. 1/74
CT0 © 1199 10.426) 10.055) NEFK 0,294 +- .018  10/69 XIA C CHIEN 70 ERRORS ARE STATISTICAL ONLY, DXI/DL FROM FIG.4. 1/74
CT0 @ 2446  (0.400) (0.045) BAg ENS 67 04204 +- .025 3/71 XI& € OALLY 72 IS A REANALYSIS OF CHIEN 70. THE DALLY 72 RESULT IS 1/74
210 026000  (0.6511 (0.012) BasiLEe  eB O hes T 9% 3/71 XIA ¢ NOT COMPATIBLE WITH ASSUMPTION L-=D $0 NOT INCLUDED IN GUR FIT- 2/76
oTO0 08 36K (0.593) (0.022) BUCKANAN 70 S-de2 s X1A € THE NON-ZERO L- VALUE AND THE RELATIVELY LARGE L+ VALUE FOUND BY 1774
STD @ 4400  (0.6561 (0.058 . - 76 | y1a ( DALLY 72 COME MAINLY FROM A SINGLE' LOW T BIN (FIGS.1,21. 1/74
ST g aso o LYy e 10 0.297 #= .024  3/71 | Xga € THE (F+,XI} CORRELATION WAS IGNOREQ. 174
OTO Q 1486  10.608) (0.043) KRENZ 75 0,277 += .0L8 l:ﬂz XIA C WE ESTIMATE FROM FEG. 2 THAT FIXING L-=0 WOULD GIVE XI(0)=-1.4+-0.3 1/74
GT0 § 384  (0.688) {0.074} METCALE 72 oAt Tt XIA C AND WGULD ADD 10 TO CHI SQUARED. DXI/DL IS NOT GIVEN. 1774
6To o 06121 (0.0321 ALEXANDER 73 . . 1 XIA D ALBRECHT 74 IS CALCULATED BY US FROM L0 L+ AND DLO/DL+. THEY FIND 11/75
€10 Q 3200 (0.731  (0.041 BRANDENGY T3 2/76 [ Xia D TWD SOLUTIONS, THE FIBST WAS L4=.064—.008 IN AGREEMENT WITH KE3. 3/74
CT0 QC 20k (0.619)  (0.027) BISt 74 ASPK AT=-0.282 += 011 0; “ XIA P PEACH 73 GIVES X10=-.95¢~.45 FOR L+=L-=.025 . THE ABOVE VALUE 15 1/7%
610 @ (096451  (0.026) ey Te R AT e Ay 10774 | xxa P FOR L-=0. 'K.PEACH, PRIVATE COMMUNICATION(1974). 1/74
oTo - seek  0.677  0.010 WESSNER T4 RSPK AY— O SLToNEl3 AL XIA E DONAUDSONZ T4 GIVES XI=—.ll+=.02 NOT INCLUDING SYSTEMATICS. ABOVE 11/75
S0 0 192 (0.69) 1007 BALDOCEOL 75 HLBC ‘ - AL XIA E ERROR AND OXI/OL WERE CALCULATED BY US FROM LO AND L+ ERRORS (WHICH 11/15
$T0 @ 56K (0.590) (0.022) BCan. 72 SheC aym-0.277 +- .olo  ay3e l x1a € INCLUDE SYSTEMATICS) AND DLO/OLt. 11/75
CT0 HE499  0.681  0.024 cHo 77 asc L1472, | XIA F BUCHANAN 75 IS CALCULATED BY US FROM LO, Lt AND DLO/DL+ BECAUSE 2776
S10 4709  0.620  0.023 PEACH 77 Hee Lif77e | 1A F THEIR apPENDIX A VALUE -.20%-22 ASSUMES XI(T) CONSTANT, I.E. L—=i+. 2/76
6T0 Q QUADRATIC DEPENDECE REQUIRED BY RECENT EXPERIMENTS (SEE SECTIONS L rern TN RATE ON
670 @ HFO AND KTO BELOW. CORRELATIONS PREVENT US FROM AVERAGING RESULTS XIa FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN Ké- SECTION OF DATA CARDS.
G0 © OF FITS NOT INCLUDING G+ He AND K TERMS. 1B = F~/F+ ERMING FROM B/KE3)  —m—mmmmmme—
GTO 8 BUCHANAN 70 RESULT REVISED 3Y BUCHANAN 75 TO INCLUDE RADIATIVE COR.  2/76 T es CERARCHTNG T T Re e ReLATIONSHIP BL WEEN X1101  1/74
GTO & AND TG USE MORE RELIABLE KL MOM.SPECT. OF 2ND EXPT.{HAD SAME BEAM). 2/76 XIe 3 OUTE THE AUTHORS X1(03 AND ASSOCIATEO L+ BUT DO NOT i
670 ¢ BISI 74 VALUE COMES FROM QUADRATIC FIT WITH QUAD. TERM CONSISTENT  11/75 X1B AVERAGE BECAUSE THE L+ VALUES DIFFER. THE FIT RESULT AND SCALE 1774
gro ¢ WITH ZERC. 6TO ERROR 1S THUS LARGER THAN IF LINEAR FIT WERE USED. 11/75 X1B FACTOR GIVEN TN THE NOTE CN KL3 FORM FACTORS IN THE K- SECTION GF  2/7e
CTO AVG 067 5.014  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6) x1B THE DATA CARDS ARE NOT OBTAINED FROM THESE XIB VALUES. INSTEAD 2176
. X THi ED D T -
GTO STUDENT  0.6716  0.0100 AVERAGE USING STUDENTLO(H/1.11) ~~ SEE MAIN TEXT xtg ”9“ ‘:':305”“‘1.1 IRECTLY FRU:DZ;E FITTED ::g!/KEBB:? {Eq‘;“m 211
(SEE 10EOGRAM BELOW X18 +0.66 0.9 1.3 LUERS 64 HBC BR, L+=0 1/74
X18 +0.2 0.8 1.2 KULYUKINA 68 CC BRy L4=0 L1774
XIB 569  +0.45 0.28 BEILLIERE 69 HLBC  BRy L4=0 1774
WEIGHTED AUERAGE = 0.670 % 0.014 X18 E 1309 (-0.22]  (0.30) EVANS 69 HLBC  BR, L+=.02¢4-.015 1/74
Xif 3548 -0.5 0.5 BASILE 70 OSPK  BR, L+=.02 1774
ERROR SCALED BY 1.6 XIB 6700 0.5 0.4 BRANDENBU 73 HBC BR,L+=-019+-.013 1/74
—_ XIB E1309 -0.08 0.25 EVANS 73 HLBC  BR, L+=.02 1774
XIEB E EVANS 73 REPLACES EVANS 69. 1/74
1B e e e e e e
XIE EIT OISCUSSED IN NOFE ON KL3 FORM FACTORS IN Ke= SECTION OF DATA CARDS.
XIC XIC = F—/F+ {DETERMINED FROM MU POLARIZATION IN KMU3)  —————- —-—————
XIC  THE MU POLARIZATION IS A MEASURE OF XI{T). NO ASSUMPTIONS ON L4-
XIC  NECESSARYs T (WEIGHTED BY SENSITIVITY ¥O XI0) SHOULD BE SPECIFIED.
XIC IN L+sXI(0] PARAMETERIZATION THIS IS XIf0) FOR L+=0. DXI/OL=XT*T.
X1C FOR RAD. CORR. TO MUON POLARIZATION IN KMU3, SEE GINSBERG 73. 2172
XIC T 2608 (~1.2) (0.5} AUERBACH 66 0SPK POLARIZATION 8/67
XIC T 638 (-1.6]) (0.5) ABRAMS 68 0SPK POLARIZATION 5/69
XIc -1.81 0.50 0.26 LONGO 69 CNTR  POL. T=3.3 1/74
XIC $2.2M  -0.385  0.105 SANDWEISS 73 CNTR  POL.DXI/DL==6 1/74
Xi€ H207K  +0.178  0.105 CLARK 77 SPEC  POL+DX1/DL=+.68 11/77%
XIC T T VALUE NOT GIVEN. 1774
XIC L LONGO 69 T=3.3 CALC. FROM DXI/DL==6.0 {TABLE 1) DIVIDED BY XI==1.81 1/74
XIC 5 SANDWEISS 73 IS FOR L+=0 AND T=0. 1/74
XIC H CLARK 77 T=+3.80, OXI/DL=XI(T)#T=.178%3.80=+.68 . 11777
Xi¢ e e s e e
CHIS@ XIC FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN Ke— SECTION OF DATA CARDS.
- -PEACH 77 HBC 4.7 Ix1 IMAGINARY PART OF X1 {TEST OF T REVERSAL)  ——=w———w===me -
« . -CHO 77 HBC 0.2 IXT 0.2 0.6 ABRAMS 68 QSPK POLARIZATION 10769
,,,,, X1 ~0.02 0.08 LONGD 69 CNTR  POL. T=3.3 11769
MESSNER 74 ASPK 0.5 IXI  2.2M  —-0.060  0.045 SANDWEISS 73 CNTR  POLs T=0 1774
5.4 IXI €207€  0.35 0.30 cL 77 SPEC  POL, T=0 11/77%
. (CONLEU IXI ¢ CLARK 77 VALUE HAS ADDITIONAL XIO DEPENDENCE +0.21#RE(X10). 1/
0.55 ©0.60 0.65 0.70 0.75 0.80 20.066) X1 e e e e e
IX1 AVG Z0.044  0.039  AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0)
TAU 0 SLOPE PARAMETER FOR KOL IXI STUDENT ~0.045  0.042  AVERAGE USING STUDENT10(H/L.11) —~ SEE MAIN TEXT
L+M  LAMBDA + (LINEAR ENERGY DEPENDENCE OF F+ IN KMU3 DECAY) — —————=———
Lot SEE ALSO THE CORRESPONDING ENTRIES AND NOTES IN SECTION X1A AND L0.
HTQ QUADRATIC COEFF. H FOR KL —=> PI+ PI- P10 _MATRIX ELEMENT SQUARED t:: :2" R:g'gg':‘ “':0‘;‘2’? oF SEE G‘gi‘:g:f’ 70 :zolzgﬁ“““g:" 70. ’;;Z
WTO 509K  0.079  0.007 MESSNER T4 ASPK 3/78% ¢ o1 . . 1
HTo 6459  0.095  0.032 CHO 77 HBC 3/78¢ | L+M A9086  0.085  0.015 ALBROW T2 ASPK  DP 174
B 800e  o.04s  0.036 PEACH 17 HBC 3778% | LM C L6k (Q.lll  (8.04) paLLY 72 ASPK  DP /74
HTO - M L+M D B2K 04046 0.008 ALBRECHT 74 WIRE op 11/75
HTO AVG 0.0786  0.0067 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) t:: o 155: (g-g;:’ (g-%gg’ 3;:2582; :’,: :;EE g'; ;éﬂf
1iTo STUDENT  0.0787  0.0073 AVERAGE USING STUDENTIO0tH/1.11) —= SEE MAIN TEXT L som 0.0%0 0-093 DONALOSZ T4 SPEC op AL
» _ LaM €  CHIEN 7O VALUE AND ERROR HAVE BEEN CHANGED FROM 0.08 +- 0.01 10 3/71
o 5gg:D“Tnl)Cogg$FF'oKo;?§ K “#ESQ’&ER“%Z"I?&Z ELEMENT SQUARED ss78+ | L+M € INCLUDE SYSTEMATIC EFFECTS. DALLY 72 1S A REANALYSIS OF CHIEN 70.  3/71
K10 6499 0.024 0.010 CHO 77 HBC asrex | LM C :EE NGTE 1[': SECTION XHB s 1 - REES " l/;‘-
e 4309 -0.008  o0.012 PEACH 17 HBC 3/78x | LM D ALBRECHT T4 FINOS THO SOLUTIONS. THE FIRST AGl WITH KE3. 1175
KT o e s o= e e e _
K ave 0l0695 * 0.50i8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) L+M FIT DISCUSSED IN NOTE CN KL3 FORM FACTORS IN X+- SECTION OF DATA CARDS.
KTo STUDENT  0.0098 0.0019 AVERAGE USING STUDENTLO(H/1.11) == SEE MAIN TEXT w LiMED 0 (LINEAR ENEKGY DEPENDENCE OF FO TN KNUD DECAY)  ——— _
— - v ——— ————— Lo WHEREVER POSSIBLEs WE HAVE CONVERTED THE ABOVE VALUES OF XxI{0)} INTO
Lo VALUES OF LO USING THE ASSOCIATED L+M AND OXI/DL.
LO L 1371 +0.08 {0.07) CARPENTER 66 OSPK DP+DLO/DL+==0.54 1/74
TORS
13 KOL FORM FACTOR oL ~0.140  (0.043) {0.022)LONGOD 69 CNTR  POL,DLO/DL+=+.49 1/74
RELATED TEXT SECTION VI B.2 AND MINI-REVIEW ON FORM FACTORS |L.g 2 3322 (:g:gig) ‘3:82‘5' ﬁ:g;gs ;g gg:i gi:gtg;gt::l:” {;;:
IN THE CHARGED K SECTION OF THE DATA CARD LISTINGS ABOVE. (0 € 16K (-0.067) (0.227) DALLY 72 ASPK  DP,DLO/DL+ UNKN. 1/74
IN THE FORM FACTOR COMMENTS, THE FOLLOWING ABBREV]ATIUN$ ARE USED. tg PR i';’gg ‘:g-g:é :g-g;;) gg:ggf"ﬂu ;: :Egc :ﬁ:;z;;gg:'a‘z;? iﬂ’;
B N Tr mErer 10 :QCTSSiL:SRALEET‘EIIE(S'ggRT::;R!x ELEUENT L0 L 2.24 =0.018  (0.009) SANDWEISS 73 CNTR  POL,DLO/DL#=+.4S 1/74
s ‘N?FEI R tikeaoonp 1542 - Lo 0 82K +0.024  0.011 ALBRECHT 74 WIRE  DP,DLO/DL+=-1.06 11/75
= A E - L0 D 82k {(-0.1301 (0.0l4) ALBRECHT 74 WIRE OP,0LO/OL+=+0.20 tL/75
L¥s Lo AND LO ARE THE bz"ﬁékEiégﬁ'siSNTE‘EE;S'SSETES{,SF AND PO LO E 1.6M  +0.019  0.004 DONALDSZ T4 SPEC  DP,DLO/DL+==0.47 10/74
Lv REFERS TO THE kM3 b UEETUEEN X110) AND L+ IN KMU3- L0 F 32k  +0.025  0.019 BUCHANAN 75 SPEC  DP,DLO/DL+=40.5  2/76
DXI/DL IS THE CORRELATIO s OAND Le IN KMUZ. L0 L 207K  +0.047  (0.009) CLARK 77 SPEC  POL,DLO/OL+=L.06 L1/77%
2”1"“,@&:5‘ﬁﬁzzggﬂg“,aﬁﬂ,, TNUNITS OF me1esz. Lo L L0 VALUE IS FOR L+=0.03 CALCULATED BY US FROM XI0 AND DXI/DL. 1/74
DP : EngTZ PLCT ANALYSIS * Lo B BASILE 70 LO IS FOR L+=0. CALCULATED BY US FROM XIA WITH DXI/0L=0. 1/74
T FRum ANALYSIS Lo B BASILE 70 IS INCOMPATIBLE WITH ALL OTHER RESULTS. AUTHORS SUGGEST  1/74
P1 = Pl " e L0 B THAT EFFICIENCY ESTIMATES MIGHT BE RESPONSIBLE. 1774
MU = MU SPECTRUM ANALY (0 A  ALBROW 72 LO IS CALCULATED BY US FROM XIA.L+ AND DXI/OL. THEY GIVE 1/74
POL= MU POLARIZATION ANALYSIS  NALYSIS £0 A L0=-.063%-.039 FOR L-=0. WE USE DUR LARGER CALCULATED ERROR. L/74
Rz T RGn OR ECECTAGN SPECTRUM ANALYSIS Lo € DALY 72 GIVES FO=1.20+-.35, LO=-,080¢-.272, LOPRIME==_006+4=,045,  1/7&
B AT IVE CORRECTIONS L0 € BUT WITH A DIFFERENT DEFINITION OF Lo. OUR QUOTED LO IS HIS LO/FO. 1/T4
= Lo € WE CANNOT CALCULATE TRUE LO ERROR WITHOUT HIS (LO,FO} CORRELATIONS. 1/74
L0 € SEE ALSD NOTE C IN SECTION XIA. 1774




71

Data Card Listings Stable Particles

. . 0
For notation, see key at front of Listings. K?
Lo P PEACH 73 ASSUMES L+=0.025. CALCULATED BY US FROM XI0 AND OXIO/DL+. 1/74 _
L0 R FIT FOR LO DOES NOT INCLUDE THIS VALUE BUT INSTEAD INCLUDES THE 2476 WEIGHTED RVERRAGE = 0.016 * 0.063
L0 R KMU3/KE3 RESULT FROM THIS EXPERIMENT. 2/76 ERROR SCALED BY 1.3
Lo D ALBRECHT 74 FINDS TWO SOLUTIONS. THE FIRST HAS L+=.046+-.008 IN 11/7s
LO D AGREEMENT WITH KE3. DLO/DL+ OBVAINED FROM FIG.2C. 11775 T
Lo E DONALDSON2 74 DLO/DL+ DBTAINED FROM £1G. 18. 11/75
L0 F BUCHANAN 75 VALUE 1S FROM THEIR APPENDIX A AND USES ONLY KMU3 DATA. 2/7e
LO F DLO/OL+ WAS OBTAINED BY PRIVATE COMMUNICATION, C.BUCHANAN, 1976. 2776
w e
LO FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN K+— SECTION OF DATA CARDS.
L+E LAMBCA + (LINEAR ENERGY DEPENDENCE GF F+ IN KO E3 DECAY)  ————o
L+E FOR RAD.COR. OF KE3 DP SEE GINSBURG 67 AND BECHERRAWY T70. 3/74
L+E 153 +0.07 .06 LUERS 64 HBC OPs NO RC
LeE 577 40.15 .08 FISHER 65 OSPK  DP, NO RC 8/67
L+E 762 -0.01 .02 FIRESTONE 67 HBC 0P, NO RC 8/67
L+t 531  +0.01L .015 KADYK 67 HBC E«PI¢ NO RC 8/67
L+E 240  +0.08 .10 .08 LOWYS 67 FBC Pls USES RC 8767
L+E 1000 0.02 0.013 ARONSCN 68 0SPK PI 5/69
L+E 4800  +0.023 0.012 BASTLE 68 OSPK  DPy NO RC 3/68
L+E 42K 0.023 0.005 BISI 71 ASPK DP, USES RC 12/71
L+E 16K 0.05 0.01 CHIEN 71 ASPK DPy NO RC 6/T1
L+4E 1910 0.022 0.014 NEUHOFER 72 ASPK Pl+ USES RC 1773
L+E 5600 0.045 0.0L4 ALBROW 73 ASPK DP, USES RC 9/73 CHISR
LeE 1871 0-019 0.013 BRANDENBU 73 HBC PI TRANSV., RC 1/74
L+E 2171 0.040 0.012 WANG 74 DSPK DP. USES RC /14 +fF -0 - SMITH 70 0OSPK 0.1
L+E 25K 0.0270 0.0028 BLUMENTHA 75 SPEC bp 7/75 « e+« . -SCRIBAND 70 CNTR 1.6
LeE 264K 0.044 0.006 BUCHANAN 75 SPEC DPy USES RC 7115
L+E 48K 0.032  0.0042 BIRULEV 76 SPEC  DP, USES RC L/18% : BLANPIED 68 CNTR
L+E 500K 0.0312  0.0025 GJESDAL 76 SPEC  DP, USES RC 1771 1.7
L+E e m e e e
L+E AVG 0.0300  0.0018 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,2) 1 0 1 2 (CONLEV
L+E STUDENT  0.0298 0.0017 AVERAGE USING STUDENT10(H/1.11) -- SEE MAIN TEXT =0.130)
(SEE IDEOGRAM BELOW ) DECAY ASYMMETRY FOR KOL INTQD PI+ PI- PIO
WEIGHTED AVERAGE = 0.319 + 0.038
UEIGHTED AVERAGE = 0.0300 + 0.001B ERROR SCALED BY 1.5
ERROR SCALED BY 1.2 -
CHISQ
- e e e e e e . . .GJESDAL 76 SPEC 0.2
-+ -+ -+ - - - - -BIRULEU 7?6 SPEC 0.2
+ <+ -+« ... .BUCHANAN 75 SPEC 5.4
- -+ -« -+ - - .BLUMENTHA 7?5 SPEC 1.2
Hee « o - o oo - - LUANG 74 OSPK 0.7
- - -+ -+ ----- - -BRANDENBY 73 HBC 0.7
H-++----+-- - -ALBROW 7?3 RSPK 1.1
~f - - ------ ... .NEUHDFER 72 ASPK 0.3
4 c e+ .- .CHIEN ?1 ASPK 4.0
Ht <« - - -+« ... .BISI 71 ASPK 2.0
1 S + - -BRASILE 6B DOSPK 0.3 CHISQ
e+ e e s -+ -« - -ARONSON 68 OSPK 0.6 -+ -....-BEWENIGL 74 ASPK 0.0
* v - oLDuYS 67 FBC ——+—— - ‘MCCARTHY 73 CNTR 4.0
cootctts e KADYK 67 HBC 1.8 < - .- -PICCIDNI 72 ASPK 0.6
—f |\ - oo ... ... .FIRESTONE 67 HBC . . .PPCIOTTI €9 DSPK
— e FISHER 65 DSPK 4.7
— -+ - -+« -LUERS 64 HBC (CONLEY
o1 " Py 5 03 18.6 0.0 0.2 0.4 6.6 0.8 1.0 =0.094)
b b * ° ) (CONLEV CHARGE RASYMMETRY FDR KL --> MU PI NU
LAMBDA+ FOR KE3 DECAY OF KOL =0.099)
Az KOL INTO (E+PI-NU}-(E~ meu)/(em NUH(E P I4NU} (PERCENT)
A2 B 10M  {0.224) (0.036) ETT 67 CNTR 11767
S ES/F+ RATIO OF SCALAR TO F+ COUPLINGS FOR KE3 DECAY{ABS. VALUE)-——- A2 B 10M  0.246 0.059 BRAL 69 CNTR 10770
£s 0.15 OR LESS G KULYUKINA 67 CC 10/69 A2 10M 0.346 0.033 MARX 70 CNTR 10/70
£ 5600 0,19 OR LESS C ALBROW 73 ASPK 9/13 A2 600K 0.36 0.18 ASHFORD 72 ASPK 2/72
s 25K 0.04 OR LESS C BLUMENTHA 75 SPEC 7/75 A2 l.on o 3xs 0.038 FITCH 73 ASPK 12/73
FS 48K 0.07 OR LESS BIRULEV 76 SPEC  CL NOT GIVEN 1718+ | a2 0.018 GEWENIGL 74 ASPK 1774
A2 B SAAL 69 [S A REANALYSIS OF BENNETT 67
FT FT/F+ RATIO OF TENSOR TO F+ COUPLINGS FOR KE3 DECAY(ABS. VALUE)-——-- Az e e e e .
FT 1.0 OR KULYUKINA 67 CC 10769 A2 AVG 0.333 0.Cl4  AVERAGE (ERROR [NCLUDES SCALE FACTOR OF 1.01
T 5600 1.0 = OR ALBROW 73 ASPK 9/13 A2 STUDENT  0.334 0.016  AVERAGE USING STUDENTLO{H/1.1l) —-- SEE MAIN TEXT
FT 25K 0.23 OR BLUMENTHA 75 SPEC /15
FT 48K 0.34 OR BIRULEV 76 SPEC CL NOT GIVEN 1/78+% AL KOL INTO ((L+}—-(L=)3/{{L+)+(L~)) (COMBINED Al AND A2) (PERCENT)
AL B 10M 0.246 0.059 SAAL 69 CNTR KE3 2/71
T AL D 1M 0.57 0.17 PACIOTTI 69 OSPK KMU3 1773
AL 10M 0.346 0.033 MARX 70 CNTR KE3 2771
13 CP VIOLATION PARAMETERS IN KOL DECAYS AL 00K 0.36 0.18 ASHFORD 72 ASPK KE3 27712
AL T.7M 0.278 0.051 PICCIONT 72 ASPK  KMY3 1/73
RELATED TEXT SECTION VI B.3 AND MINI-REVIEW BELOW AL 40M 0.318 0.038 FITCH 73 ASPK KE3 12/73
AL 4.1M  0.60 0.14 MCCARTHY 73 CNTR KMU3 6/73
srm————————————w=~o==13 CHARGE ASYMMETRY IN TAU OFCAYS-w----o———————coo—o——— AL 33M 0.333 0.050 WILLIAMS 73 ASPK KMU3+KE3 12/13
TEXT SECTION VI 8.3 B AL 15M 0.313 0.029 GEWENIG1 74 ASPK KMU3 /74
AL 34M 0.341 GEWENIGL 74 ASPK KE3 /74
SEE SCRIBANO 70 FOR OEFINITION (HIS SIGMA¢-). A=1 FOR MAX ASYMMETRY AL SEE FOOTNOTES m spcnuns AL AND A2 ABOVE. 1773
(M)%£2 = 1+ SIG+~ (2/SQRT{3) *(IT+}-(T=))/ TMAX) AS SCRIBAND 70 AL e e eee e
AL AVG 0,330 0.012  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
A DECAY ASYMMETRY PARAMETER FOR PI¢ P1- PIG  (UNIYS 10%%-2) AL STUDENT  0.330 0.013  AVERAGE USING STUDENTLO(H/L.1l} =-- SEE MAIN TEXT
A .3 0.2 0.95 BLANPEED 68 CNTR . 4/70
A 3M 0.27 6.2 SCRIBANG 70 CNTR NS 1T — e 13 PARAMETERS FOR KOL INTO 2Pl DECAY—memm=—m———m ———
A 4400 0,000 0.050 SHITH 70 OSPK .10/70 TEXT SECTION VI B.3 D
A P Y
a4 AvG 0.016 0.063  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3} ETAt- = A(KL TO PI4PI-)1/A(KS TO PL+PI-)
A STUDENT  0.015 0.053  AVERAGE USING STUDENT1O(H/1.11) —- SEE MAIN TEXT ETAQO = A(KL TO PIOPIOI/A(KS TO PICPIQ)
(SEE 1DEDGRAM BELOW )
———————————————— 13 CHARGE ASYMMETRY IN LEPTONIC DECAYS (PERCENT)————== | |
TEXT SECTION VI B.3 C Note on n+_
SUCH ASYMMETRY VIOLATES CP . IT IS RELATED TO REAL(EPSILON}.
81 KOL INTQ (HU+P1-NO)~ (MU— pxmuw(num NUIHMU—PHNUl (PERCENT) There is a very large discrepancy between
Al D 9.4031 (0.134 ) AN 67 OSP OERIVED FROM R16 11/67 Y g screp y be old
AL D m ‘8 s7 0.1 PAcan o9 oK 1/73 . .
Al 7.7M 0.278 0.051 PICCIONI 72 ASPK 1773 and new results for ln l, the ratio of amplitudes
AL « IH o 60 0.14 MCCARTHY 73 CNTR 6/73 o + 0 +-
Al 313 0.029 GEWENIGL 74 ASPK /76 - +o=
AL o TPACI0TTI®E2 1s A REANALYSIS OF DORFAN 67 AND TS CORRECTED FOR 1773 A(KL > Tw )/A(KS + m'17). The average of the older
Al D MU+ MU- RANGE DIFFERENCE IN MC CARTHY 72. 1/73
A1 e e e e I f 1 R LBRA
Al VG 0.319 0.038  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,5) n+— results of CHRISTENSCON 64, GA ITH 65,
Al STUDENT  0.316 0.027  AVERAGE USING STUDENTTOIH/1.11) —- SEE MAIN TEXT
(SEE IDEOGRAM BELOW 3 BASILE 66, BOTT-BODENHAUSEN 66, DE BOUARD 67, and
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FITCH 67 (see subsections R9, R20, R27, and E+~ of
the K£ Data Card Listings) is

-3

In = (1.95%0.03) X 10

Ll
with very good consistency.

The more recent results of MESSNER 73, GEWEN-
IGER2 74, and DEVOE 77 are in good agreement with
each other but do not agree with the average of
the older results. The three recent results, when
adjusted for the current values of the K; and Ki
mean lives and current normalizing branching
fractions, give an average value of

3

In = (2.273%0.023) X10 ~ ,

L
which is eleven standard deviations above the
previous average.

The origin of the discrepancy between old and
new results is not known. The effect of the change
in the K; mean life value (see note in K; section
of the Stable Particle Data Card Listings) is
insufficient to explain it, raising |n+_| by only
about 2%.

since the newer experiments are in principle
superior (higher statistics, better acceptance,
easier trigger conditions), we have chosen to
average them separately from the earlier experiments
as 1s seen in the E+- subsection of the Data Card
Listings below.

The entry referenced as GKL/GKS 71 is the
average of all seven experiments before 1971. This
average is determined from the branching ratios
quoted for these experiments in subsections R9 and

R20 above. It was quoted by us as the fn+_| value

in our 1971 edition. The average and fit values at
the end of the E+- subsection below do not include
the pre-1971 |n+_| results.

The fitted values in the EOS, E+-, and ER sub-
sections below are the result of a fit to the

In,

We gquote the

unparenthesized values of Inoo" _l, and
Ing,/m

fitted values of |n+_

+_| in these subsections.

| and lnool in the Addendum to

the Stable Particle Table but warn in a footnote

that they exclude pre-1971 [n+_| results.

THE FITTED VALUES OF ETA+- AND ETAQ0 GIVEN BELOW ARE THE RESULTS

OF A FIT TD ETA+-, ETAQO AND ETAOO/EVA+~ RESULTS. THE VALUES LISTED
BELOW WHICH ARE NOT PARENTHESIZED ENTER THE FIT AS SHOWN. THE

VALUES WHICH ARE PARENTHESIZED AND BEAR THE FOOTNOTE X DO NGT ENTER
THE FIT AS SHOWN. THESE EXPERIMENTS GIVE BRANCHING RATIOS AND ENTER
THE FIT VIA THE QUANTITY ACTUALLY MEASURED —— BRANCHING RATIOS

R9y R20 AND R27 (ETA+—) AND RL7 AND R19 (ETAQO). THESE BRANCHING
RATIOS ARE COMBINED WITH CURRENT NORMALIZATIONS AND CURRENT KL AND KS
MEAN LIVES TO OBTAIN PI PI RATES. THE ETA#— AND E€TAQO0 VALUES OBTAINEC
FRCM THESE RATES ARE ENTERED BELOW WITH THE NAME *GKL/GKS'.
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Data Card Listings

For notation, see key at front of Listings.

(ETAODI**Z = {ALKL TO 2PI0)/ALKS TD 2P0} 1%%2 (UN[TS 10%%-6)  —-=
X 0 (-2, (7.0 BARTLETT 68 OSP 10769
X 57 {4.9) (1.2) BANNER 69 DSPK 2712
XR 133 (14.1) (3.4) CENCE 69 0SPK 10769
XF 180 (13.) (41 GAILLARD 69 OSPK 10/69
X 29  (4.08)  10.9) BARMIN 70 HLBC 12/70
X 30 (3.61)  {1.9]) BUDAGOV 70 HLBC 10770
[4 8.7 3.7 CHOLLET 70 OSPK CU REG.y4 GAMMAS 2/72
XF 172 (9.9) t3.4) FAISSNER 70 OSPK 12770
[T 7.4 2.0 WOLFF 71 0DSPK CU REG.,4GAMMAS 12/71
XR 150 (14.1} 13.54) REY 76 QSPK 8/76%
b3 5. 1.0 GKL/GKS 78 RVUE BR SCALE FACTOR=1.5 2/78%
X SEE NOTE ABOVE REGARDING FITTED VALUES OF ETA+- AND ETADO.
R CENCE 69 EVENTS ARE INCLUDED IN REY 76. 1/77%
F  FAISSNER 70 CONTAINS SAME 2PI0 EVENTS AS GAILLARD &9
C CHOLLET 70 GIVES ETA00=(1.23+-0.24)#{REGEN AMPL,2GEV/C CU)/L0000MB  2/72
€ WCLFF 71 GIVES ETAOO={1.13+-0,12}*(REGEN AMPL,2GEV/C CU)/1000048 2772
C WE CCMPUTE BOTH ETAOO#%2 VALUES FOR (REGEN AMPL,2GEV/C CU)=24+-2MB. 2/72
€ THIS REGEN AMPL RESULTS FROM AVERAGING OVER FAISSNER 69, 2/72
C EXTRAPGLATED USING OPTICAL MODEL CALCULTIONS OF BOHM ET AL. 2772
€ PL 27B 594 (1968} AND THE DATA OF BALATS 71. (FROM H. FAISSNER, 2772
€  PRIVATE COMMUNICATION) 2712
F FAISSNER 70 CCNTAINS SAME 2PI0 EVENTS AS GAILLARD &9
AVG 5.73 0.87 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
STUDENT  5.72 6.99 AVERAGE USING STUDENTIO(H/1.11) —-- SEE MAIN TEXT
FIT 5.40 0.43  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1} 2/78%
THIS FIT VALUE CCRRESPONCS TO ETA00=2.3244-0.092 2/78%
ETA+— = AIKL TO PISPI=)/A(KS TO PI+PI-) UNITS 10%%-3 —-
X 45  (1.95)  (0.20} CHRISTENS 64 OSPK 2776
X 54 {1.99)  (0.16]) GALBRAITH 65 OSPK 2/76
X (1.92)  (0.13) BASILE 66 0SPK 2/176
X (1.951  (0.04) BOTT-BOOE 66 0SPK 2776
X (2.00)  10.09) DEBOUARD 67 OSPK 2776
X (1.94)  (0.08) FITCH 67 DSPK 2/76
AX (1.95)  €0.03}) GKL/GKS 71 RVUE EXPTS. BEFORE 71 2/76
A AVERAGE OF ABOVE EXPTS. EXCLUDED FROM FIT. SEE TYPED NDTE ABOVE. 2/76
X 4200  {2.23)  (0.05} MESSNER 73 ASPK 11/75
2.30 0.035 GEWENIGZ 74 ASPK 3/74
X 2703 (2.25) (0.05) DEVDE 77 SPEC 11777+
2.254 KL/GKS 78 RVUE BR _EXP. AFTER 71 2/78%
X SEE NOTE ABOVE REGARDING FITTED VALUES OF ETA+- AND ETA00.
AVG 2.273 6.023  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,01
STUDENT  2.273 0.025  AVERAGE USING STUDENTIO(H/1,11) -- SEE MAIN TEXT
FIT 2.274 0.022 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.0} 2/78%
(SEE IDECGRAM BELOW }
WEIGHTED AUVERAGE = 2.147 + 0.059
ERROR SCALED BY 3.0
Values above of weighted average,
error, and scale factor are for the
reader' s convenience only, The
data were actually processed by a
constrained fit program, which _
calculates its own values of X, &%,
and scale factor, which are differ-
ent from the values shown here.
CHIS®@
----- DEVDE 7?7 SPEC 4.2
----- GEWENIGZ 74 RSPK 19.0
------ MESSNER 73 RSPK 2.7
--------- FITCH 67 DSPK 6.7
-DEBOUARD 67 DBSPK 2.7
—+ -BOTT-BODE 66 OSPK 24.4
- -BASILE 66 0OSPK 3.1
. - - - 1.+ - -6ALBRAITH 65 OSPK 1.0
--------- CHRISTENS 64 OSPK
63.7
(CONLEV
1.6 2.0 2.4 2.8 =0.000)
ABS(ETA+-) (UNITS 10#x-3)
RATIO OF ETAOO OVER ETA+-
124 1.03 0.07 BANNERL 72 OSPK 8/72
167 1.00 0.06 HOLDER 72 ASPK 8/12
ave 1.013 0.046  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
STUDENT  1.013 0.049  AVERAGE USING STUDENT1O(H/1.11) — SEE MAIN TEXT
32 1.022 0.040 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 2/78%
PHASE OF ETA +- { DEGREES}
THE DEPENDENCE OF THE PHASE ON THE KOL-KOS MASS DIFFERENCE
IS GIVEN FOR EACH EXPERIMENT IN THE COMMENTS BELOW, WHERE DM 1S
(MASS DIFF./HBAR} IN UNITS 10*%10 SEC-L. WE HAVE EVALUATED THESE
MASS DEPENDENCES USING OUR APRIL 1978 VALUE, DM=0.5349+-0.0022
TO OBTAIN THE VALUES AND AVERAGE QUOTED BELOW. WE ALSO GIVE THE
REGENERATOR PHASE FR IN THE COMMENTS BELOW.
0 (45.01  (50.0} FITCH 65 DSPK 8E REGEN 11767
0 (30.0)  {45.0) FIRESTONE 66 HBC 11767
0 (70.0} (21.0) BOTT-BODE 67 OSPK C REGEN 11767
0 (25.01  {35.0 MISCHKE 67 OSPK CU REGEN 7768
0 CLD EXPERIMENTS unH LARGE ERRORS NOT INCLUDED IN AVERAGE. 2/76
N o) (11.0) BENNETT2 68 CNTR CU REG. USES 8/68
[4 34 2 10.0 BENNETT 69 CNTR CU REGEN 2r11
[ 45.3 12.0 BOHM 65 DSPK VACUUM REGEN 2/
F 45.2 T.4 FAISSNER 69 ASPK CU REGE 2/71
J 40.6 4.2 JENSEN 70 ASPK VACUUM REGEN 2/71
D 37.2 12.0 BALATS 71 0SPK CU REGEN 9s71L
P 36.2 6.1 CARNEGIE 72 ASPK CU REGEN 1773
G 46.5 1.6 GEWENIG2 74 ASPK VACUUM REGEN 3/74
H 45.5 2.8 CARITHERS 75 SPEC € REGEN 7775
AVG 45.0 1.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
STUDENT  45.1 1.4 AVERAGE USING STUDENTIO(H/1.11)} -~ SEE MAIN TEXT
FIT 45.0 1.2 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 2/78x
COMMENTS
N BENNETT 69 IS A REEVALUATION OF BENNETT2 68. 11769
C  BENNETT 69 USES MEASUREMENT OF (F¢—}-(PHIF) OF ALFF-STEINBERGER 66. 2/71
€ BENNETT 69 F+-=(34.9+~10.0)+ 69%{0M-.545) DEG. FR=~49.9+=5.4 DEG. 2/71
8 BOHM 69 F+-={41.0412.0}+4T9%{DM-.526 ) DEG. 2/
F FAISSNER 69 ERROR ENLARGED TO INCLUDE ERROR IN REGENERATOR PHASE.  11/69
F  FAISSNER 69 F+-=(49,3¢-7.4)+205%(DM-,555) DEG.  FR=-42,7+-5.0 DEG. 2/71
J JENSEN 70  F+-=[42.44+-4.0)+576%(DM-.538) DEG. 2/71
D BALATS 71  F+-=(39,04-12.0)+198%(DM-,54%4) DEG. FR=-43.04#-4.0 DEG. 9/71
P CARNEGIE 72 F+- IS INSENSITIVE TO DM. FR==56.24-5.2 DEG. 1/73
G GEWENIG2 74 F#-=(49.4+-1.01+565%(DM-.540] DEG. 3/74
H  CARITHER 75 F+-={45,5+-2.8)+224%(DM-,5348) DEG. FR=-40.9+~2.6 DEG. 11/75
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. s g 0
For notation, see key at front of Listings. KT
FOO PHASE OF ETA 00 {DEGREES} 3 -
FOO FIRST CUADRANT PREFERRED  GOBBI 69 DSPK 11769 have made necessary changes in the related param
[ 51.0 30.0 CHOLLET 70 OSPK  CU REG.,4 GAMMAS 10/70 X
FOO W 56 38.0 25.0 WOLFF 71 0SPK CU REG.,4 GAMMAS 12/71 eters AM and ¢ (see footnotes in the related
FOO C CHOLLET 70 USES REGENERATOR PHASE FR=-46.5+—4.4 DEG. 1773 +=
FOO W WOLFF 71  USES REGENERATOR PHASE FR=-48,24-3.5 DEG. 1/73
£G0 e e e e e data card subsections D and F+- above).
FOO AVG 43.3 19.2 AVERAGE (ERROR INCLUDES SCALE FACTGP. OF 1.0)
FOU STUDENT 43.3 20.7 AVERAGE USING STUDENTIO(H/1.11) —- SEE MAIN TEXT
FOO FIT 48.3 13.2  FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.0) 2778+ f _
of PHASE CIFFERENCE FOO = Fi- (DEGREES )
OF 7.6 8.0 BARBIELLI 73 ASPK 7/73 13 X = (DSs~DQ AMPLITUDE)/(DS=+DQ AMPLITUDE)
OF 8 INDEPENDENT OF REGENERATOR MECHANISMsDM,AND LIFETIMES. T/73 RELATED TEXT SECTION VI B.4
OF [
DF  FIT 3.3 13.1 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.0} 2/78%
REX REAL PART OF X
REX € 152 0.06 0.18 0.44 BALDO-CE 65 HLBC K+ CHARGE EXCHNG 11/67
REX 196  0.035  O.ll 0.13 AUBERT 65 HLBC K+ CHARGE EXCHNG 11/67
icti REX F 109 =-0.08 0.16 0.28 FRANZINI 65 HBC PBAR P 11767
Superweak Model Predictions for ¢n and Re€ REX 116 0.17 0.16 0.35 FELDMAN 67 OSPK  PI—P 70 KO LMBOA 11/67
+- REX N 335 {0.17) (0.10} HILL 67 DBC K+D YIELDS KOPP 11/67
. REX 8 (0.03)  (0.03) BENNETTL 68 CNTR 7/68
The superweak model of Wolfenstein, Phys. REX 121 0.09 0.07 0.09  JAMES 68 HBC PBAR P 5769
REX B -0.020 0.025 BENNETT 69 CNTR CHAR ASYM+ CU RE 10/69
. REX 686 0.09 0.l4 0.16 LITTENBER 69 OSPK K+N TO KOP 4/69
Letters 13, 562 (1964) predicts that REX N 215  0.12 0.09 CcHO 70 DBC K+D TO KOPP 10/70
REX U 222 (0.04) {0.07) {0.08} BURGUN 71 HBC K+p TO KOPPI+ 2/12
REX 252 0.25 .07 «09 WEBBER 71 HBC K~P TO KBAR N 10769
ZAmT REX U 410 0.03 0. 06 Q.06 BURGUN 72 HBC K+P TD KOPPI+ 1/73
_l S REX 126 0.26 0.10 0.14 MANN 72 HBC K~P T0O KOBAR N 9r72
¢ = ¢ = tan _— KEX G 342 (-0.13)  (0.11) MANTSCH 72 OSPK  KE3 FROM KO LMB 2/72
+- 00 A REX G 100  10.04)  (0.10)  (0.13) GRAHAM 72 OSPK  KMU3 FROM KO LM3 2/72
REX G 442 =-0.05 0.09 GRAHAM 72 0SPK  PI-P TO KO LMBDA 2/72
REX 1757  -0.008  0.044 FACKLER 73 OSPK  KE3 FRGM KO 9/73
and REX 1367 -0.03 0.07 HART 73 OSPK  KE3 FROM KO LM8  2/74
REX 1079 =0.070  0.036 MALLARY 73 DSPK  KE3 FROM KO LM + 6/73
. .03 NIEBERGA 74 ASPK  K+P TO KOPPI+ /74
29-1/2 REX 4724  0.04 0.0
REX 79 0.10 0.18 0.19 SMITH 75 WIRE  PI-P TO KO LMBDA 8/76%
2Anfts REX ¢ BALDO-CE 65 GIVES X AND THETA.CONVERTED BY US TO REX AND IMX. 11/67
Ree = |n I 1+ —= . REX F FRANZINI 65 GIVES X ANO YHETA.FOR REX AND IMX SEE SCHMIDT 67. 11767
+— H REX N CHO 70 IS ANALYSIS DF UNAMBIGUOUS EVENTS IN NEW DATA AND HILL 67.  10/70
REX U BURGUN 72 1S A FINAL RESULT WHICH INCLUDES BURGUN T1. 11773
REX B BENNETT 69 1S A REANALYSIS OF BENNETTL 68. 10769
REX 6 SECOND GRAMAM T2 VALUE IS FIRST GRAHAM 72 VALUE COMBINED WITH 2/72
These expressions and the values of the K' -K’ Rex & manTscw T2. 2z
REX s e s s e ® s
L S l REX AVG 0.009 0.020 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4)
mass difference AM = (o 5349 + O 0022) x lolo—h Sec_ , REX STUDENT 0.008 0.017 AVERAGE USING STYUDENTL0¢(H/1.11)} —-- SEE MAIN TEXT
M - - (SEE IDECGRAM BELOW }
o i -10
the K_ mean life T_ = (0.8923 % 0.0022) X 10 sec,
S S
. 0 +_ - 0 + - .
> > -
and the magnitude of the K ™" /K T 7T ampli WEIGHTED AUERAGE = 0.009 + 0.020
L S 3
tude ratio |n, | = (2.274+0.022) x 107", all from ERROR SCALED BY 1.4
+- T : CHISE
the current edition, result in the predictions that | | = —A—— .- .. SHITH 75 UWIRE
---------- NIEBERGA 74 ASPK 1.1
fb _ q) = (43.67 %0 14) o o MALLRRY 73 DSPK 4.8
- 0o L 2 R N A S HART ?3 OSPK 0.3
~~~~~~~~~~~ FACKLER 73 DSPK 0.1
and GRAHAMN 72 OSPK 0.4
MANN 72 HBC 4.4
e T e IV 1S
Re€ = (1.645*0.016) X 10 . BURGUN 72 HBC 0.1
----- HEBBER 71 HBC 9.1
------- CHD 70 DBC 1.5
These can be compared with the experimental values | | |14 ... .... LITTENBER 69 OSPK 0.3
AAAAAAAAAAAA BENNETT 69 CNTR 1.3
) = (5.0t 1.9 1 0 b= JANES 68 HBC 1.0
+- -FELDMAN 67 OSPK
o T e FRANZINI 65 HBC
¢ = (48.3%13.2) > .
oo e AUBERT 65 HLBC 0.0
-3 ;- - 'BALDO-CE 65 HLBC
Re€ = (1.621*0.088) x10 , o3 oo o a - 24.6
. ' . . (CONLEY
. . REAL PART OF X (DELTA S = -DELTA Q@ AMP) =0.01?7})
where Re€ has been computed using the relation
6 2 IMXx TMAGINARY PART OF X LASSUMES M{KL)-M(KS) POSITIVE -~ SEE S13D)
P = l - X IMX C 152 —0.44 0.32 0.19 BALDO-CE 65 HLBC K+ CHARGE EXCHNG 3/68
Reg - 2 2 ! IMx 196 -0.21 0.11 0.15 AUBERT 65 HLBC K+ CHARGE EXCHNG 3/68
1- |xl IMX F 109  +0.24 0.40 0.30 FRANZINI 65 HBC PBAR P 3768
IMX 116 0.0 0.25 FELDMAN 67 OSPK  PI-P TO KO LMBDA 11/67
IMX N 335 (-0.20)  (0.10) HILL 67 0BC K+0 YIELDS KOPP 11/67
IMX 121 +0.22 0.37 0.29 JAMES 68 HBC PBAR P 5/69
and our current values of the charge asymmetry Mx 686  -0.11 0.10 0.11 LITTENBER 69 OSPK KN TO KoP 4769
0 IMX N 215 =0.08 0.07 CHO 70 DBC K+0 TO KOPP 10/70
; = IMX U 222 (0.12}  (0.08)  (0.09) BURGUN 71 HBC K+P TO KOPPI+ 2/72
parameter for leptonic KL decay § = (0.330%0.012)% X 252 0.0 .08 WEBBER  T1 HBC K~P TO KBAR N 10769
IMX U 4l0  0.07 0.06 0.07 BURGUN 72 HBC K+P TO KOPPI+ 1773
and the AS=-AQ amplitude (Rex, Imx) = (0.009 * N6 34z 1-0.081  (0-161 0 WANISCH 72 bSek e EROM X0 tMe 3/1s
IMX 100 (0.12) {0.17) (0.16) GRAHAM 72 OSPK KMU3 FROM KO LMB  2/72
0.020, -0.004 £ 0.026). INX G 442 0.05 0.13 GRAHAM 72 0SPK PI-p TD KO LMBDA 2/72
IMX 1757 -0.017 0.060 FACKLER 73 0SPK KE3 FROM KO 9773
. . . IMx 1367 0.09% 0.07 HART 73 0OSPK KE3 FROM KO LMB 2474
The superweak predictions are in good agree- IMX 1079  0.107  0.092 0.074 MALLARY 73 OSPK  KE3 FROM KO LM + 6/73
B IMX 4724 ~0.06 0.05 NIEBERGA 74 ASPK K:P TO KOPPI+ T/74
: -0. - 0.19 SMITH 75 WIKRE PI-P YO KO LMBDA 8/76%
ment with the data. mx 1 oozt .16 .
IMX € BALDO-CE 65 GIVES X AND THETA.CONVERTED BY US TO REX AND IMX. 11/67
IMX F FRANZINI 65 GIVES X AND THETA.FOR REX AND IMX SEE SCHMIDT 67. 11767
T l i IMX N FTNOTE 10 OF HILL 67 SHOULD READ +0.58s NOT ~0.58 (PRIV.COMM.). 3/68
The values of s and In+— have undergone major IMX N CHO 70 IS ANALYSIS OF UNAMBIGUOUS EVENTS IN NEW DATA AND HILL 67.  10/70
s s . IMX U BURGUN 72 IS A FINAL RESULT WHICH INCLUDES BURGUN 71. 11/73
revision in the past few years (see notes on these IMX G SECOND GRAHAM 72 VALUE 1S FIRST GRAHAM 72 VALUE COMBINED WITH 27712
P Yy
0 0 Imx 6 MANTSCH 72. 2/12
3 : IMx “ e e s e e s
parameters in the K  and KL sections of the Data IMX AVG ~0.004  0.026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1}
S IMX STUDENT -0.00% 0.027 AVERAGE USING STUDENT1G(H/1.11) —- SEE MAIN TEXT

Card Listings). We have utilized only the post-

EEEEEK AEGRREIRE FERRER KRR REERDEREE AR AEEFE EERRRE KKK ERRERRAER BER R

1971 experimental values of these parameters and
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Data Card Listings

For notation, see key at front of Listings.

REFERENCES FOR KOL BEILLIER 69 PL 30B 202 BEILLIERE+BOUTANG,L IMON (EPOL)
BENNETT 69 PL 298 317 +NYGREN, SAAL , STEINBERGER+ (COLUSBNL)
BARDON 58 ANP 5 156 M BARDON,K LANDE,L LEDERMAN [COLUMBIA+BNL) BUHM 69 NP B9 605 +DARRIUL AT, GRGSSD K AFTANCV+ (CERN}
CRAWFORD 59 PKL 2 361 CRAWFORD,CREST1,DOUGLASS,GO0D + (LRL) ALSO 68 PL 278 321 BGHMy DARR TULAT , GROS S0, KAFTANOV (CERN}
ASTIER 61 AIX CONF 1 227 ASTIERsBLASKOVIC,RIVET(SIAUD + (EPOL)
FITCH 61 NC 22 1160 V FITCH,P PIROUE,R PERKINS (PRINCETON) BOTT-BOD 69 CERN 69-7 329 BOTT~BODENHAUSENsDE BOUARD,CASSEL+  {CERN)
6COD 61 PR 124 1223 GOOD s MATSEN ¢MULLER, PICCIONI,POWELL + (LRL) CENCE 69 PRL 22 1210 CENCE, JONES s PETERSON, STENGER+  (HAWAII,LRL)
NEAGU 61 PRL 6 552 NEAGU ; OKONOV ¢« PETROV ;ROSANGVA,RUSAKOY { JINR) EVANS 69 PRL 23 427 EVANS,GOLDEN/MUIR+PEACH+  (EDINBURGHsCERN]
ALSO &1 JETP 13 1138 NYAGU,OKONOV s PETROV yROZ ANOVA,RUSAKOV (JINR) FAISSNER 69 PL 30B 204 +FOETHs STAUDE ., TITTEL#+ (AACH,CERN, TORI }
FOETH 69 PL 308 282 +HOLDERyRADERMACHER + (AACHENsCERN, TORINO)
CAMERINI 62 PR 128 362 CAMERINIJFRY+GAIDOS,BIRGE,ELY + (WISC+LRL]
DARMON 62 PL 3 57 J DARMON,A ROUSSET,J SIX (EPOL) GAILLARD 69 NC 59A 453 +GALBRAITHsHUSSRIy JANE*+ (CERNyRHEL s AACHEN}
ALSO 67 PRL 18 20 +KRIENEN +GALBRAI TH, HUSSRI+ (CERN+PHEL+AACH]
ADAIR 64 PL 12 67 R K ADAIR,L B LEIPUNER (YALE+BNL } GOBBI 69 PRL 22 685 +GREEN HAKEL » MOFFETT,ROSEN,GOZ+ {ROCH+RUTG}
ALEKSANY 64 DUBNA 2 102 ALEKSANYAN,ALTKHANY AN, VARTAZARYAN+ [EREVAN) LITTENBE 69 PRL 22 654 LITTENBERG+FIELD,PICCIGNI,MEHLHOP+  (UCSD)

ALSC 64 JETP 19 1019 ALEKSANYAN+  (LEBEDEV4MOS ENG PHYS+EREVAN] LONGG 69 PR 181 18 M J LONGCsK K YOUNGsJ A HELLAND (MCH.ucu)
ANIKINA 64 JETP 19 42 ANIKINA,ZHURAVLEVA+ (GEORG ACAD SCI+ DUBNA]J PACIOTTI 69 THESIS,UCRL 191.1.6 M A PACIOTTI
CHRISTEN 64 PRL 13 138 CHRISTENSON,CRONIN, FITCH, TURLAY (PRINCETON) SAAL 69 THESIS H J SAAL (ccu_uneu)
FUJIT 64 DUBNA 2 146 FUJI I, JOVANQGVICH, TURKGT+ (BNLsMARYLANDMIT)

LUERS 64 PR 133 8 1276 LUERSsMITTRA(WILLIS,YAMAMOTD (BNL} ALBROW 70 PL 338 516 +ASTON, BARBER, BIRDs ELLISON + (MCHS+DARE)

ARONSON 70 PRL 25 1057 +EHRLICH,HOFER y JENSEN+ {EFI,ILLC,SLAC}H
ANIKINA 65 JINR P 2488 ANIKINA,VARDENGA, ZHURAVLEVA,KOTLYA+ (DUBNAJ BARMIN 70 PL 338 377 +BARYLON,BORISOV 4 BY SHEVA+ (ITEP,JINR)
ANDERSON 65 PRL 14 475 ANDERSON s CRAWFORDy GOLDEN, STERN + (LRL+WISC) BASILE 70 PR D2 78 +CRONINs THEVENT, TURLAY + ZYLBERAJCH + (SACL)
ASTBURY1 65 PL 16 80 ASTBURY ,FINGCCHIARG +BEUSCH + (CERN+ZURICH) BUCHANAN 70 PL 338 623 +DRICKEY yRUDNICK s SHEPARD+  {SLAC,JHUsUCLA}

ALSO 65 HELV.PH.AC.39 523 M PEPIN ALSO PRIVATE COMMUNICATION, B. COX, FEB. 71
ASTBURY2 65 PL 18 175 ASTBURY ,MICHEL INI,BEUSCH + {CERN+ZURICH)

ASTBURY3 65 PL 18 178 ASTBURY sMICHEL INT,BEUSCH + [CERN+ZURICH) BUDAGOV 70 PR D2 815 +CUNDY , MYATT,NEZRICK+ (CERN, ORSA,EPOL)
ALSC 68 PL 28B 215 +CUNDY s MYATT NEZRICK+ (CERN+ORSA,EPOL )
AUBERT 65 PL 17 59 AUBERTy BEHR s CANAVAN ,CHOUNET+  (EPOL+ORSAY) CHIEN 70 PL_33B 627 C~Y.CHIEN/COXyETTLINGER +  {JHU+SLAC+UCLA)
ALSO 67 LOWYS ALSC PRIVATE COMMUNICATION, B. COX, FEB. Tl.
BALDO-CE 65 NC 38 684 BALDO-CEOLINyCAL IMANI,CIAMPOLILLO + (PADD) 70 PR DL 3031 +DRALLE+ CANTER 4 ENGLER +FISK+ (CARNsBNL1CASE)
CHRISTEN 65 PR 140 B 74 CHRISTENSGN+CRONIN, FITCH, TURLAY (PRINCETON) ALSD 67 PRL 19 668 HILL/LUERS ROBINSON,SAKITT + (BNLCARN)
FISHER 65 ANL 7130 83 FISHER , ABASHIAN, ABRAMS s CARPENTER+ (ILL)
FITCH 65 PRL 15 73 FITCH,ROTHRUSS+ VERNON (PRINCETON] CHCLLET 70 PL 31B 658 +GAILLARD, JANE+RATCLIFFE,REPELLIN + ([CERN}
CULLEN 70 PL 328 523 +DARRIULAT, DEUTSCH, FOETH + (AACH CERN, TORT }
FRANZINI 65 PR 140 B 127 FRANZINI,KIRSCH:sPLAND + {COLUMBIA+RUTGERS) DARRIULA 70 PL 33B 249 +FERRERDsGROSSO,HOLDER +  [AACH+CERN,TORI)
GALBRAIT 65 PRL 14 383 GALBRAITHsMANNING,JONES + (AERE+BRIS#RHEL) FAISSNER 70 NC 70A 57 +REXTHLER,THDNE'GAILLARD* {AACH, CERN,RHEL]
GUIDONI 65 ARGCNNE CONF 49  «BARNES,FOELSCHE,FERBEL,FIRESTO+ (BNL+YALE) JENSEN 70 THESIS D.A. JENSE (EFI)
HOPKINS 65 ARGONNE CONF 67 H W K HOPKINS,BACONJEISLER  (VAND+RUTGERS} ALSO 69 PRL 23 615 JENSEN-ARUNSONyEHRLlCH'FRVBERGER* (EFI,ILL)
VISHNEVS 65 PL 13 339 VISHNEVSKY, GALANINA, SEMENGY + tITeR) MARX 70 PL 328 219 +NYGREN, PEOPLES, STE INBERGE+ (COLU s HARV, CERN)
ALFF-STE 66 PL 21 595 ALFF-STEINBERGER HEUER,RUBBIA + {CERN) ALSO 70 THESIS,NEVIS 179 JAY MARX {COLUMBTA)
ANIKINA 66 SJUNP 2 339 ANIKINA, VARDENGA, ZHURAVLEVA+ {JINR) SCRIBANO 70 PL 32B 224 +MANNELLL,PIERAZZINIMARX+ {PISAyCOLUSHARV]
AUERBACH 66 PRL 17 980 AUERBACH yMANN5 MCFARLANE SCIULL I (PENN) SMITH 70 PL 328 133 +HANG s HHATLEY , ZDRN, HORNBOSTEL (UMD, BNL}Y
AUERBACH 66 PR 149 1052 AUERBACH ,DOBBS s LANDE s MANN, SCIULLI+  {PENN) WEBBER 70 PR D1 1967 +SOLMITZ ,CRAWFORDs ALSTON-GARNJOST (LRL}

ALSO 65 PRL 14 192 +LANDE yMANN SCTULLI 4UTO,HHITE,YOUNG  (PENN} ALSD 69 UCRL 19226 THESIS B R WEBBER (LRL}
BALDO-CE 66 NC 45 733 BALDO-CEOLIN,CALIMANI,CTAMPOLILLO+ (PADUA}

BASILE 66 BALATCN CONF BASILE,CRONIN, THEVENET + (SACLAY} BALATS 71 SJNP 13 53 +BEREZIN,VISHNEVSKI T+ GALANINA+ (I1TEP}

BARMIN 71 PL 35B 604 +BARYLOV 4 VESELOVSKY s DAVIDENKO+ (1TEP)
BEHR 66 PL 22 540 +BRISSON, BALDO-CEDL INs AUBERT+  (PADOsEPOL} 8ISI 71 PL 368 533 +DARRIUL AT, FERRERO, RUBBIA+ (AACH,CERN,TORY)
BELLOTTI 66 NC 45A 737 BELLOTTI,PULLIA,BALDO-CEOLIN+ (MILAN,PADUA} BURGUN 71 LNC 2 1169 +LESQUOY + MULLER, PAULT+ (SACL+CERN+DSLO)
BOTT-BOD 66 PL 23 277 BOTT-BODENHAUSEN,DE BOUARD,CASSEL+  {CERN) CARNEGIE 71 PR D4 L +CESTER,FITCH, STROVINK , SULAK (PRIN}
CAMERINI &6 PR 150 1148 CAMERINI,CLINEyENGLISH,FISCHBE IN+WISCONSIN CHAN 71 LBL-350 THESIS  J.HIONG-SING CHAN (BL)
CANTER 66 PRL 17 942 +CHO/ENGLER yFISKs HILL + (CARNEGIE+BNL)
CARPENTE 66 PR 142 8T1 CARPENTER,ABASHAN:ABRAMS,FISHER (ILLINOIS) CHIEN 71 PL 358 261 +COX,ETTLINGER (RESVANIS+ (JHU, SLAC, UCLA)}
CHANG 66 PL 23 702 CHANG,BASSANDsKIKUCHI,DODD+ (SYRACUSEsBNL} ALSOD 72 CALLY

CHO 71 PR D3 155 +DRALLE s CANTER/ENGLER,FISK+ (CARN,BNL,CASE)
CRIEGEE 66 PRL 17 150 +FOXy FRAUENFELDER  HANSON, MOSCAT+ (ILLINOIS} CLARK 71 PRL 26 1667 +ELIOFF FIELDFRISCH, JOMNSON,KERTH+  {LRL)
FIRESTON 66 PRL 16 556 FIRESTONE yKIMsLACH, SANDWEISS + (YALE,BNL) ALSC 70 UCRL 19709-THESIS ROLLAND JOHNSON (LRL)
FIRESTON 66 PRL 17 116 FIRESTONEs KIMy LACH, SANDWEISS+ (YALE,BNL) ALSO 71 UCRL 20264~THESES HENRY FRISCH {LRL}
FUJTT 66 PRL 13 253 FUJII,JOVANOVICH, TURKOT ¢ ZORN (BNL+MARYLAND) ALSO T4 SLAC-PUB-1498 R.C.FIELD (sLAC)

FUJII 66 1S THE CORRECTED VALUE GIVEN BY JOVANDVICH+ 66
HAWKINS 66 PL 21 238 C J B HAWKINS (YALE) ENSTRCM 71 PR D4 2629 +AKAVIA, COOMBES, DORFAN+ [SLAC, STAN)

ALSO 67 PR 156 1444 C J B HAWKINS {YALE) ALSO 70 THESIS (SLAC 125) J E ENSTROM (STANFORD}

HILL 71 PR D4 7 +SAKITT,SKJEGGESTAD,CANTER+ (BNL,CARN,CASE}

JOVANOVI 66 PRL L7 1075 JOVANOVICHs FUJTT+ TURKOT ¢ ZGRN + [BNL+UMD+MIT} JAMES 71 PL 358 265 +MONTANET, PAUL » PAUL I+ {CERN+SACL+0SLO)

KULYUKIN 66 BERKELEY 2B KULYUKINA,MESTVIRISHVILI yNEAGU,PETR+ {JINR} MEISNER 71 PR D3 59 +MANN,HERTZBACH, KOFLER + (MASA+BNL+YALE)

MEISNERL 66 PRL l1& 278 G W MEISNER+B B CRAWFORD,F CRAWFORD  {LRL) PEACH 71 PL 35B 351 +EVANS MUIR +BUDAGOV s HOPKINS+ {EDIN, CERN)
MEISNERZ 66 PRL 17 42 G MEISNER,B CRAWFORD,F CRAWFORD {LRL)

NEFKENS 66 PL 19 706 NEFKENS s ABASHI AN+ ABRAMS s CARPENTER+ (L) REPELLIN 71 PL 36B 603 +WOLFF,CHOLLET,GAILLARDsJANE+  (ORSA,CERN)

VERHEY 66 PRL 17 669 VERHEY , NEFKENS s ABASHIAN+ I WEBBER 71 PR D3 64 +SOLMITZ,CRAWFORD,ALSTON-GARNJOST (LRL)

ALSO 68 PRL 21 498 WEBBER,SOLMITZ , CRAWFORD » ALSTONGARNJOST {LRL )

BENNETT 67 PRL 19 993 BENNETT s NYGREN + SAAL» STEINBERGER +(COLUMBIA) ALSO 69 UCRL 19266-THESIS B R WEBBER {LRL)

BOTT-BOO 67 PL 248 194 BOTT-BODENHAUSEN» DEBOUARDs CASSEL +  (CERN) WOLFF 71 PL 36B 517 +CHOLLET ,REPELLIN,GAILLARD+ (ORSA,CERN}
BOTT-BOD 67 PL 248 438 B80T T-BODENHAUSEN , DE BOUARD s DEKKERS+  (CERN)

ALSO 66 PL 20 212 BOTT-BODENHAUSEN DEBOUARD s CASSEL+ {CERN) ALBROW 72 NP B44 1 +ASTON, BARBERBIRD, ELLTSON+ (MCHS+DARE }

ALSO 66 PL 23 277 BOTT-BODENHAUSEN ¢ DE BOUARD y CASS EL+ {CERN} ASHFORD 72 PL 38B 47 +BROWN MASEK (MAUNG, MILLER+ RUDERMAN+  [UCS5D)
CANTER 67 THESIS JoM. CANTER {CARNEGIE) BANNERL 72 PRL 28 1597 +CRONIN+HOFFMAN,KNAPP, SHOCHET ~ {PRINCETON}

BANNERZ 72 PRL 29 237 +CRONIN, HOF FMAN,KNAPP, SHOCHET ~ { PRINCETON)
CRONIN 1 67 PRL 18 25 +KUNZ s RISK sWHEELER (PRINCETON) BARMINL 72 SJNP 15 636 +CAV IDENKO, DEMIDOV, DOLGOLENKO+ (ITEP)
CRONIN 2 67 PRINC CONF(11/67) +KUNZ,RISKsWHEELER tPRINCETON} BARMINZ 72 SJUNP 15 638 +BARYLOV,DAVIDENKQ, DEMIDOV+ (1TEP]
DEBOUARD 67 NC  52A DEBDUARD, DEKKERS s JORDAN,MERMOD + (CERN) BURGUN 72 NP B50 194 +LESQUOY s MULLER yPAULT ,+ { SACL+CERN+0SLO)

ALSC 65 PL 15 58 DE BOUARDsDEKKERS+SCHARFF+ {CERN+ORSA+MPIM) CARNEGIE 72 PR D6 2335 +CESTER, FITCH, STROVINK, SULAK (PRINCETON}
DEVLIN &7 PRL 18 54 DEVL IN ,SOLOMON, SHEP ARD y BEALL + (PRIN+UMD}

ALSD 68 PR 169 1045 SAYER, BEALL s DEVL IN+ SHEPHARD+ (UMD+PPA+PRIN] DALLY 72 PL 41B 647 +INNOCENTI,SEPPI,CHIEN,COX+ (SLAC+JHU+UCLA}

ALSO 70 CHIEN
DORFAN 67 PRL 19 987 DORFAN, ENSTROM¢RAYMOND » SCHWARTZ +{SLAC+LRL]) ALSC 71 CHIEN
FELDMAN &7 PR 155 1611 FELDMANy FRANKEL » HIGHLAND» SLOAN (PENN} GRAHAM 72 NC 94 166 +ABASHIAN, JONES MANTSCH 1 ORR+ (ILL+NEAS}
FIRESTON 67 PRL 1B 176 FIRESTONE ,KIMyLACH, SANDHEISS,+  (YALEsBNL} HOLDER 72 PL 408 141 +RADERMACHER » STAUDE + CAACH+CERN+TORI }
FITCH 67 PR 164 1711 FITCH,ROTH,RUSS, VERNON [PRINCETON) JAMES 72 NP B49 1 +MONTANET,PAUL y SAEfRE+ (CERN+SACL+0SLO}
HAWKINS 67 PR 156 1444 C J B HAWKINS (YALE) KRENZ 72 LNC 4 213 +HOPKINS +EVANS yMUIR yPEACH  (AACH+CERN+EDIN}
HILL 67 PRL 19 668 HILL+LUERS,ROBINSON jCANTER+  {BNL, CARNEGIE)
MANN 72 PR D6 137 +KOFLER s MEISNER, HER TZBACH+  (MASA+BNL+YALE}
HOPKINS 67 PRL 19 185 HOPKINS 4 BACON, EISLER (8NL) MANTSCH 72 NC 9A 160 +ABASHIAN, GRAHAM, JONES , ORR+ (ILL#NEAS )
KADYK 67 PRL 19 597 KADYK ¢ CHAN s DR1JARD, OREN, SHELDON (LRL) METCALF 72 PL 408 703 +NEUHOFER yNIEBERGAL L+ (CERN+IPN+WIEN])
KULYUKIN 67 PREPRINT KULYUKINA+MESTVIRISHVIL I+NEAGU + LJINRD NEUHDFER 72 PL 418 642 +NIEBERGALL yREGLER, STIER+ (CERN+ORSA+VIEN)}
LOWYS 67 PL 248 15 LOWYS, AUBERT ,CHOUNET,PASCAUD+  (EPOL.ORSA) PICCIONI 72 PRL 29 1412 *CDGMBES.DDNALDSON'DORFANvFRVBERGERG (SLAC)
MISCHKE 67 PRL 18 138 MISCHKE yABASHIAN, ABRAMS + (ILLINDIS} SO 74 PR D9 2939 PICCIONI+ DONALDSOI (SLACHUCSC+COLD}
NEFKENS 67 PR 157 1233 +ABASHIAN,ABRAMS , CARPENTER »FISHER+ tILL) VOSBURGH 72 PR D& 1834 +DEVL1N.EsTERme.coz.Bkvmu + (RUTG,MASA)
TODOROFF 67 THESIS JOHN A TODOROFF tILLINOLS) ALSO 71 PRL 26 B66 VOSBURGHsDEVLIN, ESTERLING+GOZ + {RUTG+MASA)
ABRAMS 68 PR 176 1603 +ABASHIAN ,MISCHKE +NEFKENS s SMITH+ (ILLINOIS) ALBROW 73 NP B58 22 +ASTONBARBER «BIRDy ELLISON+ (MCHS+DARE }
ARNOLD 68 PL 288 56 ARNOLD,BUDAGDV:CUNDY, AUBERT+  [CERN+ORSAY} ALEXANDE 73 NP 865 301 ALE XANDER s BENARY , BOROWI TZ, LANDE+ [ TELA+HEID)
ARONSDN 68 PRL 20 287 S.H.ARONSON, K.W.CHEN {PRINCETON) ANIKINA 73 P1-7539 COM.JINR +BALASHOV,BANNIK + {JINR)

ALSO 69 PR 175 1109 S H ARONSON, K W CHEN (PRINCETON} BARBIELL 73 PL 43B 529 BARBIELL INT+DARR IULATFAINBERG+ (CERN)
BALATZ 68 PL 268 BALATZ,BEREZIN,VISHNEVSKY.GALANINA+ (ITEP) BRANDENB 73 PR D8 1978 BRANDENBURG » JOHNSON ¢ LEITH,L0OOS + (SLACI
BARTLETT 68 PRL 21 5sa BARTLETT ;CARNEGIE,FITCH+ (PRINCETON) CARITHEl 73 PRL 30 1336 +MODIS,NYGREN, PUN, SCHWARTZ+ {COLUSCERN+NYU)

CARITHEZ2 73 PRL 31 1025 . CARITHERS,NYGREN,GORDON+ {COLU+BNL+CERN}

BASILE 68 PL 26B 542 BASTLE,CRONINs THEVENET s TURLAY+ (SACLAY) EVANS 73 PR D7 36 +MUIR s PEACH» BUDAGOV+ {EDINBURGH#CERN)

BASILE2 68 PL 288 58 +CRONIN, THEVENET, TURLAY , 2YL BER AJCH+ ( SACLAY ) ALSO 69 PRL 23 427 EVANS s GOLDEN,MUTR ,PEACH¢  {EDINBURGH+CERN)
BENNETT1 68 PL 278 244 BENNETT s NYGREN+ STEINBERGER+ {COLUMBIA+CERN)

BENNETT2 68 PL 27B 248 BENNETT, NYGRENs STEINBERGER+ {COLUMBIA4CERN) FACKLER 73 PRL 31 847 +FRISCH . MART IN, SHOOT, SOMPAYRAC (MIT)

BLANPIEO 68 PRL 21 1650 BLANPIED,LEVIT,ENGELS+ (CASE+HARV+MCGI} FITCH 73 PRL 31 1524 +HEPP 3 JENSEN, STROVINK4 WEBB (PRINCETON}

BUDAGOV &8 NC 57A 182 BUDAGOVBURMEISTER, CUNDY+  (CERN,ORSA, IPNP} ALSO 72 €O0-3072-13 R.C.WEBB (THESIS) (PRINCETON)

ALSO 68 PL  28B 215 +CUNDY 4 MYATT JNEZRTCK+ [CERNsDRSA» EPOL ) HART 73 NP B66 317 +HUTTGON, FIELD, SHARP , BLACKMORE+  (CAVE+RHEL)

MALLARY 73 PR D7 1953 +BINNIE,GALLIVAN,GOMEZ, PECK,SCIULLT + (CIT)

CARNEGIE 68 PRINC TR44 THESIS R.K.CARNEGIE {PRINCETON) ALSC 70 PRL 25 1214 SCIULLI+GALLIVAN,BINNIE+GOMEZ + eIty
JAMES 68 NP B8 365 F JAMES, H BRIAND {IPNP,CERN}

ALSO 68 PRL 21 257 HELLAND , LONGG+ YOUNG (UCLA/MICH) MCCARTHY 73 PR D7 687 +BREWER ,BUDNITZ,ENTIS,GRAVEN,MILLER+ {LBL)
KULYUKIN 68 JETP 26 20 KULYUKINA+MESTVIRISHVILI JNEAGU+ 1JINR) ALSO 72 PL 42B 291 MCCARTHY , BREWER, BUDNITZ »ENTIS,GRAVEN+ (LBL)
KUNZ 68 THESIS (PU 46) P F KUNZ (PRINCETON} ALSG 71 THESIS LBL-550 R.L .MCCARTHY tLaL)
MELHCP 68 PR 172 1613 MELHOP MURTY BOWLES,BURNETT+ (LA JOLLA) MESSNER 73 PRL 30 876 +MORSE s NAUENBERGHITLIN + {COLD+SLAC+UCSC)
THATCHER 68 PR 174 1674 THATCHER yABASHIAN, ABRAMS, CARPENTER + (ILL} PEACH 73 PL 43B 441 +EVANS sMUIR y HOPKINS yKRENZ  (EDIN+CERN+AACH)}

SANDWEES 73 PRL 30 1002 +SUNDERLAND, TURNER, WILLIS)KELLER (YALE+ANL}

BANNER 69 PR 188 2033 +CRONIN,LIU,PILCHER {PRINCETON) WILLIAMS 73 PRL 31 1521 +LARSEN, LEIPUNER SAPPySESSOMS+ {BNL+YALE)
ALSO 68 PRL 21 1103 BANNERy CRONIN+LIU:PILCHER (PRINCETON)

ALSGC 68 PRL 21 1107 BANNER CRONIN.LIU,PILCHER {PRINCETON) ALBRECHT 74 PL 48B 393 DUBNA+BERLIN+BUDAPE ST+PRAGUE+SERPUKH+SOFIA
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Data Card Listings

For notation, see key at front of Listings.

BISI T4 PL 508 504 8ISI,FERRERD (TORI}
BOBISUT 74 LNC L1 646 +HUZITA4MATTIOLI4PUGLIERIN (PADO)
DONALDS1 74 PRL 33 554 DCNALDSON,HITLINsKENNELLY,KIRKBY + (SLACH

ALSC 74 DONALDSON 3
ALSG 76 DUNALDSON
DONALDS2 74 PR D9 2960
ALSO 73 PRL 31 337
DONALDS3 74 SLAC 184-THESIS
ALSO 76 DONALDSON

DCNALDSON,FRYBERGER yHITLIN, L IU+ (SLAC+UCSC)
DGNALDSON,FRYBERGER yHITLIN,LIU+ (SLAC#+UCSC)
GREGORY J. DONALDSON {SLACY

GEWENIGL 74 PL 48B 4 GEWENIGER ,GJESDAL yKAMAE ,PRESSER+{CERN+HEID}
ALsO

a3
74 CERN INT. REPT.

VERA LUTH (THESIS-INT. REPT. 7T4~4) {HEID])

GEWENIG2 74 PL 488 487 GEWENIGER,GJESDAL » PRESSER + {CERN+HEID)
ALSC 74 PL 528 119 GJESDAL+ PRESSER.STEFFEN + (CERN+HEID)
GEWENIG3 74 PL 528 108 GEWENIGER,GJESDAL » PRESSER + {CERN+HEID)
GJESDAL 74 PL 52B 113 +PRESSER +KAMAE,STEFFEN+ {CERN+HEID)
HILL T4 17TH INTL.CONF.HEP +SAKITT,SNAPE,STEVENS:PARK+ (BNL+SLAC+SBER)

MESSNER 74 PRL 33 1458
NIEBERGA 74 PL 498 103

+FRANKLIN,MORSE y NAUENBERG+ (COLU+SLAC+UCSC)
NIEBERGALL,REGLERySTIER + (CERN+ORSA+VIEN}

WANG 74 PR 09 540 +SMITH,WHATLEY , ZORN yHORNBOSTEL {UMD+BNL )
WILLIAMS 74 PRL 233 240 +LARSENsLEIPUNER, SAPP,SESSOMS + (BNL#YALE)
wWao 74 LNC 10 38 +BUCHANAN, PEPPER (ucLA)
BALDOCEQ 75 NU 25A 688 BALDO-CEOQL INyBOBISUT,CALIMANI+ (PADO+WISC)
BLUMENTH 75 PRL 34 164 BLUMENTHAL s FRANKEL + NAGY + (PENN+CHIC+TEMP)
BUCHANAN 75 PR D11 457 +DRICKEY s PEPPER+RUDNICK + (UCLA+SLAC+JHU}
CARITHER 75 PRL 34 1244 CARITHERS yMODES,NYGREN,PUN + {COLU+NYY)
SMITH 75 UCSD THESIS-UNPUB JAMES G. SMITH ucso)

BIRULEV 76 S5JNP 24, 178
COOMBES 76 PRL 37 249
DONALDSQO 76 PR D14 2839

+VESTERGOMBI, VOVENKQO,VOTRUBA s GENCHEV+{ JINR )
+FLEXERsHALL s KENNELLY KIRKBY + {STAN+NYU}
DONALOSON HITLIN,KENNELLY KIRKBY,LTU+{SLAC}

ALSC 74 SLAC 184-THESIS GREGORY J. DONALDSON (SLAC)
FUKUSHIM 76 PRL 36 348 FUKUSHIMA, JENSEN» SURKD, THALER+  (PRIN+#MASA}
GJESDAL 76 NP B109 118 +KAMAE+PRESSER,STEFFEN + {CERN+HEID}
REY 76 PR D13 1lé61 +CENCE+JONES, PARKER + (NDAM+HAWA+LBL)

ALSO 69 CENCE

CHO 77 PR D15 587 +DERRICK+L ISSAUERyMILLER,ENGLER+ {ANL+CARN])
CLARK 77 PR D15 553 +FIELDs HOLLEY s JOHNSON,KERTH, SAH,SHEN  {LBL}

ALSO 75 LBL-4275 THESIS GILBERT SHEN {LBL)
DEVCE 77 PR D16 565 +CRONIN,FRISCHyGROSSO-PILCHERT (EFI+ANL)

PEACH 77 NP B127 399
SHOCHET 77 PRL 39 59

+CAMERDN + {BGNA+EDIN+GLAS+PISA+RHEL)
+L INSAY ,GROSSO-PILCHER,FRISCH + (EFI+ANL)

PAPERS NOT REFERRED TO IN DATA CARDS

ALEXANDE 62 PRL 9 69 G ALEXANDERsS ALMEIDA,F CRAWFORD {LRL)
JOVANOVI 63 BNL CONF 42 JOVANOVIC,FISCHER,BURRLS + {BNL+MARYLAND)
STERN 64 PRL 12 459 STERN+BINFORDy LIND+ ANDERSON + (WISCHLRL)
BEHR 65 ARGONNE CONF 59 BEHR¢BRISSON,BELLOTTI+ {EPOL,MILA,PADC}

MESTVIRI 65 JINR P 2449 MESTVIRISHVILI,NYAGU, PETROV,RUSAKDV+ (JINR)
TRILLING 65 UCRL 16473 GEDRGE H TRILLING (LRL}
UPDATED FROM 1965 ARGONNE CONF., PAGE 115.

GINSBERG &7 PR 162 1570 EDWARD S GINSBERG {U. MASS BOSTON}
RUBBIA 6T PL 248 531 C.RUBBIA,J.STEINBERGER (CERN+COLU)
ALSO 1 66 PL 20 207 ALFF-STEINBERGER+HEUER y KLEINKNECHT+ [CERN)
ALSO 2 66 PL. 21 595 ALFF-STEINBERGER,HEUER . KLEINKNECHT+ {CERN)
ALSO 3 66 PL 23 167 C.RUBBIA4J.STEINBERGER (CERN+COLU)
SCHMIDT 67 NEVIS 160{THESIS} P. SCHMIDT {COLUMBIAY
CRONIN 68 VIENNA CCNF P.281 CRONINyRAPPORTEURS TALK {PRINCETON)
BECHERRA 70 PR Dl 1452 T BECHERRAWY {ROCH)
GINSBERG 70 PR D1 229 E S GINSBERG (IIT HAIFA)
HEUSSE 70 LNC 3 449 +AUBERT, PASCAUD, VIALLE {ORSAY)
GINSBERG 73 PR D8 3887 E S GINSBERGy J SMITH {MIT+STON)
KLEINKNE 76 ARNS 26 1 Ko KLEINKNECHT {0ORY)
EL T 2T
SEEEh
Charmed Particles

Since this is the first full edition of the
Review to contain charmed particles, we need to
describe the placement of the charmed particle
information within the Data Card Listings. As
always, the Listings are divided into three groups
according to particle type:

1) Stable Particles, immune to decay via

the strong interaction;

2) Meson Resonances;

3) Baryon Resonances.

The charmed particle listings are fit into this

scheme as follows:

D,F = Stable Particles following K

A: + Stable Particles following

Charm Searches - Stable Particles at end

D*,F* < Mesons following strange mesons

Zc - Baryons following strange baryons .

Stable Particles
K9 CHARMED PARTICLES

In the Charm Searches section we give negative
search results, as well as positive results such
as emulsion tracks which can be interpreted as
charm but cannot be classified as one of the
particles named above.

There are many excellent reviews of charm.
A few which give a theoretical overview are listed
in references 1 and 2. Reference 3 is a thorough

recent experimental review. Others, related to
specific particles or searches, are listed in the
appropriate reference sections below.

Charm is described by the standard GIM model4
with four spin-1/2, fractionally-charged, baryon
number B=1/3 quarks with quantum number assign-

ments as follows:

Quark Q 13 c
u 2/3 1/2 0] 0
a -1/3 -1/2 0 o]
s -1/3 0 -1 6]
c 2/3 0 0 1

where the charge is related to the third component
of the isospin, baryon number, strangeness, and
charm by

0 = %«+%m+s+c)

The conventional model for describing the
weak interactions involving these quarks and
leptons is a Weinberg-Salam theory5 with left-
handed weak isodoublets

Ve Vu u c

e U a' s'

and right-handed weak isosinglets. Here

d' = d cos® + s sinb

s' = s cos® - 4 sind

where 8 is the Cabibbo mixing angle (sin29 = 0.055).
Then, following Jackson's (Ref. 1) shorthand nota-
tion, the weak interaction has a current-current
structure
G
=—&JJ+ with J = J_ +J_,

H
W 5 C N

where the charged and neutral currents are

+ Gﬁu + U (d cosb + s sinb)

J =

v
C ee

+ ¢ (s cosB - d sind)



Stable Particles
CHARMED PARTICLES, CHARMED D's

J.= v + V.V -ee-lUl+uu+cc-add - s
N eve vuvu ee-Ud+uu+cc-dd - ss

ignoring the Lorentz group structure. Thus only
the charged current has terms which change charm,
and the Cabibbo-favored transition is to a strange
quark (c—+s), giving AC=ASs.

The particles entering the charmed particle
listings are believed to have the following quark
composition:

D-'-,D*+ - c a

+ _
F ,F > c 8
AT > cud .

The lowest lying states, D, F, and AC, should
decay weakly. The Cabibbo-favored transition
(c>s) then leads to the expectation that D final
states contain E} that F final states contain KK
or are non-strange, and that A: final states

contain A, I, or pK.
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.
D (1863), D’ (1868), and D*(2010)

Note that D and D* are used throughout this
review to mean the apparently charmed states at
~1865 MeV and ~2010 MeV, respectively, and should
not be confused with the uncharmed D(1285) meson.

There is very strong evidence for the charm
interpretation of the narrow KW, K2m, K3T states
observed in e+e_ collisions at SPEAR. In agreement
with the expectations for charmed mesons, " the
following are observed (see data cards and refer-
ences in the D and D* Data Card Listings):

a) The D state appears to be produced only

in association with equal (~1870 MeV) or
higher mass states. Electromagnetic
production of charm via a massive virtual
photon would produce charm-anticharm pairs.

b) The D+ decays via the exotic charge mode
K—ﬂ+ﬂ+ and not K+ﬁ+ﬂ-. A charmed charge-
plus (cd) meson decays weakly to an
uncharmed negative strangeness state as
expected for AC=As.

c) The observed decay modes of the D are
Cabibbo-favored (strange). The Cabibbo-
suppressed modes (c+d, AS=0) are not
observed within present statistics.

d) An excited state appears at ~2010 Mev
in agreement with mass predictions.4

e) The masses suggest that the D states and
D* states are isospin multiplets. There
are two distinct neutral states as is known
from the D’-D° mixing studies (see p°
branching ratio R2 section), suggesting
the isodoublet structure (D+,D°) and
(D_,BD) as expected for charmed nonstrange
mesons (cE, cu) and (Ea, Ehl

f) Parity violation indicates that the ground
state decays weakly. Charm conservation

prevents strong decay.

-~

g) Semileptonic decay modes are observed
as would be expected from elementary
processes such as ¢ > se+ve.

The published data and references are listed
in the Di and D0 sections below and in the D*(2010)

sections of the Meson Data Card Listings. These

data are summarized in the Tables at the beginning
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of this report.

For a thorough recent review of

the data see reference 5.
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CHARGED D(1868+J4P=0-) I=1/2

31 CHARGED D MASS (MEV)
M 8 50(1876.} (15.) PERUZZ1 76 SMAG +~ K+=PI+-Pl4—
M L 11874.] (54 GOLOHABER 77 SMAG +— DO, 0+ RECOIL SPC
M P 1868.3 0.9 PERUZZT T7 SMAG - E+E- 3.77GEV ECM
M L (1874.) 114 PICCOLD T7 SMAG ¢— E+E-4.03,4.41ECM
L] L VALUES WITH LARGE ERRORS NOT AVERAGED.
M P ERROR DOES NOT INCLUDE 0.13 PERCENT UNCERTIANTY IN THE ABSOLUTE
M P SPEAR ENERGY CALIBRATION. USES M{PSIi=3095 MEV.

31 (D+-) - (DO) MASS DIFFERENCE (MEV}
DM P RUZZI 77 SMAG +— E+E- 3.77GEV ECM

3 P NOT INDEPENDENT GF PERUZZI 77 D’— AND DO MASSES.

31 CHARGED D WIDTH FROM MASS SPECTRUM (MEV)
] P 50 40. OR LESS CL=.90 PERUZZI T6 SMAG +— K=+PI+—pl+-
L] P - OR $5 PERUZZY T7 SMAG +— E+E- 3.T7GEV ECM
L] P PERUZIZI WIDTHS ARE CONSISTENT WITH THEIR EXPERIMENTAL RESOLUTION.

31 EVIDENCE FOR WEAK DECAY OF D
WK 70 WISS 76
WK WISS 76+ USING A SAMPLE OF ABOUT TQ D¥#= --> K=+ PI#= Pls—
WK EVENTS WMICH INCLUDE THE PERUZII 76 EVENTS, FINDS THAT THIS FINAL
WK STATE 1S INCOMPATIBLE WITH NATURAL SPIN AND PARITY. THE NATURAL
WK SPIN PARITY FINAL STATE IN DO --> K- PI+ (GOLOHABER 76) INDICATVES
WK PARITY VIOLATION IN THE D+~ AND DO DECAYS IF BOTH ARE MEMBERS OF
WK THE SAME ISOMULTIPLET AS SUGGESTED BY THEIR SIMILAR MASSES.
WK THIS SUGGESTS A WEAK DECAY AND CONSEQUENTLY A NARROW WIDTH DF ORDER
WK 10%%13 SEC~1 OR 10%%-8 MEV.

31 CHARGED D PARTIAL DECAY MODES

DECAY MASSES

PL D+ INTO K-+ PI+- PI4— 493+ 139+ 139
P2 D+~ INTO KO PI+~ 497+ 139
P3 D+= INTO Pl+- PI+ PI- 139+ 139+ 139
P4 D+- INTO PI+- K+ K- 139+ 493+ 493
[ 4] D+~ INTO K4— FI’ PI- 493+ 139+ 139
P6 D+= INTO E+- NU « 5+ o
PT De— INTC E+— ANYTHING 54 ]

31 CHARGED D BRANCHING RATIOS
R1 D+- INTO (K—=+ PI+- PI+—)/TOTAL PL)
R1 85 0.03% 0.010 PERUZZI T7 SMAG E+E-~ 3,77GEV ECM
R2 D+~ INTO (KO PI+-}/TOTAL ir2}
R2 17 0.015 0,006 PERUZZI 7T SMAG E+E~ 3.77GEV ECM
R3 D+~ INTO (KO PI+-)/(K—+ Ple- PI4-) (P2)/7tP1)
R3 P 45 OR LESS Ci=.90 PICCOLC 77 SMAG +- E+E~ 4.03GEV ECM
R3 P OBTAINED FROM SIGMA%BR VALUES OF TABLE 1.
Ré O+= INTO (P14~ Pl+ PI-)/{K~+ PI+-P[+-) (P31/(P1)
R4 Id OR LESS Ct=.90 PICCOLC 77 SMAG +— E+E~ 4.03GEY ECM
R4 P DBTA!NED FROM SIGMA®*BR VALUES OF TABLE 1.
R5 D+~ INTO (P]*— K+ K=}/ (K~+ Pl+= Pl+~-) (P4)/(pP11
R5 P DR LESS CL=.90 PICCOLO T7 SMAG +- E+E~ 4.03GEV ECM
RS 14 DBTAINEU FRUH SIGMA*BR VALUES OF TABLE I[.
R& D+=- INTO (Kﬂ-— PI' PI=}/(K-+% PI+— Pl+-) {P51/(P1)
RE R LESS CL=.90 PICCOLO 77 SMAG +— E+E~ 4.03GEV ECM

P
RE P DBTAINED FRDM SIGMA*BR VALUES OF TABLE 1.

1/77+
12/77%
12/77%
1/78+%

3/78%
3/78%

3/78%
3/78%

1/77%
3/78%
1/77%

1/77*
L/T7*
L/TT%
1777*
L/77%
1777%
1777
1/717%
1777%

12/77%

12/777%

12/77%
12/77%

12/777%
12/77*

12/77%
12/77*

12/71%
12777%
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Stable Particles
CHARMED D's, D%,

34 (D+- INTO E+= NUE)/(D+— TO E+— ANYTHING + DO TO E+— ANYTHING) 12/77%
R7 0.10 OR LESS CL=.90 BRANDELIK 77 DASP E+E- 3.99-4.08 GEV 12/77%
R8 D+— AND DO INTO (E+— ANYTHING)/{TOTAL D+- AND DOILPT} 1/78%
R8 0.10 0.03 BRANDELIK 77 DASP E+f- 3.99-4.08 GEV 1/78%
R8 0.072 0.028 FELLER 78 SMAG E+E- 3.772 GEV ECM 2/78%
RS 0.11 0.02 BACINO 78 SPEC E+E- 3.772 GEV ECM 3/78%
R8 D N R

R8 AVG 0.098 0.014 AVERAGE (ERROR INCLUDES SCALE FACYOR OF 1,

R8 STUDENT 0.0%8 0.016 AVERAGE USING STUDENTLO(H/1.1l) —~ SEE MAIN TEXT
EEE D

REFERENCES FOR CHARGED O

GOLDHABE 76 PRL 37 255 GOLDHABER +PIERRE s ABRAMS yALAM+ {LBL+SLACY
PERUZZI 76 PRL 37 569 +PICCOLO, FELDMAN, NGUYEN, WISS+ {SLAC+LBL)
RISS 76 PRL 37 1531 +GOLDHABERyABRAMS ,ALAM, BOYARSKI+ (LBL+SLAC)
BRANDELI 77 PL 70B 387 BRANDELIK + (AACH+DESY +HAMB+MPIM+TOKY)
GOLOHABE 77 PL 69B 503 GDLDHABER.NISSvABRAMS'ALAM + (LBL+SLAC)
PERUZZI 77 PRL 39 1301 +PICCOLOyFELDMAN® ({SLAC+LBL+NWES+HAWA)
PICCOLO 77 PL 708 260 GPERUZZI1LUTH'NGUYEN'NISSwABRAMS&(SLAC#LBL)
BACINO 78 PRL 40 671 +BAUMGARTEN ,BIRKWOOD + (SLAC+UCLA+UCD)
FELLER 78 PRL 40 274 +LITKE s MADARAS RONAN+  (LBL+SLACHNWES+HANWA)
ThkadE ERAKIIEER RRIRIREEY REREREEER ok Rk

AREEEE % HAERTREEE ARRFRERE

m 32 NEUTRAL D(1863,JP=0-) I=1/2

32 NEUTRAL D MASS {MEev)

M L 234(1865.} {1543 GOLDHABER 76 SMAG CHGD K PI AND K 3P1 1/77%
M 1863. 3. GOLDHABER 77 SMAG DQyD#+ RECOIL SPC 12/77*
M P 1863.3 0.9 PERUZZI 17 SMAG E+E- 3.77GEV ECM 12/77%
M L (1868.} {11.) PICCOLO T7 SMAG +— E4E-4.03,4.41ECM 1/78%
M i VALUES WITH LARGE ERRORS NOT AVERAGED.

L] P ERROR DOES NOT INCLUDE 0.13 PERCENT UNCERTIANTY IN THE ABSOLUTE 3/78%
M P SPEAR ENERGY CALEBRATIDN. USES M{PSI}=3095 MEV. 3778
M R

M AVG 1B63.28 0.86 AVERAGE (ERROR INCLUDES SCALE FACTOR DF 1.0)

L STUDENT1863.28 0.93 AVERAGE USING STUDENTIO(H/1.11} —— SEE MAIN TEXT

32 NEUTRAL 0 WIDTH FROM MASS SPECTRUM (MEV}

W 234 40. DR LESS GOLDHABER 76 SMAG CHGD K PI AND K 3PI 1/77*
L1 30 2.0 OR LESS C(L=.90 FELDMAN 77 SMAG D*+ TO DO PI+ 8777
W WIDTHS ARE CONSISTENT WITH EXPERIMENTAL RESOLUTION. SEE NDTE ON 3/77%
W WEAK DECAY IN CHARGED O SECTION ABOVE. 3777
32 NEUTRAL D PARTIAL DECAY MODES
DECAY MASSES
PL 00 INTO K- PI+ 493+ 139
P2 DO INTO K- Pi+ PI+ PI- 493+ 139+ 139+ 139
P3 DO INTO KO PI+ PI- 497+ 139+ 139
P4 DO INTO KO PI+ Pl- PI+ PI~ 497+ 139+ 139+ 139+
PS5 00 INTO PI- PI+ 139+ 139
P6 DO INTO K+ PI- {VIA DOBAR) 493+ 139
PT DO INTO K+ K~ 493+ 493
P8 DO INTO K~ PI+ PIO 493+ 139+ 134
P9 DO INTO KO PIO 497+ 134
P10 DO INTO E+— ANYTHING «5¢ .5
P19 D0 INTO UNMEASURED MOOES (1. - MEAS.MODES}

DOBAR MODES ARE CHARGE CONJUGATES OF ABOVE MODES

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P, as follows: The diagonal elements are P+ 6P;, where

6Pi =y (ﬁFi5Pi> » while the off-diagonal elements are the normalized correlation coeffi~
cients (6P6P;) /(5P; . 6P;). For the definitions of the individual P

above; only those Pi appearing in the matrix are assumed in the fit to be nonzero and

, see the listings

are thus constrained to add to 1.

P 1 P2 P 3 P B P19
P 1 .0184+-,0049
P2 <3052 .0350+-.0092
P 3 .2891 «0B83  .0438+-.0111
P8 . 0. . +1200+-.0600
P19 -.1741 -.1873 -.2128 ~.9597 .TB28+-.0625

32 NEUTRAL D BRANCHING RATIOS

R1 00 INTO (K- PI+}/TOTAL Pl
R1 130 0.022 0.006 PERUZZI 77 SMAG E+E- 3.77GEV ECM 12/77%
R1 . .
R1 FIT 0.0184 0.0049 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
R2 00 INTO (K- PI+ PI+ PI-}/TOTAL (P2}
R2 44 0.032 0.011 PERUZZI 77 SMAG E+E- 3.T7GEV ECM 12/77%
R2 R R
R2 FIT 0.0350 0.0092 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.0)
R3 DO INTO (KO PI+ PI-}/TOTAL {P3)
R3 28 0.040 0.013 PERUZZI 77 SMAG E+E- 3.TTGEV £CM 12/77%
R3 - - - .
R3  FIT 0.044 0.011 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
R4 DO INTO (K- PI+ Pl+ PI=)/{K— PI+} tP2)/7(P1}
Ra P 214 2.2 0. PICCOLO 77 SMAG E+E~4.03+4.41ECM 12/77*
R4 P THIS CHANNEL DDM]NATED BY K— PI+ RHOO (85+-15 PERCENT). 12/777%

R4 P K% PI+ PI- AND K- A2+ CONSISTENT WITH 0. K* RHOO FRAC IS 0.l+-0.1 . 12/77%
R4 ..

R4 FIT 1.91 0.59 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0}

RS 00 INTO (KO PI+ PI-)/(K- PI+} tP3)/(P1}

RS 116 2-8 1.0 PlCcCOLO 77 SMAG E+E=4.03,4.41ECM 12/77%
RS P A

R5 FIT 2.39 0.74 FRGM FIT {ERROR INCLUDES SCALE FALTOR OF 1.0}



Stable Particles
D° CHARMED F's, F*, p, n

R& CO INTC {PI- PI+)/(K- PI+) (P5)/(P1)
Ré& 0.07 DR LESS CL=,90 PICCOLO T7 SMAG E+E- 4.03 GEVECM 12/77*
R7 DO INTO (K+ K=1}/iK- PI+) iPTY/EPY)
RT 0.07 OR LESS C(L=.90 FICCOLO 77 SMAG E+E~ 4.03GEV ECM 12/77*
RB D0 INTC (KO PI+ PI- PI+ PI-)/TOTAL {P4)
R8 POSSIBLY SEEN KNAPP 76 SPEC PHOTCPRODUCTION 3/77*x
RY 5O INTO (K+ PI- VIA DOBAR}/U(K PI) {PSH/(PL+P5)
R9 THIS IS THE DO-DOBAR MIXING LIMIT
R9 0.16 OR LESS 0 FELDMAN 77 SMAG D+ 70 DO PI+ 3/7T%
R9 0.18 OR LESS (Ci=.90 GOLDHABER 77 SMAG 12/77%
R1O ©0 INTO (K= PI+ PIC)I/TOTAL (e8l
R1O 7 0.12 0.06 SCHARRE 78 SMAG E+E~ 3.77 GEV 1/78¢%
R10 o e e e PPN
R10 FIT 0.120 0.060 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
RI1 DO INTO (KO PIO)/TOTAL (P9}
R11 0.06 OR LESS (L=.90 SCHARRE T8 SMAG E+E- 3,77 GEV 1/18%
R12 DO INTO ALL UNMEASURED MGDES / TOTAL {P19)
R12 THIS IS JUST l.-(SUM OF ALL MEASURED MOOES} FROM FIT
R12 P R
R12 FIT 0.783 0.063 FROM FIT
AXEFES
REFERENCES FOR NEUTRAL D
GDLCHABE 76 PRL 37 255 GOL DHABER +P IERRE » ABRAMS , AL AM* (LBLASLACY
KNAPP T6 BNL CONF. B.KNAPP (COLY)
FELDMAN 77 PRL 38 1 +PERUZZI+PICCOLO, ABRAMS JALAM + {SLAC+LBL}
GULCHABE 77 PL 69B 503 GOLDHABER WISS ,ABRAMS,ALAM + {LBL+SLAC)
PERUZZI 77 PRL 39 1301 +PT1CCOLO+FELDMAN+ {SLAC+LBL+NWES+HAWA)
PICCOLO 77 PL 708 260 +PERUZZI s LUTHyNGUYEN,WISS s ABRAMS+{SLAC+LBL)
SCHARRE 78 PRL 40 74 +BARBARO-GALTIERI + ISLACHLBL+NWE S+HAWA)
QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS
NGUYEN 77 PRL 39 262 +WI5S, ABRAMS, ALAM,BOYARSKI + (LBL+SLAC)J
fo a2 i1
Ak kg pkkk k&
+ +
F (2030) and F__ (2140)
The only published evidence for the existence
of the charmed-strange F meson states comes from
: + - .
BRANDELIK 77. They observe events in e e colli-
sions at 4.4 GeV each having a low energy photon,
two other photons with a YY mass in the n region,
and a charged pion. They find four events with
negligible background which fit the hypothesis
+ - — + - > *
e e > FF* or e e - F*F*, F ~+Fy, F=nm, and
n—+yy with consistent F and F* masses. These data
are entered into the Data Card Listings below and
+
. *— .
in the F*(2140) section of the Meson Data Card
Listings, but await confirmation before entry into
the Tables.
34 F4+-(2030,J4P= )
NEEDS CONFIRMATION.
CMITTED FROM TABLE.
34 F+-12030} MASS [MEV)
M 4 2030. 60, BRANDELIK 77 DASP +- E+E~ ECM=4GEV 12/77%
34 F+-{2030) PARTIAL DECAY MODES
DECAY MASSES
Pl F4~ INTO PI+- ETA 139+ 548
Rk kKK
REFERENCES FOR F+~(2030)
BRANDELI 77 PL TOB 132 BRANDELIK + {AACH+DESY+HAMB+MPIM+TOKY)
AR
Fakkkk FREEREIkE
E 16 PROTON{938,J=1/2] 1I=1/2
16 PROTON MASS (MEV)
M 1938.256) 10.005) COHEN 65 RVUE T/66
L (938.2592) {0,0052} FAYLOR 69 RVUE USING NEW E/H 7/70
M 938.2796 0.0027 COHEN 73 RVUE 3/74
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16 PROTCN MEAN LIFE (UNITS 10%*%26 YR)

T {.000001)0R MORE GOLDHABE 54 TH 232 FISS.MUDE INDEPEN
T (0.00210R MORE FLEROV 57 TH 232 FISS.MODE INDEPEN
T 8 (1.5) GCR MORE BACKENSTO 60 CNTR
T e (60.0) OR MORE KROPP 65 CNTR
T (200.0) OR MORE GURR 67 CNTR DEP. ON DECAY MODE
T (1300.0) OR MGRE BERGAMASC 74 CNTR 12/75
T R 20000.0 OR MORE REINES 74 CNTR 12775
T B KROPP AND BACKENSTQSS SENSITIVE TO PARTICULAR OECAY MODES OF PROTON
T R REINES 74 LOODKS AT DECAY CHAINS ENDING IN MUON DECAY. 12775
16 PROTON MAGNET. MOMENT(E/2MP}
MM (2.79276) (.00002) COHEN 65 RVUE
MM 12.79278214.000017) TAYLOR 69 RVUE USING NEW E/H T7/70
L3 2.7928456 .0000011 COHEN 73 RVUE 3/74
16 ANTIPROTON MAGNETIC MOMENT (E/2MP)
MM1 © (-1.8) (1.2) BUTTON 62 CNTR
MML R {-2.83) €(0.10} FOX 72 CNTR 1L/75
MM1 R ~2.819 « 056 ROBERTS 74 CNTR 1/75
MM1 © OLD EXPERIMENT WITH LARGE ERRDR. NOT AVERAGED.
MMl R ROBERTS 74 IS REANALYSIS OF FOX 72 DATA. REPLACES OLD FOX VALUE. 7/75
PROTON ELECTRIC DIPOLE MOMENT (UNITS L10%%-23 € (M}
NONZERD VALUE IMPLIES VIOLATION OF T AND P IN EM INTERACTION
EDM 16 700. 900. HARRISON 69 MBR 10/69
EDM 55000. OR LESS KHRIPLODVI T6 1/778%
LHRRER
REFERENCES FOR PRGTON
GOLDHABE 54 PR 96 1157 FNOTE2 GOLDHABER,F REINES+ (LOS ALAMOS,BNL)
FLERCV §7 SOV PHYS DOK 3 79 FLEROV,KLOCHKOV, SKOBKIN,TERENTEY (USSR)
BACKENST 60 NC 16 T49 BACKENSTOSS yFRAUENFELDER:HYAMS + (CERN)
BUTTCN 62 PR 127 1297 J BUTTON,B MAGLIC tLBL}
COHEN 65 RMP 37 537 +DUMDND {N.AMERAVIATION SCIENCE CENT..CIT)
KROPP 65 PR 137 B 740 W R KROPP,F REINES (CASE INSY TECHNOLOGY)
GURR 67 PR 158 1321 GURR ¢ KROPPyREINES+MEYER (CASE;JOHANNESBURG)
HARRISON 69 PRL 22 1263 HARRISON;SANDARS ¢ WRIGHT  (CLARENDON OXFORD)
TAYLOR 69 RMP 41 375 +PARKER ¢ LANGENBERG {PRIN+UCI+PENN)
FOX 72 PRL 29 193 +BARNES s EISENSTEIN+ {BNL+CARN+VPT+WILL+WYOM}
COHEN 73 J.PHYS.CHEM.REF.DATA 2, P.663, E.R.COHEN,B.N.TAYLOR
BERGAMAS 74 LNC 11 636 BERGAMASCO,PICCHI {TORI+FRAS)
REINES 74 PRL 32 493 +CROUCH {UCI+CASE)
ROBERTS 74 PRL 33 1181 +COXy ECKHAUSE+ (WILL+VPI+CARN+WYOM+CIT4+BNL}
ALSO 75 PR D12 1232 ROBERTS+COX + (WILL+VPI+CARN+WYOM+CIT+BNL)
KHRIPLOV T& JETP 44 25 T.B.KHRIPLOVICH (NUC.PHYS.INST,,SIBERIA)
QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARODS
KALOGERC 76 PRL 37 1037 KAL OGERGPOULOS »CHIU, SUDARSHAN (SYRA+TEXA)P
FRANKLIN 77 PR Dle 910 JERROLD FRANKLIN {HALIF)P
REEEE EREEE RS
KRS AR kR
17 NEUTRON(939,J=1/2) I=1/2
17 NEUTRON MASS {MEV}
M T (939.5527) (0.0052) TAYLOR 69 RVUE USING NEW E/H 1/70
M T 93%.5731 0.0027 COHEN 73 RVUE 3/74
4T THESE DETERMINATIONS OF NEUTRON MASS NOT INDEPENDENT OF 7/70
M T NEUTRON-PROTON MASS DIFFERENCE MEASUREMENTS BELOW. /70
17 (NEUTRON) — (PROTON) MASS DIFFERENCE (MEV)
D M (1.29344)(0.00007) MATTAUCH &5 RVUE 3/71
o 1.293429 0.000036 COHEN 73 RVUE 3/74
D M WE HAVE CONVERTED MATTAUCH NEUTRON-HYDROGEN MASS DIFFERENCE TO /71
D M NEUTRON-PROTON MASS DIFFERENCE USING CURRENT VALUE OF ELECTRON MASS 3/71
0 M AND A HYDROGEN BINDING ENERGY OF 13.6 EV. /n
17 NEUTRON MAGNETIC MOMENT {MAGNETONS»938.2 MEV)
MM (-1.913148 0.000066) CDHEN 56 RVUE 7/66
MM ~1.91304211 0.00000088 GREENE 17 3/78%
17 NEUTRON ELECTRIC DIPOLE MOMENT (UNITS 10%%-23 E CM)
TEST OF CP OR T VIOLATION IN THE EM INTERACTION
EDM W 1-20.) 130.) MILLER 67 MRS 1/78%
EDM +24. 39. SHULL 67 CNTR 1/78%
EDM M (30.) OR LESS DRESS 68 MRS ABSOLUTE VALUE 1/78%
EDM 5 OR LESS BAIRD 69 MRS INCLUDED IN DRESS73 10/69
EDM - 2. 39. APOSTOLES 70 MRS 1/78%
EDM 0.32 0.75 DRESS 73 MRS .LT.10%%-23 CL=.80 6/73
EDM D 0a04 0.15 DRESS 77 MRS 6/TT*
EDM M DRESS 68 INCLUDES DATA OF MILLER &7. 1778
EOM D THE DRESS 77 RESULT IS EQUIV TO EDM < 3 E-24 (LL=.90) 6/TT%
EDM e s s o w e e e .
EDM AVG 0.05 0.15 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)

EDM STUDBENT 0.05 a.l6é AVERAGE USING STUDENTLO(H/Ll.111 =~ SEE MAIN TEXT
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17 NEUTRON MEAN LIFE (UNITS 10%#3 $SEC}
18 LAMBDA{L115,JP=1/2+} 1=0
THE MEASUREMENT OF THE NEUTRON MEAN LIFE BY SOSNOVSKII 59 HAS
BEEN DISCARDED SINCE 1. 1T DISAGREES WITH THE BETTER AND MORE
RECENT RESULT OF CHRISTENSEN 67. 2. THE VALUE OF GA/GV DE-
RIVED FROM THE NEW VALUE OF THE MEAN LIFE AGREES WELL WITH THE 18 LAMBOA MASS {MEV)
GA/GV VALUE OBTAINED FROM THE FREE NEUTRON DATA.
M N SINCE OUR FINAL VALUES FOR THE SIGMA AND LAMBDA MASSES CUME FROM
T {1.012) {o0.021} SOSNOVSKL 59 PILE SEE NOTE £ T/68 M N DOING AN OVERALL FIT TO ALL MEASURED MASSES AND MASS OIFFERENCES,
T (0.935)  (0.014) CHRISTENS 67 PILE REPL BY CHRISTENS72 3/68 M N WE HAVE USED THE UNCORRELATED MEASUREMENTS FROM SCHMIDT €5 RATHER
T 0.918 0.014 CHRISTENS 72 PILE 6/72 M N THAN THE DNES COMING FROM THE OVERALL FIT REPORTED IN THAT PAPER.
€  ERROR CHANGED BECAUSE ERROR IN CROSS SECTION FOR NEUTRON ABSORPTION M N SINCE THERE SEEMS TO BE NO CONVINCING ARGUMENT AS TO WHY ONE SHOULD
E  IN GOLD HAS BEEN REDUCED. M N IGNORE DATA USING RANGE MEASUREMENTS, WE HAVE INCLUDED HERE VALUES
M N DEPENDING ON PROTON AND PION RANGES. THE SCHMIDT 65 MASSES HAVE
———— M N BEEN REEVALUATED USING OUR APRIL 1973 PROTON AND CHARGED K AND PI
M N MASSES. P. SCHMIDT, PRIVATE COMMUNICATION, (1974).
17 NEUTRON BETA DECAY PARAMETERS
[ 1115.44 0.12 BHOWMIK 63 RVUE + SEE NOTE L BELOW
RELATED TEXT SECTION VI D.1 M L ABOVE LAMBDA MASS HAS BEEN RAISED 35 KEV TO ACCOUNT FOR 46 KEV
M L INCREASE IN PROTON MASS AND 11 KEV DECREASE IN CHARGED PION MASS.
AV GA/GV  (SEE TEXT FDR SIGN CONVENTION) M S 635(1115.86) 10.09) BALTAY 65 HBC ERROR IS STATIS.  &/66
AV C (-1.250)  {0.04 CONFORTO 67 RVUE SEE NOTE C BELOW M 488 1115.65 0.07 SCHMIDT 65 HBC SEE NOTE N 3/74
AV EP (-1.23) (0. ul) CHRISTENS 67 CNTR N DECAY FT VALUE 11/68 M S 114T(1115.74)  {0.04) CHIEN 66 HBC 6.9 PBAR P 9767
AV P (-1.22)  10.08) GRIGOREV 68 CNTR E-NEU ANG CORREL 10/71 M S 972(1115.69}  (0.05) CHIEN 66 HBC 6.9 PBAR PANTIL 9/67
AV P i-1.26) {0.02) CHRISTENS 7O CNTR PE,NEUT SPIN CORREL 10/71 M 1115.6 [y LONDON 66 HBC 6766
AV EP {-1.27} {0.025) EROZOLIMS 71 CNTR PE,NEUT SPIN CORREL 10/71 M (1116.0}) {0.2) BADIER 67 HBC 2.4 PBAR P,LLBAR 8/67
AV EP 1-1.239) (0.011) CHRISTENS 72 CNTR N DEC.+ FT VALUE 1/73 M 195 1115.39 0.12 MAYEUR 67 EMUL 11/67
AV P (-1.263) {0.016} KROPF 73 RVUE N DECAY ALDNE 1/73 M B 1524(1115.52)  (0.03) BOHM 70 EMUL 3772
AV P -1.250 0.009 KROPF 73 RVUE N DEC.+ FT VALUE 1/73 M 935 1115.59 0.08 HYMAN T2 HEBC 1771
AV E -1.250 0.036 DOBROZEMS 75 CNTR E~NEU ANG CORREL.  12/75 M B AVERAGE OF VERY INCONSISTENT DATA. ERROR STATISTICAL ONLv. AUTHORS  3/72
AV K -1.253 0.021 KROHN 75 CNTR PE,NEUT SPIN CORREL 1/77% | M B  DETECT SYSTEMATIC EFFECT OF ABOUT .15 MEV, WHICH THEY ATTRIBUTE 3/72
Av -1.263 0.015 ERDZOLIMS 77 CNTR PE,NEUT SPIN CORREL 1/78% | M B TO ERROR IN RANGE-ENERGY RELATIONS. IN REGION BETA=0.6-0.7. 3772
AV C  CONFORTO 67 COMBINES FREE NEUTRON DATA TO 1967. REPL. BY KROPF 73. 1/73 M B THIS EFFECT, IF CONFIRMED, WOULD AFFECT VERY LITTLE THE VALUES OF 3/72
AV E THESE EXPERIMENTS MEASURE THE ABSOLUTE VALUE OF GA/GV ONLY 10/71 M B BHOWMICK 63 AND MAYEUR &67.
AV P KROPF 73 VALUE OBTAINED BY FITTING ALL DATA THROUGH 1972. 1773 M S ERROR PURELY STATISTICAL.
AV K KROHN 75 PAPER GIVES ~1.258+-.015 INCLUDING EVENFS OF CHRISTENS 70. L/78% | M e e e e e
AV K THE VALUE QUOTED ABOVE 1S DERIVED FROM HIS AyBASED ON NEW EXPT ONLY 1/77¢# | M ave 1115.566 0,056  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)
AV . . M STUDENT1115.568 0.053  AVERAGE USING STUDENT10(H/1.11) -= SEE MAIN TEXT
AV AVG 2533 .0071 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) M FIT 1115.600 0.048 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) 2/78%
AV STUDENT ~-1.2532  0.0077 AVERAGE USING STUDENTLO(H/1.11} —~ SEE MAIN TEXT {SEE IDEOGRAM BELOW }
F PHASE_ANGLE OF GA RELATIVE TO GV (DEGREES)
E P 1175.1 (10.} BURGY 60 CNTR POLAR. NEUTRONS 6777+
F P (198.) 27.) CLARK 60 CNTR POLAR. NEUTRONS  6/77% WEIGHTED RAVERAGE = 1115.566 * 0.056
FoC (176,41} (6.4) CONFORTO 67 RVUE 11768
F P (181.3) €1.3}) EROZOLIMS 70 CNTR  POLAR. NEUTRON 10769 ERROR SCALED BY 1.3
F 3 181.1 1.3 KROPF 73 RVUE N DECAY 1773 IT-
£ 180.35 0.43 EROZOLIMS 74 CNTR POLAR. NEUTRONS  &/77*
F 180.14 0.22 STEINBERG 74 CNTR POLAR, NEUTRONS  6/77*
£ C CONFORTO 67 COMBINES FREE NEUTRON DATA TO 1967. REPL. BY KROPF 73. 1/73 i
Values above of weighted average,
: [ xnos:sj? \.IAI..UE ?B'{A{NED BY FITTING ALL DATA THROUGH 1972. 1773 error, and scale factor are for the
F  AVG 180,20 0.19 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0) reader's convenience only, The
F STUDENT 180.20 0.21 AVERAGE USING STUDENTIO{H/1.11} -~ SEE MAIN TEXT data were actually processed by a
T h
b1 THREE-VECTOR CORRELATICN COEFFICIENT T/76% °°;’St;atm8dtm il thif %,
D1 01 MEASURES COMPONENT OF NEUTRON SPIN PERPENDICULAR TO THE DECAY T776% calculates its own values of x, o¥,
01 PLANE IN BETA DECAY. SHOULD BE ZEROD IF T-INVARIANCE NOT TIT6% and scale factor, which are differ-
o1 VIOLATED. SEE TEXY SEC VI D. TIT76% ent from the values shown here.
01 -0.01 .01 EROZOLIMS 70 CNTR POLAR. NEUTRONS  7/76%
DL -0.0027 .0033 ERO2OLIMS 74 CNTR POLAR. NEUTRONS  7/76%
[ -0.0011 .0017 STEINBERG 74 CNTR POLAR. NEUTRONS  7/76%
o1 e e e se e
Dl AVG -0.0016 0.0015 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1. LHISQ
DL STUDENT -0.0016 0.0016 AVERAGE USING STUDENT10{H/1.11) —- SEE m\m TEXT — - “HYMAN 72 HEBC 0.1
e -MAYEUR 67 EMUL 2.2
LONDON 66 HBC
REFERENCES FOR NEUTRON . . .SCHMIDT 65 HBC 1.4
COHEN 56 PR 104 283 V W COHEN, CORNGOLD, RAMSEY  (BNL+HARVARD) —t BHOWMIK 63 RUUE 1.1
SOSNOVSK §9 JEYP 9 717 SOSNOVSKII+SPIVAK.PROKOFEV +  {1AE MOSCOW) 4.8
BURGY 60 gkpuo 1s§9 o:gggg.novev.xmso CANL+CHIC) co g
LARK 60 CJP 38 69 + N
¢ 1115.0 1115.4 1115.8 1116.2 :0'_‘§§;’)
MATTAUCH 65 NP 67 1 +THIELE,WAPSTRA (MAX PLANCK INST.CHEM.)
CHRISTEN 67 PL 268 11 CHRISTENSEN,NIELSON+BAHNSEN, BROWN+  (RISO} LAMBDA MASS (MEV)
CONFORTD 67 APAH 22 15 G. CONFDRTO (CERN)
MILLER 67 PRL 19 381 +DRESS,BAIRD s RAMSEY {ORNL+HARV) 18 LAMDA - ANTILAMBOA MASS DIFFERENCE (MEV)
SHULL 67 PRL 19 384 C.G.SHULLs R.NATHANS (MIT+BNL) oM 0.05 0.06 CHIEN 66 HBL 6.9 PBAR P 9767
DRESS 68 PR 170 1200 +BAIRD,MILLER,RAMSEY {ORNL+HARV) oM 0.29 0.15 BADIER 67 HBC 2.4 PBAR P B8/67
GRIGOREV 68 SJNP & 239 +GRISHIN/VLADIMIRSKII,NIKOLAEVSKIT ¢ (ITEP) DM e e e e e ee
DM AVG 0.083 0.083  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5)
BAIRD 69 PR 179 1285 +MILLER, DRESS,RAMSEY (ORNL ;HARV) DM STUDENT  0.080  0.063  AVERAGE USING STUDENTLO(H/1.11) ~- SEE MAIN TEXT
TAYLOR 69 RMP 41 375 +PARKER ,L ANGENBERG (PRIN+UCI+PENN)
APGSTOLE 70 RRP 15 343 APOSTOLESCU, TONESCU+ IONESCU-BUJOR +  (BUCH) ——ee
CHRISTEN 70 PR C1 1693 CHRISTENSEN, KROHN,RINGO (ANL)
ERDZOLIM 70 SJNP 11 583 EROZOLIMSKI+BONDARENKD, + (KURC MDSCOW) 18 1 AMBDA MEAN LIFE (UNITS 10#%%-10)
ALSO PL 278 557 EROZOLIMSKY,BONDARENKD + (KURC IN MOSCOW}
EROZOLIM 71 JEVPL 13 252 EROZOLIMSKII,BONDARENKD + (KURC MOSCOW) T 0 188 (2.63} {0.21)  (0.21) BOLDT 58 CC
CHRISTEN 72 PR D5 1628 CHRISTENSEN,NIELSON,BAHNSEN,BRONN+  (RISO) T D 825 (2.72) (0.16)  (0.l6) CRAWFIRD 59 HBC
COHEN 73 JoPHYS.CHEM.REF.DATA 24 P.663+ E.R.COMEN,B.N.TAYLOR T 0 140 (2.72) (0.291 {0.27) BOWEN 60 ¢C
DRESS 73 PR D7 3147 ORESS»MILLERy RAMSEY (ORNL+HARY) T 0 186 (2.60) (0.28)  (0.20) CHANG 62 HBC
KROPF 73 ZPHY TO BE PUBL. A KROPF,H PAUL (LINZ) T C 7199 (2.69) (0.11) HUMPHREY 62 HBC
ALSO 70 NP Al54 160 H PAUL (VIEN) T 0 2239 {2.36) 10.06) BLOCK 63 HEBC
T 0 706 [(2.76) CHRETIEN 63 HLBC
ERGZOLIM 74 JETPL 20 345 ERDZOL IMSKI1,MOSTOVOL, FEDUNIN, FRANK+ T 0 194 {2.59) HUBBARD 64 HBC
STEINBER 74 PRL 33 4l STEINBERGsLIAUD,YIGNON; HUGHES (VAL E+GREN] T 0 2260 (2.31) KREISLER 64 OSPK
ALSQ 76 PR D13 2469 STEINBERG,LIAUD,VIGNON ;HUGHES  (YALE+GREN) T 01378 (2.59) SCHHWARTZ 64 HBC
DOBROZEM 75 PR 011 510 DDBROZEMSKY s KERSCHBAUM, MORAW,PAUL + (SEIB) T G 635 (2.51) BALTAY 65 HBC 6766
KROHN 75 PL 55B 175 KROHN, RINGD CANL) T 0 2534 (2.6} HILL 65 DSPK
DRESS 77 PR D15 9 +MILLER , PENDLEBURY, PERR IN+ (ORNL+GREN+HARV) T 0 916 (2.35) BURAN 66 HLBC 6766
EROZOLIM 77 JETPL 23 663 EROZOL IMSKI1,FRANKs MOSTOVOT+ (KURC MOSCOW) T 51147  (2.50) CHIEN 66 HBC 6.9 PBAR P 9767
GREENE 77 PL 718 297 +RAMSEY,MAMPE+  [CENG+ILLG#SUSS+DRNL+CENG} T 5 972 (2.70) 66 HBC 6.9 PBAR P,ANTI 9767
T 0 2213  (2.452) 10.056) {(0.054}ENGELMANN 66 HBC 9766
PAPERS NOT REFERRED 1O IN DATA CARDS T 0 585 (2.68] (0.13)  (0.11) AUERBACH 67 OSPK 8/67
T 0 (2.44)  (0.15} BADIER 67 HBC 2.4 PBAR P 6/68
JACKSON 57 PR 106 517 JACKSON, TRETMAN: WYLD (PRINCETON) T 0 (2.55)  (0.15) BADIER &7 HBC 2.4 PBAR PyANTIL 6/68
COHEN 65 RMP 37 537 +DUMGND (N.AMER.AVIATION SCIENCE CENT.,CIT) T D 8342 {2.535) {0.035) GRIMM 68 HBC 6768
BHALLA 66 PL 19 691 C P BHALLA (ALABAMA} T D 2600 (2.47)  10.08) HEPP 68 HBC 8/68
T 01059 (2.39)  (0.10} DEMIDOV 70 HLBC PI-P. 3.86 GEV/C 12/70
e T D 4572 (2.54)  (0.04) BALTAY 71 HBC K-P AT REST 6/T1
baasaddib b iihiedhbadiindahd T O 6582 (2.69) 10.05) ALTHOFF2 T3 OSPK PI+N TO K+LAMBDA 2/74
T 36K 2.626 0.020 POULARD 73 HBC K=P,KMOM .4702.3 9/73
T 34K 2.611 0.020 cuvmn 15 HBC K=P(KMOM .96-1.4 1/77%
T 53K 2.69 0.03 ZEl SPEC NEUTRAL HYP. BEAM  12/77%
T 0 OLD LOWER STATISTICS EXPERIMENTS NUT mcu.uosn IN AVERAGE. 1/78%
T S ERROR PURELY STATISTICAL.
T e e e e s
T AVG 2.632 0.020 0.020 AVERAGE {ERROR INCL. SCALE FACTOR OF 1.6)
T STUDENT  2.630 0.015 0.015 AVG BY STUDENT10(H/1.11) -- SEE MAIN TEXT
(SEE IDEOGRAM BELOW )
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WEIGHTED AVERAGE = 0.3799 + D.0029 R4 LAMBDA INTO (P MU- NEU}/TOTAL (uan 10%%-4} (P3)/7(PL+P2)
R4 1 (0.2) DR MORE 60 62 HBC
ERROR SCALED BY 1.6 R4 1 (1.0) OR LESS ALSTON 63 HBC
- R4 2 (1.0) OR LESS KERNAN 64 FBC
R4 BETWEEN 1.3 AND 6.0 LIND &4 HBC
R4 3 1.3 0.7 LIND 64 RVUE 7766
R4 2 1.5 1.2 RONNE 64 FBC
R4 9 2.4 0.8 CANTER1 71 HBC STOPPED K-pP T/71
R4 14 1.4 0.5 BAGGETT2 72 HBC STOP K- 8/72
R4 4 e s s e e oe .
R4 AVG 1.57 0.35 AVERAGE (ERROR INCLUDES SCALE FACTOR GF 1.0}
R4 STUDENT  1.56 0.38 AVERAGE USING STUDENTLO(H/1.11) -— SEE MAIN TEXT
RS LAMBDA INTO (P £~ NEU)/(P PI=) (UNITS LO*%-3) (P4)/(P1)
RS 150 1.23 0.20 ELY 63 FBC 2/12
RS 120 1.17 0.18 BAGLIN 64 FBC 2772
RS 143 1.20 0.12 MALONEY 69 HBC 2772
RS 1078 1.31 0.06 ALTHOFF1 71 OSPK 2/72
R5 ¢ 86 1.17 0.13 CANTER 71 HBC K-P AT REST 3/72
RS LC 218  {1.32)  {0.15} LINDQUIST 71 OSPK PI-P TO KO LAM 3/72
RS L 544 1.23 0.11 LINDQUIST 77 SPEC PI-P TO KO LAM  12/77%
R5 € CALCULATED BY US FROM R3 ASSUMING THE AUTHORS USED (P PI-}/TOT=2/3  3/72
RS L LINDQUIST 77 INCLUDES DATA OF LINDQUIST T1. 12/77%
£Hise RS e e e e e
77 SPEC 3.8 R5 AVG 1.257 0.043  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
R5 STUDENT 1.256 0.048 AVERAGE USING STUBENT1O0{H/l.11) —— SEE MAIN TEXT
75 HBC 1.1
73 HBC 0.1 R6 LAMBDA INTG (P px- GAHHA)/(P PI-) (UNITS LO¥#=3) (P5}/(P1) 1/7
e R6 72 1.32 BAGGETT3 72 HBC PI- MOM LT 95 MEV/C 1/73
(CONLEVY [ -~
0.365 0.375 0.385 0.395 20.079)
18 LAMBCA DECAY PARAMETERS
LANMBOA DECAY RATE (UNITS 10==10 SEC-1)
RELATED TEXT SECTION VI D AND APPENDIX III
A= ALPHA LAMBDA- (LAMBDA INTO PI- PROTON]
A- 1156 0.62 0.07 CRONIN 63 CNTR LAMBDA FROM PI-P  8/67
a- (0.663)  (0.022) BERGE 66 RVUE INCLUDES ABOVE 9/66
et A- 10130 0.645 0.017 OVERSETH 67 0SPK LAMBDA FROM PI-P 8/67
- M 2529 0.747 0.086) MERRILL 68 HBC REPL BY DAUBER 768
18 (LAMBDA ~ ANTILAMBDA}/AVG., MEAN LIFE OIFFERENCE f\_ 3520 (0_6-, ! (0‘06 DAUBER 69 HBC FROM XI DECAY 68 :,“
A- 10325 0.649 0.023 CLELAND 72 OSPK LAMBDA FROM PI~P 5/72
or 0.044 0.085 BADIER 87 HBC 2.4 PEAR P 8767 A= 8500 0.584 0.046 ASTBURY 75 SPEC LAMBDA FROM PI-P 2/78%
A- « 2 % e o s = e o
I A~ AVG 0.642 0.013  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
A- STUDENT  0.642 0.014  AVERAGE USING STUDENT10(H/1.11} —- SEE MAIN TEXT
18 LAMBDA MAGNETIC MOMENT ({MAGNETONS,938.26 MEV}
A0 ALPHAO /ALPHA~ FOR LAMBDA (L INTOD PIO N/L INTO PI- P)
e -L.s 0.2 cooL G2 age 40 1.10 0.27 CORK 50 CNTR
s 8553 -1.39 0.72 ANDERSON 64 HBC :g 0 4760 | 1.000  0.068 OLSEN 70 OSPK PI+N TO K+ LAMBDA 5/70
MM 151  -0.5 0.28 CHARRIERE 65 EMUL A0 AVG 1.006 0.066  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
MM 49 (-0.67)  {0.31)  {0.37) BARKOV 71 EMUL PRELIM. RESULT 2/72 A0 STUDENT  1.006 0.071  AVERAGE USING STUDENT10(H/1.11l} —-— SEE MAIN TEXT
MM 1300 -0.66 0.07 DAHLJENSE 71 EMUL MAG FIELD=200KG  6/71 AC O CONE 8Y COMPARING PROTON DISTR.WITH N DISTR. FROM LAMBDA DECAY.
MM 3868 —0.73 0.18 HILL 71 OSPK 10/71
MM 57  ~0.65 0.28 BARKOV 72 EMUL INCLUDES BARKOV 71  3/78% F- PHI ANGLE {SIN(PHI}/COS{PHI)= BETA/GAMMA) (DEGREES)
MM l.24  -0.57 0.05 BUNCE 76 SPEC 1/78% F- 1156  13.0 17.0 ONIN 63 0SPK LAMBDA FROM PI-P 11/67
MM 350K  =~0.59 0.07 HELLER 77 SPEC 1/78% F- 10130 -8.0 6.0 CIVERSETH 67 OSPK LAMBDA FROM PI-P 11/67
MM P R [ 7377 (-9.2) (5.2} CLELAND 67 OSPK REPL BY CLELAND 72  5/72
MM AVG -0.606 0.034  AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0} F- 10325 ~-7.0 4.5 CLELAND 72 OSPK LAMBDA FROM PI—P 5772
MM STUDENT ~0.605 0.038  AVERAGE USING STUDENTLO(H/1.11) —- SEE MAIN TEXT . e e e e e
F-  AVG ~6.5 3.5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
= F-  STUDENT =-6.6 3.8 AVERAGE USING STUDENTLO(H/1.11} =-- SEE MAIN TEXT
18 LAMBDA ELECTRIC DIPOLE MOMENT [(UNITS 10%*-14 E CM) AV GA/GY FOR LAMBDA BETA DECAY (SEE TEXT SEC. VI D.1 FOR SIGN CONV.}
NONZERD VALUE IMPLIES VIOLATION OF T AND P AV C 22 {-1.03) LIND 64 HBC 6768
AV C 102 (0.6) DR MORE BAGLIN 65 HLB: NG SIGN GIVEN 1/71L
EOM 5.0 OR LESS CL=.95 GIBSON 66 EMUL 2772 v € BETW 0. AND —1.1 BARLOW 65 Ospﬁ 6768
EOM 8 1.0 OR LESS CL=.95 ~ BARONI 71 EMUL 2712 AV C 102 (0.7) OR MORE CL=.95 ELY 65 HLBC ABS. VALUE 1771
EDM B BARONI MEASURES {-5.9+~2.9)%10%%—15 E CM 2772 AV € EXPERIMENTS INCLUDED IN CONFORTD 65, RVUE 6/68
AV -l.14 0.23 0.33 CONFORTOD 65 RVUE 11767
- AV M 148 -0.72 0.14 0.19 MALONEY 69 HBC 107569
AV A 1078 (-0.62)  (0.08}  {0.09} ALTHOFFZ 71 0SPK POLARIZED LAMBDA 7/73
18 LAMBDA PARTIAL DECAY MODES AV M 14l -0,75 0.15 0.18 CANTER 71 HBC 4/71
AV L 173 (-0.40)  (0.13)  (0.17) LINDQUIST 71 OSPK  E-NEU AND UP-DOWN 9/T1
DECAY MASSES AV M 352 -0.74 0.09 0.12 BAGGETTL 72 HBC STOP.K— 2/72
Pl LAMBDA INTG PROTON PI— 936¢ 139 AV A 817 -0.63 0.06 ALTHOFF1 73 OSPK POLARIZED LAMBDA 7/73
P2 LAMBDA INTO NEUTRON P10 939+ 134 AV 405  -0.47 0.09 BURNETY 76 SPEC E-NEU AND SPIN 2/78%
P3 LAMBDA INTO PROTON M- NEUTRINO 938+ 105+ 0 AV L 441  -0.53 0.09 0.11 LINDQUIST 77 SPEC POL LAMBDA, 3 ASYMM 12/77+%
P4 LAMBDA INTO PROTON E- NEUTRINO 938+ L5+ 0 AV A ALTHOFF1 73 INCLUDES DATA OF ALTHOFF2 7L. USES PROT SPECTRUM AND 7/73
s LAMBDA INTO PROTON PI— GAMMA 938+ 139+ 0 AV A THREE SPIN ASYMMETRIES. 7773
AV M EXPT MEASURES ONLY THE ABSOLUTE VALUE OF A/V /73
m——— AR — AV L LINDQUIST 77 INCLUDES DATA OF LINDQUIST T71l. 12/77%
Av [
18 LAMBOA BRANCHING RATIOS AV AVG -0.622 0.048  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2}
AV STUDENT =0.624 . 045  AVERAG N ENT l.1l) — MAIN TEXT
Rl LAMBDA INTQ P PI=)/{{P PI-}+(N PIO}) (PLI/(PL+P2) STuo 0 O e I peberan SEESH § STUDENTLOtH/ b see
RL 0.627 0.031 CRAWFORD 59 HBC
RL 0.65 0.05 COLUMBIA 60 HBC
RL U (0.685) (0.017) ANDERSGN 62 HBC WEIGHTED AVERARGE = -0.622 + 0.048
R1 903 0.643 0.01l6 HUMPHREY 62 HBC
R1 U 6736 0. 635 o 007 DOYLE 59 HBC PI-p TO LAM. KO  2/71 ERROR SCALED BY 1.2
R1 4572 0.64 BALTAY HBC K=P AT REST 6/71 -
R1 U  ANDERSON REsuLT NDT PUBLISHED. EVENTS ADDED TO DOYLE SAMPLE. 2/71
R1 s e m - .
R1 AVG 0.6399 0.0049 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0)
K1 STUDENT O 6398 0.0055 AVERAGE USING STUDENTLO{H/1.11} —-— SEE MAIN TEXT
R1 FIT 419  0.0049 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0}
R2 LAMBDA INTO IN PLOI/{{P PI-)+(N PL10O)) (P2)/1P1+P2)
R2 0.23 0.09 EISLER 57 HLBC
R2 0.43 0.14 CRAWFORD 59 HBC
R2 0.28 0.08 BAGLIN 60 HLBC
RZ 0.35 0.05 BROWN 63 HLBC
R2 75 0.291 0.034 CHRETIEN 63 HLBC
R2 P
R2 AVG 0.304 0.025 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) LHISQ
R2 STUDENT  0.304 0.028  AVERAGE USING STUDENT10(H/1.11) -- SEE MAIN TEXT « -LINDQUIST 7?7 SPEC 0.B
R2 FIT 0.3581  0.0049 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) .BURNETT 26 SPEC 5.8
R3 LAMBGA INTO (P E— NEU}/TOTAL (UNITS 10%%-3) tpaysePLee2y  } 4 - ALTHOFF1 73 OSPK 0.0
R3 O 15 {2.0) 10.5) HUMPHREY 61 RVUE .
R3 0 8 (2.9] (1.5 (1.2) AUBERT 62 FBC BAGGETT1 72 HBC 1.3
R3 N 150 {0.82) 10.12) ELY 63 FBC K~ AT REST . -CANTER 71 HBC 0.8
®R3 N 102 (0.78)  (0.12)  (0.13} BAGLIN 64 FBC K- AT 1.45 GEV/C SRR U
R3 O 20 11.55) (0.34) LIND 64 HBC MALONEY 69 HBC 0.4
R3 N 143  (0.80) {0.08) MALONEY 69 HBC 10769 - - -CONFORTO 65 RUUE 3.4
R3 N 86 10.78)  (0.09) CANTER 71 HBC K-P AT REST 4/71 S a
R3 N 218 {0.88) {0.10} LINDQUIST 71 OSPK PI- P TO KO LAM 2772 -
R3 N THESE VALUES HAVE BEEN CHANGED BY US INTO RATIOS TGO PROTON Pl-, 3/r2 -1.5 ' (CONLEV
R3 N BECAUSE THAT IS THE OIRECTLY MEASURED QUANTITY. SEE RS BELOW 3/72 . -1.0 -0.5 0.0 0.5 =0.154}
R3 © LOW STATISTICS EXPERIMENTS. NOT AVERAGED 7/70 6A-6U FOR LAMBDA BETA DECAY
ABEEEY
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REFERENCES FOR LAMBDA
EISLER 57 NC 5 1700 EISLER (PLAND,SAMIDS ,SCHWARTZ +  (COLU+BNL) 19 SIGHA+(1189,4P=1/2+} I=1
BOLDT 58 PRL 1 148 E BOLDT+D O CALDWELL.Y PAL {MIT)
CRAWFORD 55 PRL 2 266 CRAWFORDCRESTI+DOUGLASS,GOOD + (LRL1
BAGLIN 60 NC 18 1043 BAGL IN+BLOCHsBRISSONJHENNESSY + (EPOL) 19 SIGMA+ MASS (MEV)
BOWEN 60 PR 119 2030 BOWENHARDY (REYNOLDS,SUN + (PRINCETON)
CORK 60 PR 120 1000 CORKsKERTH WENZEL + CRANTIN+ (LRL#PRIN+BNL}
COLUMBIA 60 ROCH CONF 726 M SCHWARTZ + (CoLumMela) M N SEE NOTE PRECEDING LAMBDA MASS LISTINGS
HUMPHREY 61 PRL & 478 HUMPHREY JK IRZy ROSENFELD¢RHEE +  (LRL+SYRA)
M 144 1189.38 0.15 BARKAS 63 EMUL + SEF NGTE S BELCW
ANDERSON 62 CERN CONF 832 ANDERSON, CRAWFORO y GOLDENs LLOYD + (LRL) M 58 1189.48 0.22 BHOWMIK 64 EMUL + SEE NOTE S BELOW
AUBERT 62 NC 25 479 AUBERT » BR ISSONs HENNESSY s SIX + (EPOLY M S ABOVE SIGMA+ MASSES HAVE BEEN RAISED 30 KEV TD ACCOUNT FOR 46 KEV
CHANG 62 THESIS DUKE CHUEN CHUEN CHANG (DUKE § M S INCREASE IN PROYGN MASS AND 21 KEV DECREASE IN PION MASS
cooL 62 PR 127 2223 COOL \HILL sMARSHALL + {BNL+MIT+NYU+ANL } " 4205 1189.61 0.08 SCHMIDT 65 HBC SEE NOTE N 3/74
Goan 62 PRL 5 518 M L GDOD,V G LIND IWISCONSINY M 1189.16 0.12 HYMAN 67 HEBC 6768
HUMPHREY 62 PR 127 1305 W E HUMPHREY,R R ROSS (LRLY M B €07 1189.33 0.C4 BOHM 72 EMUL 12/73
M B BOHM 72 UPDATED WITH POG APR. 73 K-, PI- AND PIO MASSES. 12/73
ALSTCN 63 UCRL 10926 ALSTON,KIRZ sNEUFELD,SOLMIT2 , WOHLMUT (LRL) " RS A
BHOWMEK &3 NC 28 1494 B BHOWMIK.D P GOYAL (DELHI) M AVG 1189.371 0.060 AVERAGE (ERRUK INCLUDES SCALE FACTOR OF 1.8)
BLOCK 63 PR 130 766 BLOCK »GESSAROLI,RATTI+(NWES+BGNA+SYRA+ORNL } M STUDENT1189.354 0.041  AVERAGE USING STUDENTIG(H/1.11) —~ SEE MAIN TEXT
BROWN 63 PR 130 769 BROWN, KADYK, TRILLING,ROE + (LRL4MICH) MoFIT 1189.366 0-057 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.8) 2/78%
CHRETIEN 63 PR 131 2208 CHRETIEN,CROUCH+  (BRAN+BROWN+HARVARD#MIT ) (SEE IDEUGRAM BELOW )
CRONIN 63 PR 129 1795 J W CRONIN,O E OVERSETH (PRINCETON)
€LY 63 PR 131 868 ELY,GIDAL KALMUS s GSWALD + POWELL + (LRLI
KERNAN 63 PR 129 870 KERNAN,NOVEY (WARSHAN,WATTENBERG ~ (ANL+ILL)
ANDERSON 64 PRL 13 167 J A ANDERSONsF S CRAWFORD (LRL} =
BAGLIN 64 NC 35 977 BAGLIN,BINGHAM+ (EPOL+CERN+LOUC+RHEL+BERG) HEIGHTED AUVERAGE 1189.371 « 0.060
HUBBARD 64 PR 135 8 183 HUBBARDy BERGE y KALBFLEISCHy SHAFER + (LRL} ERROR SCALED BY 1.8
KERNAN 64 PR 133 B 1271 KERNAN, POWELLy SANDLER + (LRL+LOUC) e
KREISLER 64 PR 136 B 1074 M N KREISLER;Q GVERSETH+J CRONIN (PRINY
LIND 64 PR 135 B 1483 LIND,BINFORD,GOOD,STERN (WISCONSINY i
RONNE 64 PL 11 357 PONNE+ (CERN+EPOL+LQUCH+UNIV.BERGEN) Values above of weighted average,
SCHWARTZ 64 UCRL 11360 THESIS JOSEPH ADAM SCHWARTZ (LRLY error, and scale factor are for the
reader's convenience only, The
BAGLIN 65 NC 35 977 BAGLIN + {EPOL,CERNLOUC ,RHEL s BERGEN] data were actually processed by a
BALTAY 6% PR 140 B 1027 BALTAY, SANDWEISSsCULWICK,KOPP + (YALE+BNL) constrained fit program, which
BARLOW 65 PL 18 64 J BARLOW,BLAIKsCONFORTO+ {CERN+RHEL+PENN) i X. =,
CHARRIER 65 m 15 66 CHARRIERE ,GIBSON+ (EPOL+BRIS+CERN+MPIM) ca};“htlesf‘ts own VS}“:S of z’. b
ALSO 66 464 205 CHARRIERE,GIBSON + (EPOL ,BRIS,CERN,MPIM} and scale factor, which are differ-
CONFORTO 65 EC INT HERZEGNGYI G CONFORTO (CERN) ent from the values shown here,
ELY 65 PR 137 81302 ELY .GIDAL,KALMUS,POWELL + (LRL,LOUC)
HILL 65 PRL 15 85 HILL,L1sJENKINS,KYC 1Ay RUDERMAN (MIT,BNL}
SCHMIDT 65 PR 140 B 1328 P SCHMIDT (COLUMBIA)
BERGE 66 BERKELEY 46 BERGE,CABIBBO ((RVUE) LRL,CERN)
BURAN 66 PL 20 318 BUR AN, E1VINDSONy SKJEGGESTAD, TOFTE + (OSLO) CHISR
CHIEN 66 PR 152 1171 +LACH, SANDWEISS, TAFT,YEH,OREN + [YALE+BNL} .
ENGEL4AN 66 NC 45A 1038 ENGELMANN, FILTHUTH, ALEXANDER+  (HEID,REHO) 1 BOHN 72 EnuL 1.0
GIBSON 66 NC 45A 882 W M GIBSON,K GREEN {8RIS) - - -HYMAN 67 HEBC 3.1
LGNDGN 66 PR 143 1034 LONDON yRAU» GOLDBERG s L ICHTMAN+ (BNL,SYRA) . \SCHMIDT 65 HBC 8.9
AUERBACH 67 NC 47A 19 AUERBACH , BOWEN ¢ DOB8 Sy LANDE s MANN+ (PENN) — < - -BHOWMIK 64 EMUL g.2
BADIER 67 PL 25B 152 +BONNET y BRI ANDET+ SADODULET (EPOL} — .
CLELAND 67 PL 26B 45 CLELAND,BIENLEIN,CONFORTO+ (CERN+GEVA+LUND) BARKAS 63 ENUL —&
MAYEUR 67 U.LIBR.BRUX.BUL3Z C.MAYEUR,E.TOMPAsJ.WICKENS (BELG,LOUC) 13.3
OVERSETH 67 PRL 19 391 O E OVERSETH, R F ROTH (MICH+PRINY (CONLEV
GRIMM 68 NC S4& 187 Ho—d JGRIMM tHEIDELBERG) 1188.8 1189.2 1189.6 1190.0 -0.010)
HEPP 68 IPHYS 214 71 V.HEPP M, SCHLEICH (HEIDELBERG) o
MERRILL 68 PR 167 1202 MERRILL s SHAFER (LRLY SIGMA+ MASS (MEV)
DAUBER 69 PR 179 1262 +BERGE, HUBBARD s MERRTLLs MILLER Ry | e
DOYLE 69 UCRL 18139-THESIS J.C. DOYLE (LRL)
MALONEY 69 PRL 23 425 MALGONEY 4 SECHI~ZORN (UNTV MARYCAND) 19 SIGMA+ MEAN LIFE (UNITS 10#%-10]
BOHM 70 NC 70A 384 + KRECKER + (BERL+BRUX+DUUC+LOUC+LOWC +WARS)
DEMIDOV 70 SJNP 10 681 +KIRILLOV-UGRYUMOV, PONDSOV,PROTASOV+ (ITEP} T GLASER 58 RVUE
OLSEN 70 PRL 24 843 +PONDROM ,HANDLER, LTMON, SMITH +  (WISC,MICH) 1 127 0.98 0.16 0.12 PUSCHEL 60 EMUL
T 41 0.82 0.34 0.20 EVANS 60 EMUL
ALTHOFF1 71 PL 378 531 +BROWN+ FREYTAGsHEARD+HE INTZE + (CERN,HEID) T nzr 0.85 0.14 0.11 FREDEN 60 EMUL
ALTHOFF2 71 PL 37B 535 +BROWNFREYTAGyHEARDyMEINTZE + {CERN,HEID) T 54 0.80 0.10 0.067 KAPLON 60 EMUL
BALTAY 71 PR D4 670 +BRIDGEWATER ,COOPER ,HABIBI+ (COLU+BING} T 23 0.76 0.22 0.14 CHIESA 61 EMUL
BARKOV 71 JETPL 14 60 +GUREVICH,MAKARINA, MARTEMYANOV+ CITEP) T 49 Q.75 0.13 0.09 BERTHELOT 61 HLBC
BARONI T1 LNC 2 1256 G BARONI.S PETRERA,G ROMAND {ROMA) T 140 0.82 0.10 0.08 BARKAS 61 EMUL
CANTER 71 PRL 26 868 +COLE,LEE-FRANZINI,LOVELESS +  (STON+COLU) T 192 0.749 0.056 0.052 GRARD 62 HBC
T 456 0.765 0.04 0.04 HUMPHREY 62 HBC
CANTER1l 71 PRL 27 59 +COLE,LEE-FRANZINI, LOVELESS+ (STON+COLUY T 203 0.84 0.12 0.08 BHOWMIK 64 EMUL
DAHLJENS 71 NC 3A 1 DAHL—-JENSEN + (CERN+ANKA+LAUS +MPIM+ROMA) T 181 0.84 0.09 BALTAY 65 HBC 6/66
HILL 71 PR D4 1979 411, JENKINS,KYCIA ,RUDERMAN (MIT,BNL) T 900 0.76 0.03 CARAYAN 65 HBC 6766
ALSC 65 PRL 15 85 HILL LT+ JENKINS,KYCTAy RUDERMAN {MIT,BNL) T € 1300 0.83 0.032 CHANG 66 HBC 6/66
LINDQUIS 71 PRL 27 612 LINDQUIST,SUMNER+ CEFI,WUSL+OSU,ANL] T S 125 (0.86) (0.15) CHIEN 66 HBC + 6.9 PBAR P 9/67
TS 117 (1.161  (0.24} CHIEN 66 HBC = 6.9 PBAR P,ANTI  9/67
BAGGETTL 72 ZPHY 249 279 +BAGGETT ,ETSELE,FILTHUTH, FREHSE+ (HEID) T 381 0.80 0.07 COOK 66 05PK 1766
BAGGETT2 72 2PHY 252 362 +BAGGETT ,EISELEF ILTHUTH, FREHS E+ (HEID) T Loes4 0.803 0.008 BARLOUTAU 69 HBC K=P +4-1.2 GEV/C 11/69
BAGGETT3 72 PL 42B 379 +BAGGETT ,EISELE +F L THUTH,FREHSE 4 HEPP+(HEID) T 20K 0.795 0.010 EISELE 70 HBC K=p AT REST 2/71
BARKOV 72 JETPL 16 104 +GUREVICHsMAKARINAs MARTEMYANOV + (ITEP) T 526 0.83 0.04 BAKKER 71 DBC - K=-N TO SIG+ 2PI- 10/71
CLELAND 72 NP B40 221 +CONFORTO, EATON»GERBER + {CERN+GEVA+LUND) T 5719 0. 807 0.013 CONFORTQ 76 HBC K—P 1~1.4 GEV/C 11/77%
HYMAN 72 PR D5 1063 +BUNNELL s DERRICK s FIELD S KAT2+ (ANL+CARN} T ¢C CHANG ERROR 0.018 RAISED BY US. SEE 1970 EOITION, RMP 42,123(1570) 1/73
T S ERROR PURELY STATISTICAL
ALTHOFF1 73 PL 438 237 +BRONNSFREYTAG/HEARD,HEINTZE+  (CERNHEID) T PR R
ALTHOFF2 73 NP 866 29 +BROWN FREYTAGyHEARD HEINTZE+  (CERN+HEID} T Ave 0.8015  0.0053 0.0052 AVERAGE (ERROR INCL. SCALE FACTOR OF 1.0)
POULARD 73 PL 46B 135 +GIVERNAUD,BORG tSacL) T STUDENT 0.8015 0.0058 0.0057 AVG BY STUDENTLO(H/1.11) -~ SEE MAIN TEXT
ASTBURY 75 NP B99% 30 +GALLIVAN,JAFAR + {LOTC+CERN+ETHZ+SACL) ————= e -
CLAYTON 75 NP 895 130 +BACON+ BUTTERWORTH, WATERS + {LOTC+RHEL)
BUNCE 76 PRL 36 1113 +HANDLER ,MARCH,MARTIN + [HISCHMICH+RUTG) 19 SIGMA+ MAGNETIC MOMENY {MAGNETONS,938.26 MEV)
BURNETT 76 NC 34A 14 +INNESsMASEK +MAUNG, MILLER RUDERMAN+  (UCSC)
HELLER 77 PL 68B 480 +0VERSETH,BUNCE,DYDAK + (MICH+W ISC+HELD) M 381 1.5 1.1 66 0SPK 7766
LINDQUIS 77 PR D16 2104 L INODQUIST, SWALLON, SUMNER + (EF [+0SU+ANL | 4 52 3.5 1.5 KDTELCHUC 67 EMUL K—P AT 1.15BEV/C 8/67
ALSD 76 JPG 2 L211 LINDQUIST s SWALLOW  SUMNER +( EF 1+ WUSL+0SU+ANL } MM 51 3.0 1.2 SULLIVAN 67 EMUL PHOTOPRODUCTION  8/67
ZECH 77 NP B124 413 +DYDAK, NAVARRI A+ (SIEG+CERN+DORT+HEID) MM 69 3.5 1.2 COMBE 68 EMUL 10768
MM 29333 2.1 1.0 MAST 68 HBC K-P AT .4 GEV/C 6/68
PAPERS NOT REFERRED TO IN DATA CARDS MM 955 2.67 0.97 ALLEY 71 OSPK 1.28 GEV/C PL+P 10/70
MM 2651 2.7 0.9 SAHA 73 HLBC K=-P.25T0.55GEV/C 6/73
ARMENTER 62 CERN CONF 236 ARMENTERUS+ (CERN+EPOL+LOIC+BIRM+CEN-SACLAY) MM 8503 2.95 0.31 DOBLE 77 HBC K=-P .46 GEV/C 12/777%
BALTAY 62 CERN CONF 233 BALTAY,FOWLER+SANDNEISSy CULWICK+ (YALE+BNL} MM L R
BERGE 63 THESIS (BERKELEY) J PETER BERGE {LRL} MM AVG 2.83 0.25 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
MM STUDENT 2.84 0.27 AVERAGE USING STUDENT10(H/1.11) —-- SEE MAIN TEXT
kR kEE —————
el ok AR RREERES
19 SIGMA+ PARTIAL DECAY MODES
DECAY MASSES
Pl SIGMA+ INTO PROTON PIO 938+ 134
P2 SIGMA+ INTD NEUTRON Pl+ 939+ 139
P3 SIGMA+ INTD NEUTRON PI+ GAMMA 939+ 139+ 0
P4 SIGMA+ INTU LAMBOA E+ NEU 1115+ .5+ 0
PS5 SIGMA+ INTO PROTON GAMMA 938+ 0
P SIGMA+ INTO NEUTRON MU+ NEUTRINO 939+ 105+ ¢
P7 SIGMA+ INTO NEUTRON €+ NEUTRINO 939+ .5+ Q
P8 SIGMA+ INTO PROTON &+ E- 938+ .5+ .5
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Stable Particles Data Card Listings
r* For notation, see key at front of Listings.

19 SIGMA+ BRANCHING RATIOS RiO (SIGMA+ INTD N E+ NEU}/(SIGMA— INTO N E— NEU}
R10 E o (0.03) DR LESS EISELEZ 69 HBC +— STOP K- 10/69
R1 SIGMA+ INTO (NEUTRON PI+)/(NUCLEON PI} (P2)7(P1+P2) RL0 O ] (0.12) OR LESS CL=.S5 {¢] HB! STOP K- 10/71
R1 308 0,490 0. HUMPHREY 62 HSC RIO C  LOWER STATISTICS EXPERIMENT NOT INCLUDED m AVERAGE 2776
Rl 534 0.46 - oz CHANG 66 HBC 6766 RLO o 0.018 OR LESS Ci=,90 SECHIZORN 73 HEC STOP k-,POISSON  8/73
Rl 1331 0.488 0.010 BARLOUTAU 69 HBC K=P .4-1,2 GEV/C 11/69 R1O € 0.019 OR LESS CL=.90 EBENHOH T4 HBC +— STOP K- 12775
Rl 517 0,484 0.015 TOVEE 71 EMUL 12771 R10 £ ElSELEZ 69 REPLACED BY EBENHOH 74, 12/75
RL e h e e see s RLO - B
Rl AVG 0.4835  0.0073 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) R10 “0009 0R (£5S” cL=.90 OUR AVERAGE USING RS 2176
RI STUDENT  0.4838  0.0081 AVERAGE USING STUDENTIO(H/L.11) —— SEE MAIN TEXT
R2 IGMA+ INTO (NEUT PI+ GAM)I/(PI+N) (UNITS 10%%-3) (P3)/P2})
R2 s (1?8) ABOUT BA{Z!NZ 65 HBC PI+ LT 116 MEV/C 8/67 19 SIGMA+ DECAY PARAMETERS
R2 29 0.27 0.05 ANG 69 HBC PI+ LT 110 MEV/C 11/68
R2 180 0,93 0.10 EBENHOH 73 HBC PI+ LT 150 MEV/C 3/74 RELATED TEXT SECTION VI D AND APPENDIX I11
R3 SIGMA+ INTO (LAMBCA E+ NEUI/TOTAL (UN]TS L0%#=5) {P4) aso ALPHA+/ALPHAO FOR SIGMA+ {SIG+ TO PI+ N)/(SIG+ To PIO P)
R3 W 4 (3.3} (1.7 WILLI 64 HBC STOP. K- 9/66 A+0 +0.04 0.11 CORK 60 CNTR  SIG+ FROM PL+P
R3 W EVENTS FROM THIS EXPERIﬂENT'INCLUDED IN EISELEL 69 11769 A+0 (40.20)  10.24) TRIPP 62 HBC + REPLAC.BY BANGER
R3 & 2.0 0.8 BARASH 867 HBC STOP K- 8/67 A+0 0 3500  (-.014) 10.052} BANGERTER 66 HBC + SIG+ FROM K-P 9766
R3 5 1. 0.7 BALTAY 69 HBC STOP K- 11769 Av0 0 2600  (=.047)  {.07) BERLEY 66 HBC + SIG+ FROM K-p 9766
R3 10 2.9 1.0 EISELEL 69 HBC STOP K- 10769 A*0 20K -0.104  0.028 REUCROFT 77 HBC 6/77%
R3 e e e e A+0 O OLD RESULTS, HAVE BEEN REPLACED. SEE BELOW -
R3 AVG 2,02 0.47 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0) At0 e e e e
R3  STUDENT 2,01 0.52 AVERAGE USING STUDENT10{H/l.11} -~ SEE MAIN TEXT A+D AVG =0.095 0.034 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)
Av0 STUDENT ~0.096 0.030  AVERAGE USING STUDENT10(H/1.11) —— SEE MAIN TEXT
R4 SIGMA+ INTG (P GAMMA)/(P PIO} (UNITS 104#-2) P5171P1) A0 FIT -0.074  0.015 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 3/78%
R4 L (0.068)0R LESS CARRARA 64 HBC
R4 24 0437 0.08 BAZIN 65 HBC A+ ALPHA+ FOR SIGMA+ (SlG+ T0 PI+ N)
R4 PORETNET) QUARENT 65 EMUL 6766 A+ 35000  0.069 0. BANGERTER 69 HBC K-P AT 400 MEV/C 11769
R4 45 0.31 0.03 ANG 69 HBC STOP K- 10765 A+ 4101 0.037 0. 049 BERLEY 70 HBC 12770
R4 3t 0.276  0.051 GERSHWIN 69 HBC 10769 A+ e e e e e
R4 e e e e A+ AVG 0.066  0.016  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.
R4 AVG 0.240 0,035  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) A+ STUDENT 01066  0.017 AVERAGE USING STUDENTIO(M/LLLL) —- SEE MAIN TEXT
R4 STUDENT  0.239 0.030  AVERAGE USING STUDENTLO(H/1.11} —- SEE MAIN TEXT Av FIT 0.072 0.015 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 3/78+%
(SEE 1DEOGRAM BELOW )
A0 ALPHAO FOR SIGMA+ (SIG+ INTO PIO PROTON)
AQ -0.80 0.16 BEALL 62 CNTR
WEIGHTED AVERAGE = 0.240 = 0.03S AD (=0.90) {0.25) TRIPP 62 HBC REPLAC. BY BANGE
AD 0 5200 (-0.986) (0.072) BANGERTER 66 HBC K-P TO SIG+ PI-  7/66
ERROR SCALED BY 1.4 40 32000 ~-0.999  0.022 BANGERTER 69 HBC 10/69
- AG H 1335 -0.98 0.05 0.02 HARRIS 70 OSPK PI+P TO $16+ K+  5/70
A0 16K -0.940  0.045 BELLAMY 72 ASPK  PI+P TQ SIG+ K+ 1L/72
AD L 1259 ~0.945 0.055  0.042 LIPMAN 73 OSPK  PI+P TO SIG + /13
A0 L DECAY PROTONS SCATTERED OFF ALUMINUM. 7/73
A0 H DECAY PROTONS SCATTERED OFF CARBON.
AQ e et e
A0 AVG -0.979  0.016 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
A0 STUDENT —0.979  0.018  AVERAGE USING STUDENT10(H/1.11} —- SEE MAIN TEXT
A0 FIT ~0.978 0.016 FROM FIT {(ERROR INCLUDES SCALE FACTOR OF 1.0) 3/78%
F+ PHI+ ANGLE (SIG+ INTO N PI) SIN(PHI}/COS(PHI)=BETA/GAMMA (DEGREE}
F+ O 370 (180.} (30.) BERLEY 66 HBC + NEUTRON RESCATT. 9/66
£+ 560 143. 29. BANGERTI 69 HBC 10769
Fe  C1054 184. LEY 70 K=P AT 400 MEV/C 11/69
v+ C cnmcsn FRDH e Yo 184 TO AGREE WITH SIGN cunvennon.
F+ . -
F+ AVG “167037 7 T20.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1)
F+  STUDENT 167.5 21.2 AVERAGE USING STUDENTLO(H/L.1it —— SEE MAIN TEXT
A ALPHAG FOR SIGMA+ (SIG+ INTO PROTON GAMMA}
CHIS® AG 61 -1.03 0.52 0.42 GERSHWIN 69 HBC K=P 10 SIG PI 11769
GERSHHIN 69 HBC 0.8 Fo PHIO ANGLE (SIG+ INTO PL1O PROTON} SIN(PHI}/COS(PHI)=BETA/GAMMA (DEG)
— - -t c "ANG 69 HBC 1.0 FO H 22.0 90.0 HARRIS 70 OSPK PI+P TO SIGH K+ 5/70
" . . .BAZIN 65 HBC 2.6 FO L 1259 38.1 35.7 37,1 LIPMAN 73 OSPK  PI+P TO SIG+K+  7/73
- FO L DECAY PROTON SCATYERED OFF ALUMINUM. 7/13
4.1 FO W DECAY PROTONS SCATTERED OFF CARBON.
{CONLEY o P s
0.1 0.2 0.3 0.4 6.5 0.6 =0.126) FO  AVG 35.8 33.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
FO STUDENT 35.8 36.3 AVERAGE USING STUDENTIO(H/1.11} —- SEE MAIN TEXT
SIGMA+ INTO (P GAMMA)/ (P PID)
RS2 2
REFERENCES FOR SIGMA+
RS SIGMA+ INTO (N E+ NEUI/IN PI+} (UNITS 10#+-5) (PT1/71P2}
RS EOQ 0  (16220)EFFECTIVE DENCM. COURANT 64 HBC SEE NOTE € 11767 CORK 60 PR 120 1000 CORKy KERTHy WENZEL sCRONIN,COOL{LRL+PRIN+BNL }
RS EO 0 (27201EFFECTIVE DENOM. MURPHY 64 HBC SEE NOTE E 11767 EVANS 60 NC 15 873 BRISF+BRUSS+IAS~U.COL-DUBLIN+LON+MILAN+PAD
RS EO 1 {9690 EFFECTIVE DENOM. NAUENBERG 64 HBC SEE NOTE € 6768 FREDEN 60 NC 16 611 S EREDEN,H KORNBLUM,R WHITE (LRL)
RS O 0 {32406)EFFECTIVE DENOM. BIERMAN 68 HBC : 6/68 KAPLON 60 ANP 9 139 M KAPLON,A MELISSINGS,YAMANOUCHI (ROCH)
RS UA 0  (B80400)EFFECTIVE DENOM. EISELE2 69 HBC + STOP K- 6768 PUSCHEL &0 NP 20 254 W PUSCHEL (MAX PLANCK INST)
RS UD 1 (30000JEFFECTIVE DENOM. NORTON 69 HBC 11769
RS O OLDER LOWER STATISTICS EXPTS. NOT INCLUDED IN AVERAGE. 2/76 BARKAS 61 PR 124 1209 BARKAS + DYER s MASON s NICHOLS  SMITH (WRL)
R5 U 0 105000 EFFECTIVE DENOM. SECHIZORN 73 HEC STOP K- 2716 BERTHELO 61 NC 21 693 BERTHELOT , DAUDIN, GOUSSU + (SACLAY+ORSAY)
RS U A 0 111000 EFFECTIVE DENOM. EBENHOH 74 HBC STOP K- /76 CHIESA 61 NC 19 1171 CHIESAsQUASSTATI¢RINAUDO CINFN-TURIN)
R E EFFECTIVE DENGH. TAKEN FROm EISELE 67 1767
RS E EFFEC .
RS A EISELE2 69 REPLACED 8Y BY EBENHOH 74. 1776 A 2 PR 87 e L SORKIKEERE NURPHY (HENZEL Hens!
RS R A GALTIER PRL 9 R H Ny PATRICK, SMITH {LRI
RS 1.1 OR LESS €L=.90 OUR AVERAGE {2.3 EVTS)/(EFF.DNOM.SUM) 2/76 Hﬁhfmﬁe}, 2§ pRle-,Z:gos 3“;:&,‘,,’;25?:5,} 532:‘ s PATRICK, SHITH (uzli:
RS NUMBER OF EVENTS INCREASED TO 2.3 FOR 90PC CONFIDENCE LEVEL 2776 TRIPP o2 PRL 9 66 R D TRIPP+M B WATSONsM FERRG-LUZZI WRL)
R6 SIGMA+ INTO (N MU+ NEUM/(PI+N) (UNITS 10%%-5) (P6171P2) BARKAS 63 PRL 11 26 W H BARKASsd N DYER,H H HECKMANN (LRL)
RG 1 (1ZOIANALYSED EVENTS  GALTIERI 62 EMUL  NO RATIO QUOTED 11/67 ALSO 61 UCRL 9450 JOHN DYER (THESISs BERKECEYS (LRL)
ME o3 mmoreemen omaosae amgrr e
Re E 0 1710 EFFECTIV + Nay & BHOWMIK 64 NP 53 22 B BHOWMIK(P JAINJP MATHUR,LAKSHMI  [DELHI)
R& U 2 62000 EFFECTIVE DENOM. EISELE2 69 HBC 6768 CARRARA 64 PL 12 72 CARRARA,CRESTIsGRIGOLETTO, PERUZZO+ (PADOVA)
R o 33800 EFFECTIVE OENOM. BAGGETT 69 HBC 11/68 COURANT 64 PR 136 B 1791 COURANT \FILTHUTH®  (CERN+HEID+UMD+NRL+BNL)
R6 E EFFECTIVE OENOM. TAKEN FROM EISELE 67 11767 MURPHY 64 PR 134 B 188 € THORNTON MURPHY (WISCONSIN}
R& U EFFEC”VE DENCM.  CALCULATED 8Y Us NAUENBER 64 PRL 12 679 NAUENBERGsMARATECK y + (COLU+RUTG+PRIN)
R6 .. .. WILLES 64 PRL 13 291 WILLISyCOURANT »ENGELMAN®(BNL ,CERN,HEID)UNMD)
R6 OR LESS CL=.90 OUR AVERAGE (6.7 EVTSI/(EFF.ONOM.SUN) 2/76
R6 NU"BER DF EVENTS INCREASED TO 6.7 FOR 90PC CONFIDENCE LEVEL 2/76 BALTAY 65 PR 140 B 1027 BALTAY, SANDWEISS,CULWICK,XOPP + (YALE+BNL)
BAZIN 65 PRL 14 154 BAZIN,BLUMENFELDsNAUENBERG + (PRIN+COLU)
R7 ‘515’“’ INTO LEP"JNS’/‘SIG"“ 'N‘U LEPTONS ) BAZINZ 65 PR 140 51353 BAZIN,PLAND,SCHMIDT + (PRINsRUTG,COLY)
R 0.034 OR LES AGGETT 67 HBC 6/68 CARAYAN 65 PR 138 8 CARAYANNOPOULDS , TAUTFEST, WILLMANN ¢ PURDUE)
R7 1 0.08 OR '-555 NURTUN 69 HBC 10/69 QUARENI 65 NC 40 A 925 QUARENI+CARTACCI +  (BGNA,FIRZ,GENO,PARMA}
R7 L SN SCHMIDT 65 PR 140 B 1328 P SCHMIOT (COLUMBIA)
R? 0.043 OR LESS CL=.90 GOUR AVERAGE USING R5 AND R6 2776
BANGERTE 66 PRL 17 495 BANGERTER sGALTIERT, BERGE, MURRAY+ (LRL)
R8 SIGMA+ INTO (PROTON E+ E-)/TOTAL (UNITS 10%*-61 (P8} BERLEY 66 PRL 17 1071 +HERZBACH {KOFLERy YAMAMOTO + (BNL+MASA+YALE)
R8 7.0 OR LESS ANG 69 HBC STOP K- 10769 CHANG 66 PR 151 1081 CHUNG YUN CHANG (COLUMBIA)
R8 A ANG 69 FOUND 3 E+E- EVENTS IN AGREEMENT WITH GAMMA CONVERSION OF ALST 65 NEVIS 145 THESIS CHUNG YUN CHANG (COLUMBIA}
R8 A  PROTON GAMMA DECAY -LIMIT GIVEN HERE 1S FOR NEUTRAL CURRENT CHIEN . 66 PR 152 1171 TLACH » SANDWE1SS+TAEToYEHsOREN + (YALE+BAL 2
COOK 66 PRL 17 223 V CODK/+EWART ;MASEK,ORR+PLATNER (WASHINGTON]
R9 {SIGMA+ INTD N MU+ NEU)}/(SIGMA— INTO N MU- NEU]
R 2 0.06 0,045 0.03  FISELE2 65 HBC +-  STOP K- 10769 BAGGETT 67 PRL 19 1458 BAGGETT+DAY ,GLASSER ,KEHOE,KNOP+ (MARYLAND)
_ ToKEN MARVLAND
R9 0.12 OR LESS CL=.90 OUR AVERAGE USING R6 2/11 :',:gg 2: ;;fc’:}‘i‘ggmf" 5‘:G§§£G§,$ o€ :nﬁ::bzn;
BARASH 67 PRL 19 181 BARASH DAY+ GLASSER s KEHDE (KNOP +  (MARYLAND}
EISELE 67 ZPHYS 205 409 +ENGELMANNy FILTHUTH,FOL ISH,HEPP + {HEID)
HYMAN 67 PL 25 B 376 +LOKENsPEWITT, MCKENZIE 1+ (ANL+CARN+NHES )
KOTELCHU &7 PRL 18 1166 KOTELCHUCK ;GOZA s SULLIVANSROSS (VANDERBILT)
SULLIVAN 67 PRL 18 1163 SULLIVAN,MCINTURFF, KOTELCHUCH {VANDERBILT)
ALSO 64 PRL 13 246 A D MCINTURFF.L E ROOS [VANDERBILT)
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BLEFMAN 68 PRL 20 1459 BIERMAN . KOUNOSU, NAUENBERG + (PRINCETONI =
COMBE 68 NC 57A 54 CERN~BRISTOL~LAUSANNE-MUNICH~ROME-COLLABOR WEIGHTED RUERAGE = 0.6742 + 0.0066
MAST 68 PRL 20 1312 MAST, GERSHWIN  ALSTGN-GARNJGST + LRL} ERROR SCALED BY 1.4
69 ZPHYS 228 151 +EBENHOHEISELE,ENGELMANN, FILTHUTHs  (HEID) T
BAGGETT 69 MDDP-TR-973 N V BAGGETT (THESIS}) (UMD}
BALTAY &9 PRL 22 6l5 BALTAY,FRANZINI ¢yNEWMAN:NORTON+  (CGLUrSTON)
BANGERTE 69 UCRL-19244 RCGER ODELL BANGERTER (THESIS) {LRLY
BANGERTL1 69 PR 187 1821 BANGERTER,GARNJOST, GALTIERT, GERSHWIN+ (LRL) CHISQ
BARLGUTA 69 NP Bl4 153 EARLODUTAUD+BELLEFON ,GRANET+(SACL +CERN+HEID) CONFORTO 76 HBC 6.0
EISELELl 69 ZPHYS 221 1 +ENGELMANN, FILTHUTH ,FOHLISCH HEPP+  (HETD) -ROBERTSON 72 HBC 0.3
EISELEZ 69 ZPHYS 221 401 +ENGELMANNyFILTHUTH FOHLISCH HEPP+ (HEID) .
GEKSHWIN 69 PR 188 2077 +ALSTON-GARNJOST, BANGERTER + {LRL) TOUEE 71 EMUL 0.7
ALSO UCRL L9246 THESIS LAWRENCE K GERSHWIN (LRL) *BRKKER 71 DBC 1.5
THES HERK N
NORTON 69 NEVIS 175 ( ESIS) HEKBERT NORTON {COLUMBIA) LEISELE 70 HBC 0.0
BERLEY 70 PR DI 2015 +YAMIN,HERTZBACH+KOFLER +  (BNL,MASA.YALE) *BARLOUTAU 69 HBC 0.5
EISELE 70 ZPHY 238 372 +FILTHUTH,HEPP, PRES SER s ZECH (HEIDELBERG) .,
HARRIS 70 PRL 24 165 +OVERSETH, PONDROM, DETTHANN (MICH/RISC) WHITESIDE 68 HBC 1.9
Y 7L PR D3 75 BENBROOK sCO0K s GLAS S5 GREEN s HAGUE (WASH “CHANG 68 HBC 7.5
ALLE + * ) ’ ) + 1
BAKKER 71 LNC 1 37 +1SABRE COLLAB. (ZEEM+SACL+BGNA+REHO+EPOL) HUMPHREY 62 HBC 2.9
COLE 71 PR D4 631 +LEE-FRANZINI,LOVELESSsBALTAY+ (STON,COLU) ‘BARKAS 61 EMUL
TOVEE 71 NP B33 493 L OUC , BELGRADE + BERL, BRUX s DUBL INyWARS COLLAB .CHIESRA 61 ERUL
BELLAMY 72 PL 398 299 +ANDERSON , CRAWFORD, OSMON+  (LOWC+RHEL+SUSS)
BOHM 72 NP B48 1 BERLIN+BELGRADE +BRUX+DUBL IN+LOUC +WARS AW -EISLER SB HLBC
ALSO 73 11HE-73.2 NGV BRUSSELS BULLETIN, SAME COLLABORATION "BROWN 5B HLBC
EBENHOH 73 ZPHY 264 413 +E1SELE+FILTHUTH+HEPP+LEITNER, THOUW+ (HEID} 15.2
LIPMAN 73 PL 438 89 +UTO, WALKER y MONTGOMERY + {RHEL+SUSS+LOWC) (CONLEV
SAHA 73 PR D7 3295 +FETKOVICH+HEINTZELMANMELTZER + (CARN} 0.4 0.6 0.8 1.0 -
SECHIZDK 73 Pk D8 12 B4 SECHI-ZORN,G.SNOW tuMp) =0.055)
SIGMA- DECAY RATE (UNITS 10%x10 SEC~1)
EBENHOH T4 ZPHY 266 367 +EISELE s ENGELMANN, FILTHUTH,HEPP + (HEID)
CGNFGRTO 76 NP BLOS5 189 +GOP AL 4 KALMUS, LITCHFIELD,ROSS + (RHEL#LOIC)
DUBLE 17 PL 678 483 +GOTTSTEIN/HANSL,HERYNEK+ (MPIM#BOWR#VAND) | === -
REUCROFT 77 PR D15 5 +RO0S,WATERS yWEBSTERHANSL + (VAND#MPIM}
20 SIGMA~ MAGNETIC MOMENT (MAGNETONS,938.26 MEV)
PAPERS NOT REFERRED TO IN DATA CARDS
MM R BYWN -1.6 AND 00 8 Fox 73 CNTR SIG-ATOM FINE ST 3/74
GLASER 58 CERN CONF 270 GLASER,GOOD y MORRT SON {MICH+LRL) MM R -l.4 ROBERTS T4 CNTR S1G-ATOM FINE ST 12/75
MM R ROBERTS 74 INCLUBES DATA FROM FOX 73. 12/75
QUANTUM NUMBER DETERMINATIONS NOT REFERKED TO IN THE DATA CARDS
TRIPP 62 PRL 8 175 R TRIPPeM WATSON,M FERRO-~LUZZI (LRL} P
ALFF 63 SIENA CONF 1 205 ALFF,NAUENBERGsKIRSCHy+ (COLU+RUTG+BNL ) 20 SIGMA- PARTIAL DECAY MODES
ALSO 65 PR 137 B 1105 ALFF,GELFAND yBRUGGER , BERLEY+(COLU+RUTG+BNL }
COURANT 63 SIENA CONF 1 73  CGURANT+FILTHUTH,BURNSTEIN+DAY+ (CERN+UMD} DECAY MASSES
Pl SIGMA- INTO NEUTRON PI- 939+ 139
PreTe ** KRR SRS P2 SIGMA- INTO NEUTRON PI- GAMMA 939+ 139+ 0
PO * POSNOI P 3 $1GMA- INTO NEUTRON MU~ NEUTRING 939+ 105+ 0
P4 SIGMA- INTO NEUTRON E=~ NEUTRIND 939+ .5+ 0O
PS SIGMA- INTO LAMBDA E£- NEUTRING 1115+ .5+ o
20 SIGMA-(1198,JP=1/2+] I=1
T T T T e e 20 SIGMA- BRANCHING RATIAS
20 SIGMA- MASS (MEV}
R1 SIGMA- INTO (N MU~ NEUI/Z{N PI-} (uuns 10%%-3)  (P3)/(PL)
R1 22 Q.66 0.15 URANT 64 HBC
M N SEE NCTE PRECEDING LAMBDA MASS LISTINGS RL 11 0.56 0.20 BAZ!N 65 HBC FROM STDP. K- 6766
R1 56 0.43 0.09 BAGGETT 69 HBC STOP. K- 10/69
M 3000 1197.43 0.08 SCHMIDT 65 HBC SEE NOTE N R1 12 0.43 0.6 ANG 1 69 HBC STOP K- 10/69
M e e e e e e 374 R1 13 0.38 0.11 COLE 71 HBC STOP K- 10771
M FIT 1197.35 0.06  FROM FIT {ERROR S SCALE ¥ . R1 4 e e e e
° FIT (ERROR INCLUDES SCALE FACTOR OF L.01 2/78% | o) ,yg 0,447 0.043  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
U _ - Rl STUDENT  0.445 0.047  AVERAGE USING STUDENT10(H/1.11) =-- SEE MAIN TEXY
20 (SIGMA-) — (SIGMA+) MASS DIFFERENCE (M R2 SIGMA- INTO (N E< NEUJ/(N PI-1 [UNITS 10%*-3) (P41 /(PL)
S © e R2 9 1.0 0.4 0.3 MURPHY 64 HLBC
D 87 8425 0.40 BARKAS 63 EMUL - R2 16 1.37 0.34 NAUENBERG 64 HBC
0 2500 8.25 0.25 DOSCH 65 HBC R2 16 1.15 0.4 MILLER 64 FBC
0 86 7.91 0.23 BOHM 72 EMUL 1773 R2 31 1.4 0.3 COURANT &4 HBC
0 e e e e e e /2 180 .11 0.09 BIERMAN 68 HBC 6/68
D AVG 8.09 0.16 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) R2 A 331 (lL.02) 10.08) ANG 1 69 HBC - STOP K~ 10/69
D STUDENT  8.10 0-18 AVERAGE USING STUDENTLO(H/1.11) —- SEE MAIN TEXT R2 57 0.97 0.15 COLE 71 HBC STOP K~ 10/7L
D FIT 7.98 0.08  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2] 2/78% R2 455 l~°5 0-07 SECHIZORN 73 HBC STOP K~ 8/713
RZ A 601 EBENHOH 74 HBC STOP K-~ 1/76
e e e A mmm o e e mmem—— e m——— —————— R2 A ANG 1 69 REPLACED BV EBENHOH 4. /76
R2 - . ..
20 (SIGMA-] ~ [LAMBDA) MASS DIFFERENCE (MEV) R2  AVG 1.082 0.038  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
R2 STUDENT  1.082 0.041  AVERAGE USING STUDENTIO(H/1.11) -~ SEE MAIN TEXT
OL N SEE NCTE PRECEDING LAMBDA MASS LISTINGS. R3 SIGMA— INTO (LAMBDA €= NEUI/(N PI-} {UNITS l0%%-4}
/3 (PS1/{P1)
DL 81.70 0.19 BURNSTEIN 64 HBC 9/66 R3 11 0.75 0.28 COURANT 64 HBC STOP. K-
oL 85  81.80 0.13 SCHMIDT 65 HBC SEE NOTE N 3/74 R3 35 0.64 0.12 BARASH 67 HBC STOP K- 8/67
DL 2279 8l.64 0.09 HEPP 68 HBC ase8 R3 31 0.69 0.12 EISELEL 69 HBC STOP K~ 10769
DL P P R3 E 0.52 0.09 BALTAY 69 HBC STOP K~ 4/69
DL AVG 1,693 0.069  AVERAGE (ERRGR INCLUDES SCALE FACTOR OF 1.0} R3 B T,
DL STUDENT sx 692 AVERAGE USING STUDENTIO(H/1.11) —— SEE MAIN TEXT R3 AVG 604 0.060  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
oL FIT 81,750 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0} 2/78% R3  STUDENT 0 605 0.069  AVERAGE USING STUDENT10(H/1.11) —-— SEE MAIN TEXT
—— e — R4 SIGMA- INTO (N PI- GAMMA1/{N P1-} (UNITS L0%%=3) (P2)/{P1]
Ré4 11.1)APPROXIM. BAZIN 65 MBC PI- LY 66 MEV/C 8/67
20 SIGMA- MEAN LIFE (UNITS 10%%-10} R4 23 0.10 <02 ANG 2 69 HBC PI- LY 110 MEV/C 10/69
R4 292 0-46 0.06 EBENHOH 73 MBC PI+ LT 150 MEV/C 3/74
T 1.67 0.40 0.28 BROWN 58 HLBC
T 1.89 0.33 0,25 EISLER 58 HLBC I - T TTTTemoms mmsmoToon omoee—o -
T 45 1.35 0.32 0,17 CHIESA &1 EMUL
T 41 1.75 0.39 0.30 BARKAS 61 EMUL 20 SIGMA- DECAY PARAMETERS
T 1208 1.58 0.06 0.06 HUMPHREY 62 HBC STOP. K-
T C 3267 1.666 0.075 CHANG &6 HBC $TOP. K— 6166 RELATED TEXT SECYION VI D AND APPENDIX III
T s 6l (2.08) {0.22) CHIEN 66 HBC - 6.9 PBAR P 9767
T S 64 {1.46)  (0.31) CHIEN 66 HBC + 6.9 PBAR PsANTI 9/67 A- ALPHA SIGMA-
T 506 1.38 0.07 WHITESIDE 68 HBC STOP. K- 6768 A- (-0.16} (0,21} TRIPP 62 HBC REPL.BY BANGERTE
T 10253 1.472 0.016 BARLOUTAU 69 HBC KeP .4-1.2 GEV/C LL/69 A- 0 6500 (-0.010} (0.043) BANGERTER 66 HBC K~P 0 SIG- PIs+  7/66
T J1M 1.485 0.022 EISELE 70 HBC K-P AT REST 2/ A- G 6068 (-0.104) 10.04) BERLEY 67 HBC K-P TO SIG- Pl+ 11/67
T 1383 1.42 0.05 BAKKER 71 DBC - K=-N TO SIG- 2PI 10/71 A- 51000 -0.071 0.012 BANGERTER 69 HBC 10/69
T 1.41 0.09 0.08 TOVEE 71 EMUL 12771 A- B 5978 (~0.134) (0,C34) BERLEY 70 HBC K=P AT 400 MEV/C 2/71
T 2400 1.463 0.039 ROBERTSON 72 HBC K=P .25 GEV/C 3774 A- 60000 -0.067 Q.011 BOGERT 70 HBC K=P AT 400 MEV/C 12/70
T 8437 1.49 0.03 CONFORTO 76 HB: K—P 1-1.4 GEV/C 11/77% | A~ O GLD RESULTS. HAVE BEEN REPLACED.
T oC CHANG ERROR 0.018 RAISED BY US. SEE 1970 EDITXUN. RMP 42,123(1970) 1/73 A- B BERLEY 70 REPLACED BY BOGERT 70 2/71
T S ERRDR PURELY STATISTICAL. A- “ e e e e e e
T e e 8 o » e o A= AVG ~0.0688 0.0081 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
T AV 1.483 0.015 0.014 AVERAGE (ERROR INCL. SCALE FACTOR OF 1.4) A- STUDENT ~0.0688  0.0087 AVERAGE USING STUDENT10(H/1.11} =- SEE MAIN TEXT
T STUDENT  1.481 0.012 0.012 AVG BY STUDENTIO(H/1.11) —— A
(SEE IDEQGRAM BELOW ) L SEE MAIN TEXT [ PHE ANGLE (SINIPHII/COS(PHI)=BETA/GAMMA) (DEGREES)
F- 0 1006 (+22.1 (30,3 BERLEY 67 HBC K~P TO SIG- PI+ 11/67
- 1385 14. 19. BANGERT1 69 HBC 10769
F-  Cl092 + 5. 23 BERLEY 70 HBC NEUTRON RESCATT. 11769
F- € CHANGED FROM -5 T0 +5 YO AGREE WITH SIGN CONVENTION
- . -
F- AVG fol3” 14.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
F- STUDENT 10.4 15.8 AVERAGE USING STUDENTIO(H/1,11} -- SEE MAIN TEXT
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AV GV/GA FOR SIGMA TG LAMBDA BETA DECAY (TEXT SEC VI D.1 FOR SIGN CONv) BAKKER 71 LNC 1 37 ++SABRE COLLAB. (ZEEM+SACL+BGNA+REHC+EPOL)

AV PREDICTED TO BE ZERO BY CONSERVED VECTOR CURRENT THEORY COLE 71 PR D4 631 +LEE-FRANZINT,LCVEL ESSsBALTAY+ (STON,COLU)

AV FB 45 (0.31) {0.30) BARASH 67 HBC 11/67 ALSO 69 NEVIS-175 THESIS HERBERT NORTON (COLUMBIA)

AV £S5 51 (0,7) (0.4) BALTAY 69 HBC USING S1G+ 4769 TOVEE 71 NP B33 493 LOUC, BELGRADE s BERL » BRUX s DUBL IN+WARS COLLAB

AV FS 81 (+0.22)  {0.28) EISELEL 69 HBC 10/68

AV F S 186 0.317 0.20 FRANZINI 72 HBC USING SIG+- 1/73 BALTAY 72 PR D5 1569 +FEINMAN, FRANZINT  NEWMAN, YEH+ (COLU+STON)

av 55  -0.17 0.35 TANENBAUM 75 SPEC 12/75 8OHM 72 NP B48 1 BERL IN#BELGRADE +BRUX+DUBLIN+LOUC+WARS AW

AV B BARASH 67 MEASURED ABSOLUTE VALUE. ELLIS 72 NP B39 77 UXF+AERE+RHEL+LOQM+LYON+NWES+ITEP COLLABOR

AV § SIGN CHANGED TO AGREE WITH OUR CONVENTION. FRANZINI 72 PR Db 2417 COLUMBI A+HE [DELBERG+MARYLAND+STONY BRODK

AV £ FRANZINI 72 INCLUDES EVENTS OF BARASH 67, EISELEL 69, BALTAY 69. 1/73 RGBERTSC 72 THESIS R.M.ROBERTSON (117)

AV T WE QUOTE TANENBAUM 75 WHICH ASSUMES CVC WK MAG TERM, 1/76

av e e e e EBENHOH 73 IPHY 264 413 +ELSELE, FIL THUTH, HEPP yLEITNER,, THOUW+ {HEID)

AV AVG a.24 0.23 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.3) FOX 73 PRL 31 1084 +LAM, BARNES , EISENST EIN+ (BNL+VPI+WILL+WYOM)

AV STUDENT  0.24 0.20 AVERAGE USING STUDENTL0(H/1.11} =~ SEE MAIN TEXT SECHIZOR 73 PR D8 12 8.SECHI-20RNy G. SNOW (UMD }
EBENHGH T4 1PHY 266 367 +EISELE,ENGELMANN, F ILTHUTH HEPP + (HELD)
RUBERTS 74 PRL 32 1265 WILL+VPI+CARN+WYOM+CIT COLLABORATION

Avl GA/GV FOR SIGMA TO NEUTRGN BETA DECAY(TEXT SEC VI D.1 FOR SIGN CONV) ALSO 74 PRL 33 122 ERRATUM TO ROBERTS 74

Av1 (0.05)  (0.23)  (0.32) GERSHWIN 68 HBC REPLACED BY GER.69  6/68 ALSG 75 PR 012 1232 RCBERTS,COX + (WILL*VPI+CARN+WYOM4CIT+BNL)

AvL ol +0.19 0.20 0.17 GERSHWIN 69 HBC POLARIZED SIGMAS 10769 TANENBAU 74 PRL 33 175 TANENBAUMyHUNGERBUEHLER +  {YALE+FNAL+BNL)

AV1 63 ~-0.33 0.30 0.85 BOGERT 70 HBC K-P AT 400 MEV/C 10/70 ALSO 75 TANENBAUM

avl 43 0.4 0.52 1.5  ELLIS 72 ASPK POLARIZED SIGMAS 10/71

AVl E (+0.101) 10.11) ELLIS 72 RVUE SUM LIKEL.(+SOL} 10/71 TANENBAU 75 PR DL2 1871 TANENBAUMHUNGERBUEHLER + (YALE+FNAL+BNL )

AVL E (=0.27) (0.13) (0.17} ELLIS 72 RVUE SUM LIKEL.{-SOL) 10/71 CONFDRTO 76 NP Bl0S 189 +GOPAL +KALMUSyLITCHFIELD,ROSS + (RHEL+LOIC)

AVI E ELLIS 72 HAS CGMBINED THE MAXIMUM LIKELIHGODS OF COLLERAINE 69, 3/72 DECAMP 77 PL 66B 295 +BADIER » BLANDsCHOLLET»GAILLARD+ (LALO+EPOL)

AV1 E  EISELE2 69, GERSHWIN 69+ ELLIS 72, AND GETS TWO POSSIBLE VALUES. 3/72

avL e e e e e PAPERS NOT REFERRED TO IN DATA CARDS

AVL AVG 0.13 0.17 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.

AV1 STUDENT  0.13 0.19 AVERAGE USING STUDENT10(H/1.11) -— SE€ MA[N Trext BROWN 57 PR 108 1036 J BROWNs D GLASER, M PERL (MICH+BNL }
NIETC 68 RMP 40 140 M NIETO (STON}

ave ABSOLUTE VALUE OF GA/GV FOR SIGMA TO NEUTRON BETA DECAY

AV2 49 0.23 d.16 COLLERAIN 69 HBC NEUTRON SCATTER 10/69

avz 33 0.37 0.26 0.19 EISELEZ 69 HBC NEUTRON SCATTER .10/69 L Sbtadd

avz 36 0.29 0.28 0.29 BALTAY 72 HBC NEUTRON SCATTER  6/72 preTen * * A ERRRRE SRR EAK

Av2 3507 0.435 0.035 TANENBAU 74 ASPK 10/74

av2 519 0.17 0.07 0.09 DECAMP 77 ELEC H.E.HYPERON BEAM 11/77%

avz e e e e e 21 SIGMAO(1193,JP=1/2+) I=1

AV2 AVG 0.385 0.070  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.3}

AV2 STUDENT  0.396 0.041 AVERAGE USING STUDENTLO(H/1.11} —- SEE MAIN TEXT

(SEE IDECGRAM BELOW )
(SIGMA—) ~ {SIGMAO) MASS DIFFERENCE (MEV)

D1 N SEE NGTE PRECEDING LAMBDA MASS LISTINGS

WEIGHTED AVERAGE = 0.385 % 0.070

BY . 23 18 4.75 0.1 BURNSTEIN 64 HBC

ERRDR SCALED 2.3 bl 37 4.87 0.12 DOSCH 65 HBC

. 01 12 5.01 0.12 SCHMIOT 65 HBC SEE NOTE N 3/74
(13} « e e e 4 e e
D1 AVG 4.860 0.076 AVERAGE (ERRDR INCLUDES SCALE FACTOR OF 1.2}
Dl STUDENT 4.860 0.077 AVERAGE USING STUDENT1O(H/1.11} —— SEE MAIN TEXT
D1 FIT 4.882 0,063 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0} 2/78%

(SEE 1DEOGRAM BELOW )

WEIGHTED AUVERAGE = 4.B60 * 0.076

ERROR SCALED BY 1.2
Values above of weighted average,
error, and scale factor are for the
reader's convenience only, The
data were actually processed by a
constrained fit program, whi_ch
calculates its own values of X, &%,

and scale factor, which are differ-
ent from the values shown here.

«DECAMP 7?7 ELEC ?
*TANENBAU 74 ASPK 2.
<BALTAY 72 HBC
-EISELE2 69 HBC
-COLLERAIN 69 HBC 0.9

10.2
({CONLEV
-0.2 0.2 0.6 1.0 =0.,0086)
ABS (GA-/GU) FOR SIGMA TO N BETA DECAY CHISQ
EREE ¥E ——+——\- - ‘SCHMIOT 65 HBC 1.6
—— o\ cDoscw 65 HBC 0.0
REFERENCES FOR SI1GMA- —4— | - .. ...\, .BURNSTEIN &4 HBC 1.2
BROWN 58 CERN CONF 270 BROWN s GLASER yGRAVES 4 PERL,CRONIN + (MICH) 2.8
EISLER 58 NC SER10 10 150 EISLERsBASSICONVERSI+ (COLU+BNL/BGNA,PISA) (CONLEU
4.4 4.8 5.2 S. =
BARKAS 61 PR 124 1209 BARKAS , DYER s MASON,NICKOLS + SMITH (LRL) 3 =0.2489)
CHIESA 61 NC 19 1171 A M CHIESA+B QUASSIATI,G RINAUDO {TURIN} (SIGMA-) -~ (SIGMAD) MASS DIFFERENCE
HUMPHREY 62 PR 127 1305 W £ HUMPHREY,R R ROSS (LRL} e
TRIPP 62 PRL 9 66 R D TRIPP,M WATSON,M FERRO-LUZZI (LRL}
BARKAS 63 PRL 11 zs W H BARKAS+J N DYER,H H HECKMAN {LRL) 21 (SIGMAQ) — I[LAMBDA) MASS DIFFERENCE (MEV)
BURNSTEI 64 PRL 13 aunNsrexn.%v.«enos.?ggm ﬁg?g,augwr‘ulgzo;
COURANT 64 PR 136 &° 1791 COURANT , FILTHUTH+ RN+ +UMD+NRL+BNL
MILLER 64 PL 11 262 MILLER,STANNARD,BEZAGUET+ (LOUC,EPOL+BERG) OL N SEE NOTE PRECEDING LAMBDA MASS LISTINGS.
MURPHY 64 PR 134 B 188 C THORNTON MURPHY (WISCONSIND
oL . .
NAUENBER 64 PRL 12 679 NAUENBERG,SCHMIDT (MARATECK#+ (COLURUTG+PRIN) o fgg ;’2.23 g‘gg CSEE'A‘;DT f;g :Egc SEEL’:a;gAﬁsAMMA bc 12/75
DL
BAZIN 65 PR 140 B 1358 BAZIN, PLANDsSCHMIOT + (PRIN+RUTG+COLU) e s e e e
Wik 8 bzl ouewmm eIl i, D) BoMG., e Gdr e (s owets s poon o
ALSC 66 PR 151 1081 CHUNG YUN CHAl - - .
SCHMIDT 65 PR 140 B 1328 o SCHMIDT (COLUMBIA) oL FIT 76.87 0.08  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 2/78#%
BANGERTE 66 PRL 17 495 BANGERTER ,GALTIERT BERGE ,MURRAY+ (RLY
CHANG 66 PR 151 1081 CHUNG YUN CHANG (COLUMBIA)
CHIEN 66 PR 152 1171 +LACH,SANDWEISS, TAFT,¥EH,OREN + {YALE+BNL) 21 SIGHAO MEAN LIFE (UNITS 10%8-19) .
BARASH 67 PRL 181 BARASH, DAY, GLASSER,KEHOE KNOP »  {HARYLAND) -
BERLEY 67 PRL 19 979 BERLEY sHERTZBACHKOFLER (BNL,MASA,YALE) }’ :)Esék OR Idgsfg’ gc;;s g; Eggé WAKD . 6/77%
BIERNAN 68 PRL 20 1459 BlERHAN'KOUNUSU.NAUENBERG + (PRINCETON) - . K s PRIMAKOFF EFFECT 6/7T%
GERSHWIN 68 PRL 20 1270 GERSHWIN,ALSTON-GARNJOST s BANGERTER+  (LRL)
HEPP 68 ZPHY 214 TL V.HEPP,H. SCHLEICH (HEIDELBERG)
WHITESID 68 NC 54A 537 H. WHITESIDEsJ. GOLLUB {DBERLIN} 21 SIGHAO PARTIAL OECAY MODES
ANG 1 69 IPHY 223 103 ANG,EISELE, ENGELMANN, FILTHUTH + [HEID) DECAY HASSES
ANG 2 69 ZPHY 228 151 +EBENHOR 4 EISELEs ENGELMANN, FILTHUTH+  (HEID} oL SIGMAC INTO LAMBDA GAMMA LersaEeny
BAGGETT 69 PRL 23 249 BAGGETT y KEHOE » SNOW {UNIV MARYLAND) 2 SlomAd TNTO Lanoon caras e 2
BALTAY 69 PRL 22 615 BAL TAY, FRANZINI s NEWMAN NORTON+  {COLUy STON) o4 IemAe INTS A AR GAMMA 1ise .5v .5
BANGERTE 69 UCRL-19244 ROGER ODELL BANGERTER {THESIS) (LRL}
BANGERT1 69 PR 187 1821 BANGERTERsGARNJOSTs GALTIERI+ GERSHWIN® {LRL} e _
BARLOUTA 69 NP Bl4 153 BARLOUTAUD+BELLEFON s GRANET+( SACL+CERN+HEID)
COLLERAL 69 PRL 23 198 COLLERAINE,DAY,GLASSER ,KNOP+({UNIY MARYLAND) 21 SIGMAO BRANCHING RATIOS
EISELEL 69 ZPHY 221 1 +ENGELMANN, FILTHUTH,FOHLISCH, HEPP+  (HETD) a1 SIGMAO INTO(LAMBDA E+ £-)/TOTAL P2y s (PLeR2
EISELE2 69 ZPHY 223 487 ETSELE, ENGELMANN, EILTHUTH, FOHLISCHs  (HEID) RL 001005451 O THEORET . CAL FEINBERG S8 NS or66
GERSHWIN 69 UCRL-19246 LAWRENCE KENNETH GERSHWIN (THESIS} (LRL) . - . -
BERLEY 70 PR D1 2015 +YAMIN,HERTZBACHsKOFLER +  (BNL,MASA,YALE) ;g siGMAo lN;g 'EQMEEQSGAST: ggMMAé/(kAMBDA t;AMMM (P31/(P1) lg/?]i
BOGERT 70 PR D2 6 +LUCAS, TAFT ;WILLIS, BERLEY + (BNL,MASA,YALE) . 12/75

EISELE 70 ZPHY 238 372 +F ILTHUTH,HEPP 4 PRES SER» ZECH (HEIDELBERG) PO &




Data Card Listings

For notation, see key at front of Listings.

FEINBERG 58 PR 109 1019

DAVIS 62 PR 127 &0S
BURNSTEI 64 PRL 13 66
DCSCH 65 PL 14 239
SCHMIDT 65 PR 140 B 1328
CULAS 75 NP B91 253

DY DAK 77 NP Bl118 1

COURANT &3 PRL 10 409

REFERENCES FOR SIGMAD

G.FEINBERG (BNL }
D DAVIS,R SETTI,¥ RAYMUND,G TOMASIN (FFL)
BURNSTEIN sDAYy KEHOE , SECHI ZORN, SNOW {uMD)
DOSCHy ENGELMANN, FILTHUTH,HEPP, KLUGE+ (HEID}
P SCHMIDT (COLUMBIA}

+FARWELL +FERRERsSIX {ORSA)
+NAVARRIA,OVERSETH, STEFFEN+{CERN+DCRT+HEID}

PAPERS NOT REFERRED TO IN DATA CARDS.

COURANT s FILTHUTH, FRANZINI+ { CERN+UMD +NRL }

QUANTUM NUMBER DETERMINATIONS NDOT REFERRED TO IN THE DATA CARDS

ALFF 65 PR 137 81105 ALFF GELFAND,NAUENBERG+ (COLUMBIA+RUTGHBNL 1P
EL LT E L 2] #* Rk R R KEeREERE FEEEXLHk
ke kA Wk R Rk R R K kb ERAEE FExpkkhkk XEFETREX
—

= 22 X1-(1321,4P=1/2 ) I=1/2

22 XI- MASS (MEV}

M H 1111317.0} {242} WANG 61 HLBC
M H 18(1317.9) (1.9) FOWLER &1 HLBC
M H {OLD DATA AND LOW STATLISTICS DRGPPED ON SUGGEST[UN OF J R HUBBARD}
M 517 1321.4 0.4 JAUNEAU 63
M €2 1321.1 0.65 SCHNEIDER 63 HBC
M 241 1321.1 -3 BADIERL 64 HBC
M ALL MASSES ABDVE WERE RAISED 0.09 MEV BECAUSE LAMBDA MASS RAISED
M 149 1321.3 PJERROU 65 HBC 11/67
M 6 1321.67 0 52 CHIEN 66 HBC - 6.9 PBAK P 9767
M 299 1321.4 1.1 LONDON &6 HBC 6/66
M G 195 1321.87 0.51 GOLDWASSE 70 HBC 5.5 K-P 8/70
M G USES LAMBDA MASS OF 1115.58-M({XI) IS 1322.18 IF M(LAMBDAI=1115.84 8/70
M 268 1321.12 C.41 WILQUET 72 HLBC 1/73
M 632 1321.46 0.34 DIBIANCA 75 DBC 4.9 GEV/C K-D 1/77*
M D
M AVG 1321.34 0. 14 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
M STUDENT 1321.34 c.16 AVERAGE USING STUDENT10{H/l.11} —— SEE MAIN TEXT
M 1321.32 0.13 FROM FIT (ERROR INCLUDES SCALE FACYOR OF 1.0) 2/78%
THE FIT ASSUMES XI AND ANTI-XI MASSES EQUAL.
22 ANTI-XI+ MASS (MEV)
M1 1{1322.01 (1.3) BROWN 62 HBC ANT[~XI- 1766
M1 5 1320.69 0.93 CHIEN 66 HBC + 6.9 PBAR Ps+ANTI 9/67
M1 1201321.7) (0.6]) SHEN 67 HBC ANTI-X1- 10/67
ML 34 1321.2 0.4 STONE 70 HBC 10/70
ML 35 1321.6 0. VOTRUBA 72 HBC 10 GEV/C K+ P 1772
ML S THE ERROR 15§ STAT]STICAL ONLY
M1 .-
ML AVG 1321.20 0-33 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,.0)
M1 STUDENT1321. 20 U 36 AVERAGE USING STUDENT10{H/l.11} —— SEE MAIN TEXT
Ml FI¥ 1321. .13 FROM FIT (ERRORINCLUDES SCALE FACTOR OF 1.0} 2/78%
ThrE FIT ASSUMES Xl AND ANTI-XI MASSES EQUAL.
22 (XI-) - (ANTI-XI+) MASS DIFFERENCE (MEV)
DM 1.0 1.1 CHIEN 66 HBC 6.9 PBAR P 9/67
22 XI— MAGNETIC MOMENT {MAGNETONS,938.26 MEV)
MM 21724 ~0.1 2.1 BINGHAM 70 OSPK =~ 1.8 GEV/C K-P 2/71
MM 2436 =2.1 0.8 cooL T4 OSPK - 1.8 GEV/C K-P 10/74
MM P
MM AVG -1.85 0.75 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
MM STUDENT -1.86 0.82 AVERAGE USING STUDENTIO{H/1.11) -~ SEE MAIN TEXT
22 XI- MEAN LIFE (UNITS 10%#*-10)
T H 11 {3.5) (3.4) (1.23} WANG 61 HLBC
T H 18 1.28) (0.41} (0.25) FOWLER 61 HLBC
T H (OLD DATA AND LOW STATISTICS DROPPED ON SUGGESTION OF J R HUBBARD}
T 517 1.86 0.15 O.14 JAUNEAU 63 FBC
T 62 1.55 0.31 0.31 SCHNEIDER 63 HBC
T 356 (1.77) (0.12} CARMONY 64 HBC REP BY PJERROU 65
T 794 1.69 0.07 HUBBARD 64 HBC
T 246 1.70 0.12 PJERROU 65 HBC 11767
T S & {1.37) t0.51) CHIEN 66 HBC - 6.9 PBAR P 9/67
T 299 1.80 0.16 LONDON 66 HBC 6766
T S t1.67) 10.07) BURGUN 68 HBC K=P AT 1.3-1.8 2/71
T 2610 1.61 0.04 DAUBER 69 HBC 6/68
T 680 1.73 0.08 0.07 MAYEUR 72 HLBC 2.1 GEV/C K~ 1773
T 4303 1.63 0.03 BALTAY 74 HBC 1.75 GEV/C K- 3/74
T S 2436 1. 637) 10.050) caoL 74 OSPK ~ 1.8 GEV/C K-P 10/74
T DIBIANCA 75 DBC 4.9 GEV/C K-D 1L/77%
T S THE ERRDR 1s STATISTICAL ONLY
T . - ..
T AVG 1.654 0.021 0.020 AVERAGE (ERRDR INCL, SCALE FACTOR OF 1.0)
T STUDENT 1.653 0.024 0.023 AVG BY STUDENTL0{H/1.11) -- SEE MAIN TEXT
22 ANTI-XI+ MEAN LIFE (UNITS 10%*-10)
L S 5 (1.51) {0.55) CHIEN 66 HBC + 6.5 PBAR PLANTI 9/67
L B 12 t1.9) 0.7 {0.5) SHEN 67 HBC ANTI-XI- 10/67
Tl 34 & 0.3 STONE 70 HBC 10/70
T S 35 t1.551 (0.35} 10.20) VOTRUBA 72 HBC 10 GEV/C K+ P 11/72
TL s THE ERROR 1S STATISTICAL ONLY
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Stable Particles

ZO

RY
R9

R10
R10

RL1
R11

Ri2
R12

R13
R13

PPPPEPPLPBPPEPRDPDBEEREDERER

-

-

22 XI- PARTIAL DECAY MQODES
DECAY MASSES
XI- INTO LAMBDA PI- 1115+ 139
xI- INTO LAMBDA E- NEUTRINO 1115+ .5+ o
XI— INTO NEUTRON PI- 939+ 139
XI- INTO LAMBDA MU- NEUTRING 1115+ 105+ 0
XI- INTG SIGMAQ E- NEUTRINO 1192+ .5+ 0
XI- INTO SIGMAD MU- NEUTRINOD 1192+ 105+ o
X1- INTQ NEUTRON €- NEUTKINO 939+ .54 0
XI- INTG NEUTRCN MU— NEUTRINO 939+ 105+ 0
XI= INTO SIGMA- GAMMA 1197+ ]
X1- INTO PROTON PI~- PI- 938+ 139+ 139
Xi- INTO PROTON PI- E~ NEUTRINO 938+ 139+ .5+
X1~ INTO PROTON PI- MU~ NEUTRINO 938+ 139+ 105+
XI- INTO XxI0 E- NEUTRINC 1314+ .5+ 0
22 XI- BRANCHING RATIOS
XI- INTQ (LAMBDA E- NEUJ/{LAMBDA PI-)} (UNITS 10%¥-3)
(P2)/71P1)
1 155 EFFECTIVE DENOM. CARMONY 63 HBC
0 260 EFFECTIVE DENOM. JAUNEAU 63 HBC
0 220 EFFECTIVE DENOM. BERGE 66 HBC
1 155 EFFECTIVE DENOM. LONDGN 66 HBC
0 717 EFFECTIVE DENDM. TRIPPE 67 HBC
2 1976 EFFECTIVE DENOM. HUBBARD 68 HBC
4 (L1513 (0.90) (0.55}) HUBBARD 68 RVUE
H HUBBARD 68 {RVUE) INCLUDES ALL ABDVE EVENTS
1 4150 EFFECTIVE DENOM.  YEI HBC
AVG 0.7 0.3 QUR AVERAGE USING ALL THE ABOVE
XI- INTO (NEUTRON PI-}/{LAMBDA PI-} (UNITS 10%*%-3)
P3)71P1)
5.0 OR LESS FERRO-LUZ 63 HBC
1.1 OR LESS DAUBER 69 HBC
0 3.0 DR LESS (CL=.90 YEH 74 HBC 760 EFF.DENOM.
XI- INTO (LAMBDA MU~ NEUTRINQ)}/TOTAL (UNITS 10%%-3)
(P4}
12.0 DR LESS BERGE 66 HBC
1.3 OR LESS DAUBER 69 HBC
1 0.35 0.35 YEH 74 HBC 2859 EFF.DENOM.
XI- INTO (SIGMAO E-~ NEUTRING)/TOTAL (UNITS 10%%-3)
tP5}
3.0 OR LESS BERGE 66 HBC
0.5 OR LESS DAUBER 69 HBC
] 0.53 OR LESS (CL=.90 YEH T4 HBC 4363 EFF.DENOM.
XE- INTG (SIGO MU- NEU}/(LAM PI-]} (UNITS 10*%*=3) {Pe)/(P1)
5. OR LESS BERGE 66 HBC
0 0.76 OR LESS CL=.90 YEH 74 HBC 3026 EFF.DENOM.
XI- INTO (N E- NEUl/(LAMBDA PI-} (UNITS 10%%~ 3) (PTI/LPL}
10.0 CR BINGHAM 65 RVY
o 3.2 OR LESS C 90 YEH T4 HBC 715 EFF ,DENOM.
XI- INTO (SIGMAO E= NEU + LAMBDA E— NEU)/TOTAL (10%**-3)
{P2+P5)
17 8 0. puctos 71 0SPK SEE NOTE D
) THIS EXPER[HENT CANNOT DISTINGUISH SIGMAO FROM LAMBDA. THE CABIBBO
D THEORY PREDICTS SIGMAQ RATE ABOUT A FACTOR 6 SMALLER THAN THE
1] LAMBDA. TO GET A VALUE FOR THE TABLE R7 HAS BEEN AVERAGED WITH R1.
XI- INTO (N MU- NEU)/(LAMBDA PI- ) (UNITS 10%*-3) {P8)/(P1)
o 15.3 OR LESS CL=.90 YE T4 HBC 150 EFF.DENCM.
XI- INTO (SIGMA— GAMMA}/(LAM PI-) (UNITS 10%*—4) (P9)/(P1)
o 11.5 OR LESS (CL=.90 YEH T4 HBC 2000 EFF.DENDM.
XI— INTD (P PI~ PI-)/ILAMBDA PI~] {UNITS 10%*-4)} (P10)}/(P1]
o 3.7 OR LESS CL=.90 YEH 74 HBC 6200 EFF.DENOM.
XI- INTO (P PI=- E— NEUY/CLAM PI-) {UNITS LO**~4) {P11)/(P1}
o 3.7 OR LESS CL=.90 YEH HBC 6200 EFF.DENOM.
XI- INTO (P PI- MU= NEU}/{LAM PI~) (UNITS 10%%*-4) (PL2)/(PL)
o 3.7 OR LESS CL=.90 YEH 74 HBC 6200 EFF.DENCM.
XI— INTO (X1Q0 E= NEU}/(LAM PI~} (UNITS 10%**-3) (P13)/(PL}
2.3 OR LESS (L=.90 EH 4 HB 1000 EFF.DENOM.
22 X1- DECAY PARAMETERS
RELATED TEXT SECTION VI D AND APPENDIX 11
ALPHA XxI-
4] {-0.44) (0.12) JAUNEAU 63 FBC SEE NOTE D BELOW
a 62 {-0.73} (0,23) SCHNEIDER 63 HBC SEE NOTE O BELOW
240 =0.5 0.38 BADIERL 64 HBC SEE NGTE D BELOW
356 -0.62 0.13 CARMONY 64 HBC SEE NCTE D BELOW
1004 —0.365 0.068 BERGE 66 HBC SEE NOTE D BELGW
364 —0.47 0.13 LONDON 66 HBC SEE NOTE D BELOW
{~0.391) (0.032) BERGE 2 66 RVUE INCLUDES ALL ABOVE
M 2529 1-0.375) (0.051) MERRILL 68 HBC
2781 -0.391 0.045 OAUBER 69 HBC SEE NOTE A BELOW
2724 -0.383 C.065 BINGHAM 70 OSPK
820 ~0.42 0.11 MAYEUR 72 HLBC 2.1 GEV/C K-
4303 ~0.376 0.038 BALTAY T4 HBC 1.75 GEV/C K-
2436 -0.39 0.05 cqoL 74 OSPK - 1.8 GEV/C K-P
B 414 —0.40 0.19 DIBIANCA 75 OBC 4.9 GEV/C K-D
[} OLD DATA NOT INCLUDED IN AVERAGE.
o ERRORS MULTIPLIED BY 1.1 DUE TO APPROXIMATIONS USED FOR XI
D POLARIZATION. {SEE DAUBER 69 FOR DETAILED DISCUSSION}
LONDCN 66 USES ALPHA-LAMBDA = 0.62
M DATA OF MERRILL 68 INCLUOED IN DAUBER 68.
A USED ALPHA LAMBDA = 0.647 +~ (.020.
B ODIBIANCA 75 USES ALPHA LAMBDA = 0.647.

AVG
STUDENT

-0.392 0.021
-3.391 0.023

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0
AVERAGE USING STUDENT10(H/1.11}

——
-

11767
11767
11767
11767
11/67
6768
6768
6/68
/75

2/76

6/68
6/68
T/75

6/68
6/68
T/7s

6/68
6768
T/75

7766
/15

9/66
/s

10/71

11/75

11/75

11/7s

11/7s

11775

11/75

1/77%

SEE NA]N TEXT



Stable Particles

== =0
- =
F PHI ANGLE (SIN{PHI)/COS{PHI)=BETA/GAMMA) (DEGREES)
F o 1-16.0} 145.0) JAUNEAU 63 FBC SEE NOTE D BELOW 6/68
F o 62 145,0) {36.0) SCHNEIDER &3 HBC SEE NCTE D 3ELOW 6/68
F 356 54.0 30.0 CARMONY 64 HBC SEE NOTE O BELOW 6/68
¥ 1004 0. 12. BERGE 66 HBC SEE NOTE D BELOW 6/68
F L 364 0.0 20.4 LONDON 66 HBC SEE NUTE D BELOW 6/68
F M 2529 9.8} (11.6) MERRILL 68 HBC 6/68
£ 2781 -lé. 11. DAUBER 69 HBC SEE NOTE A BELOW
F 2724 =26.0 30.0 BINGHAM 70 05PK 10/70
F 4303 1i.0 9.0 BALTAY T4 HBC 1.75 GEV/C K- 3774
F 2436 5.0 16.0 cooL 74 OSPK - 1.8 GEV/C K-P 10774
f G QLD DATA NOT INCLUDED IN AVERAGE.
F D ERRORS MULTIPLIED BY 1.2 OUE TO APPROXIMATIONS USED FOR XI
F o POLARIZATION. (SEE DAUBER 68 FOR DETAILED DISCUSSION)
F oL LONDCN 66 USES ALPHA-LAMBDA = 0.62
F M DATA GF MERRILL 68 INCLUDED IN DAUBER 68.
F A USED ALPHA LAMBOA = 0.647 4~ 0.020.
F L A
F AVG 2.0 5.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF L.1)
F STUDENT 2.0 6.2 AVERAGE USING STUDENT10(H/1.11} - SEE MAIN TEXT
{SEE IDEOGRAM BELOW )
WEIGHTED AVERAGE = 2.0 + 5.7
ERROR SCALED BY 1.1
._j CHISG
soe .- ... .COOL 74 0OSPK 0.0
e+ e - - - -BALTAY 74 HBC 1.0
e e + -BINGHAN 70 0OSPK 0.3
—+—1 -y - - - -DAUBER 69 HBC 2.1
—f— . - -LONDDN 66 HBC 0.0
—— - -BERGE 66 HBC 0.0
-CARMONY 64 HBC 3.0
7.1
(CONLEV
-100 -850 o s0 100 180 =0.315)
PHI ANGLE FOR XI- (IN DEGREES)
eress SEERRERRE
REFERENCES FOR XI-
FCWLER 61 PRL &6 134 FOWLER yBIRGE s EBERHARDSELY s GCOD ¢ POWELL+ILRL )
WANG &1 JETP 13 512 K WANGsT WANGsVIRYASOV,TING,SOLOVEV+ (JINR}
BROWN 62 PRL 8 255 BROWN,CULWICK, FOWLER,GAILLOUD + {BNL+YALE)
CARMCNY 63 PRL 10 381 CARMONY , PJERROU {UCLA)
FERRO-LU 63 PR 130 1568 FERRO-LUZZ1, ALSTON,ROSENFELDsWOJCICKI {LRL)
JAUNEAU 63 SIENA CONF 4 JAUNEAU+ (EPOL+CERN+LQUC+RHEL+BERGEN)
ALSC 63 PL 5 261 JAUNEAU,+ (EPOL+CERN,LOUC s RHEL » BERGEN}
SCHNEIDE &3 PL 4 360 H SCHNEIDER LCERN)
CARMONY 64 PRL 12 482 CARMONY 4 PJERROU» SCHLEIN, SLATER s STORK+(UCLA)
BADIERL 64 DUBNA CONF 1 593 BADIER,DEMOULINyBARLOUTAUD+(EPOLSACL,ZEEM}
HUBBARD &4 PR 135 B 183 HUBBARDBERGEKALBFLEISCH, SHAFER + (LRL)
BINGHAM &5 PRSL 285 202 H H BINGHAM {1 CERN)
PJERRGU &5 PRL 14 275 + SCHLEIN,SLATER,SMITH, STORK,TICHC (UCLA}
PJERRGU 65 THESIS G M PJERROU {UCLA)
BERGE &6 PR 147 945 BERGE, EBERHARD + HUBBARD  MERRILL + tLRL)
BERGE 2 66 BERKELEY CONF 46 BERGE(CABIBBO {LRL,CERN{RVUE)}
LONDCN 66 PR 143 1034 LONDON yRAU,GOLDBERG 4 LICHTMAN® (BNL+SYRACUSE)
CHIEN 66 PR 152 1171 +LACHs SANDWEISSs TAFT,YEH,OREN + (YALE+BNL])
SHEN 67 PL 25 B 443 B.C.SHEN+AFIRESTONE,G.GOLDHABER (UCB+LRL}
TRIPPE 67 PRIV. COMM. T. TRIPPE fucLa)
BURGUN 68 NP B8 447 +MEYER,PAULI,TALLINT, + (SACL+CDEF+RHEL )
HUBBARD 68 PRL 20 465 HUBBAROsBERGE, DAUBER {LRL}
MERRILL 68 PR 167 1202 MERRILL,SHAFER {LRL}J
DAUBER 69 PR 179 1272 +BERGE+HUBBARDyMERRILLs MILLER {LRLIY
BINGHAM 70 PR D1 3010 +CO0K s HUMPHRE Y s SANDER s WILL [AMS + (UCSD,HASH)
GOLOWASS 70 PR DI 1960 GOLDWASSER, SCHULTZ L)
STONE 70 PL 32B 515 +BERL INGHIERI,BROMBERGy COHEN,FERBEL OQRHCH)
DUCLOS 71 NP B32 493 +FREYTAG,HEINTZE yHEINZELMAN, JONES+ {CERN}
MAYEUR 72 NP B47 333 +VAN BINST, WILQUET+ (BRUX+CERN+TUFT+LOUC}
VOTRUBA 72 NP B45 77 VOTRUBA » SAFDER,RATCLIFFE (BIRM+EDIN)
WILQUET 72 PL 42B 372 +FLIAGINE ,GUY,KNIGHT+ (BRUX+CERN+TUFT+LOUC)
BALTAY 74 PR D9 49 +BRIDGEWAT ERy CODPER y GERSHWIN+ (COLU+BING)J
cooL T4 PR DlO 792 +GIACOMELLI » JENKINS ¢KYCIA,LEONTIC, LI+ (BNL)
ALSOD 72 PRL 29 1630 COOL »GIACDMELLI s JENKINS KYCTA, LEGNTIC+{BNL)
YEH T4 PR D10 3545 +GAIGALAS ,SMITH, ZENDLE,BALTAY + {BING+C{OLU}
OIBIANCA 75 NP B98 137 F.A.DIBIANCA, ReJ.ENDORF (CARN)}
P
ok
m 23 XI0(1314,J4P=1/2 ) I=1/2
23 XI0 MASS {MEV)
M 1 1313.4 1.8 PALMER 68 HBC 3/68
M 49 1315.2 0.92 WILQUET 72 HLBC 1773
M « m e e n s e e
M AVG 1314.83 0.82 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
M STUDENT1314.84 0.91 AVERAGE USING STUDENT10tH/1.11) == SEE MAIN TEXT
M FIT 1314.91 G55 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0} 2/78%
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Data Card Listings

For notation, see key at front of Listings.

23 (XI-) - (XI0) MASS DIFFERENCE (MEV)
D 23 6.8 1.6 JAUNEAU 63 FBC
D 45 (6.1) (1.6} CARMONY 64 HBC REP BY PJERROU 65
D 88 6.1 0.9 PJERROU 65 HBC 11/67
] 29 6.9 2.2 LONDON 66 HBC 6/66
0 e e e e e .
D G 6.34 0.74 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,0)
D SIUDENT  6.34 0.80 AVERAGE USING STUDENT10{H/1.11) -- SEE MAIN TEXT
0 FIT 641 0.55 FROM FIT (ERRCR INCLUDES SCALE FACTOR OF 1.0} 2/78%
23 XI0 MEAN LIFF (UNITS 10%%-10)
T 24 3.9 1.4 0.80 JAUNEAU 63 FBC
T 45 (3.5) (1.01 (0.8) CARMONY 64 HBC REP BY PJERROU 65
T 101 2.5 0.4 0.3 HUBBARD 64 HBC
T 80 3.0 0.5 PJERROU 65 HBC 11767
T 340 3.07 0.22 0.20 DAUBER 69 HBC 6/68
T B 469 (2.85)  (0.20}  (0.18) BRIDGEWAT 72 HBC 1.75 GEV/C k-p 1713
T M 157 2.90 0.32 0.27 MAYEUR 72 HLBC 2.1 GEV/C K- 1774
T B €52 2.88 0.21 0.19 BALTAY 74 HBC 1.75 GEV/C K- /74
T 2 6300 .77 0.16 ZECH 77 SPEC NEUTRAL HYP. BEAM  12/77%
ToM MAYEUR 72 VALUE MUDIFIED BY ERRATUM. 1/74
T B BALTAY 74 INCLUDES BRIDGEWATER 72. 3774
Tz ZECH 77 VALUE IS FOR LAMBDA LIFETIME=2.69€-10. FOR LAM LIFETIME 12/77%
Tz OIFFERENT FROM THIS, TAUX10={2.77-{TAULAMBDA-2.69)1E-10. 12/77%
T AVG 2.903 0.099 0.093 AVERAGE (ERROR INCL. SCALE FACTOR OF 1.0)
T STUDENT  2.90 o.11 0.10  AVG BY STUDENT10(H/1.11) =- SEE MAIN TEXT
23 XIO PARTIAL DECAY MODES
DECAV MASSES
Pl X10 INTO LAMBOA P10 1115+
P2 XI0 INTO PROTON PI- 938+ 139
p3 X10 INTD PROTON E- NEU 938+ .S+ 0
P4 XIG INTO SIGMA+ E- NEU 1189+ .5+ 0
[ XI10 INTO SIGMA- E+ NEU 1197+ .5+ 0
6 X10 INTO SIGMA+ Mu- NEUTRINO 1189+ 105+ 0
P7 X10 INTO SIGMA- MU+ NEUTRIND 1197+ 105+ O
P8 XI0 INTO PROTON MU~ NEUTRING 938+ 105+ 0
P9 XIO INTO LAMBDA GAMMA 1115+ 0
31 X10 INTO SIGMAQ GAMMA 1192+ 0
23 X10 BRANCHING RATLOS
RL XI0 INTO (PROTON PI~}/(LAMBOA PI0) {UNITS 10%#*-5) (P2)/(PL}
R1 2700. OR 63 HBC 6768
Rl 500. OR LESS HUBBARD 66 HBC 6768
RY 90. 6R LESS DAUBER 69 HBC 6768
R1 o 180. OR LESS YEH 74 HBC 1300 EFF.DENOM. 11775
RL 3.6 DR LESS GEWENIGER 75 SPEC 11775
r2 X10 ENTO (PROTON E~ NEUJ/(LAMBODA PIO) (UNITS 10%%-3)
R2 (P31/(P1)
R2 27.0  OR LESS TICHO 63 HBC 6/68
R2 6.0 OR LESS HUBBARD 66 HBL 6768
R2 1.3 OR LESS DAUBER 69 HBC 6/68
R2 0 3.4 OR LESS CL=.90 YEH 74 HBC 670 EFF.DENOM. 11/75
R3 XI0 INTO {SIGMA+ E- NEUI/(LAMBDA PI0) (UNITS Lo%*-3)
R3 (P4}/(PL)
R3 13.0 DR LESS TICHO 63 HBC 6/68
R3 7.0 OR LESS HUBBARD 66 HBC 6768
R3 1.5 OR LESS DAUBER 69 HBC 6768
R3 o 1.1 OR LESS CL=.90 YEH 74 HBC 2100 EFF.DENOM. 11/75
R4 X10 INTO (SIGMA- E+ NEU}/(LAMBDA PIO) (UNITS 10%%-3)
R4 (P537(P1)
R4 6.0 OR LESS HUBBARD 66 HBC 6768
R& 1.5 OR LESS DAUBER 69 HBC 6768
R4 0 0.9 OR LESS CL=.90  YEH 74 HBC 2500 EFF.DENOM. 11/75
RS X10 INTO (SIGMA+ MU~ NEU}/TOTAL (UNITS 10%#-3}  (Pe)
RS 7.0 OR LESS HUBBARD 66 HEC 6/68
RS 1.5 OR LESS OAUBER 69 HBC 6768
RS 0 1.1  OR LESS CL=.90 YEH 74 HBC 2100 EFF.DENGM. 11/75
Ro XLO INTQ (SIGMA- KUt NEUD/TOTAL (unns 10%#-3)  (PT7)
R6 6.0 OR LESS BARD 66 HBC 6/68
R6 1.5 OR LESS DAUBER 69 HBC 6/68
R6 o 0.9 OR LESS CL=.90  YEH T4 HBC 2500 EFF.DENOM. 11/75
R7 XI0 INTD {PROTCN MU- NEUJ/TOTAL (UNITS 10%#%-3)  (P8)
R7 6.0 OR LESS HUBBARD 66 HBC 6/68
R7 1.3 OR LESS DAUBER 69 HBC 6768
R7 o 3.5 OR LESS CL=.90  YEH 74 HBC 664 EFF.DENOM. 11/75
R8 X10 INTG (LAMBOA GAMMA)/{(LAM PIO) (UNITS 10%%-3) {(P9)/(P1)
RB 1 S. 5. 74 HBC 200 EFF.DENOM. 11/75
&9 XI10 INTO (SIGMAQ GAMMA)/{LAM PlD) (UNITS 104#%-2) (P10}/IP1)
K9 0-1 6.5 OR LESS CL=.90 74 HBC 60 EFF.DENOM. 11/75
23 X10 DECAY PARAMETER
RELATED TEXT SECTION VI D AND APPENDIX II1
A ALPHA XI O
A -0.09 0.46 PJERROU 65 HBC SEE NOTE D BELOW 6/68
a 146 -0.13 0.17 BERGE 66 MBC SEE NOTE D BELOW 6/68
A L 46 -0.2 0.4 LGNDON 66 HBC SEE NOTE D BELOW 6/68
A M 490 (-0.33)  (0.11) MERRILL 66 HBC SEE NOTE D BELOW 6768
A A 739 -0.43 0.09 DAUBER 69 SEE NOTE A BELOW
A B 440 (-0.52) 10.09) BRIDGEWAT 72 HBC 1.75 GEV/C K-P 1/73
A 130 -0.84 0.27 MAYEUR 72 HLBC 2,1 GEV/C K- 1/73
A B 652 =-0.54 BALTAY 74 HBC 1.75 GEV/C K~ 3/74
A A USED ALPHA LAHBDA = 0.647 +— 0.020.
A C ERRORS MULTIPLIED BY 1.1 DUE TO APPROXIMATIONS USED FOR XI
A D POLARIZATION. (SEE DAUBER 69 FOR DETAILED DISCUSSION}
AL LONDCN 66 USES ALPHA-LAMBDA = 0.62
A M MERRILL 66 REPLACED BY DAUBER 69
A 8 BRIDGEWATER 72 ERROR PURELY STATISTICAL. 1/73
A B BALTAY 74 INCLUDES BRIDGEWATER 72. 3/74
A e e e e e e .
A Ave -0.441 0.078  AVERAGE (ERROR INCLUDES SCALE FACTGR OF 1.3}
A STUDENT ~0.445 0.069  AVERAGE USING STUDENTLOIH/1.11} —-- SEE MAIN TEXT
(SEE IDECGRAM BELOW )



Data Card Listings

For notation, see key at front of Listings.

WEIGHTED AVERAGE -0.444 = 0.078
ERRDR SCALED BY 1.3

CHISQ
.o + «BALTAY 74 HBC 1.0
. < - MAYEUR 72 HLBC 2.2
-+ - - - -DAUBER 69 0.0
~ «« « «LONDON §6 HBC 0.4
- ‘BERGE 66 HBC 3.4
— -PJERROU 65 HBC
6.9
(CONLEU
-1.8 -1.0 -0.S5 0.0 o.s 1.0 =0.142)
ALPHA FOR %IO
F PHI ANGLE (SIN(PHI)/CUS(PHI) BETA/GAMMA) {CEGREES)
F 146 -8 66 HBC SEE NOTE D BELOW 6/68
F M 490 (107.09 (66 Ol MERRILL 66 HBC SEE NOTE D BELOW 6/68
F A 739 38. DAUBER 69 HBC SEE NOTE A BELOW
F 8 440 (ll1.2) (16 4) BRIDGEWAT 72 HBC 1.75 GEV/C K~P 1773
F B 652 16.0 17.0 BALTAY 74 HBC 1.75 GEV/C K- 3/74
F A USED ALPHA LAMBDA = 0.647 +- 0.020.
F D ERRDRS MULTIPLIED BY 1.2 DUE TO APPROXIMATIONS USED FOR XI
F o POLARIZATION. (SEE DAUBER 69 FOR DETAILED DISCUSSION)
F M  MERRILL 66 REPLACED BY CAUBER 69
F B BRIDGEWATER 72 ERROR PURELY STATISTICAL. 1/73
£ 8 BALTAY 74 INCLUDES BRIDGEWATER 72, 3/74
£ e e e e e e e
F AVG 20.7 11.7 AVERAGE (ERROR INCLUDES SCALE FACTOK OF 1.0)
F STUDENT 20.6 13.2 AVERAGE USING STUDENT10(H/1.11) -— SEE MAIN TEXT
R Hed FEEERERRY SESRRKFXE FdojokokkRKE
REFERENCES FO" X10
ALVAREZ 59 PRL 2 215 ALVAREZ, EBERHARDy GDODy GRAZ IANO,TICHO+ (LRL)
JAUNEAU 63 STENA CONF 1 1 JAUNEAU+ (EPQL+CERN+LOQUC+RHEL +BERGEN)
ALSC €3 PL 4 49 JAUNEAU+ {EPOL+CERN+LOUC +RHEL +BERGEN)
TICHD 63 BNL CONF 410 HAROLD K TICHO fucLa)
CARMCNY 64 PRL 12 482 CARMONY » PJERROUs SCHLEIN ¢ SLATER y STORK+ (UCLA)
HUBBARD 64 PR 135 B 183 HUBBARD ¢ BERGE » KALBFLEISCHy SHAFER + (LRL
PJERROU 65 PRL 14 275 + SCHLEIN,SLATER,SMITH,STORK,TICHO  (UCLA)
PJERROV 65 THESILS G M PJERROU (uCLA}Y
BERGE 66 PR 147 945 BERGE, EBERHARD 4HUBB ARDs MERRILL + {LRL)
HUBBARD 66 UCRL 11510 J RICHARD HUBBARD (THESIS+BERKELEY} (LRLY
LONDCN 66 PR 143 1034 LONDONsRAUGOLDBERG »L ICHTMAN+(BNL+SYRACUSE}
MERRILL 66 BERKELEY CCNF MERRILL+ SHAFER,BERGE (LRL)
ALSO 66 UCRL 16455 DEANE MERRILL {THESIS, BERKELEY} (LRL}
PALMER 6B PL 26B 323 PALMER+RADOJICIC+RAU,RICHARDSON+ (BNL,SYRA)
DAUBER 69 PR 179 12¢€2 +BERGE,HUBBARD,MERRILL, MILLER (LRL)
BRIDGEWA 72 NEVIS L9S(THESIS) ALBERT BRIDGEWATER {CoLumMBIA)
MAYEUR 72 NP B4T 333 +VAN BINST,WILQUET+ (BRUX+CERN+TUFT+LOUC)
ALSG 73 NP BS3 268 ERRATUM TO MAYEUR 72
WILQUET 72 PL 428 372 +FLIAGINE ;GUYKNIGHT+ (BRUX+CERN+TUFT+LOUC}
BALTAY 74 PR D9 493 +BRIDGEWATER,COUPERGERSHWIN+ {COLU+BING Y
YEH 74 PR D10 3545 +GAIGALAS,SMITH, ZENDLE s BALTAY + (BING+COLU)
GEWENIGE 75 PL 578 193 GEWENIGERyGJESDAL, PRESSER + {CERN+HEID)
ZECH 77 NP BL24 413 +DYDAK s NAVARRT A+ (STEG+CERN+DORT+HEID)
kKKK o e Aukkhkkhd kbekehkk RekhKEFY
EhEES S hEEkR R
24 OMEGA-(16754JP=3/2+) 1=0
QUANTUM NUMBERS ASSIGNED FROM SU3
SPIN 1/2 EXCLUDED BY DEUTSCHMANN 77
24 OCMEGA- MASS {(MEV)
M E 1(1615.) EISENBERG 5% EMUL 9773
M £t 167241 1. FRYL 55 EMUL 9473
M F 1 1670.6 (1.] FRYZ 55 EMUL 9/73
] 1 1673.0 8.0 ABRAMS 64 HBC INTO XI- PIO
M 3 1673.3 1.0 PALMER 68 HBC K=P 4.6¢5+ GEV/C 11/69
M 3 1671.8 0.8 SCHULTZ 68 HBC K~P 5.5 GEV/C 169
M 5 1674.2 1.6 SCOTTER 68 HBC K-P 6. GEV/C L1769
M B 601671.9) (1.2) SPETH 59 HBC K~-P 1O. GEV/C 11769
[ 8 13 1671.43 0.78 ABCLY 73 HBC K=P 10. GEV/C 12/73
M D 4 1673 .4 1. DIBIANCA 75 DBC 4.9 GEV/C K-0 1/77%
M E E1SENBERG 54 MASS CALCULATED FOR DECAY IN FLIGHT. ALVARE2 73 HAS 9/73
M E SHOWN THAT THE OMEGA INTERACTED WITH AG NUCLEUS TO GIVE K~ XI AG. 9713
M F BOTH FRY EVENTS IDENTIFIED AS OMEGA- BY AtVAREZ 73. 9/13
M F FRY MASSES ASSUME DECAY TO LAMBDA K- AT REST. DECAY FRGM ATOMIC 3/74
M F  ORBIT COULD OOPPLER SHIFT THE K- ENERGY AND RESULTING OMEGA- MASS 3/74
M F BY SEVERAL MEV FOR FRY 2. THIS SHIFT IS NEGLIGIBLE FOR FRY 1 3/74
M F BECAUSE THE OMEGA ODECAY IS APPROXIMATELY PERPENDICULAR TO ITS 3774
" F DORBITAL VELOCITY, AS IS KNOWN BECAUSE THE LAMBDA STRIKES THE 3/74
M F NUCLEUS {L.ALVAREZ, PRIVATE COMM. 1973)., WE HAVE CALCULATED THE 3/74
L £ ERROR ASSUMING THAT ORBITAL N IS 4 OR LARGER. 3774
" 8 ABCLV VALUE INCLUDES THE SPETH 69 EVENTS. 12/73
M D OIBIANCA 75 GIVES MASS FOR EACH EVENT. WE QUDTE AVERAGE, 1/77%
M P PO
M AVG 1672.25 0.4l AVERAGE (ERROR INCLUDES SCALE FACYOR OF 1.0}
M STUDENT1672.24 0.47 AVERAGE USING STUDENT10(H/1.11} — SEE MAIN TEXT
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Stable Particles
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24 ANTI-OMEG A+ MASS [MEV)

1 1673.1 1.0 FIRESTONE 71 HBC 12 GEV/C K+D 3/71

1 Mean Life

There are now two large-statistics measurements

of the  mean life:

+0.15 -10
- = X
T 1.41 20.24 10 sec (DEUTSCHMANN 77)
- = {0.75 *9 1) x 10710 gec (acno 78)
Q T -0.11 .

Neither result is published as of this writing, but

both are considered final by their authors. The
DEUTSCHMANN 77 (ABCLV collaboration) result is from
101 events of the inclusive reaction K_p > Q—-+any—
thing at 10 and 16 GeV/c, where the Q decays into

- 0 == 0
AK , Zm, or E T .

The ACNO 78 result is from 39
events of the exclusive reactions K_p hd Q—K+K0 and
Kp~ Q_K+K+ﬂ_ at 4.2 GeV/c, where the @ is
observed in the same decay channels.

The ACNO 78 value is only about half as large
as (i.e., about two and a half standard deviations
below) the DEUTSCHMANN 77 value. The explanation

of this discrepancy is not known. Contamination

from decays would increase TQ_ and would pose
more of a problem for the inclusive events of
DEUTSCHMANN 77 than for the exclusive-production,
constrained events of ACNO 78. DEUTSCHMANN 77
include an additional ~8% systematic error in their
negative error to account for possible I and/or E
contamination.

Our 1976 average was based on the lifetimes of
individual events listed below and on 16 ABCLV 73
events. We now exclude the individual events from
our average because of possible systematic errors.
The ABCLV 73 events are included in the DEUTSCHMANN
77 result. We then average the DEUTSCHMANN 77 and
ACNO 78 values and multiply the errors by a scale
factor S=2.5 to account for the discrepancy. 1In
the Tables we quote the average value
+0.4
-0.3

-10

1.1 X 10 sec 2.5

and warn of the discrepancy in a footnote.
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24 OMEGA- MEAN LIFE (UNITS 10%%-10 SEC)

T 1 {1.63) ABRAMS 64 HBC 1766
T 1 (0.7) BARNES 1 &4 HBC T/66
T 1 (1.4} BARNES 2 64 KBC 7/66
T 1 (1.85) COLLEY 65 HBC 7766
T 1 11.5) RICHARDSD 65 HBC 7/66
T 1 1,20) SCHULTZ 68 HBC 11767
T 1 10.06) SCHULTZ 68 HBC 11767
T 1 {0.63) SCHULTZ 68 HBC 11767
T 1 0.25) SCOTTER 68 HbC 6/68
T i {0.30} SCOTTER 68 HBC 6/68
T 1 (0.71) SCOTTER 68 HBC 6/68
T 1 {0.08) SCOTTER 68 HBL 6/68
T 1 (1.04) SCOTTER 68 HBC 6/68
T 1 (2.38) SCOTTER 68 HBC 6/68
T o 16 11.39) (0.45) (0.31) ABCLV 73 HBC K-P 10. GEV/C 12/13
T 1 {0.135) DIBIANCA 75 DBC 49 GFV/C K-D 1/777%
T 1 (0.482) OIBIANCA 75 DBC 4.9 GEV/C K-D 1/77%
T 1 {0,702} DIBIANCA 75 DBC 4.9 GEV/C K-D 1/777%
T 1 10.228) DIBIANCA 75 DBC 4+9 GEV/C K=D 1/77%
T D 101 l.4l 0.15 0.24 DEUTSCHMA 77 HBC 10,16 GEV/C K- P 2/78%
T 39 0.75 0.14 Q.11  ACND 78 HBC 4.2 GEV/C K- P 2/78%
T D DEUTSCHMAN 77 INCLUDES EVENTS OF ABCLV 73. 2/78%
T P T
T AVG 1.1 Det 0.3 AVG (ERRDR INCL. SCALE FACTOR DF 2.5) 2/78%

24 (OMEGA~ PARTIAL DECAY MODES

DECAY MASSES

Pl OMEGA— INTO LAMBDA K- 1115+ 493
P2 OMEGA— INTO XIO PI- 1314+ 139
P3 CMEGA— INTO Xi- PIO 1321+ 134

2% GMEGA- BRANCHING RATIOS
R1 OMEGA~ INTO LAMBDA K- {P1)
Rl F 1 EVENT FRY1 55 EMUL 11/73
R1 F 1 EVENT FRY2 55 EMUL 11773
Rl F BOTH FRY EVENTS IDENTIFIED BY ALVAREZ 73. 11/73
R1 ra EVENTS PALMER 68 HBC 11r/69
R1 3 EVENTS SCHULTZ 68 HBC 11789
RL 5 EVENTS 1 XI PI DECAY AMB.SCOTTYER 68 HBC 11/69
3% 13 EVENTS +2 AMBIG. WITH XI-ABCLV 73 HBC K-pP 10. GEV/C 12773
R1 2 EVENTS DIBIANCA 75 DBC 4.9 GEV/C K-D 1/77%
R2 CMEGA= INTO XIQ0 PI- P21
R2 5 EVENTS PALMER 68 HBC 11769
R2 3 EVENTS SCOTTER 68 HBC 11769
R2 3 EVENTS 41 AMBIG.WITH SIG-ABCLV 73 HBC K=P 10. GEV/C 12/73
R2 2 FVENTYS DIBIANCA 75 DBC 49 GEV/C K-D 1/77%
R3 OMEGA~ INTO XI- PIO {P3)
R3 1 EVENT ABRAMS 64 HBC 11769
R3 1 EVENT PALMER 68 HBC 11/69
R3 1 EVENT SCOTTER 68 HBC 11769
R3 1 EVENT ABCLY 73 HBC K~P 10. GEV/C 12773

24 OMEGA- DECAY PARAMETERS

RELATED SECTION VI D IN TEXT

AL ALPHA FOR OMEGA~ TO K- LAMBOA
AL 15 =0.66 0.36 0.30 KOCHER T4 10/74

BEEREE ERIRREERG ARREREREF ERAEREAER

REFERENCES FOR OMEGA-

EISENBER 54 PR 96 541 Y EISENBERG (CORNELL)
FRYL 55 PR 91 1189 FRY y SCHNEPS s SWAMT Wiscy
FRY2 55 NC 2 346 FRY s SCHNEPS ¢ SHAMI (WESC)
ABRAMS 64 PRL 13 670 + BURNSTEIN,GLASSER + [UMD+NRL }

V E BARNES.CONNOLLY;CRENNELL sCULWICK+ (BNL)
V E BARNES CONNOLLY s CRENNELL +CULWICK+ {BNL}
COLLEY,00DD +(BIRM+GLAS+LOIC+MPIM+0OXF+RHEL)
RICHARDSONs BARNES y CRENNEL + (BNL+SYRACUSE )
N P SAMIOS ((RVUE) BNL)

BARNES 1 64 PRL 12 204
BARNES 2 64 PL 12 134
COLLEY 65 PL 19 152
RICHARDS 65 BAPS 10 115
SAM10S 65 AKRGONNE CONF 189

PALMER 68 PL 26B 323 PALMER+RADOJICIC,RAUSsRICHARDSON+ (BNL+SYRA)

SCHULTZ 68 PR 168 1509 SCHULTZ+ {ILL,ARGONNE ,NORTHWESTERNWISC)
SCOTTER 68 PL 26B 474 SCOTTER+ {BIRM; GLASGGW,LOIC,MUNICH+OXF)
SPETH 69 PL 298 252 SPETH+ (AACHENsBERLIN,CERN,LOIC,VIEN)

+GOLDHABERy» LISSAUER + SHELDON, TRILLING (LRL}
AACHEN+BERL IN+CERN+LONOON+VIENNA CGLLABGOR.

FIRESTON 71 PRL 26 410
ABCLV 73 NP B6&1 102

ALVAREZ 73 PR D8 702 LUIS W. ALVAREZ el
KOCHER 74 PL 518 193 KOCHER + WERNHARD {INNS+VIEN)
DIBIANCA 75 NP B98 137 F.AOIBIANCAy RoJ.ENDORF {CARN}

DEUTSCHM 77 CERN/EP/PHTT2GREY DEUTSCHMANN®{AACH+BERL+CERN+INNS+LOIC+VIEN]

ACNO 78 PRIVATE COMM. B.JONGEJANS (CERN+ZEEM+NIJM+OXF COLLAB.}
ERFEE
wREFRR REAFERF FEF

A1 (2260) and I (2430)
—C o}

There is some evidence for the existence of
these charmed baryons, although the evidence is
weak compared with that for the charmed D states.
The data on the AZ are summarized in the section
below while the data on the Zc(2430) are summarized

in the Baryon Data Card Listings.

Data Card Listings

For notation, see key at front of Listings.

The evidence is quite consistent with the

2 . . .
" A single event, identi-

fied with high probability as vp > u Amtnintn”

charmed baryon picture.

observed at BNL (CAZZOLI 75) has AS=-1 and AQ=+1
for the hadrons. For this event, rate arguments
indicate a AS=-AQ strength comparable to AS=AQ.
For noncharmed particles, no AS=-AQ semileptonic
processes have been observed, and limits on such
rates are a few percent of AS=AQ rates. With
charm, such events are expected at rates comparable
to AS=AQ rates. Production can occur via the
Cabibbo-suppressed transition vd - W ¢ (AQ=+1,

As =0), while the Cabibbo-favored nonleptonic decay
involves the transition c-+sud (AQ=0, AS=-1)
resulting in AQ=+1, AS=-1 as observed. Thus
charm provides a natural explanation for this
event. The (A47T)++ mass and one of the (A37T)+ mass
combinations are in good agreement with charm
predictions3 for the lowest lying charmed baryon
states with charge +2 and +1 and JP==1/2+, the
£17(2430) and the Al (2260).

CAZZOLI 75 state that the most likely alterna-
tive to charm for this event is associated production
of a missing KE with a probability of =~ 3 XlO-S.

We adopt the names Ac and Zc used by CAZZOLI 75.
The name A or X indicates the isospin (u,d guark)
structure, while the subscript ¢ indicates that
the strange quark in an uncharmed A or I has been
replaced by a charmed quark giving c(ud)I=0 for A:
and c(ud)I=l

o and Cl,

Additional charmed baryon evidence comes from

for ZC. Alternative names to Ac and Zc

are C used e.g. in Ref. 1 and Ref. 2.
Permilab photoproduction data (KNAPP 76) on the
reaction

Y +Be > K+pions .

. s Rt
A narrow peak is observed in AT m T at 2.26 Gev

R .
and not in AT 7T . A higher mass (~2.5 GeV) peak
: e 0 ., R ; .
in (A4m)" is seen to cascade into this state. Their
results are consistent with being

,

-0
I, (2430, F=12h
— A;(zzeo)n+
—=0
I, (2480, F =30t
A - -+
Amr mow

in striking agreement with the CAZZOLI 75 event.
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Data Card Listings

For notation, see key at front of Listings.

Uncharmed I states are known to exist4 in the
neighborhood of the observed states. However, the
narrow width of the Kﬁ_ﬂ_ﬂ+ peak and the absence
of the opposite-charge state tend to favor the
charm interpretation. One disturbing feature of
the KNAPP 76 data which is contrary to charm
expectations is the absence of a signal in the
At state.

BARISH 77 in an ANL deuterium exposure find
one neutrino dilepton candidate, which they

identify as
-+ - 0 +
vud - UP‘ITTT'ITe\)e(ns) ’

where the 7’ is inferred from the observation of
a single converted photon, and the neutrino and
spectator neutron are not seen. This event has a
possible, but highly speculative, interpretation as

a semileptonic decay of a charmed baryon:

vud - U Z (2430)(n )

+ -0 +
P M T e ve

or
+ - 0=0 +
PT T T K eV,

where the K° escaped detection. With the second
interpretation and the charm expectation that
+ +_+
(2430) -+ Acﬂ . they speculate that they may have

observed the semileptonic decay
+ - 0=0 +
A » prm %% %™y .
c e

This interpretation would require that
mass(Zz+)> 2439 MeV and mass(AZ) > 2248 MeV, limits
consistent within errors with the CAZZOLI 75 mass
values. It would also require a fairly unlikely
spectator neutron momentum of 260 MeV. Other
interpretations exist for this event including a

lightér mass, ~2 GeV charmed baryon or a background

non~dilepton event.
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33 LAMBDA/C+{2260,JP= }

NEEDS CONFIRMATION.

.9 QMITTED FROM TABLE.

33 LAMBDA/C+ MASS (MEV)

< 1 2260, 20. CAZzoLI 75 HBC + LAMBDA 2PI+ PI-
S 1{23¢0.) (5%0.) SUGIMOTO 75 EMUL INTO SIGMA PIO
S 1¢2230.) 1(560.) SUGIMOTO 75 EMUL INTO SIGMA ETAO
K 60 22é0. {10.1 KNAPP 76 S