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This supplement to the 1976 edition of “Review of particle properties”, Particle Data Group [Rev. Mod. Phys. 
48, No. 2, Part II (1976)], contains tabulations of experimental data bearing on the “new particles” and related top- 
ics; categories covered include charmed particles, $‘s and their decay products, and heavy leptons. Errata to the pre- 
vious edition are also given. 

As in 1975, we have decided this year to publish 
only a supplement to the previous edition of the 
“Review of Particle Properties”, rather than a com- 
plete update; the latter will appear instead in April 
1978 in Physics Letters B. 

’ The Berkeley Particle Data Center is jointly supported by 
the U.S. Energy Research and Development Administration, 
the Office of Standard Reference Data of the National 
Bureau of Standards, and the National Science Foundation. 

This supplement consists primarily of a Table and 
Data card listings giving results relating to charmed 
particles, 4’s and their decay products, heavy leptons, 
quarks, magnetic monopoles, intermediate bosons, 

and other proposed states. Several mini-reviews in the 
Listings discuss various aspects of these particles. Also 
presented are some cross section plots for e+e- and 
VN scattering, which were not included in the 1976 
edition. Finally, errata to the 1976 edition are given. 
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Charmed Particle Table 
April 1977 

(Approximate closing date for data: February 1, 1977) 

Our normal policy to include only well established results in the Tables has been temporarily relaxed 
for the Chanoed Particle Table. This is because many important results are preliminary or unconfirmed. 
We have put Some such results into the Table but have parenthesized them. The more speculative results 
have not been included in the Table at all, but are described in the Data Card Listings which follow. 
The charmonium results, on the other hand, are not as new and are treated in the Charmonium Table in 
the traditional manner. 

I(JP) Particle 

CHARMED MESON@ 

D+(La70) k( ) 
c 

D0(1870) h( ) 
c 

Mass 
(Mev) 

1876 + 15 

L865?LZd 

Full 
width 
(Mev) 

< 40 

< 2.4 

__ Partial Decay Mode ~ 

P or- 
Fraction a 

pm,, 
Mode (%) (MeV/c) 

849 

861 

813 

842 

r(D’ + 6” + K+n-) 
< 0.16 

D*+(ZOLO) ( )c 2010 * 12 < 2.4 Doll+ - 39 f 

(D+He _ 130f 

%*+ - “Do = 145.3f0.5 MeV 

D”‘(2010) ( )c (2005 f 3)e (< 5)e (Don’) e (- 55-65)e c 39f 

(D”Y)e (-45-35)e f - 136 

(mD,, - mD,, = 141+5 MeV)e 

CHARMED B*RYONS~ (TENTATIVE ENTRY - SEE DISCUSSION IN REVIEW BELOW) 

Az(2260) ( )c 2260 + LO < 75 All+ll+71- 789 

II; -- and izc StateS observed 

Zc(2430) ( )c 2426 + 12 -87f 

and :; StateS observed. II?‘+” expected from SU(4). 

aFor single decays into more than two particles, pmax is the maximum mcxnentum that any 
particle can have. 

b For antiparticle, charge conjugate all particles; e.g., Do + K-Ir+ becomes p + K+n-. 

c The quantum numbers expected from charm are: 
O(Jie) for AZ, 

IUp) = 4(0-) for D States, %(l-) for D* States, 
and l(k++) for I: c’ 

d A more precise but preliminary result is given in the Data Card Listings. 

‘Parentheses indicate a preliminary result. 

f These decay momenta are Sensitive to the mass differences. 
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Charmonium Table 
April 1977 

(Approximate closing date for data: February i, 1977) 

9 May 1977 

Particle 

IG(jP)c Full 
n Mass width 

estab. (MeV) (MeV) Mode 

--Partial Decay Mode-- 

p or 

Fraction Pmax$ 
(%) (MeV/c) 

JI$(31oo) 0-(i-)- 3098 ± 3 0.067 ± 0.012 + - 
e e 7±1 
+ - 
~ 7±1 

hadrons 86 ± 2 

~[identified ~ 15] ¶ 
[hadron modes 

~[identified ~ 0,4]¶ 
[radiative modes 

1549 

1545 

X(3415) 0+(0+)+ 3413 ± 5 4~ 
KK 
44 (including 4np) 

67 

~KK (incl. ~KK*) 

y J/~(3100) 

1701 
1634 
1678 ¶ 

1579 

300 

P c  or 
X(3510) 

0+(A)+ 

J>0 

3510 ± 4 44 (incl. ~0) ] 1727 

6~ I ¶ 

~KK (incl. 4KK*) 1632 

T J/~(3100) dominant 388 

X(355o) 0+(N)+ 

J>0 

3554 ± 5 
=~ t 1772 KK 1707 
4~ (incl. ~p) ¶ 1750 

6~ 

~KK (incl. 4KK*) 1655 

@(3685) 0 (i )- 3684±4 0.228±0.056 
+ - 
e e 0.9 ± 0.2 1842 
+ - 
~ 0.8 ± 0.2 1839 

hadrons 98.1 + 0.3 

~[J/~ ~+~- 33 ± 3 ] 474 

t[J/~ ~°4° 17 ± 3 ] 478 

t[J/~ N 4.2 ± 0.7] 189 

tFother identified 0.6] ¶ 
Lhadron modes 

[y X(3415) 7 ± 2 ] 261 

TIT X(3510) 7 ± 2 ] 170 

t[T X(3550) 7 + 2 ] 128 

~(4415) (i-)- 4414 ± 7 33 ± I0 e+e - 0.0013 ± 0.0003 

hadrons dominant 

2207 

+ Indicates entries in the Charmonium Data Card Listings [X(2830), X(3455), and ~(4030)] 
omitted from this Table. We do not regard these as established resonances. 

¶ See Charmonium Data Card Listings. 

t Square brackets indicate a subreaction of the previous (unbracketed) decay mode(s). 

$ For decays into more than two particles, Pmax is the maximum momentum that any 
particle can have. 
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Data Card Listings 

[CHARMED PARTICLES [ 

A prime motivation for the publication of this 

supplement has been the discovery of charm in 

May 1976 (GOLDHABER 76 in the D ° section of the 

Data Card Listings) shortly after the regular 

biannual editon of the "Review of Particle 

Properties" was published in April 1976. The 

analogous situation occurred two years earlier 

with the discovery of the J/~ (AUBERT 74 and 

AUGUSTIN 74 in the Charmonium section). We plan 

to continue our biannual publication policy with 

the next regular edition scheduled for April 

1978. 

This charm review and the Table and Data Card 

Listings on the D, D*, A + and ~ and on charm 
c' c 

searches are intended to summarize the experimental 

evidence on charmed particles. There are many 

excellent reviews of charm, a few of which are 

listed in references 1 and 2. Others, related 

to specific particles or searches, are listed in 

the appropriate reference sections below. 

In the discussions of charm expectations 

which follow, we mean charm as in the standard 

GIM model 3 with four spin-i/2, fractionally- 

charged, baryon number B = 1/3 quarks with quantum 

number assignments as follows: 

Symbol Q 13 S C 

u 2/3 1/2 0 0 

d -i/3 -1/2 0 0 

s -1/3 0 -i 0 

c 2/3 0 0 1 

where the charge is related to the third 

component of the isospin, baryon number, strange- 

ness, and charm by 

Q = 13 + ½(B + s + C) . 

The conventional model for describing the 

weak interactions involving these quarks and 

leptons is a Weinberg-Salam theory 4 with left- 

handed weak isodoublets 

(}) (i) (i) 

and right-handed weak isosinglets. Here 

d' = d cos0 + s sin@ 

s' = s cos@ - d sine, 

where @ is the Cabibbo mixing angle 

(sin2@ ~ 0.055) .  

Then, following Jackson's (ref. i) shorthand 

notation, the weak interaction has a current- 

current structure 

G + 
Hw = %~---J J~ with J = JC + JN 

where the charged and neutral currents are 

JC = ~e e + ~ +~ (d cos6 + s sin@) 

+ c (s cos@ - d sin@) 

--e~e - -- _ _ 
JN = + %~ 7e - ~V + 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=AS. 

The experiments related to charm are 

divided below into four sections: 

i) Charmed Mesons -- the D and D* states. 

2) Charmed Baryons--the A c and ~c states. 

3) Charm Searches and Evidence--charm 

information not relatable to a given 

state. 

4) Charmonium--the J/~ states. 

References 

i. Proceedings of Summer Institute on Particle 

Physics, Aug. 2-13, 1976, Report No. SLAC-198 

(Nov. 1976), especially: J.D. Bjorken, p.l; 

S.G. Wojcicki, p. 43; J.D. Jackson, p. 147 

(also available separately as LBL-5500); 

D. Hitlin, p. 203; G. Goldhaber, p. 379 

(also available separately as LBL-5534); 

S.L. Glashow, p. 473; A. De Rujula (a 

pictorial review), p. 483; also F.J. 

Gilman, 1976 Particles and Fields Conference 

at Brookhaven National Lab, SLAC-PUB-1833, 

Nov. 1976. 

2. M.K. Gaillard, B.W. Lee, and J.L. Rosner, 

Rev. Mod. Phys. 47, 277 (1975). 
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CHARMED PARTICLES, CHARI~/ED IdESONS 

3. S.L. Glashow, J.Iliopoulos, and L. Maiani, 

Phys. Rev. D2, 1285 (1970); also B.J. 

Bjorken and S.L. Glashow, Phys. Lett. i i, 

255 (1964). 

4. S. Weinberg, Phys. Rev. Lett. 19, 1264 

(1967) and A. Salam, in Elementary Particle 

Theory, ed. N. Svartholm (Almqvist and 

Wiksell, Stockholm, 1968), p. 367. 

I CHARMED MESONSI 

Note that D and D* are used throughout this 

review to mean the apparently charmed states 

at ~1870 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 Kz, K2z, 
+ - 

K3Z states observed in e e collisions at SPEAR. 

In agreement with the expectations for charmed 
1-3 

mesons, the following are observed (GOLDHABER 

76, PERUZZI 76, WISS 76, GOLDHABER2 76, FELDMAN 

77, and GOLDHABER 77 - see data cards and comments 

in the D and D* sections below): 

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 ~ ~ and not K 7[ W . A charmed charge- 

plus (cd) meson decays weakly to an 

uncharmed negative strangeness state as 

expected for AC=IS. 

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°-~ mixing studies 

(see D ° branching ratio R5 section), 

suggesting the isodoublet structure 

(D +, D °) and (D-, ~o) as expected for 

charmed nonstrange mesons (cd, cu) and 

(cd, cu) .  

f) Parity violation indicates that the 

ground state decays weakly. Charm 

conservation prevents strong decay. 

g) There is evidence that semileptonic 

decay modes exist as would be expected 

from elementary processes such as 
+ 

c ~ se V e. In e+e - collisions at 

DESY, BRAUNSCHWEIG 76 (DASP) see single 

electrons with hadrons and BURMESTER 
+o 

76 (PLUTO) see a correlated e K S signal 

(see Charm Searches and Evidence 

section of the Data Card Listings, 

subsection CE, below). Identification 

with a particular charm state is not 

possible, but the threshold and cross 

section are compatible with D 

production. 

There is evidence for the existence of the 

D ° state outside e+e - collisions. KNAPP 76 report 

o z+-+- in Fermilab a weak signal in K S 

photoproduction data at the D ° mass. Their 

current experiment with better acceptance should 

be able to make a more definitive statement. 

The data are listed in the Data Card 

Listings and summarized in the Table at the 

beginning of this report. Preliminary results 

of which we are aware are included but are 

parenthesized. 

References 

I. M.K. Gaillard, B.W. Lee, and J.L. Rosner, 

Rev. Mod. Phys. 47, 277 (1975). 

2. M.B. Einhorn and C. Quigg, Phys. Rev. DI2, 

2015 (1975). 

3. A. De Rujula, H. Georgi, and S.L. Glashow, 

Phys. Rev. Lett. 3-7, 398 (1976). 

4. A. De Rujula, H. Georgi, and S.L. Glashow, 

Phys. Rev. DI2, 147 (1975). 
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D±(1870), D°(1870)D*+(2010)D°°(2010) 

9 May 1977 

Data Card Listings 

Please note that the meaning of the columns and 

the various abbreviations appearing below can be 

f o u n d  i n  t h e  1 9 7 6  e d i t i o n  o f  t h e  R e v i e w  [ R e v .  M o d .  

Phys. 48, No. 2, Part II (1976)]. 

o t  EVENTS ~UANTITy F~FCR÷ ERRC~- REFERENCE Y~ TFCN SIGN CH~E~[S DArE 

c~( KCRLUK~ 

I . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 I  ( ~ R G E D  D MASS IUEVI 

t, DO 1876. 15. PERUZZI 76 SMA r, ÷ K + - P I + - P I ÷ -  1/77= 

............................................................. 

31 CPAPGED o WIDTH FRUM MASS SPECTRUM (MEV) 

P bO 40. 3~ LESS CL=.gO PE~UZZI 76 SmAG + -  K-+PI+-PI+-  1 / 7 7 "  
p PLRUZZI 76 WIDTH IS CL~SISTENT WITH THEIR EXPERIMENTAL RESOLUTION* ] / 7 7  = 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 [  ev lCENCF ~CR WEAK EECAY CF D 

70 h [ss  7~ L/IT= 
wm hISS 7b, USING A SAMPLE C@ AEOUT 70 C+- - - >  K-+ Pl+- P l+-  1/77" 
WK EVENTS ~HICH INCLUDE THE PERUZZI 76 EVENTS, FINDS THAT THIS FINAL I177 ~ 
mK STATE IS INCOMPATIBLE WITH NATURAL SPIN AND PARITY. THE NATURAL 1/77 m 
WK SPIN PArITy FINAL STATE IN O0 - - >  K- PI+ (GCLDHABER 76l INDICATES 1177" 
wm PARITY VIOLATION IN T~E D+- AND 90 DECAYS IF ~TH ARE wEMaERS OF 1 /77 ,  
~K THE SAME ISOMULTIPLET AS SUGCESTEC BY THEIR SIMILAR MASSES. 1 / 7 7 ~  
w~ THIS SUGGESTS m WEAK DECAY AND CONSEQUENTLY A NARROW WIDTH OF ORDER 1177 • 
W~ ~0''|3 s e e - !  o~ I o * * - 8  MEV. 1 / 7 7 "  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3[ CHARGED D pARTIal CECAY MODES 

DECAY MASSES 
p| O÷- INTO K+-  P [ + -  P l + -  ~93+ 139÷ [39 

REFERENCES FOR CHARGED D 

GOLCHABE 76 PRL 37 255 GOLOHABER,PIERRE,ABRAMS,~LAH+ (LEL*SLACI 
PEKOZZI 70 PRL 37 569 +PICCOLO, FELDMAN,NGUYEN,WISS÷ (SLAC÷LBLI 
kISS 76 PRL 37 1531 ÷GOLDHABER,AB~AMS,ALAM,BOYARSKI* (LBL÷SLACI 

. . . . . . . . . .  . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

32 NEUTRAL D MASS (MEV) 

M 23e 18~5. 15. GOLDHABER T6 SMAG CHGO K PIANO K 3 P I  1177~ 
M (18o4. l  ( 5 . 4 )  SOLOHAB2 76 SMAG K+PI - /  RECOIL INF0 3/T7" 
M . . . . . . . . .  
M FIT 18~5. 12. FROM ; I T  (ERROR INCLUOES SCALE FACTOR OF ) . 0 )  ~ / 7 7 ~  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

32 NEUTRAL D WIDTH FRO~ MASS SPECTRUM (MEVI 

w 254 ~oo OR LESS GOLDHABER 76 SmAG ERGO K P[ AND K 3Pl i177" 
w ( 5 . )  OR LESS GOLDHAB2 76 SMAG K~P[- /  RECOIL INFO 3 / 7 7 *  

30 2.4 CR LESS FELDMAN 77 SPAG O*÷ TO DO PI÷ 3/77* 
WIDTHS ARE CQNSISTENT WITH EXPERIMENTAL RESOLUTION. SEF NOTE ON 3 / T 7 ~  
WEA~ CECAY IN CHARGED D SECTION ABOVE. 3/77* 

................................................................... 

32 NEUIRAL C RARTIA[ DECAY MODES 

DECAY MASSES 
~93+ 139 p~ DO INTO ~- H I +  

P2 DO INTC K-  P I +  P I +  P I -  ~g3+ 139÷ 139÷ l e g  
P~ DO I~tO KS PI*  P l -  ~qT+ [3~+ 13e 
P4 DO INTO KS Pl÷ p l -  PI÷ P I -  
P5 00 INTO Pl- PI÷ 139÷ 139 
P@ DO INTO K+ p l -  IVIA OOBAR) ~93÷ ).39 

DOBAR MODES ARE CHA~GE CONJOGATES OF ABOVE MODES 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

32 NEUTRAL o ERANCffING RATIOS 

RI  DO INTG IK-  PI+IITOTAL ( P l )  
~I lIO SEEN GOLDHABEP 76 SMAG E+E- 3.9-~.b GEV 3/77* 

R2 00 INTO I K -  pI÷ PI+ PI-}/TOTAL (P2) 
R2 12~ SEEN GOLDHABER 76 SHAG E÷F-  3 . 9 - ~ . b  GEV 3/77* 

R3 DO INTO ( P I -  P I + I I I K -  PI+} ( P 5 l / ( P l )  
R3 24 (0.005) (0.04)  GOLDHAB2 76 SMAG CONSIS.WITH ZERO 3 / 7 7 *  

p~ DO INTO (KS PI*  P I - I /TO IAL  (P3 )  
I~  SEEN SCHWITTER 76 SMAG E+E- 4~.03GEV ECM S/77* 

R5 DO INTD IKS p ] +  P I -  PI÷ RI=I / IOTAL (P4}  
R5 POSSIBLY SEEN KNAPP ?6 SPEC pHOTOPRODUCTIOGI 3/77* 

R6 DO INTO IK+ P [ -  VIA OOBAR)/tK PI) (PS}/(PI÷PSI 
R6 THIS IS THE DO-DOOAR MIXING LIMIT 
R6 ( 0 . 1 7 )  OR LESS EL=.90 GOLDHA8E~ 77 SM~G 3 / 7 7 *  
R b O . Ib  OR LESS CL=.O(] FEtOMAN 77 SHAG D*÷ TO 00 P I ÷  3/77* 

REFERENCES FUR ~EUTRA~ 

~OLL~ASE 7. PRL 37 255 GOLDHABER,PIERRE,ABRAMStALAMe (LBL~SLACI 
GOLDHA82 76 SLAC CONF. 37~ G. ~ LOHAOER I A V A I L .  aS L B L - S 5 3 4 I  (LOL+SLACI  
KNAPP 70 BNL CONF. 8.KNAPP (COLUl 
SCHWITTE ?b 8NL C O N F .  R.F.SCHWITTERS (SLAC-PUB-I871,1977) (SLAC) 
FLLDMAN 17 SUBMITTED TO PRL +PERUZZI,PICCOL~,ABRAMS,A£AM÷ (SLAC+LBLI 
C~LDHABE 77 CHIC AGO APS G.GOLDHABER (LBL+SLACI 

ID' '( o oll . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

62 CHARGED D' (20IO)  MASS (MEV) 

M L8 2 0 1 0 .  20. PERUZZI 76 SMAG ÷- E+E- RECOIL Ll??~ 
M F 30(2010.) ( I S . l  FELDMAN 77 SMAG E+E- DIRECT DEC 3/77* 
M F FELDMAN 77 MASS IS NOT INDEPENDENT OF MASS DIFFERENCE BELOW AND THE 5(77" 
M F GOLDHABER 76 DO MASS. 3177~ 
M . . . . . . . . .  
M FIT 2010. 12. FROM FIT (ERRCR INCLUDES SCALE FACTOR OF [ . 0 )  4177" 

62 (0~+) - IO0} MASS DIFFERENCE (MEV] 

DM 30 I~5 .3  0.5 FELDMAB 77 SMAG 8=+ TG DO Pl÷ 3177, 
DM 
CM FIT "145.3" * " "'0.5 " FROM FIT (ERRCR ]NCEUDES SCALE FACTOR OF 1.0}  4177* 

62 CHARGED 0~(2010} kIDTH (MEVI 

w [8 120.0) OR LESS PERUZZI 76 SMAG +- EeE-*PSIIA030) ~/77~ 
w 30 2.4 OR LESS FELDMAN 77 SMAG 0"+ TO DO PI÷ 3 / 7 7 *  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6Z CHARGED D*i2OLO] DECAY MODES 

DECAY MASSES 
Pl  D * + ) 2 0 | 0 )  INTO D0 P I +  1865~ 13g 
PZ g~+{2010l INTe D+ GAMMA 1876+ 0 

D*-(20~O) MOOES ARE CHARGE CONJUGATES OF ABOVE MODES 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

62 CHARGED 0"120~0l BRINCHING RATIOS 

Ri D~÷(2OlO} INTO (00 PI÷)ITOTAL (P I )  
~ l  30 SEEN FELDMAN 77 S M A G  DIRECT DECAY 3 / 7 7 ~  

RZ D * + { 2 0 I O I  INTO (O+ GAMMAIITOTAL (P2 )  
R2 SEEN GOLDH~BER 77 SHAG RECOIL SPEC ~177~ 

REFERENCES FOR CHARGED D~(20101 

PERUZZI 7~ PRL 37 56g ÷PICCOLO,FELDMAN,NGUYEN,WISS,* ISLAC*LBL) 
EELOMAN 77 SUBMITTED TO PRL ÷PERUZZI,PICCOLO,ABRAMS,ALAM÷ ISLAC÷LOLI 
GOLOHABE 77 CHICAGO APS G.GOLOHABER ILBL÷SLAC) 

ID'°(=o o)l . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

63 NEUTRAL O * ( 2 0 [ 0 )  MASS 

M (2005.}  13.) GOLDMAN2 76 SMAG EeE- TO D*D~ 317T~ 

63 (D~O) - (DO} MASS DIFFEREW,~E 

DM G l I ~ t . }  ( 5 .  l )  GOLDHAB2 70 SMAG E÷E- 70 O*D*,D*D 31T7~ 
DM G NOT INDEPENDENT OF GOLDHABER2 76 D~O AND 00 MASS VALUES. 3177~ 

b3 NEUTRAL g ' [2010)  WICTH IMEVI 

(5.) OR LESS 60LDHAB2 76 SMAG E÷E- TO D~O* 3177~ 

.................................................................. 

03 NEUTRAL B~(20IO) p~RTIAL CECAY MODES 

DECAY MASSES 
P I  D = O ( 2 0 [ O l  INTO DO MID 1865+ [ 3 ~  
P2 D~O(201Ol  INTO DO GAMMA 1865÷ 0 

D=OI2OIOIBAR MODES ARE CHARGE CCNJUGATES ~F ABOVE MODES 

63 NEUTRAL D'(2010) BRANCHING RATIOS 

R I  D*O(2010) INTO (DO GAMMAI/IDO PIO÷ DO GAMMA) ( P 2 1 / I P I + P 2 )  
RI (APPROX. 35 TO 45 PERCENT) GOLDHAB2 76 SMAG E÷E- TO O*D*,D*D 3 / 7 7 "  

REFERENCES F~R NEUTRAL O * ( 2 0 ] O I  

GOLDHAB2 7b SLAC CONE. 379 G.GCLOHABER (AVAIL. AS LBL-553~) (LBL~SLAC) 



Volume 68B, number 1 PHYSICS LETTERS 9 May 1977 

Data Card Listings CHARMED BARYONS 

CHARMED BARYONS i 

The evidence for the observation of charmed 

baryons, though not as strong as for charmed 

mesons, is quite consistent with the charmed 

baryon picture. I'2 A single event, identified 

with high probability as ~p + ~-A~ +~+~+x- observed 

at BNL (CAZZOLI 75 in A+c' ~c Data Card Listings 

below) has AS = -i and AQ=+I for the hadrons. 

For this event, rate arguments indicate a 

As=~AQ strength comparable to AS = AQ. For non- 

charmed 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 ~d+~ c (AQ=+I, AS=0), while 

the Cabibbo-favored nonleptonic decay involves the 

transition c + sud (~Q=0, aS=-l) resulting in 

AQ=+I, as=-i as observed. Thus charm provides a 

natural explanation for this event. The (A4~) ++ 

mass and one of the (A3~) + mass combinations are 

in good agreement with charm predictions 3 for the 

lowest lying charmed baryon states with charge 

and +i and JP=I/2 +, the Z~+(2430)- and +2 the 

A + (2260). 
c 

CAZZOLI 75 state that the most likely 

alternative to charm for this event is associated 

production of a missing K ° with a probability of 
L -5 

3×10 

We adopt the names A and ~ used by CAZZOLI 
c c 

75. The name A or ~ indicates the isospin 

(u,d quark) structure, while the subscript c 

indicates that the strange quark in an uncharmed 

A or ~ has been replaced by a charmed quark giving 

c(ud)I= 0 for A+c and c(ud) I=l for ~c. Alternative 

names to Ac and ~c are C O and CI, used e.g. in 

ref. 1 and ref. 2. 

Additional charmed baryon evidence comes from 

Fermilab photoproduction data (KNAPP 76) on the 

reaction 

+ Be ~ A + pions . 

A narrow peak is observed in ~ ~-~-~+ at 2.26 

GeV and not in A n+~+~-. A higher mass 

(~2.5 GeV) peak in (A4z) ° is seen to cascade into 

this state. 

being 

Their results are consistent with 

~ (2430, JP=I/2 +) I ~ ~ (2260)4+ 

~c (2480, JP=3/2 +) 

in striking agreement with the CAZZOLI 75 event. 

Uncharmed Z states are known to exist 4 in 

the neighborhood of the observed states. 

However, the narrow width of the A--~-~-~ + 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 A~+n+~ - state. 

BARISH 77 in an ANL deuterium exposure find 

one neutrino dilepton candidate, which they 

identify as 
- + - o +  

~d + ~ p~ ~ ~ e ~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: 

~d + ~-E~+(2430)(ns ) 

L+ p~+~-~°e+~ e 

or 

+ - o--o + 
p~ ~ K e ~ , 

e 

where the ~o escaped detection. With the 

second interpretation and the charm expectation 

that [~+(2430)+Ac Z+, they speculate that they may 

have observed the semileptonic decay 

A + ÷ p-O ~Oe+ ~ 
c e 

This interpretation would require that 

mass(Z~ +) > 2439MeV and mass(A:)> 2248 MeV, limit~ 

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 
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including a lighter mass, ~2 GeV charmed baryon 

or a background non-dilepton event. 

We put the A + and ~ into the table but 
c c 

consider these entries preliminary. 
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33 LA~BDAIC~ MASS {MEVI 

M C i 2 2 t 0 .  2 0 .  CAZZOLI 75 HBC + LAMBDa 2PI÷ P [ -  3177" 
M S I12560 . )  ( 590 . I  SdGIMOTO ?B EMUL INTO SIGMa PIO 3177~ 
M S I ( 2 2 3 0 . 1  1560.) SUGIMCTO 75 EMUL INTO SIGMA ETAO 3177" 
M K bO 2260. ( I 0 . )  KNAPP 76 SPEC - ANTILAM 2 P [ -  P[+ 3177" 

B 1 (2248 . )  CR MORE BARISF 77 DBC MODE P4 BELOW 3177" 
h C CAZZOLI 7B IS BNL EXPT. SEES (NEUTRINO P - - >  MU- LAMBOA 3PI~ P I - )  3177" 
M C EVENT WiTH MILAMBDA 4PI)=2426+-)*ZMEV. LARGE OS=-OQ RATE ISAME AS 3177" 
M C DS=DQI SUGGESTS CHARM. DERUJULA ?5 PREDICTS 2 STATES NEAR THIS 3177" 
N C MASS WHICH DECAY STRONGLY BY PI+ E~ISSION iMaSS OIFF 160 ANO 220MEV 3177" 
M C FOR THE TWO STATES) TO THE LOW~ST MASS CHARMED BARYON. THE THREE 3 / 7 7 *  
M C POSSIBLE Pl~ EMISSION MASS OIFFS FOR THIS EVT ARE 3 3 8 ÷ - 1 2 ,  3 2 7 ~ 1 2  3 1 7 7 "  
h C AND Ib(~+-[SMEV. WE USE THE LAt teR FOR THE ABOVE QUOTED MASS. 3 1 7 7 "  
M S SUGIMOIO 75 VALUES ASSUME DECAY TRACK IDENTIFICATION AS SIGMA+-. 3177m 
M S VALUES TAKEN FROM GAISSER 76 TABLE 3. VERY SPECULATIVE INTERR. 3177~ 
M K ~NAPP 76 IS FNAL WIDE BAND PHOT(]N BEAM CN BE TARO. THEY SEE PEAK IN 3 /77 *  
M K ANTILAM Z P I  ~ P l *  BUT NOT IN ANTILAM OPT+ P [ - .  THEY ALSO SEE AN 3 / 7 7 "  
N K ANTILAM OPT+ 2PI -  STATE AT 2.SGEV CASCACING VIA P [ -  EMISSION TS 3177= 
M K THE 2.26 GEV S T A T E .  3/77~ 
M 8 BARIS~ 77 IS ANt EXPT. SEES ONE DILEPTON EVENT WHICH IS CONSISTENT 3177" 
M B W I T H  NEU P - ->  MU- SIGMA/C++, SIGMA/C++ - - >  LAMBDAIC+ P[÷ AN{) 3177= 
M B LAMBDA/C+ - - >  P P I -  RiO KODAK E+ NEU. THIS INTERPRETATION GIVES 3177~ 
M B aBOVE MASS L IM IT .  IT IS A VERY SPECULATIVE INTERPRETATION. 3177" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

33  LAM£DalC+ MEAN LIFE (UNIIS 10" * -12  SEE) 
S 1. ( 4 . 5 )  SUGIMQTO 75 EMUE I N T O  SIGMA P I 0  3 / 7 7 ~  

t S ~ (O.OB) SUGIMOTO 75 EMUL INTO SIGMA ETAO 3177" 
T S SUGIMOTO 75 VALUES ASSUME DECAY TRACK IDENTIFICATION AS SIGMA*-. 3177" 
T s VALUES TAKEN FROM GAISSER 7~ TABLE 3. VERY SPECULATIVE. 3177" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

33 L~MBCAIC* wIDTF FRCM MASS SPECTRUM 

C 60 75. OR tESS KNAPP 76 SPEC - aNTILAM 2PI -  Pl÷ 3177" 
W C KNAPP 70 MEASURES WIDTH 40+-20MEV CONSISTENT WITH THEIR EXPT 3177 '  
W C RESOLUTION I 3 0 ~ E V I  FOR I ZERO WIDTH STATE.  3 1 7 7 "  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

33 LAMBDA/C+ PARTIAL DECAY MODES 

DECAY MASSES 
PI LAMBOAIC÷ INTO LAMBDA P l *  P I t  R l -  ILLS÷ I39~ 139+ L39 
Pt LAMBDA/C* INTO SIGMA* PIO I189+ 134 
P3 LAMBDA/C÷ INTO SIGMA÷ ETA I189. 5 4 8  
P~r LA~GOAIC÷ INTO P P I -  PlO KO E* NEU 
.................................................................... 

N NOTE ON VERY TENTATIVE MODES P2, PB, AND P~ 3/77~ 
N THESE MODES ARE VERY TENTATIVE. P2 AND P3 ARE FROM SUGIMOTO 75 3177 ~ 
N (SEE GAISSER 76 REVIEW) AND P4 IS FROM 8ARISH ?7.  EACH IS FROM A 3177" 
N S I N G L E  EVENT. SEE DETAILS IN TYPED REVIEW ABOVE. 3177"  

REFERENCES FOR LAMBOA/C+ 

CAZZOLI ?5 PRL 3~ 112~ 
SUGIMOTO 15 PTP 5~ 1540 
KNAPP 76 PRL 3; 8B2 
6ARISH ?7 PR O15 L 

DERUJULA 75 PR 0 |2  147 
GAISSER ?S PR Ol~  315B 
LEE 77 PR DID 157 

+CNOPS,CONNOLY,LOUTTIT,MURTAGH÷ (BNLI 
*SATO,SAITD (WASEDA+TOKY} 
÷IEE,LEUNG,SM|TH + (COLU÷HAWA*ILL÷FNALi 
*DERRICK,DOMBECK,~USGRAVE * (ANL+PURD) 

THEORY AND REVIEW 

÷GEORGI,GLASHOW (HARV) 
T.K.GAISSER,F.HALZEN (BARTOL÷WISC) 
÷OUIGG,ROSNER (FNAL} 

1Zc(243o)[ . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

104  S I 5 ~ A / C  M~SS 

N C I 2 4 2 6 .  1 2 .  CAZZOLI 75 HRC ++ LAMBOAIE+ PI÷ 3 / 7 7 "  
N ~C 9(2500.  I KNAPP 76 SPEC 0 ANTILAMBDAIC-PI* 3177" 
M C I ) 2439 .1  OR MORE BANISH 77 DBC *+ LAMBOAIC* PI+ 3177.  
M C ~EE NCTES IN LAMBCAIC+ MASS ~ECTION ABOVE. 3177. 

K KNAPP 76 MAy NOT BE THE SAME STATE aS EaZZCLI TO. DERUJULA 7B 3177" 
M K PREDICT TWO SIGMa/C STATES AROUND 2 . 4 - 2 , 5  GEV. THIS COULD BE BOTH. 3177.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

104  SIGMAIC(24301Pa~T{AL DECAY MODES 

DECAY MASSES 
Pl SIGMAIC12430) INTO LAMBOA/C+ Pl B2bO+ 139 

REFERENCES FnR SIGMAIC(24301 

CAZZOLI 7B PRL 3~ 1125 *CNC~S,CONNCLY,LCUTTIT,MURTAGH+ (BNL) 
KNAPP 76 PkL 37 882 +LEE,LEUNG,SMITH + (CDLU+HAWA+ILL+FNAL) 
BARiSH 77 PR B I B  I ÷DE~RICK,DOMBEC~,MUSGRAVE • {ANL*PURD) 

THEORY AND REVIEW 

DERUJULA 75 PR DIE 147 +GEORGI,GLASHFW (HARVI 
LEE 77 PR 015 I57 ~QUIGG,RCSNER (FNAL) 

Evidence for charm not directly relatable to 

a given state is listed in this section. 

Neutrino-induced dilepton events and the high-y 

anomaly in neutrino and antineutrino interactions 

are discussed. Short-lived tracks in emulsions 

are also dealt with, as are cross-section 

upper limits for charm searches. Direct lepton 

production in pN collisions is discussed in the 

Other New Particle Searches section below 

rather than in this section, because recent 

results favor other interpretations than charm. 

For a more thorough treatment of some of 

the above topics, we refer the reader to other 

recent reviews of which we are aware (refs. 1-8). 

Neutrino-induced Dilepton Events 

The Harvard-Penn-Wisconsin-Fermilab 

collaboration (BENVENUTI 75) and the Caltech- 

Fermilab group (BARISH 76) have observed 

neutrino events with two muons in the final state. 

Most of these events have opposite-charge muons. 

Bubble chamber experiments have observed 
- + 

neutrino-induced ~ e events, many associated 

with strange particle production in the 

reaction 

MN ~ ~-e+K°(or A) + anything 

(see DEDEN 75, BLIETSCHAU 75, VON KROGH 76, 

BARISH 77 in the Data Card Listings and the 

BARISH 77 discussion in the charmed baryon 

section above). 
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Dilepton events have no conventional 

explanation. Production of charmed hadrons, 

heavy leptons, and intermediate bosons have 

been proposed as potential explanations. 

Production of charmed particles (C) in neutrino 

interactions would be expected to give rise to 

such events via the mechanism 

N + ~-C + hadrons 
U 

+ hadrons, 

where the Cabibbo-favored transition would 

predict a strange particle among the hadrons. 

Thus the appearance of neutrino-induced dimuon 
- + 

events, ~ e events, and associated strange 

particles can be understood via the charm 

mechanism. 

The "High-y Anomaly" 

In the naive quark-parton model one may write 

the double differential cross section for charged- 

current neutrino and antineutrino nucleon scatter- 

ing as 

d2u~ G2ME 
[q(x) +q(x) (i _y)2] 

dxdy n 

d2o~ G2ME - 
[q(x) (i -y)2+q(x)] . 

dxdy 

Here x = Q2/2MEh and y = Eh/E, ~ _ are scaling vari- 

ables, M is the nucleon mass, E is the energy 
h 

transferred to the final-state hadrons, E,~ is 

2 
the beam energy, both in the laboratory frame, -Q 

is the square of the four-momentum transferred 

from incident neutrino to final-state ~ (assuming 

muon neutrinos), and G2ME = 1.56 × 10 -38 cm2/GeV. 

In these relations, valid for isoscalar nuclei (a 

reasonable approximation for real targets), 

~ q(x)dx and ~q(x)dx are the probabilities of 

quarks and antiquarks being involved in the inter- 

action while carrying a fraction x (evaluated in 

the infinite-momentum frame) of the target momentum. 

One frequently rewrites these in terms of 

B(x) = 1 - 2q(x)/[q(x) + q(x)]. Integrating over x, 

do~,~ 2 
dy •  y(1 - 

where B here is a weighted average of B(x) over 

all x. Then (I-B)/2 is interpreted as the contri- 

bution of the antiquark fraction in the nucleon to 

the scattering. B near 1.0 means the antiquark 

contribution to the nucleon is small. In this case 

the _ above equations reduce to do~/dy ~ E and 

dO~/dy ~ E~(l-y) 2. 

B may be most easily measured from dO/dy for 

antineutrino beams, which is more sensitive to B 

than its counterpart for incident neutrinos. At 

low energies, the antiquark component seems to be 

small, and is confined to small x, as one might 

expect from a quark-antiquark "sea" in the nucleon, 

according to the conventional three-quark model 

(see, for example, review papers by Roe,6 Perkins,7 

Steinberger, 8 and Wojcicki4). Recent experimental 

data at very high energies indicate an increasingly 

flat antineutrino y distribution (see for example, 

Barish et al~ and Benvenuti et al.50 and also the 

review papers above). That is, B apparently is 

increasing, at least in ~ reactions. 

Both experiments which report this effect 

(sometimes called the "high-y anomaly" -- an anomaly 

may be defined as something unaccounted for by 

conventional three-quark models) utilize electronic 

detectors with acceptances which are poor in various 

parts of the kinematical region, and both report 

rather large error bars for their determinations 

of B (collected and illustrated by Nezrick II and 

Roe6)- Linear fits to the world's data on B as a 

function of energy, over the full energy range 

(Nezrick, II Roe6), yield slopes that are about 2-3 

standard deviations from zero. Taken by themselves, 

the data for E~ < 70 GeV are perfectly consistent 

with no energy dependence for B, with a value of 

about 0.8 or 0.9; hence there may be a threshold 

for a new effect at ~70 GeV (in which case a linear 

fit over all energies would not be appropriate). 

The strongest evidence for an anomaly comes from 

the HPWF experiment (for example, Benvenutil0), 

which finds under certain assumptions, B ~ = 0.94 ± 

0.09 averaged over the 10-30 GeV incident energy 

range, and 0.41 ± 0.13 for E- > 70 GeV. These 
V 

experimenters also report B Q different from B ~, in 

this energy range, at the two standard deviation 

level. 
9 
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Note from the above formulas that B ~ decreas- 

ing with energy implies a rising ratio of anti- 

neutrino-to-neutrino charged-current cross sections. 

The accompanying figure shows current data for 

E - > 40 GeV. A rising trend may be present, ~,~ 

although there is a single low point at ii0 GeV 

(which represents only ii events however). 

1.2 

1.0 

0.8 

0.6 

OJ 

0.2 

0 

I f I I f 

o'(~ + N--,u.+ +X)/o-(vp + N ~,~-+ X) 

High energy 

I I 

'~ ~ Colfech- Fermilob 
~ HPWF 

i I [ L I I 
20 40 60 80 I00 120 i40 180 

Ebeom(GeV) " XBL 773-624 

Ratio of ~ to ~ charged-current cross sections at 

incident energies above 40 GeV. For lower energies, 
the ratio is approximately 0.38 (dashed line). 

Encircled points : Harvard-Penn-Wisconsin-Fermilab 
collaboration [A. Benvenuti et al., Phys. Rev. Lett. 
3_~7, 189 (1976) ] ; non-circled points : Caltech-Fermi- 
lab collaboration [B.C. Barish et al., preprint 
CALT 68-560 (1976)]. Points denoted by X depend 
upon knowledge of the flux; solid points are a 

flux-independent (but model-dependent) determination. 

A high-y anomaly of the magnitude reported by 

the HPWF group appears to be inconsistent with the 

conventional three-quark model. It may also be 

too large to be aceommodated even with the addition 

of a fourth, charmed quark in the GIM picture. 

Hence, much work is being done concerning the 

possibility of additional (more than 4) quarks. 

These quarks are usually massive, to force an 

energy threshold, and right-handed, to force a ~ y 

anomaly (see, e.g., Barnett 12) . For example, 

Barish et al 9 find a good fit to their data with a 

right-handed "b" quark of mass 5.1 GeV. 

In conclusion, there is growing experimental 

evidence for an anomaly in the y-distribution for 

)0 

~-induced events. This anomaly takes the form of 

a flattening of the do/dy distribution relative to 

that expected from three-quark models with a q - 

"sea", and occurs only at high energies. The 

relationship between this effect and the observation 

of prompt dileptons in ~ and ~ production is unclear, 

but the high-y effect may have a higher energy 

threshold. 

Short-lived tracks in emulsions 

The mean life of a weakly decaying charmed 

meson or baryon of mass M (in GeV) is expected to 
13 

be in the range 

T = (i0 -II to 10 -13 sec) × ! 
M 5 

with a corresponding mean path length for lab 

momentum p (in GeV/c) of 

= pc T = (ip to 100p) × p 
M 

Thus even at Fermilab energies, these would be hard 

to see as tracks in bubble chambers. 

A number of cosmic ray experiments (e.g., NIU 

71, TASAKA 73, and SUGIMOTO 75) have seen short- 

lived charged tracks which decay into a charged 

track and a T ° or Q. Charged-particle identifica- 

tion problems preclude unique determinations of 

masses and lifetimes. Table III of Gaisser and 
5 

Halzen's review of these events gives values in 

the range 1.5 GeV < M < 3.0 GeV and 2 × 10 -14 sec < T 

< 3 × 10 -12 sec for the three strongest charm 

candidates (they involve possible pair production). 

Of these, one event (SUGIMOTO 75) is consistent 

;2 with production of a A A pair with subsequent 

decays to ~+~ and ~-o. None are consistent with 
± 

D production. Accelerator events with lifetimes 

~i0 -13 sec (KOMAR 75) and 6 × 10 -13 sec (BURHOp 76) 

have also been reported. 

Charm Searches 

We list cross-section upper limits for the 

many unsuccessful charm searches. In cases where 

limits are given for many channels and mass ranges, 

we list only a range or a few likely channels and 

indicate in the co~ent cards the extent and 

location of the tables of data included in the 

paper. 
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C P I  
C P l  
C P I  
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C R I  
C P I  
O P l  
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C P I  
C P l  
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CPE 
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C P I  
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CP 
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CHAnM~O HADR~n RRuCUCTIGN C r o s s  S E C T I C N ( E *  ~ - I  ~U :~  "~  1 0 ~ * - ~  u M * * 2 )  
THeBE VALUES ARE ICRCSS SECTIUNIX(BR. PATIO T~ NOne I,wDICAT£D) 

0 [ 8 .  OR LESS GL=.~O B]yARSKI 75 SmAG K- PI+, K+ p t -  2 / 7 '  
0 mO. OR LESS CL=.50 BOYARSK] 75 SNAG KOS PI+ P l -  2 /1(  
o 13 .  OR LESS CL=.PQ BCyARSKI 75 S~aG PI+ P I -  2 / I t  
O 12. OR LESS CL=.£O BCYARBKI 75 SNAG K+ K- 217t 
O 4 9 .  OR LESS CL=.90 8~YA~SKI 75 S~AS K-PI+P[+,  K+PI -PI -  2/70 
0 27.  OR LESS CL=.qO BGyARSKI 75 KPAG KOg P l ÷ ,  KOS P[ -  2 /76 
0 SB. OR LESS CL=.~O BOYARSKI 75 SNAG KOS K÷, KOS K- 2116 
0 38. DR LESS Ct= .90  R~YARSKI 75 S~AG P I ÷ P I - P I ÷ , P I + P I - P l -  217( 

9 0 .  DR LESS CL:.£O BGYARSKI 75 SNAG K *P I - ,K  OPI+Pl- ÷ CC 2 / 7 e  
i b .  OR LESS Ct=.90 BpyARSKI 75 SPAG ~+ K- ,  P I +  P I -  2/76 

0 5 [ .  OR LESS CL=.qO BOyARSKI 7B SMAG K+PI--PI-,KOP]+ ÷ CC 21t~ 
O 76. OR LESS CL..%0 BQYARSKI 75 SmAD KOK÷,PI+PI+P[- + CC 2176 

OK l [ . 9 )  1 0 . B )  PERL 15 SMAG EIOR MU) N E U T R I .  2 / 7 6  
28 BO. O r  MORE BRAJNSCHW 76 DASP E * -  *H~DRONS B 1 7 7 ~  

300. 300. BURMeStER 7e PLUT KC E+- +ANYTHING 3117~ 
[ [ 0  20. 5 .0  GOL~HaBER 76 SMA6 K-+pI+-  1177- 
124 67o 11.0 GnLDHABER 76 SNAG K-+PI+-RI+PI -  1 1 1 7  • 

BO 3 0 .  [ 5 .  OERLJZZ[ 76 SMAG K - + P I + - P I + -  1 /77 ,  
2~o  2B. TO. FELD~AK 77 SNAG MUON .GE.BPRmNG 3/77 ~ 

BOYARSKI 75 IS SLACISPEAR) EXPT, LCDKED FOe E l l -  - - >  O ANYTHING 21t~ 
AT ECM:~.B GEM WHERE CHARMED MESON D CECAYED VIA CHANNELS SHOWN. 211£ 
ABOVE VALUES ARE FOB D MASS=~.BB+Z.40 GEM. SIMILA~ LI NITS ARE 2176 
GIVEN FOR MASS=I .50- [ .85 ,  2 . 4 0 - 4 . 0 3  GEM IN THEIR TABLE I .  2/7~ 
PERL 75 IS SLACISPEAR) EXPT , EVENTS ARE E+E - TO E + - M U - ~  AND B OR 2/76 
MORE MISSING PARTICLES. CS IS EOR ECM=6.8 GEV AND THETA=50-13OOEG. 2/1~ 
CROSS SECTION RISES FROM 5XIO**-3O A T E=4 TO ABOVE MaX. THEN DROPS 2/7(  
TO 6E-36 AT E=7.5.  AUTHqRS SAy THESE EVENTS HAVE NO CONVENTIONAL Z/T& 

p EXPLANATION. SUGGEST HEAVY LEPTON OR CHARMED HAORON, M=I.6-2.0GEV. 217e 
NOT CORRECTED FOR DETECTOR ACCEPTANCE. 
BRAUNSCHWEIG 76 SEES SINGLE ELECTRONS I~ E+E o (CLLISIONS AT DORIS. 3/17~ 
ESTIMATED 2*CSmBR TO(E + HaORONS} IS i NB. MASS BETW 1.8 AND 2.1GEM 2 / 7 7 .  
INFERRED FROM PROD THRESHOLD BEING BETW 3 . 7  AND 4.0  bEV. E+- 3 /77"  
MOMENTUM SPECTRUM AND OBSERVED MULTIPLICITY ~ E  INCONSISTENT W I T H  3 / 7 7 "  
HEAVY LEPTON HYPOTHESIS. 3 / 7 7  ~ 
BURMESTER 76 IS ~ DORIS E+E - EXpT. THEY SEE KOS+PROMPT ELECTRONS ~T 3 /77*  

U ECM:4.D-4.1 GEM. SUGGESTS PAIR PROD OF CHARMED PARTICLE OF MASS ~ / 1 7 .  
U 1.8  TO 2 .0  GEV. 3 /77"  
G GOLOHA6ER ?b IS A SPEAR E+E- EXPT WITH ECM=3.9 TO 4 .b  GEV. THEY SEE [ / 7 7 #  

PEAK AT IB6B+-IB MEV, WIDTH LT 40 MEV. PROBABLY NEUTRAL STATE OF 1 / 7 7 '  
G SAME pARTICLE SEEN IN PERUZZI 7b.  A PEAK IS ALSO DBSERVEO IN  THE 1 / 7 7  ~ 

MASS SPECTRUM RECOILING AGAINST THESE STATES W[~H MASS 1 . 9 6 - 2 . 2 G E V .  1 / 1 7 ~  
E PERUZZI 76 IS SPEAR E,E- EXPT AT 4 .03  GEV. tHEY SEA EXOTIC PEAK A T 1 / 7 7 '  

M=1876~-I5,  UIDTH LT @O MEV. NC STRUOTU#E SEEN IN KPI+RI-  CHANNEL. 1177 ~ 
E FELDMAN 77 IS A CONTINUATION OF PE~L 7 5 .  ABOVE DATA IS FOR 3 /77*  

ECM=5.B-7.8 GEM. HEAVY LEPTONS COULD ACCOUNT FOR ONLY 2C PERCENT 3/77~ 
OF THIS 6S. THEY SUGGEST EXCESS IS CROM WK. DECAYS OF NEW HAORONS. 3 / 7 7  = 

CHARMED HADRCN PRODUCTICN CROSS SEC [GAMma NUCLECNI (CM*=BI 
6 0  EVENTS KNAPP 76 SPEC [AMBDABAR P I - P I - P I +  2 / 7 7 "  

0 Z . IE -29  OR LESS CL=.PB QU[NN 76 HBC B+# M- 2 /77"  
o / . 2 E - 2 9  OR LESS C L = . g B  QUINN 76 HBC B~ MO 2177m 

KNAPP 16 SEES A PEAK AT M=2.Zb+-O. CI GEV/C¢~2. WIDTH IS ~0÷-20 MEV, 2 /17 = 
K CONSISTENT WITH ZERO WIDTH STATE [ R E S O L U T I O N = 3 0  M E V ] ,  NO PEAK SEEN 2 / 7 7 =  
K IN  LAMBOABAR PI*  # [ +  P I - .  THEy ALSO SEE A LAMBDABAR 16P/TO PEAK A v 2 /77*  
K 2 . 5  GEM CASCAD[NG DOWN TO THE PEAK AT 2 . 2 6 .  EXPT USED WIDE-BAND 2 / 7 7  ~ 
K PHOTOk BEAM AT F~AL. 2 /77*  
O QUINN 76 USED A 9 . 3  GEV PHOTON BEAK AT SLAG. SEE TABLES I AND 3 FOR 2177" 
Q INDIVIDUAL CHANNELS. ABOVE LIMITS ARE FOR ALL CHANNELS WITH ONE OR 2177" 
Q NO MISSING NEUTRALS. 2177" 

CHARMED HADRON PRODUCTION CROSS SECTION IP[  NUCLEON) IC~**Z l  
O I , S  TO 3 .7  5-30 OR LESS BALTAY 75 HBC IB GEV PI*P 7176* 
O 0 .2  TO 35 E-30 OR L E S S  @ALTAY 75 HBC 15 GEM PI*P 7 / 7 6 "  
0 o . 5  TC LB E - 3 0  OR LESS BUNNELL 76 STRC C L = . 9 7  1 / 7 7 ~  
o t .  TO 8. E - 3 1  OR L E S S  CESTER 7~ SPED I S  GEVIC P l -  2 1 7 7 "  
o 6 . 8 E - 3 2  OR LESS COOK 76 STRC Z 2 5  GEV/C P l -  3 1 7 7  = 
0 6 .  TO 8. E-32 OR L E S S  GHIOINI 16 SPED Ig GEV/E P l  P 2 1 7 7  ~ 
O 4. E-3O o r  LESS CL=.95 HAGOPI*N 76 OB£ SHORT LIVED 2-5GEV 2/76 
I 7.  E-3I OR LESS CL=.gB HAOOPIAN 76  ODD LONG LIVED ~.g-2GEV B/7£ 
o 3. E-Bl OR LESS OL: .95  HAGOPIAN 76 CBC LONG L I V E O l - t . 9 , 2 - 5  2176 
0 3.8E-31 OR LESS CL=.95 BLANAR 77 SPED 200 GFVIC P[+ ~177.  

BALTAY 75  SENSITIVE TO CHARMED PARTICLES WITH M=I .5  TO 6 . 0  G£V AND 7176" 
TAU LT 1 0 " * - 1 1  WHICH THEN DECAY INTO STRANGE PARTICLES. 7 / 7 6  = 
THE F I R S T  VALUE ABOVE IS  FOR ASSDC PRCD OF CHARMEO P ~ R T I C L E S .  7 / 7 6 5  
SEE HIS TABLE l FOR SPECIFIC DECAY MODES. THE SECOND RANGE OF 7 / 7 6 "  
VALUES IS FOR INCLUSIVE PROD OF CHARMED MESGNS AND BARYONS WITH 7 1 7 6 "  
CHARGES - 2  TO +B. SEE H I S  TABLE 2 FQR SPECI#IC DECAY MODES. 7 / 7 6 ~  

U BUNNELL 76 IS A SLAG 15.5 PI+P EXPT. ALL POSSIBLE 2 TO 5-BODY MASS 1177~ 
COMBINATIONS WERE STUDIED FOR NARROW RESONANCES PRODUCED IN GOING 1 / 7 7 "  

U WITH SINGLE MUONS. MASS RANGE STUDIED WAS U P T~ 3.1 GFV. SEE TABLE 1177" 
I ON PG 87 FOR DETAILED RESULTS 8F INDIVIDUAL CHANNELS. 1 / 7 7 ,  

C RESTER 76 LOOKS 4T MASS ~ANGE 1.8 TC 2 .5  GEM. SEE TABL~ I FOR 2177" 
INOIVICAJAL CHANNELS. VALUES GIVEN ARE CROSS-SECINUCLEON ON CARBON. 2 1 7 7 #  

K COOK 70 USES 225 OEV PI -  BEAM. LOC~S FOR CORRELATION BETW vos AND 5177" 
PROMPT MUONS TO SIGNAL DECAY OF CHARWEO PARTICLE. LIMIT FOR M=BG~V. 3 / 7 7 ~  

G GHIDINI 16 LOOKED FOR CHARMED MESONS OF MASS GT 1.5 DEV AND BARYONS 2 / 7 7 .  
Of MASS GT 2 . 0  GEV. L IMI IS ARE CL=.PB. LIMITS FOR MOST CHANNELS LIE 2 /7?*  

G IN THE ABOVE RANGE. SEE TABLE 2 FCR INDIVIDUAL CHANNELS. 2 / ? 7 .  
HAGOPIAN 76 IS A SLAG 15GEV P [ *  O EXPT. ALL POSSIBLE T~O AND THREE 2/76 

H BODY MASS COMBINATIONS WERE SYUDIEB FOR NARROW RESONANCES WITH MASS 2176 
[ .5-56EV FOR MESONS AND 2-5GEV ROR BARYONS. INDIVIDUAL LIMITS FOR 2/16 
TWO ANO THREE BODY DECAY EROM MANy REACTIONS ARE GIVEN. 2 / 7 6  

H VGES WER£ STUDIED FOR THE POSSIBILITY 6F A ~EW LONG LIVEC (WEAN 2 / 7 6  
LIFE I E - I I  SEC. OR MOREl NEUTRAL pARTICLE. ONE CANDIDATE WITH MASS 2 / 7 6  

H L .9 -2  GEM WAS POUND. SECOND LONG L I V E D  LIMIT FOR M = I - I . ~ ,  2-5 GEV. 2/76 
A BLANAR 77 IS FNAL EXPT. L I M I T  [S ECR CS'BR TC ~UONS. ASSUMES k177" 
A DIFFRACTIVE CHARMED 2GEM ~ESON PAIR PRODUCTION. OTHER LIMITS FOR ~177" 

PI AND P BEAMS GIVEN IN T~BLE E.  ~/77~ 

CHARMED HADRON PRODUCTION CROSS SECTION [ P  NUCLEON) (CM**2) 
A o 1 .  E-33 OR LASS AUBER T 75 SPED PI + K -  2 / 7 ~  
A O ~. E - 3 3  OR LESS AUBERT 75 SPEC K+ P l -  Z l T b  
A 0 I ,  E-33 OR LESS AUBERT 7B SPEE K+ K- 2176 
A 0 8. £-33 OR LESS AU£ERT 75 SREK P l  + P I -  2116 
A O 7. E-33 OR LESS AUBERT 75 SPED P K- 2 / 7 6  
A o 2 .  E-33 OR LESS AURERT 75 SPED K+ PeAR 2176 
A O 4. 6 - 3 2  OR LESS AUBER v 15 SPED P PC- 217~ 
A 0 2.  E - 3 3  OR LESS AUBERT 75 SPEC Pl + PEAR 2176 
H o B, TO DO. E-30 OR LESS AAHLIN 78 HBC BA~VON,M LT 2GEM 2 /17 "  
H o I B .  TO I 0 O . E - 3 0  OR LESS AAHLIN 76 HBC BARYON,M 2-3 GEV 2177" 
H 0 1o. To 3 5 .  E - ~ O  OR ,LESS AAHLIN 7b HBC MESON, M I -2  GEV 2 / 7 7 *  
G 0 - 2  SEE COMMENT G BELOW I177. B I N K L E Y  76 SDEC 
B 0 2. E-30 OR LESS BINTI~GER 7b SPED 4=2 GEVI6~*Z I177~ 
B o 5.  E-32 OR LESS B[NTINGER 76 SPEC M=# GEVIC'*2 1 / 7 7 "  
A AUBERT 75 IS A BNL 3 0  GEM EXPT. LOCKS FCR p BE - - >  JR,/ME ANYTHING 2176 
A WHERE JPRIME DECAYED VIA THF CHANNEL SHEWN. ABOVE VALUES ARE . 2 / 76  
A FOR M=2.25GEV AND ASSUME A WIDTH SMALL C CMPARED TO THE RESOLUTION. 2 / 7 6  
A UPPER LIMITS ARE ALSO GIVEN FOR THE ABOVE CHANNELS AND P PeAR FOR 217~ 
A 4=3.1 AND 3 .7  GEV. THOSE LIMITS RAkGE FRCm ?E-36 TO 4 E - 3 3 .  2/76 
A MA 77 S~YS AUBERT 75 LIMITS SHOULD ~E AN ,TRUER CF NAG. LARGER. 2 / 7 7  = 

I I  
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CP H AAHLIN 76 IS A IS GEVIC P-P L~PT AT CERN. VALUES GIVEN ARE CL=.975. 2/77~ 
CP H SEE TABLE 23, PG 479 FOR INDIVIODAt LAMBDA (OR WS) +PlONS CHANNELS. 2/77 ~ 
GP G BINKLEY 76 MEASURES 8R(C TC MU * ETHBRS)*R WHERE R IS THE RATIO OF 1/71"  
CP G THE CROSS-SEC EOR PRODUCING THE J/PSI TOGETHER WIT~ A £-CBAR PAIR I 177 "  
CP G TO THE TOTAL CROSS-SEE FOB PRODUCING IHE J/PSI AT THIS ENERGY. THE I / T I ~  
CP G EXPT WAS A 3 0 0  GEV/C FNAL RUN, AND S~W 2 TRI-MUON EVENTS. T H I S  GAVE l / T ? *  
CP G A .gO CL UPPER LIMIT OF .003 FOR THE MEASURED QUANTITY DESCRIBED 1177 • 
CP G ABOVE. 1/77" 
CP B 61NIINGER 76 IS CROSS-SEO TIMES BR INTO K- PI+.  WE SHOW TWO VALUES 1 /77 "  
CP B FROM THEIR FIG.4 WHICH COVERS MASS RANGE 1 .7 -4  GEV. SIMILAR L I M I T S  I177~ 
CP B ARE GIVEN FOR K+ P l -  AND PI+ P ] -  CHANNELS. LIMITS ARE PROPORTIONAL 1 /77"  
CP B TO CS*BR FOR J/PSI INTO MU+ MU-, TAKEN=IONB FOR ABOVE VALUES. 1/77~ 

CN CHARMEC HADRDN PRODUCTION CROSS SECTION IN NUCLEON) (CM~.21 
ON B 0 1.9E-31 DR LESS BLESER 75 SPEC K÷PI - ,  M=L.8 OEV 2177. 
CN B 0 I.OE-31 OR LESS BLESER 75 SPED K+P[-, M=2.5 GEV 2/77~ 
CN B 0 1.OR-3| OR LESS BLESER 75 SPEC K- P , M:2 .5  GEV E / T T  ~ 
CN w o 2.EE-2g OR LESS CC=.~75 WARD 75 HBC KS PI+ P I -  1177. 
CN A 0 6 .  E-32 OR LESS ABDLINS 76 SPEC PI+ P I -  1177" 
CN A o 7 .  E-32 OR LESS ABOLINS 76 SPEC PBAR p 1 / 7 7 ~  
CN A 0 4. E-32 OR LESS AB~LI~S 76 SPEC K-- P I *  1177" 
CN A o 6 .  E-32 CR LESS ABOLINS 76 SPEC K -  P I 177"  
CN B 5LESER 7B USES NEOTRONS UP TO 5 0 0  GEV/C, BE TAROET. EXAMINES MASS 2177~ 
CN B RANGE UP TO 3.5  FOR K R I ,  uP T~  4 .0  FOR KP. VALUES ARE CROSS-SEC/NUC 2 / 7 7 "  
CN W WARD 75 IS N-P EXPT WITH MOM UP TO 24 GEVIC. THIS VALUE IS FOR MASS 1/77~ 
CN W RANGE 1 . 5 - 2 . 5  GEV. SEE TABLE I PG 31 FOR UPPER LIMITS ON C++,C+, 1/77 • 
CN w CO,D+,O0,O- DECAYS INTO VARIOUS FINALSTATES IN MASS RANGE 1.5-EGEV. i 1 7 7 "  
CN W UPPER LIMIT FOR SEEING DECAY OF CHGD CHARMED PARTICLE INTO VO FOR I177"  
CN w TAu GT I O ~ - I I  SEE GIVEN AS 1.5*EXP[TI  FOR VO =tAMBOA OR SIGMA, AND 1177" 
CN W 3.0~EXPIT) FOR VO~KO. HERE, T = [ O * - I I / T A D ,  CS GIVEN IN MICROBARNS. I / TT~  
CN A ABOLINS 76 IS FNAL 240 GEVIC NEUTRON-BE EXPT. TYPICAl VALUES ABOVE I177"  
GN A ARE FOR M=3.0 GEV. SEE FIB 4 FOR MASS RANGE 2 . 0 - 4 , 0  GEV. OBSERVES 1 / 7 7 "  
CN A POSSIBLE K -  P I +  ENHANCEMENT AT 2 .29+ - .03  GEV L 1 7 7 *  

CAP CHARMED HADRON PRODUCTION CROSS SECTION (PEAR NUCLEON) (CM*¢Z) 
CAP C o 5 .  E-2g OR LESS CL=.~5 CARLSSON 75 HBC PBAR P ANYTHING 2/77~ 
CAP C 0 3 .  E-29 OR LESS OR=.95 CARLSSON 75 HBC PBAR P PI÷ P l -  2177~ 
CAP E o .8 TO 4.~ E-30 OR LESS CESTER 76 SPEC 12.4 TO 15 GEV/C 2177* 
CAP C CARLSSDN 75 IS A gGEV PBAR P CERN EXPT. LIMITS ARE FOR P PBAR PEAK 2 /77 *  
CAP C IN CHANNELS INDICATED. K KBAR CHANNELS CHECKED BUT NO LIMITS GIVEN. 2/77~ 
GAP E CESTER 76 LOOKS AT MASS RANGE 1.8  TC 2 .5  GEV. SEE TABLE l FOR 2177~ 
CAP E INDIVID~ AL CHANNELS. VALUES GIVEN ARE CROSS-SEE/NUCLEON ON CARBON. 2177~ 

v CHARMED HADRON EVIDENCE IN NEUTRINO NUCLEON - ->  2 LEPTONS ANYTHING 
Y B I~MU+MU- OMU-MU- OMU*MU+ BENVENUI 75 SPE£ PREOOM. NEU BEAM 2/76 
Y B 5|MU+MU- 7MU-MU- 3MU*MU+ BENVENU3 75 SPEC 617 NEU BEAM 2/76 
Y B 5MU+MI~- OMU-MI~ 2MU+MU+ BENVENU5 75 SPEE 9/IOANTINEU BEAM 2176 
Y 4MU+MU- 4 OTHER MU P A I R S  BARISH 76 SPEC NEU BEAM 7176. 
Y A I EVENT MU-E+ BARISH 77 DBC NEU BEAM 3 /77*  
Y B BENVENUTI 75 ARE FNAL NEUTRINO NUCLEON EXPERIMENTS WHICH LOOKED FOR 2176 
Y B TWO OR MORE MUONS IN THE FINAL STATE. NO TRIMUON EVENTS WERE SEEN. 2 /76 
Y B AUTHORS STATE THAI THESE OIMUCN EVENTS REDUIRE THE EXISTENCE OF ONE 2/76 
Y B OR MORE NEW PARTICLES WITH M=2-4GEV AND TAU=LO%~-IOSEC. OR LESS. 2 /76 
Y B BENVENUTI4 75 SHOW THAT THE OBSERVED PROPERTIES OF ~HESE EVENTS 2/76 
Y B DO NOT AGREE WITH HYPOTHESES OF HEAVY LEPTON OR INTERMEDIATE VECTOR 2/76 
Y B BOSON, T~EY SUGGEST A HAORON (Y) WITH A NEW QUANTUM NUMBER. 2/76 
Y A BARISH 77 EVENT COULD BE NEU P TO MU÷ B++. SEE CHARMED BARYON NOTE 5177" 
Y A AND LAMBOA/C÷ SECTION ABOVE. 3 /77*  

VO CHARMEO HADRON EVIDENCE IN NEUTRINO NUCLEON - - >  MU- E+ vo ANYTHING 
VO WHERE THE VO IS A KOS OR A LAMBOA 
VO B I EVENT DEDEN 75 HLBC 2/76 
vo B 1 EVENT 8LIETSCHA 76 HLBC 2 / 7 6  
VO v 4 EVENTS VONKRCGH 76 HLBC 2 / 7 6  
VO E o EVENTS SERGE 77 H L B C  ANTINEU BEAM 3 / 7 7 *  
VO B THE OEOEN 75 AND BLIETSOHAD 76 EVENTS ARE FROM CERN 2/76 
VO B GARGAMELLE NEUTRINO EXPOSURES. THE MASSES OF THE E* VO SYSTEM FOR 2176 
VO B THE TWO EVENTS ARE I .E4 ,  1 .91GEV F~R LAMBDA OR 0 .65 ,  1.57 FOR KO. 2 /76 
VO V THE VON KROGH 76 EVENTS ARE FROM AN FNAL I5 FT NEON BUBBLE CHAMBER 217~ 
VO V EXPOSURE. ALL FOUR E+ EVENTS FOUND HAVE ASSOCIATED KBS. 2 /76 
VO E SERGE 77 USED FNAL 15 FT CHAMBER FILLED WITH H-NEON. SAW TWO 3177~ 
VO E POSSIBLE BUT UNLIKELY MU E EVENTS, NEITHER WITH ASSOCIATEO VO. 3177.  

R |  CHARMED HADRON I Y I  BRANCHING RATIO INTO (MU NEU ANYIHINGIIHADRONS 
R[ B B A FEW PERCENT BENVENU2 75 SPEC FNAL NEUTRINO NU 2 / 7 6  
R I  B BENVENUTI~ 75  LOOKS AT  ANTINEUTRINO NUCLEON - - >  MOON HADRONS. SEES 2176 
R/ B EXCESS EVENTS ABOVE INCIDENT ENERGY 30 GEV. COMPARES BENVENUTII 75 2176 
R1 B DIMUON EVENTS WITH EXCESS EVENTS TO GET BRAN(.HING RATIO. 2/76 

~2 CHARMED HADRON [ A S S O C .  vo)  BRANCHING R A T I O  INTO SEMILEPTDNICS/ALL 
R2 B 2 0 . i  OR MORE BLIETSCHA 76 HLBC M=2.B-4 GEV 2/76 
R2 B IH[S BR.RATIO AND MASS ARE REQD. BY OBSERVED RATE AND CHARM SCHEME. 2 /76 

CC CHARMED HAORCN EVICENZE IN COSMIC RAYS 
CC N I EVENT N I U  7L EMUL 9 / 7 6 "  
~C N NIU 71 DETECTS CNGC PARTICLE DECAYING INIO HADRON+PIO. MASS=L.TBGEV 9176 m 
CO N AND TAU=2.2 E-14 IF SECONDARY IS PIGN. MAES:2.95 GEV AND TAU=3.6 9176~ 
CC N E-14 IF IT IS PROTON. POSSIBLE EVIOENCE OF PAIR PRODUCTION. 9/76* 
CC T 8 EVENTS TASAKA 73  EMUL 9176" 
CC T SAME TYPE AS NIU EVENT. T~U BETW 1.5  AND 175 E-13. 9176" 
OC S 1 EVENT SUGIMOTD 75 EMUL 1 /77 "  
CC S SAME TYPE AS N I U  EVENT. TWO SUCH PARTICLES PRODUCED TOGETHER. 1177~  
CC S TAUI=b.E- IB,  DECAYS TD CHARGED PROkG + ETA. TAU2:~ .E- |2 ,  DECAYS TO 1 / 7 7 ~  
CC s CHARGED PRONG + PIO. MASSES OF BOTH PARTICLES ARE ABOUT 2 .0  GEV IF 1 / 7 7 .  
CC S DECAY PRONG IS PROTON* 1 .7  IF DECAY PRONG IS KAON, AND 1.55 IF i177*  
CC S DECAY PRONG IS P l .  COMBINED MASS DT THE TWC NEW PARTICLES = 4 .1GEV 1 / 7 7 "  
cc S DR 3 .8  GEV ASSUMIND THE DECAY PRONGS TO BE KADNS OR P[ONS I / T T *  
CC S RESPECTIVELY. CONSISTENT WITH LAMBOA/C* LAMBDABAR/C-.SEE 6AISSER 76  1 / 7 7 ~  

EM CHARM£C HAORON CROSS SEE. IN MISC. EMUL. EXPTS~ WHERE LIFETIME SEEN 3 / 7 7 *  
EM J I EVENT J A ] N  75 EMUL TAU APROX.  I O E - 1 3  2 / ? 7 *  
EM K 2 EVENTS KOMAR 75 EMUL TAU .LT .  E-15 4 / 7 7 *  
EM B I EVENT 6URHOP 76 EMUL TAU APPROX E-13 3/77* 
£M C o L*EE-30 GR LESS CL~.90 COREMANS 7~ EMUL TAU E-12 TO E- I~  3/77~ 
EM J JA[N 75 IS A PNAL 3 0 0  GEV PROTON EXPT. EVENT SHOWS DECAY OF NEUTRAt 2/77~ 
EM J INTO HADRON-E-NEU, TAKING PLACE . 0 1 9  CM FROM THE PROD VERTEX. MAY 2/77*  
EM J BE LEPTONIC OECAY OF CHARMED PARTICLE* 2/77* 
EM K KOMAR 75 ]S FNAL 200 GEV/C PROTON EXPT. SEE 2 EVENTS WITH S~NGLE 4 / 7 7 "  
£M K ELECTRON EMITTED FROM NEAR INTERACTION. 4 / 7 T *  
EM B BURHOP 76 EXPT DONE AT FERNIL~B H I G H  ENERGY NEUTRINO BEAM. USED A 3 /77*  
EM B COMBINATION OF EMULSION AND SPARk CHAMBERS. THEY SEE A PARTICLE 3/?T~ 
EM B WITH TAU=ABOUT b E-13 SEC DECAYINO TO VO + 3 CHGD TRACKS. DECAYING 3/77*  
EM B PARTICLE NOT CONSISTENT kITH CMARWED D CR LAMBDA/C+. 3 / 7 7 *  
EM C CDREMANS 76 USED 300 GEV/C PROTONS, ANO LO~KED FOR ~BOVE LIFETIMES. 3177* 

N|U 71 PTP 46 1 6 4 4  
TASAKA 73 PTP 50 187g 

AUBERT 75 PRL 35 4 1 6  
ALSL  77 PRL 3B 172  

bALTAY 75 PRL 34 [ l i b  
BENVENUI 75 PRL 34 419 
BENVENU2 75 PRL 34 597 

ALSO 74  PRL 33  9 8 4  
BENVENU3 75 PRL 35 1199 
BENVENU4 75 PRL 35 120B 
BENVENU5 75 PRL 35 1249 
BCESER 75 PRL 35 7b 
80YARSKI 75  PRL 3 5  196  
CARLSSON 75 NP 899 451 
OEDEN 75 PL EBB 361 
JAIN 75 PRL 34 1238 
KOMAR 75 JETPL 21 239 
PEAL 75 PRL 35 I489 
SUGIMOTO 75 PTP 53 1540 
WARD 75 NP B lOt  2q 

AAHLIN 76 NP Bi07 476 
ABOLINS 76 PRL 37  4 i T  
BARISN 7a  PRL 36 93g 
B ] N K L E Y  76 PRL 37  5 7 8  
B I N T I N G E  76 PRL 37 7 3 2  
BLIETSCH 76 PC 608 207 
BRAUNSCH 7b PL 638 4 7 1  
BUNNELL 76  PRL 37  85 
BURMESTE 7b  PL b4B 369 
BURHOP 76 PL 65B 299 
CESTER 76 PRL 37 1178 
COOK 76 PL 648 221  
COREMANS 76  PL 658 480 
OHIO[N/ 76 NP Bill 189 
~LOHABE 76  P E t  37 2 5 5  
HAGOPIAN 76 PRL 36 296 
KNAPP 76 PRL 3 7  8 8 2  
P E R U Z Z I  7 5  PRL 37  5 6 9  
QUINN 7b  PR 01@ ~857 
VONKROGH 76 PRL 36  TIO 

BARISH 77 P~ D15 [ 
BERGE 77 ERL 33 266 
BLANAR 77 PEL 38 192 
FELDMAN 77 PRL 38  1 1 7  

REFERENCES FOR CHARMED HAORON SEAREH[S 

+MIKUMO,MAED~ (TOKY+YOKOHAMA) 
*yAMAMOTO IKONANI  

+BECKER,BIGGS,BURGER,CHEN+ (MIT+BNL) 
Z. MIND MA, B. Y. OH IMSU) 
+CAUTIStC~EN,CSORNA,KALELKAP * IGOLU÷BING) 
BENVENUTI,CLINE,FORD÷ (HARV,PENN,WISC,FNAL) 
BENVENUThCLINE,FORD÷ (HARV,PENN,WISC,FNAEI 
AUBERT,BENVENUTI+ (HARV,PENN,WISC,ENAL) 
BENVENUII,CLINE,FORD+ [HARV,PENN,WISC,F~L~L) 
BENVENUT[,CLINE, FORD+ (HARV,PENN,WISC,FNAL) 
BENVENUTI,CL]NE,FORD+ (HARV,PENN,WISC,FNALI 
÷GOBBI,KENAH, KEREN* IFNAL+NWES÷RDCH+SLACI 
÷BREIDENBAOH,BULDS,DAKIN,FELDMAN+(SLAC*LBLI 
+EKSPONG,HOLMGREN,NILSSON+ ISTOH+LIVP) 

(AACH+BRUX+CERN+EPOL+MILA+ORSA+LDUC) 
P. L. JAIN, B. GIRARD [BUFF) 
+ORLOVA,TRETYAKOVA,CHERNYAVSKII (LEBD) 
+ABRAMS,BOYARSKI,BREIDENBAEH + ISLAC) 
*SATD,SAITO IWASEDA+TOKy( 
+ANSORGE,CARTER,NOUNT,NEALE+ (CAVE) 

+ALPGARD,ANDERSEN,BERGVATN*IOSLO+STOH+HELS) 
+CAROIMONA,M~TTHEWS,SIDWBLL÷ (MSU+OSU+OARL) 
÷BARTLE7T,BODEK,BROWN, BUCHHOLZ + ICIT*FNAL) 
+GAINES,PEOPLES,KNAPP+ IFNAL+COLU+HAWA+ILLI 
B]NTINGER,LUNDY, AKERLOF+ (FNAL÷MICH*RURD) 

{AAOH÷BRUX÷CERN÷EPOL+MILA÷QRSA+LOUC} 
BRAUNSCHWEIG ÷ (AACH+DESY+HAMB÷MPIM*TOKy) 
÷CHENG, DELPAPA, DORFAN,OO~GVAN÷ (UCSC+SLAC) 
BURMESTER,CRIEGEE+ (DESY*HAMB÷SIEG+WUPG) 

[LOUC+FNAL÷BELG+OUUC÷CERN+LOIC+ROMA÷SIRB+) 
÷FITCH, KADEL,WEBB,WHITTAKER ÷ (PRIN+BNLI 
÷CSCRNA,HOL~GREN,JONCKHEERE*{WASH*LALO+UCDJ 
+SAC7ON+ IBELG+DUUC*L~+ROMA+ STRB+WARS) 
+NAVaCH, DOWELL,KENYON+ (OMEGA GROUPS) 
GOLDHABER,PIERRE,ABRAMS,ALAM+ (LBL+SLAC) 
*WILKINS,WIND,HAGDPIAN,ALBRIGHT+ IFSU+BRAN} 
*LEE,LEUNG,SMITH + (COLU+HAWA+ILL+FNAt) 
÷PICCDLO,FELDMAN,NGUYEN,WISS + ~SLAC*LBL) 
0 .  J .  QUINN, R. H. MILBURN (TUFTS) 
÷FRY,CAMERINI,CLINE+ {WISC÷LBI÷CERN*HAWAI 

÷DERRICK,DCMBECK,MUSGRAVE + (ANL+PURD) 
+DIBIANCA,EMANS + (FNAL+SERP+ITEP+MICH} 
+BOYER,FAISSLER,GARELICK,GETTNER ÷ (NEASI 
+BULOS,LUKE,ABRAMS,ALAM, BOYARSKI+ISLAC÷LBL) 

REVIEWS REFERRED TO IN DATA CARPS 

GAISSER 76  PR O f  4 ~153 T . K . G A I S S E R , F . H A L Z E N  (BARTOL÷WISC)  

I CHARMONIUM STATES I 

We group into this section those meson states 

colrar~nly believed to consist of charn~ed-quark- 

charmed-ant[quark pairs. Since the discovery of 

the J/~(3100) (AUBERT 74, AUGUSTIN 74 1) this 

family has increased to at least 9, of which we 

tabulate 6 as well-established particles. The 

current situation is summarized in the accompanying 

level diagram. 

In the 4-4.5 GeV region there is resonance- 

like structure in at least two places in the ratio 

R of the total hadronic cross section to the U- 

pair production cross section (see accompanying 

figure). According to FELDMAN 76 1, "[The 4 GeV] 

region is quite complicated and is not well under- 

stood. There are probably several resonances and 

many thresholds for charmed raeson production 

conspiring to create the complex structure seen in 

[the figure]. There appears to be an isolated 

resonance at 4414 MeV/c2. '' 

12 
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Data Card Listings CHARIdONIUM STATES 

Excellent reviews on charmonium are given by, 

for example, FELDMAN 76, WIIK 76, WIIK 771 , which 

may be~consulted for further details. 

The method of extracting narrow resonance 
+ - 

widths from e e colliding beam formation experi- 

ments is, by now, well known. For a summary of 

this method, see p. 140 of our previous edition. 2 

References 

i. See reference section of the J/~(3100). 

2. Particle Data Group, Rev. Mod. Phys. 48, 

No. 2, Part II (1976). 

~(4415)  

hodrons e + e- 

/ , .  

eh0rr~d h0dr0ns 0fher ( .9 ) 
~'(5685) 

7 - 

6 -  

5 

t 5 

o t 
0 3.8 

I I 

I I I I 

4 . 0  4 . 2  4.4- 4 .6  

Ec.m. (GeV) 

O(e+e - + hadrons) 
The ratio of cross sections in 

O-(e+e - + ~j+p-) 
the 4-4.5 GeV region, taken from SIEGRIST 76. 

There is an overall normalization uncertainty 
of 10%. 

Y / / / /  ~ R  X(3550) 

", 

/ 
2_8>o[,' ,°,r0,s ,a,i°,iv, 

I I 

d PC 0 - +  I - -  0 + +  I + +  2 + +  

S L E ~ r y  o f  o b s e r v e d  eharmoniLL~ s t a t e s  and t r a n s i t i o n s  (adap ted  f r o m  FELD~L~N 761) . 
Uncertain states and transitions are indicated by dashed lines, jPC quantum number 

assignments are in some cases tentative, but all are at least consistent with 
experiment; see individual particle listings for discussion. The notation y* 

refers to dec~y processes involving intermediate virtual photons, including decays 
to e e- and ~ p-. 13 
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X(~830), ~/~(3100) Data Card Listings 

1×(2B30)1 
Bq X ( 2 e 3 0 , J P ~  = ) T= 

CPSF~VEC I N  THE SEQUENTIAL RAC[ATIVE DECAY OF THE 
J/PSII3[OC) [~JTF X(28)0) ~A~MA, X(2e3C) [nTC G~MNA GAMMA. 
TH I~  50G[,ESTS OUZNTU~ NLJMEER ASS [GNMENTS C=÷, IG=O+ OR i - .  
NEEDS CDNFI~ATICN. nM[ttFO ~ROM TABLE. 

5~ X ( 2 a 3 0 )  M~SS (mEV) 

M B 8(27CC.C) BARTEL 76 CNTR E+E-,b GAMMA 1/76 
M 15(2830.0) (30.OJ 8A&UNSCHW 77 OASP E+E-,3 GAMMA I177~ 
M B SIGNAL I S  I)NLY Z STD E~FE£T IN  E~RTEL 7 6 .  ~ / 7 7 "  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5~ X ( ~ 3 C )  PARTIAL r;ECAV MCOES 

OECA~ ~ASSES 
Pl  X ( 2 8 3 U )  INTO GAMMA G~M~A 
P2 X(2830) INTO ROAR p 

5 4  X ( 2 8 3 0 )  BRANCHING R~TICS 

R SLE ERANCHINC RATIOS RTO,R16,R17,P?~ OF JIPSII31OO) 
p S~E BRANCHING RATIOS 954 OF PSI(3685) 

~ I  X ( 2 8 3 0 l  INTO (PBA.  P)/TOTAL (P2) 
pl 2 POSSIBLY SEEN W/IN 75 GASP E+E- 1/76 

REFERENCES FOR X(2830) 

~ [ I ~  75 STANFCRD S Y N p . 6 ~  B.H.WI[K {DFSY) 

BARTEL 70 TBILIS[ COKF.NGb +DUI~KER*CLSSCN,FEINTZE,+ (OESY+HEID) 
FELDMAN 7b S L A C - P U 8 ~ I O S I  G.J ,FELOMAN (SLAC~LBL] 
~ I I K  7~ T B I L I S I  CCNF.N 75 B.~.WIIK RAPPORTEOR (DESY) 

BRAUNSCF 77 DESY 77/G2 BRAUNSOHWEIG,+ (AACH+OESY+HAMB+~PlM~TCKYI 
WII~ 77 DESY 7710I *WOLF (DESY) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

70 JlPSI(31OOl MASS (MEV) 

M (3100.)  AUBERT 74 SPEC 28. PP(E+E-) 2175 
L ( 3 1 0 5 . )  l b . }  AUGUSTIN 74 SNAG E+E- 2175 

M u 3095. 4 . BOYaRSKI 75 SMAG E+E- 3 / 7 5  
M S 3 0 8 9 . 5  3 1 .  CRIEGEEI  75 PLUT E+E- 2 / 7 5  
M 3098 .  6. pREPeST 75 S R E C  |3.-2I.GAMMA D 1/76 
M 3103. b .  BEMPORAE 75 FRAB E+E- 1 / 7 6  
M 3 0 9 ~ . 0  30,0 SNYDLR 76 SPEC 400 P B~.E+E- 1 / 7 7 "  

M L 8OYARSKI 75 IS A REEVALUATICN OF AUGUSTIN 74 BASED 
M L ON A RECALIBRATIEN OF THE SPEAR REAM ENERGY. 
M 
M O MASS, WIDTH, PARTIAL WIDTHS, AND 8RANCHING RATIOS ALL OBTAINED 3/75 
M C FROM ONE OVERALL F I T  TO OATA OF TFIS EXPERIMENT. 3/75 

p s ERROR OF ABOUT I PER CENT FRO u THF UNCERTAINTY IN CALIBRATION OF 2175 
M S THE BEAM ENERQY. 2 / 7 5  
M . . . . . . . . .  
M AVG 3097.5 2.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I . O )  
M STUDENT3097.5 3.2 AVERAGE USING STUOENTIO(H/I.11) - -  SEE 1976 TEXT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

70 J/PSI131001 WIDTh (KEV) 

W ~£.  15. BOYARSKI 75 SNAG E+E- 3/75 
BE. 26. BALDINII 75 FRAG E÷E- 1/76 

w bO. Z5, ESP~SITO 75 FRAM E~E- 1 / 7 6  
w . . . . . . . . .  
w AVG 66.9 I [ . 5  AVERAGE tERROR INCLUDES SCALE FACTOR OF I . O )  
W STUDENT bb.g 12.4 AVERAGE USING STUOENTIOIH/ | . l l )  - -  SEE TO76 TEXT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

70 J/PSI(3tO0) P~RTIAL EECAY MODES 

p l  J/PSI(3[OO) INTO E* E- 
P2 JIPS[(3100} INTO MU÷ MU- 
R~ JIPSI(3100} INT~  HACRONS 
P4 J/PSI(B100] INTO VIRTUAL GAMMA INTC HADRCNS 

P HAD~ONIC CECAYS 
p . . . . . . . . . . . . . .  

P11 J/PSI(31OO] INTO PI+ P I -  
P I 2  J IPSI(3 IO0)  INTO P l ~  P I -  RIO 
P~3 J/PSJ13100) INTO 2(PI÷ p [ - I  
PI4 JIPSI(3100] INTC 2(PI+ P I - }  PIO 
P / 5  J IPSI(3IOOl  INTO 3 ( P I +  P I - I  
PIa J IPS [ ( ] [OO)  INTO 3(PI÷ P [ - )  P]O 
PI7 JIPSI(3IOOI INTO 4(P[+ P I - I  
PI8 JIPSI{3IO01 INTO 4[PI+ P l - )  RiO 
PI9 J/PS|(~IOO) INT~ K KBAR 
P20 JIPSI(3[O01 INTO K KBAR P/ 
PZI JIRSI(310C) INTO PI+ P I -  K+ K- 
PZ2 JIPSI(BIOO) INTO 2 IP I+  P I - )  K+ K-  
P23 J /PSI IJ IOOI  INTG p l+ p l -  PIO K+ K- 
PZ~ J IRSI(3 IOOI  INTO RHO PI 
P25 J IPS[(3100I  INTO RP9 P/ PT P I  
P2b JIPSI(3IOO] INTO OMEGA Pl P[ 
P27 JIPSI(310C) INTO OWEGA 4Pl  

DECAY MASSES 
. 5 +  .5  

105÷ 105 

,.~' J IPS[(3[O0) INTO OMEGA K KEAF 
bZ9 J IPS[(3[O0} IkTC OMEGA F 
P~u J IPSI(3100) INTO CMEGA F PRIME 
P3t J/PS[(3100) INTO P~I Pl P[ 
P32 J/PSI i3100) INTO PHI 2{PI÷ R I - )  
P33 JIPSI(31001 INTO PHI K KBAR 
P}~ J/PSI(3[OOI INTO PHI EIA 
P35 J/PSI(3[001 INTO PHI ET~ R~IME 
P~6 JIPSI(31OQI INTO PHI F 
P37 J/PSI(3IGO) INTO PHI F PRIME 
R3B J/PSI{3100) INTO A2 Pl 
PJ9 J/PSI(3~OO) INT~ A2 RHO 
P~O 3/PS[(3IOO] INTO K K*(892) 
P~] J/PSI(3IOOI INTO K K * l 1 4 2 0 1  
P~2 J / P S I ( 3 1 0 0 1  INTO K ' T 8 9 2 1 K * ( 8 9 2 1  
P4~ J/PSI(31OG) INTG K*( I420)  K*(1420) 
P~4 J / P S I ( 3 1 0 0 1  INTO K * ( B 9 2 )  K * ( L ~ 2 0 }  
P45 J IPSI {3 IO0)  INTO P PBAR 
P4b J/PSI(31OOJ INTG P pBAR Pl 
R~7 J /PSI I3100 I  INTO P NEAR PI 
P@8 J/PSI(31001 INTO P P~AR PI÷ P I -  
P4g J IPSI (3 |O0)  INTO P PEAR PI+ P l -  PIG 
P50 J / P S I { 3 1 O O }  INTO P PBAR ETA 
P51 J/PSI(31001 [NTC P PEAR OMEGA 
P52 J / P S I ( 3 I O 0 )  [NTC LAMBOA ANIILAMBDA 
P53 JlPSI(31001 INTO LAMBDA ANTISIG~A 
P54 J/PSII3IOO) INTO x [  A N T I X [  

p RADIATIVE DECAYS 
p . . . . . . . . . . . . . . . .  

#70 JIPSI(3IOO) INTO GAMMA GAMMA 
P I I  J/PSI(31OO) INTO 3 GAMMA 
P l Z  JIPSI(3100) INTO P[o GAMMA 
P73 J/PSI( 31DO] INTO ETA GAMMA 
P74 J/PSI(3100) INTO ETA PRIME GAMMA 
P75 JIPSI(3IOO} INTO X(2830) GAMMA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

70 JIPS[(3ICO) PARTIAL WIDTHS [KEV) 

Wi J/PSI(3IOOl INTOoE* 6 E- ( G I ]  2/75 
Wl 4 . 8  . BOYARSKI 15 SNAG E+E- 3 / 7 5  
Wl B (~ .b)  ( . 8 )  8ALDINII  75 FRAG E+E- I176 
W[ 4.b 1.o ESPCSIT~ 75 FRAM E+E- 1176 
WL B ASSUMING EQUAL PARTIAL ~IDTHS FOR (E+E-} AND IMU+MU-) 
W/ . . . . . . . . .  
WI AVG ~.75 O.5I AVERAGE (ERROR INCLUDES SCALE FACTOR OF L.O) 
WL STUDENT 4.75 0 . 5 5  AVERAGE USING STUDENTIO(H/~.II) - -  SEE 1976 TEXT 

W2 J/PSI(310DI INTO MU+ MU- (G2) 2/75 
W2 4 . 8  0 . 6  BOYARSKI 75 SMAG E+E- B17S 
W2 5.0 I . O  ESPCSITC 75 FRAM E+E- 1/76 
W2 . . . . . . . . .  
W2 AVG 4.85 0.51 AVERAGE (ERROR INCLUDES SCALE F~GTOR OF 1.o} 
w2 STUDENT 4 . 8 5  0 . 5 5  AVERAGE USING STUDENTIO(HIt. I I )  -- SEE I 9 7 6  TEXT 

N3 J / P S I ( 3 I O 0 )  INTO HAORONS IG31 2 / 7 5  
W3 59. I@. 8CYARSKI 75 SNAG E+E- 3 / 7 5  
W5 5 9 ,  2 4 .  BALOINII 75 FRAG E+E- 1/76 
W3 50. ZG. ESPOSITO 75 FRAM E÷E~ 1/76 
W3 
W3 AVG 57.3 TO.9 AVERAGE tERROR INCLUDES SCALE FACTOR OF I .O )  
W3 STUOENT 57.3 I I . 7  AVERAGE USING STUOENTIO(HII.11} - -  SEE 1976 TEXT 

W4 J/PS[(3IOO) INTO2GAMNA INTG FADRCNS 
W4 C 12. . BOYARSKI 75 SNAG E+E- 1176 
W4 C INCLUDED IN W3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

?o J/PSI(31oo} BRANOHIkG RATIOS 

FOR THE BRANCHING RATIOS Rl ~ R4, SEE ALSO THE PARTIAL 
WIDTHS ABOVE, AND (pART[AL W I D T P S I * R I  BELOW. 

RI JIPSI(3IOO) INTO (E+ E-l/TOTAL (PIT 3/75 
R I  O.Ob9 0 . 0 0 9  8OYARSKI 75 SNAG E+E-- 3175 

R2 J IPSI (3 IO0]  I~TO (MU* ~U-)ITQTAL (P21 3175 
R2 0.069 0.009 BOYARSKI 75 SMAO E+E- 3/75 

R3 J/PSI13100) INTO (HADRCNSIITGTAL (PB]  3/75 
R3 0.66 0.02 80YARSKI 75 SNAG E+E- 3/75 

R~ J IPSI (3 IO0)  INTO (E+ E-I/(MU÷ MU-I ( P / f l I P 2 1  2/75 
R4 [ . 0 0  0 . 0 5  BOYARSKI 75 SMAG E+E- 3175 
R~ 0.~3 O.LO FORD 75 SPEC E+E- 2 / 7 5  
R~ . 9 I  . 1 5  ESPCSITC 75 FRAM E+E- I 1 7 6  
R~ . . . . . . . . .  
R4 AVG O.980 0 . 0 4 3  AVERAGE IERROR INCLUDES SCALE FACTOR OF IDOl 
R~ STUDENT 0.980 0.047 AVERAGE USING STUDENTIO(HI I . I I I  - -  SEE 1976 TEXT 

R5 JIPSI(3[OO) INTO (GAMMA (~TC HAORCNSIITOTAL 
R5 C . I 7  .02 BOYARSKI 75 SNAG E+E~ 1/76 
R5 C INCLUDED IN R3 

R HADRGN[C DECAYS 
R . . . . . . . . . . . . . . .  

R8 J / P S I ( 3 I O 0 }  INTO I R I +  Pl-)/TOTAL (UNITS 1 0 " * - 4 1  
R8 2 l . O  0.7 BRAUNSGHW 76 DASP E+E- I177* 
R8 I 1.6 l . b  VANNUCCI 77 SMAG E+E- 1/77" 
R8 . . . . . . . . .  
R8 AVG I . l O  0.64 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  
RB STUDENT i . i 0  0.6g AVERAGE USING STUDENTIO(HI | . [ I I  - -  SEE I976 TEXT 

R9 J /PSI |3100)  INTO (2 (P I÷  P ( - } ) / T O T A L  
R9 Tb .004 .DOT JEAN-~ARI 76 SMAG E+E- I176 

RIO J/PSI{3100]  INT~ (2(PI+  P I - I  PI'OIITOTAL 
RIO 675 .04 .OL JEAN-MARl 76 SMAG E+E- t176 
RIO 10.0441 (O.O05J BURMESTE~ 77 PLUT E+E- L177~ 

R I I  J/PSI(31001 INTO { 3 ( P I *  P I - ) I IOTAL  
R l I  32 .OO~ . 0 0 2  JEAN-MARl 76 SMAG E+E- 1 / 7 6  

RIZ J/PSI(31OOI INTO (3(PI+  P I ° I  PIOIITOTAL 
PI2 iB I  .029 .007 JEan-MARl 76 SMAG E.E- I176 

14 
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Data Card Listings J/V,(3100) 

ki3 J/PSI{3~O0) INTC (4 (P I~  P I - l  P IO) I tC tAL  
RI~ 13 .009 .O03 JEAN-~AQI r6 SMRG E+E- l / 7 ~  

RI4 J/PSI(3$O0|  I N T O  [ P I e  P l -  K÷ K - ) / T O T A L  
r l ~  205 0.0072 0.0023 VANNUCC! 77 SNaG E*E- 1 /77"  

R i 5  J / P S I ( 3 1 0 0 1  I N T O  ( 2 ( P l t  P I - )  K+ K - I / Y O T A L  
RI5 30 0.0031 0.0013 VANNUCCI 77 SNAG E+E- L /77*  

Rib JIPSI(3IO0~ INTO (RHO P [ ) l ( P I +  P l -  RIO) 
R I G  ( . 7 )  CR MORE C L = O . 9 0  JEAN-WART TO SNAG E+E - 1 / 7 6  

R(~ J /PSI (3 |O0)  INTC (RHO0 RIO} / |RH~+-  P [ -+ )  
RL7 0 . 6 3  0.22 BARIte I 76 CNTR E+E- 1 /77 "  
R/7 . 5 9  . 1 7  JEAN-MARl 76 SMAG E r E -  1 / 7 6  
R L7 . . . . . . . . .  
RE7 AVG 0.60 0 .13 AVERAGE (ERRCR INCLUDES SGALE FA[TOR OF 1.01 
RI7 STUOENT 0.60 0 .1q AVERAGE USING S T U D E N T I O ( H I I .  I I )  - -  SEE 1976 TEXT 

RIB J/PSI(3~O0) INTO (RHO PI} /TOTAL 
~ i 8  5~3 O.OlO 0 .002 BARTEL i 76 CNTR E+E- 1/77 • 
RiB 99 0 . 0 1 2  0 .003 BRAUNSC~W 76 DASP E+E- 1/77 = 
RIB 1 5 3  , 0 1 3  . G O 3  JEAN-MARl 76 SNAG E+E- 1/76 
RIB . . . . . . . . .  
RiB AVG 0 . 0 1 1 2  0 . 0 0 1 5  AVERAGE (ERRER INCLUOES SCALE FACTOR OF l . O )  
RIB STUDENT 0.0112 0 . 0 0 1 6  AVERAGE U S I N $  S T U D E N T L O ( H / 1 . 1 1 1  -- SEE 1 9 7 b  TEXT 

RL9  J / P S I [ 3 I O 0 )  INTO (OMEGA Pl  P l ) I I 2 I P I ÷  P l - )  RIO) 
Ri9 J ( . 2 )  JEAN-MARl 76 SNAG E+E- t176 

R20 J IPS I (3 IO0)  INTO (qHQ Pl PI P I l l I 2  [ P I +  P l - I  RIO} 
R20 d ( . 3 }  JEAN-MARl 76 SMAG E+E- 1/76 
R20 J FINAL STATE 2 ( P I * P I - I P l O  

~ I  J IPSI (3100)  INTO (PHI p [ ~  F [ - ) ITOTAL 
R21 23 0 . 0 0 ~  O,OOOb VANNUCCI 77 SNAG E'E- 1 /77 "  

R22 J lPSI (3 [OO}  INTO (KOS ROLl/TOTAL {UNITS I o * * - ~ )  
P22  (0.891 OR L E S S  CL=O.90 VANNUCCI Y7 SHAG E+E- 1 / 7 7 ~  

R23  . I / p S [ 1 3 1 0 0 1  INTO ( K ÷  K - I / T O T A L  I U N I T S  10" * -4 )  
R23  1 1 . 4  1 - ~  BRAUNSCHW 76 DASP E+E-  1 / 7 7 "  
R23 2 2 .0  1 .6  VANNUEC[ 77 SHAG E ÷ E -  I 1 7 7 .  
@23 . 
R23 AVG " 1 . 7 "  " " "'1.I " AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
R23 STUDENT 1.7  l . l  AVERAGE USING STUDENTIOIH/ I . I I )  - -  SEE 1976 TEXT 

R24 J IPSI (3100)  INTO (KO K*(892)O)ITDTAL 
R24 @5 0.0027 o . O 0 0 6  VANNUCCI 77 SHAG E+E- 1 / 7 7 "  

R25 J / P S [ ( 3 ~ O 0 )  [NTO I K * -  K* [Bg2)-+J lTCTAL 
R25 3 9  O.O0~l O.OOL2 BRAUNSCHW 76  OASP E+E - 1 / 7 7  • 
R25 48  0.0032 0 . 0 0 0 6  VANNUCCI 77 SNAG E+E - I177 = 
~25  . . . . . . . . .  
R25 AVG 0.00338 0.00054 AVERAGE {ERROR INCLUDES SCALE FACTOR OF l .  Ol 
R25 STUOENT 0.00338 0.00059 AVERAGE USING STUDENTIOIH / I . I I I  - -  SEE 197b TEXT 

R26  J / P S I I S i O O }  INTO (KO K * ( 1 4 2 0 1 0 I / T C T A L  
R26 (0.0021 o~ LESS EL=0.90 VANNUCCI 77 SNAG F+E - 1/77" 

R27 J/PSI(3LO0) I N T O  (K* -  K * I I 4 2 0 - + I / T O T A L  
R27 (0.0033)0R LESS EL=0.90 BRAUNSCHW 7b OASP E+E- 1 / 7 7 =  
R27 (0.001510R LESS CL=O.90 VANNUCCI 77 SNAG E+E- 1 / 7 7 "  

R28 J/PSI(31OO] INTO ( K * ( 8 9 2 1 0  K*(8~2)O)ITCT~L 
R28 (O.O005)OR LESS CL=O.gO VANNUCCI 77 SNAG E+E- 1 / 7 7 *  

R29 J /PSI (3100)  INTO {K* ( I~2010  K * [ I ~ 2 0 ) O I / T C T A L  
R2g (0.002910R LESS EL=0.90 VANNUCCI 77 SHAG E+E-  1 / 7 7 "  

R30 J/PSI(3LOOI INTO (K* (892 )0  K*(1420)OI/TCTAL 
R30 4 0  0 . 0 0 6 7  0.0026 VANNUCCl 77 SNAG E + E -  1 / 7 7 -  

R31 J /PSI (3 tO01  INTO (PBAR Pl/TCTAL {UNITS I 0 ' * - 3 1  
R31 A 70 2 . 3  0 .3  BRAUNSCHW 76 DASP E+E- 1 /77"  
R3L A 3 0 0  12.G) (0.151 GOLDHABER 76 SNAG E ~ E -  1 / 7 7 .  
R31 A ASSUMING ANGULAR DISTRIBUTION I I .+COS(THETA)**2)  

R32 J /PS I {3100 )  INTO [PBAR P I / ( M U +  MU-) 
R32 A 2 0  ( .0511 ( . 0 2 )  CR[EGEE2 75 PLUT F e E -  1 / 7 6  
R32 A ASSUMING ANGULAR GISTRIBUT[ON 41.+CDS(THETA)**2] 

R 3 3  J /PSI I31001 INTO (LAMBOA ANTILAMBOAI/TCTAL 
R33 19 .O01b .0008 ABRAMS 75 5NAG E÷E- 1/76 

R3~ J /PS I I 3100 |  INTO (P PBAR PIOI/TCTAL 
R34 10.00101 10.0002) FELDMAN 76 SNAG E+E- 1 /77 .  

R~5 J /PSI (3100)  INTO IP PBAR PI+PI - ) /TOTAL 
R35 10.00411 {0 .0008)  FELOMAN 76 SNAG E~E- 1 / 7 7 "  

R~b J / P S I ( 3 1 0 0 1  [NTQ IP PBAR P I +  P I -  PIC)/TGTAL 
R36 (0.00111 (0*0004) FEtCMAN 76 SmAG E+E- L / 7 7 *  

R37 J / P S I ( 3 1 0 0 )  INTO (LAMBDA ANTISIGMA}/[LAMBOA ANTILAMBDA} 
R 3 7  { . 22 )  OR LESS CL=0.90 GOLDHABER 75 S~AG E+E- 2/76 

R38 J /PSI (3100)  INTO ( P l ÷ -  A2)/TOTAL 
~ 3 8  IO.O0~3)OR LESS C L = O . 9 0  BRAUNSEHW 76 hASP E+E-  1 / 7 7 "  

R39 J/PSI13100) INTO (OMEGA P{ PI ) / IOTAL 
R39 (0.007~ 10.0021 BURHESTER 77 PLUT E+E- 1 /77"  
R39  348 O . O O b 8  O.OC1g VANNUCCI 77 SHAG E+E~ 1/77 ~ 

R~O J / P S [ ( 3 1 0 C I  I N T O  2 ( K ~  K-)/TCTAL 
R40 0 . 0 0 0 7  O . O G 0 3  VANNUCCI 77 SmAG E+E- 1 / 7 7 .  

R~I J /PSI(310GI INTO (OMEGA K* K-) /T~TAL 
~ L  Z2 0 .0008 0.0005 VANNUCCI 77 SNAG E+E- 1 / 7 7 .  

R~2 J/PS[(31001 INTO (PHI K+ K - ) / T C T A  L 
R~2 L~ 0 .0009 0 .0004 VANNUGCI 77 S~AG E + E -  L/77~ 

R~3  J /PS I (3100 )  INTO (PHI E T A ) / T O T A L  
R~3 5 0.0010 0.0006 VANNUCCI 77 SNAG E+E- t / 7 7 "  

~ J /PSI (3~oo)  I N t O  IPHI ETA PRIME)/tCTAL 
R44 (0.001310R LESS CL=0.90 VANNUCC[ 77 SNAG E+E- 1/77~ 

R~5 J /PSI(310GI  INTO (~HI F ~R[ME)/IOTAL 
~ 5  b 0 .0008 0.0005 VANNUCCI 17 SNAG c + E -  1 / 7 7 0  

~o J/PSI(31OOl [~TO {P NO~R o l - ) / T ~ T A L  
R~o  ( 0 . 0 0 3 8 )  10.00081 FELDHAN I b  SMAG E'E- | / 7 7 *  

R47 J /PS I I3 IO0)  INTO [P PBAR ETA)/TOTAL 
R47 (0.00191 (O.OOO4I FELOMAN 7@ SNAG E÷E- 1 /77"  

R48 J / P S I ( 3 1 0 0 1  INTO (P PBAR CHEGAI/TCTaL 
R48 1 0 * 0 0 0 5 )  LO. OOOIJ FELDM~N 76 SWAG E+E-  1 / 7 7 *  

R~g J /PSI {3100)  INTO iKOS K * -  RI-+)/TOTAL 
Rkg 126 0.0026 0 .0007 VANNUCCI 77 5NAG F*E- 1 /77"  

RSO J / P S [ [ 3 1 0 0 :  I N T O  ( p H I  ~)/TCTAL (U~ITS 1 0 " ~ - 4 1  
R~O (3 .7)  OR LESS EL=0.90 VANNUCCI 77 SNAG E~E- 1 /77 "  

RSI J /PSI (3 [O0)  INTO (PHI 2 [ P I + P I - I I I T C T A L  
RSI {O.O015)OR LESS CL=O.qO VANNUCCI 77 SMAG E'E- 1 / 7 7 "  

R52 J IPSI(310C) INTO IbMEGA F)/TOTAL 
R52 81 0 . 0 0 1 9  O.O00B VANNUCCI 77 SmAG E+E- I177"  

RS] J IPS[ (3100)  INTO (D~EGA F PRImEI/TCTAL (UNITS I 0 ~ * - 4 )  
R53 l l . 6 l  OR LESS C L = O . g O  VANNUCCI 77 SNAG E~E- 1 / 7 7 "  

R54 J /PSI {3 ;OOI  INTO ( p I * P I - P I C  K÷K-}/TO?AL 
R54 3 0 9  0 .012 0.003 VANNUCCI 77 SNAG E+F- L / 7 7 *  

R55 JIPS[(31001 INTO (RHO A2IITOTAL 
R55 ~6 0.008~ 0.0045 VANNUCC[ I I  S~AG E÷E- 1 / 7 7 =  

R56 J / P S I ( 3 [ O O ]  INTO {OMEGA 4PI)ITOTAL 
RSO 140  0.0085 0 . 0 0 3 4  VANNUCCI 17 SNAG EeE- 1 / 7 7 "  

RS1 J / P S I I 3 1 0 0 I  I N T O  ( X I -  A N T I X I ~ ) / T O T A L  
~ 5 l  ( 0 . 0 0 0 4 1  FELDMAN 76 SWAG E+E-  1 / 7 7 *  

R58 J / R S [ [ 3 I O O I  I N T O  [ R H C + -  P l - + l / l K ~ { B 9 2 1 0 -  K-÷I 
R58 ( 0 .26 )  (O. Og) PIERRE 70 SNAG E÷E- ~/77"  

R RACIAT IVE CECAYS 
R . . . . . . . . . . . . . . . .  

RTO JIPSI(21001 INTO IX(2830)  GAMMA)/TOTAL {UNITS 10"*-31 
R7O S 150.1 OR LESS EL=0.90 BAOTKE 76 CNTR E~E- L177* 
R70 139.1 OR LESS CL=O.90 WHITAKER 76 SNAG E÷E- 4 / 7 7 "  
R70 117.1 OR LESS EL=O.90 BIDDICK 77 CNTR E+E- 3/77~ 
R7O S BAOTKE 76 IS SUPERCEO~D BY BIDDICK 77.  3 /77*  

RTi J /PSI(3 IOO) INTO 12 GAMMAIITOTAL (UNITS 1 0 " * - 3 )  (P41 
R71 13.)  OR LESS EL=0.90 WIIK 75 OASP E+E- 1 /77"  
RTL {0.51 DR LESS EL=0.90 BARTEL 77 CNTR E,E- 4 / 7 7 "  

R72 J/PSI(31001 I N T O  (RiO GAMMAb/TDTAL [UNITS 1 0 ' ' - 3 1  2175 
& 7 2  B 14.01 OR LESS EL=.90 BAKCI 75 FRAG E+E- 1 1 7 b  
R72 B 10.51 OR LESS EL=0.90 BARTEL 77 C N T R  E .E - .3  GAHNA 1/77= 
R72 U g 10.0751 10.0481 BRAUNSGHW 77 G A S P  E ' E - , 3  GAMMA 1 /77"  
R72 B RE-STATED BY US USING (HAORONS)/TOTAL=D.86 
R72 U RE-STATED BY US USING TOTAL WIOTN ~7 KEV. 

R73 d/PSI131001 INTO (ETA GAHMA)/TOTAL {UNITS 10" * - }1  
R73 ( IG . )  OR LESS C L = . 9 0  8ACCI 75 FRAG E'E- 1 / 7 E  
RI3 21 {1.33 10.41 BARTEL 77 C N T R  E+E-,3 GAMMA 1 /77 "  
R73 U 40 10.821 10 . Ig1  BRAUNSGHW 77 9 A S P  E+E-,3 GAMMA 1/77"  
R l 3  U RE-STATED BY US USING TOTAL WIOTh b7 KEV. 

R76 J /PSI (3100)  INTC (ETA PRIME GAMHAI/TOTAL {UNITS 10"*-31 
R74 B 115.1 OR LESS EL : .90  BALDIN[2 75 FRAG EeE- 1/7b 
R74 13.31 OR LESS CL=.90 BACC[ 70 FRAG E'E- ~ I77*  
R 7 4  57  2 . 4  0 . 7  BARTEL I 7~ CNT~ E + E - , 2  GAMNA RHO 1 / 7 7 "  
R74 u 3 12.271 11.751 8RAUNSCHW 77 OASP E+E-,3 GAMMA 1 / 7 7 "  
RT@ B RE-STATEO BY US USING IHADRONSIlTOTAL¢O.@6 
RI4 U RE-STATED BY US USING TCTAL WIDTH 67 ~EV. 

R75 J /PSI (3100)  INTO (ETA PRIME GAMMA)/(ETA GAMMA) 
R 7 5  11.81 1 0 . 8 1  BA~TEL 77 CNTR E + E - , 3  GAMMA 3/77" 

R76 J / P i l l 3 1 0 0 1  INTO ( X 1 2 8 3 0 1 G & M M A I / T O T A L , X  TO 2 GAHMA (UNITS I 0 * * - 3 )  
R 7 b  x 10.141 10.081 BARTEL 2 76  C N T R  E÷E-,3 GAMMA 1 / 7 7 "  
RTa U 15 {0.1241 10.G521 BRAUNSCH~ 77 D A S P  E+E-,3 GAMMA 1 /77 "  
RTb X EXISTENCE OF 1128301 IN BARTEL 2 7b DATA IS ONLY 2 STD EFFECT 3/77* 
R76 O RE-S~ATED BY US USING TOTAL WIDTH 67 KEV. 

R77  J /PSI (3100)  INTO (X128301GAMNAI/TCTAL,X TC P PBAR GAM {UNITS 10"*°3  
R77 10.041 OR LESS CL=C.9O GOLOHABER 76 SNAG E'E- 1 /77 "  
R77 10.21 OR LESS CL=O.gO WIIK 76 DASP E 'E-  1 / 7 7 "  

R78 J IPSI(3 [OO) INTO (3 GAMMAI/TOTAL (UNITS 10"*-31 
R78 u 1 0 . 0 8 1 U g  LESS CL=O.90 BRAUNSCHW 77 DAmP E ' E - , 3  GAMMA [ / 7 7  = 
~ 7 8  U RE-STATED BY US (SING TETAL WIOTH 67 KEV. 

N I 9  J /PSI I31001 INTO 1X128301GAMMAIITETAL,X TO RHO GARMA (UNITS TO*=-31 
R79  10.31 OR LESS CL=0.90 BARTEL 2 76 C N T R  E+E-,2 GAMMA RHC 1 / 7 7 "  

~ 8 0  
R80 1 / 7 7 '  

J /PSI (3100)  INTO {GAVMA + 2 DR ~ORE NEUTR~LSI/TOTAL iUNITS 10"~-31 
7 .0  2 .0  6ARTEL 17 CNTR E+E- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

l O  J IPSI (3 IOOI  G( I ) *G(E*E- I /G(TOTAL)  (KEVI 

THIS COMBINATION CF A PARTIAL WIDTH WITH THE PARTIAL WIOTH 
INTO E.E- AND WITH THE T~TAL WIDTH IS OBTAINED FROM THE INTEGRATED 
C R O S S - S E C T I O N  I N T 0  C H A N N E L I I )  IN THE E + E -  A N N I H I L A T I C N .  
WE ONLY LIST DATA NOT HAVING BEEN USEO TO OETERMINE THE PART{AL 
WIDTH G([# OR THE BRANCHIkG RATIO G I l l / T O T A L .  

GI G(E*E-}~G(E*E-} /G(TCTAL} 
GI  S { .321 ( .071 8ALDINI [  75 FRAG E+E- l i T 6  
61 .34 ,14 BEMPCRAO 75 FRA8 E+E- L / T 6  
G1 .41 .06 OASPI 75 GASP EeE- l l 7 b  
G{ S ( .341 [.OQ) ~SPOSITO 75 FRAM E+E- 1/7~ 
GL S { . 3~ I  1.101 FORE 75 SPEC E*E- 
GL . . . . . . . . .  
G( AVG 0 . 3 9 9  0 .055 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
G( STtJnENT O.Jg9 D. CAO AVERAGE URING STUOENTI,3JHII . [ I )  - -  SEE 1976 TEXT 
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J/V'(3100) X(3415)x(3455) Data Card Listings 

G( ~u÷, '4u-}  ~6 I E + 7 - 1 /  0 (TCT At I 

J ( . ~ z l  {.081 Ck I{ C;EF~ 75 PLUT E+E- 1 /7~  
. . . .  51 . , )9  O&£PI [5 DASP F÷E- 1/7¢ 
Z S 1.3PI ( . ¢ ~ I  F<PCSITC 7b ¢~AM E+E- I /7o  

( . 4 b )  I . t d }  L IbEC'4A K' 7', gP E r+E- [ / 7 ~  

AV~ O . , t  0oIC AVFRAGI I F ~ L ;  I X L L I J ~ S  SCALE FACTZr O( i .e, }  
,~  STUDcNI 0 . 4 1 0  0 . 0 7 O  AVERAG~ USINO STL ) F N T I O ( H / I o l I I  I I SE E 1 9 7 o  1FXT 

, ~ ~( ~A{:~C'NIC )*,$1E+E+} /CI TqTAL } 
~ ( ~ . }  ( . R I  BALl  I ~ 1 t  75 F~A,o F.E- 117{ 

<~ S (3.QI (.81 FSPCS[T¢ 75 FROM ~+F- 1176 

~£ SEE Ti!~ ~k&N(HING R~ICS ANr3 p ~ k T l ~ t  N I C T t S  #~r~VF. 

, ~ ; L S T L ~  7u PrL 25 t~2"+ 

4U~A~ 7~ PRL 33 1453 
, S .  7~ N(L 11 105 
AdB~qT 7~ PRL 33 140~ 
AO£;U~TIN 7~ P~L 33 14~ot~ 
~ACEI 1~ PkL "~3 1 4 0 8  

ALSC 7~ PRL 33 [ ~ 4 q  
m A t D i N l -  74 NCL [1  711 
~ A m b l E L I  ?~ NC~ 11 718  
BRAUNSCH I ~  mL 53B 39~ 

a~RAIS 7~ STANFLgD S¥~Po25 
ANDREWS 75 PRL 3~ 231 
AU~kRT Ib ~F B b'~ 1 
6ACCl 7~ NCL 12 2 ~  
b A L b I N I I  7b PL 58B +71 
SAL01%I2 75 PL bSB +?5  
BmMPORAF) 75 ~TANFORD SYMPoI[3 
E~LAN4c 75 PRL 35 34E 
~nYArSKI 75 PKL 3~ 1~57  
BRAUNSCH 75 PL 530 4~1  
CAMERIN[ 75 P£L 35 ~83  
C R I £ o E E I  75 PL 53B 4~g 
C.IEOEE2 7~ DESY PkEP.75/~2 
0AKIN  75 PL 5t B 405 
OASPl  75 PL 5~6 +S l  
DASPd 7b PL 57B 2q7 
FSPL>ITC 7b NCL 14 73 
FLIRD 75 PRL 34 6 0 4  
GITTEL~4A 15 PRL 35 1616 
GQLDHABE 75 LBL -W22~ 
GRECO 75 PL 5eB 367  
HEINTZE 75 ~,TANFGRO SYMPog/ 
J~CKSON 75 NIM 128 13 
KNAFPI 7 }  PkL 3~ 104C 
KNAPPZ 75 PRL 3~ E044 
LIBERMAN 75 STAN~C'RD SyMP.55 
MARTIN 7S PRL 34 2~8 
PrEPOSt 75 STANFORD SYRUP.2+[ 
SIMFS[~N 7b PpL 35 6Sq 
WI[K 75 STANFORD SyMP.O~ 
YENNIE 75 PF, L 34 23S 

ANT[P~V 76 T B I L I S ]  CO~F.N 8 
BACCI 7~ LNF-76/60( ~ ) 
BADTKE 7b PREPRINT 
BARIEL l 7o PL 64 ~ ~ 8 3  
8ARTEL 2 ?~ T S I L I S I  ( O N ~ . N S ~  
8RAU~SCH 76 PL ~3 @ ~87 
~LDMAN 7o SLAE-PdB-1851 
GOLDHAS£ 7b L S L - 4 8 8 ~  
JEAN-~&~ 76 PRL 3 c  291  
PIERRE 76 SACLAY-DP~PE7b-21 
SNYDER l~ PRL 3~ I~15 
V A~NUCC I l o  SLAC-PU B-1724 
WHITAKER 76 PRL 37 1596 
WII~ T~ TBILISI  CONF.~75 

BA~ TEL 77 O£SY 7b/65 
BIDDICK 77 PRINT- 77-024~UCS0 
BRAUN$CH 77 DESY 77 /O2  
8UR~ESTE 77 QUOTE[) BY W I I K 7 ~  
VANNUCCI 77 TC BE PUB PR 0 
~ I I K  77 DESY 77101 

Ix(341s)l . . . . . . . . . . . . . . . . . . . . . .  
C~SE~VED IN THE RL~C[AT[VE CECAY OF PSI(3685) INTO 

CHII3~ISJ GAMMA.TMERE~ORE C=÷, THE CBSEgVSD OEC~IY INTO ( P I + P I - I  
OR (K÷K-I IMPLIES G=+,JP=O+,~+ . . . . .  THE ANGULAR DISTR[BbIICN 
IS COnSISTeNT ~I~H J=O. 

C~RISIEK£r&,pI(Kg,LFC~MAK+ I ( { L H * e N E  +CER~II 

*B~ICGS,AUGUSIIt,,~I~AR S K I +  ( [BL÷SLAC)  
* Z U R N , B a R T C L I +  (FRAS~LJM~NAPL+PADC*~CMA) 
÷dECKER,p IOOS,B iJ~ , ;ER,CH~N,FVFPHA~T(U lT÷~NE)  
÷£OyAASKI,AB#AMS.~RIGGS÷ (£LAC~LBL) 
+BA£TCLI,eAR~RIKC,BAeBIELLINI÷ {FRASCATI) 
F ~  ERRATA 
BALC[NI-CELI~,UACCI* (FPASE~T I+~ [ ]~A )  
8 A R B I E L L I N I . ~ E ~ p C 4 ~ D *  I~AS+NAFS+PISA÷DC~al 
BRALNSCHWEIG+ (AACHE%+HAM~÷MUN[CH+TEKyQ) 

G.S.A£RA~S ( I B L I  
÷HARVEY,LO~KZ'WICZ,MA Y,NERDOERG Ik {CH+C~PN)  
+BECKEP,pIGGS,~URGER,GL~NN,+ (MIT÷PNt I 
÷ P F N S O , S T F L L A , B A I O I N I - C E t l C , +  I P £ M A + ~ A S I  
BALD[NI-CELIO,BOZZO,CAPCN,BAECI+IF~S÷RCMAI 
BALDIN[-CF/IC,C&PC~,~£L FAB~RO+ (FRAS+PO~AI 
C.B~mOO~AD (PIS~÷~RASCATI) 
+BCYER,FAISSLE~,GAPeLICK,GETTNER,÷ (NEAS) 
÷BREIOENBACH,B'JLCS,FELD~AN,÷ {SL~C+LBL)JPE 
RRAUNSCHWEIG÷ IAACHEN*HAMB÷~ONICH÷TCKyQ) 
*IEARNED,PREPCST,ASH,ANDERSON,* IWISC*SLACI 
+~EHNE,FRANKF,FO~L ITZ ;KRECHL~CK*  (DESY) 
*DEFNE,FOX,FRANKE ,HORL[ T Z * K N I E S , +  (OESY} 
+ K R E I S L E R , B G L C N , H ~ I L F *  (MASA÷MIT÷SLAC) 
BRA~NSCHWEIG,KEKIGS,+ (AACH+CES¥+~PIMeT~KyI 
6RAUNSCHWEIG,KQNIGS*÷ (AAEH÷D£Sy+MpIe+TCKY) 
÷BARTOLI,BISELLC,+ (~AS~NApO+PADO+R~A) 
÷~EPON,HILGEQ,HCFSTADTF~* (SLAC÷PENN; 
GITTELmAN+HANSCN+LARSCN÷tCH* (CORN) 
GOLOFASER,JO~NSrN,KAOYK,+ IL3L÷SLAC)  
÷PANCHERI-SRIVASIAVA,SPIVASTaVA (FPAS] 
J . H E [ N T Z E  (HEIDELBFRG) 
J.D.JACKSCN, D.SCHARhc (LBL) 
÷LEE,BRONSTEIN÷ ((~LU÷HAWA+CCR~÷ILL+FNAt) 
*L EE,BRONSTEIN + (COLLI÷HAWA+CnRN÷ILL÷~NAL) 
A.OoLIRFRMAk (STANFORU) 
÷BOLDN,DAKIN,FELDMAK,HANSCN. IMI~+MASA÷SLAC) 
R.PPEPQST (WISCnNSIN} 
+BERON,FDRD,HTLGER,HC~STAOTFP,÷ ISTAN~PENN) 
B .F .~ I IK  ( D ~ S Y I  
O . R . Y E N N I E  ( C ~ F £ L }  

+BESSUB~V,PUOANOV,SUSHN[N,OENISOV,÷ (INEPl 
÷BAkDINI-EELIC,(APG~* (¢RAS÷~£MA÷GE~) 
÷BAFNETT.÷ (U~D÷PAVI~PR[N÷IJCSD÷SLAC+S~AN) 
+DUINKER,bLSSCN*St~FFEN,HEINTZE÷(DESY+HEID} 
+DUINKE~,OLSSCN,HFINTZE,÷ {~[SY÷HEIO) 
BRAIJNSCHWEIG,* (AACH+OESY+HAMB+MPI~÷TZKy} 
G.J.fELDMAN ISLAC÷LBL) 
G.GCLDHABE~ (SLAC+LSL) 
*ABgA~S,BOyARSKI,~REIDENPACH,÷ (SLAC÷LBL)[G 
F.PIER~E ISLAC÷LBL) 
÷HO~,LED~VAN,PAAR,APPEL,~ ICOLU*FNAL÷STON) 
÷AB~AMS~BOyARSKI,BREI~FNBACH,÷ ISLAC÷LBL) 
+TANENB~UM, AERARS,ALA~,BOYARSKI,÷{StAC+LBLI 
B.H.WIIK ~ACPCR~EUR (OESY) 

*DUINKER,CLSSCK,pEIN~ZE,+ (DESY÷PEIDI 
*BU~NEIT÷ (UCSD+UMn*PAVI÷PRIN*SLAC+STAN) 
6RAUNSCHWEIG,* (AACH*DESY+HAMB÷MPIM÷TOKY) 
PLUTO CCLLAS£RATIC~ (DESY) 
+AB~AMS,ALAP,BOy~RSKI,+ (SLAC÷LBL) 
+WOLF (DESYI 

$6 C ~ 1 1 3 4 1 5 )  l A S S  I m E v )  

M W 2 ~41z.O 8.0 WIIK )5 OASp E*E-,JIPSI 2 GAM l I T 7  ~ 
M 1 1 3 4 1 B . 0 1  ( I0 .01  FELCMAN 7e SMAG E + e - , d / P S I  2 GA~ 1 / 7 7 "  
m 3 4 1 5 . 0  I 0 . 0  TRILLING 76 SmAG E*E-,HAORQNS GAM 1177= 

Q 1 ~ [ 8 . 0 )  ( 7 * O I  VERNON 76 CNTR E+E-,MONOCHR.GAM 1 / 7 7  * 
M ~ @ 1 3 . 0  1 1 . O  WHITAKER 76 S~AG E*E-,MONOCHR.GAM 1177 • 
M 3@13.0 9.0 61CCICK 77 CNT6 E~E-,MONOCNR.GAM 3177~ 
M W INCREASED 4 MEV BY F~LD~AN 7~ TO CORRECT FOa ENERGY CALIBRATION. 
M Q VERNON 76 IS SUPERCEOEO BY BIDDICK 77 • 

M AVG 3 ~ 3 . 1  4.7 AVERAGE (ERkOR INCLUDES SCALE F~CTO~ 0¢ 1.0}  
M STUDENT3413.1 5 , 0  AVERAGE USING STIJDENTIOIH/ I . I I )  ~- SEE [97b TEXT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16 

CtCAy ~ S S F ~  
FI CHIT 3~15) I N l r l  P l +  p [ -  L3~÷ [ b y  
P /  C M I { ~ 4 1 5 )  INTF K* K-  ~q;÷ 4 ( 3  
P5 C h [ { 3 4 1 5 l  INTO Z I P I +  9 i - I  13 <+ l > ) *  i ~ q *  IB~ 
V* ( H I 1 3 4 ~ 5 )  [NT{ 3 { P [ *  P ] - )  
~i[ C H I ( 3 , 1 b )  INT~ P [ +  PI  ..... i , o .  l ' q *  . ' , 3 *  4~3  

C~1(34151 INT[  dlPSllBiOO) CA m'~A 7008" 3 
@'7 6HI(3415} INT~ 2 GAMMA 
P~ C H I { ~ 1 5 )  [NT~ p I +  p l -  P PpA~ 13~+ 13~*  ~36+ ~ 3 8  
;>~ C H I t  3 . 1 5 1  l h T C  CHCO P [ *  P l -  77R* 1 1 9 .  139 
P l O  C H I I e u I S )  INTO K'I8~2lO K + / -  R [ - / ÷  g g Z +  4 £ 3 *  1 ~  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5b 6H[(3415) 8RANCHING RATIHS 

b Sp! A ISq  b~AN(HIN' #ATIZIS g S q  Ff O E i ( < ( ~ b ]  

-L CHi(341bJ lkTC ( z  Gam~Al/TOTAt 
~1 { O . 3 0 b l ) P Q  L~SS C L l 0 . q O  I~kAID, SCHW 77 F)ASP L*F ,3 ~ A m ~  1 /77  = 

z C r l I I  3 4 1 5 )  INTC 2(P I *  PI- I ITCTAL 
, .  T 1 . 0 4 3 )  I , O i / }  T ~ ] L L I K 0  7~ SMAG PS113685)~( )  GAM CH[ 1 / 7 ' *  
~c T CALCULATED JSING PS[(3685l T( (GAMma CPII~k15))lXO~AL=.O75*/ .626 1177' 

~ (~1 I : 415 )  INTO { P i *  P] -  K*  ~ - ) / T T T A L  
~ f i . ~ 3 6 l  ( . C l b )  TFILLI~G 70 CMAG D S l I 3 6 5 5 i T J F ,  AR r h [  l / 7 t  

~ L I ° I I D ~ I S )  INTF 3 ( P [ ÷  P I - I IT f ITAL 
b .  l ( . 0 2 1  ( ° 0 l }  " ~ [ L t I h b  ?& gMAG P S I I 3 0 8 5 ) T r ~  G ~  ( H I  1 /17  =" 

k3 C ~ I I 3 * l ~ )  INTC (PI÷ pI - I ITGTAL 
~5 T { . 0 l J  i . 6uS}  T~[LLIN~ 16 SmAG P S I I 3 & 8 5 1 T ~  GA ~ CH[ 1 / 7 7  

b~ CHl(~4151 [NTI  (K+ K-IITCTAL 
; b  x { . O l i  (.0051 TRILLING 7~ S~AG PS[17~SD)T ~ (,M4 CHI 1117 ~ 

k7 C ~ I I 3 6 1 b ]  I N T [  ( P [ +  P I -  P p B A ~ I t T { I T A L  
~7 t (.GO5) ( ° 0 0 2 )  TPILLING 76 SN~G P S I I 3 & 8 9 1 T : G  GA~ CH[ 1177 ~ 

~8 C H [ ( 3 4 1 5 )  I N I {  { J / P S I { 3 1 P Q )  CAMNAi/TCrAL 
#fi T ( . O 3 )  ( . C 3 l  T ¢ I I I I N C  l~  Sm~G P ~ I I 3 6 8 5 1 T 9  SA M f i l l  1%7* 

b C~[(341b) INTr:  (RUG0 P[* F I - I I ? I P [ +  P [ - I  
~ .Bq . i Z  TRILLIKG 16 S uAg 9 S I { ] [ ~ 5 ) [  e GA M CH[ 1177 ~ 

~ 1 0  C h l I 3 ~ i S I  INTO ( ~ ( 8 q 2 ) 0  K+I-  ~ I - I + i / { P I *  ~I- K÷ K-) 
gig .41 . [ o  T R I L L I N G  76 ¢~AG PS[I3~PSITC GAM CHI i l 7 1 ~  

r f F t ~ n c E 5  F : ~  C F l l S 4 [ ~ l  

FCLCMAN 7~ PRL 35 821 +JEAN MAoI£,SADULLET*VANNU(C],+ (L~L+SL~C} 
ALSn 75 PkL ~5 [ I£S  I~RRATA) 

]~NE~BAU Ib  PRL 35 13Z3 TANENffAU~,~HITAK{R,~Ae5,+ (tB£+SL~C} 
~ ] I ~  ?b STAhFCRD SYMP.~ P.F.W[[~ ID~SYI 

~LLSMAN I o  S L A C - P U ~ - 1 8 5 I  { ; .JoFELUMAq ISLAC÷L~L I  
II~RRE 7o LBL~bS24 F.PIEP~E (SLAC*LBL) 
TRILLING 70 STANFCRD SY~P.~37 G. F I i IQILLIKG ILPLI 
VEAN3N 7b TBILIS] CON~.N63 ~.VE~IJQF: IU"U~&VI*PEI~OC S~{ SLAC~STANI 
NHI]AK~P 70 PRL ~7 1596 ÷TAK~N3AUM,AB¢&MC,ALAM,~QYA#SKI*+(SLAC+LBLI 
~ I I K  76 T E I L I S I  CONF.N79 8 , H . N I I K  qA~PF~TtU~ {DESyI  

~(DDICK 17 P~INT-II-O2#~UCSD CBUgN~T+  (UCS~+U¥O+PAVI+P21N+SLAC÷STAN} 
~ A I I N S r H  77 DESY 77 /C3 dPAt lNSCH~FIG,+  (AA(N*DFSY +NAMB+ '4P[M¢T~Y)  
WIIK 77 OES~ 77101 +wCt~ {DESk)  

Ix(aAss)l 
( H I i 3 4 5 5 , j ~ C  = } I = 58 

CBSE~VED IN THE CASC~CE AAnI&TIVE L)FCAY {]; ~$113C£5) 
INTO 6HI13@551 GAMMa, 6H[13~55) INtC JIPSI(~IO0)~A~MA 
WH[TAKER 7 6 ) ,  THEREFORE E=~ .  N.'T SEEN ]N H~DPCN'IE M P ~ S .  
NOT SEEN I N  CTHEk EXPERIMENTS LCF*[MG LN[y ¢c~  ~DN,;LF~mATIt 
PH?TONS. AMBIG~qLS, WIT# A (P~C~DFeI STA~5 ~t ABF,UT 3 3 4 C  N~I 
EXCLUOEO. NEECS (0NFIRMAT ] l ]~] i  RMITTF{~ F~qU TABLE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5e C H t 1 3 ~ 5 5 1  MASS l u F v }  

4 3~5~.U [0o0 WHIT~KLe 7o SwAG E÷E- , j /pS I  2 ,JAN 1177 ~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

58 { . H 1 ( 3 ~ 5 5 )  PAeIIAL DECAY ~CJDES 

D[CAy MASSFg 
Pl CHII345bl [NTC JIPSI131001 ~AMM& 309b+ C 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

58 6 H I ( 3 ~ 5 5 ]  PRAKCPI~G ~A t l r5  

k SEE 8RAKCHING PATIOS RBZ (IF PSH3685I 

REF[RENC[S FCR CH](~55}  

EELDMA~ 76 SLAC-PUB-1851 (.J.FFLDUAN ( S L A C + t E L I  
wH[TAKER 7~ PRL 37 1596 *TANENBAUM,ASRA~S,ALAM,6OyAesKI,*(SLAC~LRL) 
W I I K  76 T~ IL IS [  CONFoN75 B.F.WIIK RAPP(JRTEUR (DESY} 

WIIK 77 OES~ 77/01 +W~LF (DESYI 
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Data Card Listings P~ or X(3510), X(3550), ~k(3685) 

IP<, x(35to) I . . . . . . . . . . . . . . . . . . . . . . . . .  

C~SE~,V+O IN  Tht +~DIATIV~ SE+.L+'N'Ie~L OFCAY {F  TmF 
o s [ ( ~ S i  I N T  PC GAPM~, PC IN] J/PSII~tGOI tAMPA, t~,E~E~Rf C=+. 
1<4: L~C~ u f  u f C ~ y ~  [NTL (P [+P l - )  D ~ ( K ÷ K - )  IS cUGGFC~IVE ar 
j P  = AHNC~+ALo TH CeC&y3 INTO ~P[  ~ D  6ml  ]mVLy ( = ÷ *  1H tb  [ = 3 .  
J = j  [S EXLLLJGEE t~ TpF A~bULA~ O]STPlhLTI~'~ I N  1>4( (I;ANM~ J/PSI) 
~CAY(FELCUMx 7 ~ ) .  

5b p (  ~ A ~  (VEv) 

4 ~q( 55CL.J (Io.} TA~2EN~AL' 75 ~ ? ,  pAOli NS GAM l / ? t  
w I J ~ L d . o  7 . u  ~ ] t K  75 DAS o E ÷ F - , J / O S [  2 L,A~ l ] ' t *  

~ 1 6 . ~  2 C .  dAP'Et 7~ CN*~ E+F-,J/PSI 2 GA ~ l / t 7  ~ 

J .+ ]  < Z . C )  VE+IIIJ++ 7~ c n t +  ~ + E - , ~ N m C H + . ~ ; a +  i /P? ~ 
3 ~ t t . C  7 , 9  ~[ L:E [CK Sl Ct'T L ~ ÷p- + ~' ]~Qc HP .b&M ~ / 7 7 ~  

T&NENhatJm 7S StPf~CFCbD ~y ~H[I~KF~ 76 3 / ~ 7  ~ 
w IN.RE,SEE ~ qFV BY FftDmA~: ?6 TI' ~r~£~CT F(R FNf~Gy C A t l F A a T I E N .  

• VC.NGP. To IS StlPE~CE~ELJ ~Y BIDO[C~ 77 ~ / I I *  

AVE 3bIO.O 4.J AVF~AGE ( E ~ r K  I%~LUI)kS SCALE FALTC~ CF ~ . O I  
> r U O L ~ T J b t O . I  ~ . 7  AVEOAbE L'S[NC, F ~ J C t ' + T I 0 1 H / I . L I I  - -  SF; IS?~  TEXT 

b0 Pc PArTIaL DfCAy wR[)CS 

LECky MA¢~ES 
~I PC INT[ J / P S I I S I O O )  GAMMA 30~6+ 0 
I>L PC l ~ t r 2  PI+ P l -  ISS+ 13q 

¢~ pC [ N I L  GAV~A GAMMA 
t >  PC INTO 21PI+ P I - I  13g *  1~9+ [ 3 ~ ÷  I 3 9  
~ PL IKTE 3 ( p [ ¢  O f - )  
Pt PC I h T C  p[+ p ] -  K÷ K- 

P d  PC l ~ l n  Pl+ P l -  P PBaP I 3 9 ÷  13~÷ ~ J 0 *  ~3 R 
V~ PL InTF kFO0 Pl+ p ] -  773+ 1~9+ 13q  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

!5 PC BRANCHING RATICS 

k SE~ AtSC B~ANCHIF~G RATICS RbO EF P S I ( 3 e B b )  

k i  Pc I~iE (d lPSI I31Odl  CA'MAII?PTAL 
p i  ~ OCMINANT QASp 7b DASP F+E- I / T t  
kL f ( . 2 h i  TmlLLING 16 S~G PS[(366~} TC GA~ PC 1177. 
k i  O uSlaG THE UPPER LIMITS CF SIMPSON 75 
~ I  T ESTIMATED ~S]~G P S [ ( ~ 8 5 )  ~C ( G ~  ~ C i / T C T ~ E = . Q q  

kd PC I~TC I P I ÷ P I -  ANC K÷K-I/TQTAL 
~2 NOT SEEN F~LD~Ak 75 SMAG [+~-  I17( 
&z T LESS THAN .002 T&ILLIN5 #e S~AG PST(36851 TC GAM PC 1 / 7 7 ~  

R~ PC INTC (GAmmA G A m ~ e I / T C T A L  
k3 Iv.OOSOIC~ LESS CL=O.eO +RmUNSCHW 77 DASP E¢E-,3 GAmmA I /T7  ~ 

P~ PC I~TE 2 1 P 1 +  PI - ) / ICTAL  
( .012)  T R I L L I N G  7( SaaG PSII36851 TC oa  M PC 1 1 7 7 ~  

h~ PC INTO (PI÷ P I -  K÷ K-)ITCTAL 
F5 f { . 0 0 7 1  T R I L L I N G  7e SI~AG PSI(56851 tn OAm PC I177 * 

R~ PC IKTC 3(Pl÷ PI~)/TOTAL 
Re T { . O l a f  T ~ [ L L I N G  7b SMAG P S I ( 3 6 8 5 )  , o  G ~  pc 1177 ~ 

Pt  PC INTC (FIe P l -  p P~ARI/T~TAL 
~? l l . O O t l  TRILLING 76 SMAG PS[(36BS) TP CA'4 PC 1 / 7 7 "  

Ro pc tnTC (~.C¢ P [ ÷  P I - I / 2 ( P I ÷  P l - )  
R8 . 2 ~  .20 TmILLING 7o S~AG PSI(3~65) TO GAM p[ 1/77" 

G9 PC I k T (  (K~(89210 K ¢ / -  P I - / ÷ I ] [ P I +  P l -  K+ K - I  
+35 . 1 8  TRILLING 16 SMAG PSII3e851 TO GA~ PC 1/77 + 

REFERENCES FOR PC 

DASP 75 PL 57B 6O7 6RaLNSCHWEIG,K~NIGS,÷ IAACH÷DESY÷MPI~÷TCKyI 
FEL~HAN 75 STANFCRD SyMP.39 GoJ.FELOMAN (SLAC} 
HEINTZE 75 STANFORD SYMPo9? J . H E I N T Z E  IHEIOELBERG} 
SIMPSON 75 PRL 35 b 9 9  +BEReN,~QRO,H[LGER+HCFSTAD~ER,+ (STAN+ PENN) 
TANENBAU 75 PRL 35 I ~ 2 3  TANENBAUM,WHIIAKE~,A~PA~S,÷ 110L÷SLACI  
W I I K  ?5 STANFORD SYMPoe9 B .H .~ I IK  (OESYI  

BARTEL 7b TBIL[SI CONF.NSb + D U I N K E R , O L S S O N I H E I N T Z E , t  ( O E S Y * H E I O )  
FeLD~AN ?~ SIAL-PUB-185| GoJoFELCMAN (SLAC÷LBL) 
TRILLING 76 STANFORD SYMP.437 C. h .  TRILLING (LBL) 
VERNQN ?o TBIL ISI  CO~F.N63 W.VERNON IUMD.PAVI+PR[N÷UCSD÷SLAC÷STANI 
WHITAKER 16 PRL ~7 1 5 9 6  ÷TANEN~AU~.ABRA~S.ALAM+BOYA~S~[,÷ISLAC÷LBLI 
~ I I K  ?b TBIL IS I  CONFoN?5 B.P.WIIK RAPP~RTEUR (OESY) 

BIOOICK 77 PRINT-//-O2~UCSO ÷BUR NE T~+ IUC SO÷UMD+PAVI÷PRIN+SLAC÷STAN) 
BkAUNSCH 77 DESY ??/03 8RAUNSCHWEIG,÷ (AACH+DESY+HAMB÷MPIM÷TOKY) 
WIIK 77 DES¥ 7 7 / 0 1  +WCLF IOESY) 

Ix(asso) I . . . . . . . . . . . . . . . . . . . .  

05SEmVEO In  RAOIATIVE CECAY GF P S [ 1 3 6 8 S )  INtO 
CHI I3550}  GAMMA. THEREFORE C=~. THE CBSERVED DECAy INTD ~PI 
AND 6Pl IMPLY G=++ TMUS I=0o 
J=O IS EXCLUDEC BY THE ANGULAR DISTRIBUTION IN THE HADR~NIC 
DECAYS {FELDMAN ?~I 

$1 o + 1 ( $ b $ o l  ~ASS I ~ E V i  

3 5 b 0 . O  1 0 . 3  T F I L L I N c ,  
354z. C t o . o  "hITAK~n 

1 ~ 5 ¢ I . c I  ( 7 . 0 )  v r ~ n : k  
~ o £ . o  t . a  n l b b l ( K  

V~hNc]N 76 IS StPf~CEIJCF) Hy ~[O~IEK 77 

AVG 3 6 5 2 , ~  5 . ~  AVERAGE {F~ML p IN_EC)ES SfALf  FAI T £ L;F l ° i }  
STLJ~ENT3)~3.~ 5 .  <+ JVERAr;E i J S l ' l f  7TJCF 'T1  I H / [ . [ [ I  - -  tEE 1c2c TpXT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7c sm~s E + E - , ~ a ) + Q N S  (,A~ 1 1 7 7  

7a C H I I J ~ S U i  [ ' :TC ~ ( P i +  P I - i  13h+ i T ' , *  tmq÷ l ~ ;  
~ c~II355oi [ N I L  JIPI+ p [  l 

v+ c H I 4 3 5 5 0 1  i ,  t r  d / p S l ( S i c o )  G~m+'A ]£gS÷ C 
~7 C ~ I i 3 + 5 u )  [++L 2 C, A I+A 

C~ll3bSCl I ~ t "  Pl÷ P[- # ;BaC  
v )  C ~ I I J D b O l  ['JTC e h t O  P I +  ~ I -  71~+ tTc,+ 1:  +' 
r i o  C h l (  3 3 5 ) l  I *T+  k ¢ ( 5 9 2 ) C  K t / -  P [ - f ÷  7 , , +  4%:÷ 1 ~q 

77 C H I I ~ 5 ~ O i  b r a ~ C v l M ,  ~ t l F s  

~ l  o , I i ~ b S o l  l l ,  l 12 CA~mAI /TbTAL  

~z C n i l ~ T b v l  l i t [  2 ( P I +  P I - I / T C T A L  
I Z T ( . C 2 1  T P I L L I ~ I  t t  STa(; D e l I $ O T ~ I I I  (,a~ C+'l 1 / 7 7  
~L T £ b l I 4 A T E D  J S I t L  # S l l S ~ I  T-  (~AM,4A C H I I { 5 0 0 I / t r T A L ; . U ~  [ / 7 ~  

k2 ( ~ I I ~ S $ C I  [ ~ l f  ( P [ ÷  ~ 1 -  K* K - I I T L T A I  
Cm f ( . ~ l b )  T R [ L L I q u  7{ ~eA;, P S I I 3 o P S I T  # [;A~ Ca l  1 / 7 7 ~  

~4 C h I l ] 5 5 g l  I N l -  ~ ( p l +  PI-IIT~T&L 

v )  C ~ l l ~ ) b O l  i ~  "~ ( P l +  P I -  AND K+ K + I I T E T ~ L  
T I . u a z )  T ~ ! L I  I N {  76 SP~A0 p S i I ~ h ~ ' I T "  {A'4 C+~l L177= 

~ C ~ l i ~ 5 5 C I  i , r r  ( n [ +  P l -  P P , l ~ q l / l r ' t A L  
.,> T ( . . n z l  T"ILLI'4U I~ St&t,  n s [ I  ' f O S I T  o~'-i r . l  t / 7 7 ,  

~ z £ H I ( ~ D ~ C ]  [?,TI I J / V S l l S i S 0 l  G4M~Jl  I T ~ T A L  
+7 T [ . I Z )  T £ I L L I ' q I ;  7b Sm~3 P g l l ] # ~ S } [ :  C~m CqI  1 t 1 7 '  

£3 C ~ [ I 5 5 5 0 1  I~T* ( k e ( 0  P [ +  P [ - l l z l P [ ÷  P ] - I  
l,# . 2 |  , t ?  T R I L L I N G  7b S+A+ P ] I I P + P S I I +  Gam Ctt [  1 /7+ ; ,  

~s C ~ [ I 3 5 ) 0 i  l ~ f {  ( K ~ 1 8 ~ 2 1 0  K + / -  P I - / ÷ I / I + I +  p [ -  K* ~-I 

E9 .2S . t 3  TBTLL ING ?b S~&G P £ 1 1 3 £ ~ s I T r  GA~ Cq l  1177 '  

RE~EOENCf5 ~ r~  C ~ I ( 3 h 5 0 1  

F~LiiMAN tb PRL ~3 8 2 [  * J E ~ N - ~ A # I E , S ~ B C U L t + , V A N N I t F {  I , *  I L b L + S L ~ £ I  
ALSC 1~ PRL 35 l i P %  I E P ~ J l A }  

T~NENOAO 75 P£L J5 I S z 3  I A N E N R ~ U m , ~ H I I A K { ~ , & 6 ~ ' ~ £ + ÷  [LTL+SL~CI  

FELD~N 7b SLAC-PU~-1851 G.J .~ELCmA~ {SL~[+L~LI 
PIERRF 7b LbL-532~ F.¢IER~E ISLACtLBLI 
T~ILLIhG t c  STANFCRO SYMP.~37 G. F. t ~ I L L I M ]  ILPLI 
+:~NON 7b T R I L I S I  LONF.%~3 W+VFaNr'N IOVE~+PAVI+PDIN÷Ui. S0÷K{ ~L *STANI  
~aITAKER ~o PRL ~7 [59b ¢TANENmAU~,A~RAMS,ALAN.~[)yA# S~I,*(5L&C ÷LFL] 
~ I I K  #e TBIL[SI (O%F.N?5 F.F.WI[K mAppCP'EUR IDESY} 

~ICLICK I I  PRINT-77+O~440CSO *BO~I~FTT+ (UC SO÷lJ~C:÷PA VI÷PLI'~÷SLAC*bTANI 
BMAUNSCH ? l  DESY 7 7 / 0 ~  8RAUNSCHkEIG,÷ 14ACHeBESY¢PA~B+WPI'a÷TPKYI 
~ l l ~  77 OESY 77101 ÷WCLF IOISYI 

1@(3685) I . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

71 PSI (3(++I  mASS ( + E V I  

3~80.3 3 7 ,  CPI~G~ 75 pLUT ~÷#- Z lT,  
M ] 6 e 4 .  ~. LUTH I~  SMAG E*~+ [ / 7 f  
M 3 6 8 ~ .  9 .  p~EPGST 75 SPFC 21. G6MM~ ~ I / 7 t  
m 
M L L UtN 75 IS  A R£EVALUATI~ CF ABPA~S 76.  2 / 7  L 
M S ERROR CF AeOOT I PER CENT FRCM THE UNCERTAU~Ty [N CAIIBR41IPN cJ = 2/7 ~ 
M S THE ~EAm E N E r G y .  217 '  

AVG 3 6 8 3 . £  4 . 3  AVERAGE (EPkuP INCLDOFS SCALE FA¢ I d a  o~ l . c )  
M STUOENT3eb3.£  @,7 AVERAGE tJS l~  S T U D F N T I J I H I I . I t l  -- SEE 1c7~ TEXT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

UM PST(3~85) - J / ~ S I ( 3 1 0 C )  ~ASS OIFFF~EN( ~ IMEV) 

OM 5 e 8 . 7  . 8  t b l n  75 S~AG 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ . . . .  

? l  PSI13e851 WIDTH (KEi l  

W 228.  5 6 ,  LUTH 75 S~J~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7L PSIIS6851 PARTIAL DECAY MQC'ES 

DFCAY mASSFS 
.5÷ .~ . . . . . . . . . . . . . . .  ~;E;u - 

P2 P S l 1 3 6 9 5 1  INTO 1 3 5 *  LOS 
P~ PSII36851 INTO HADRONS 
P@ P S I ( 3 ~ 8 5 i  INTO VIRTUAL GAMMA INTC H~DRE~S 

17 
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~,(3685) Data Card Listings 

P DECAYS INTFI J/psI(:IOU) ~ AkYTHIN~: 
R ................................ 
PIT PSI(3o85) INTO J /PSI (3100)  + A N Y T H I N 0  
P 1 2  P S l ( 3 6 8 5 )  INTO J/PSI{31ODI * NEUTRALS 
PL3 P S I ( 3 6 8 5 1  I N I C  J / P S I I 3 1 0 0 1  P I +  PI  3 0 9 8 +  1 3 9 +  1 3 9  
P I ~  R S I ( 3 6 8 5 )  I N T C  J / P S I { 3 1 0 0 1  P I O  P I O  309~÷ 134+ 1 3 4  
PIE PS[(3~851 INTO J/PSI{3100)  ETA 3 0 9 S +  ~48 
PL~ PS[(3O85] INTO J/PSI(31dOI GAMMA G ~ u A  

P ~ADRONIC DECAYS 

F21 P 5 1 ( 3 o 8 5 )  I N I ~  p [ +  p [ -  
R 2 2  RSI[36B57 I N T C  RHO p[ 
P2J PSI(3~85} INTO K÷ K -  
P24 PS[(36851 INTC 2(PI+  P I - )  
P 2 5  P S I ( 3 e ~ 5 1  I N 1 0  2 ( P I +  P [ - }  P I O  
P2O P S 1 { 3 6 8 5 }  I N l O  P I *  P I -  K+ K -  
P27 P S I [ 3 6 8 5 1  INTe PBAR P 
PZ8 P S I ( 3 6 8 5 }  I N T F  LAMBD~ A N T I L ~ B O A  
P ~  P S I ( 3 6 8 5 1  ]NTO X I  A N I I X I  

p R~DIATIVE OFCAYS 
p . . . . . . . . . . . . . .  

P S I  PSI(36851 I N 1 0  GAMMA GAMMA 
P~2 PS[(Bb851 INTO PIG GAMMA 
P53 P S I ( 3 ~ 8 5 )  INTO ETA GAMma 
PS~ PSI (3 t~5}  I N I O  ETA PRIME GAMMA 
~55 PSI(3~857 I N T 0  X ( 2 8 3 0 )  GAMma 2 8 3 0 +  o 
P ~ 6  P S I ~ 3 ~ e 5 )  INTO C H 1 ( 3 4 1 5 1  GAmMa 3 4 f 3 +  o 
P57 PSI(3~857 INTO C H 1 ( 3 ~ 5 5 )  GAMMA 3454" o 
P58 PS1(3O85) INTO PC(3510) GAMMA 3510+ o 
P 5 9  PSI(~GBSI INTO CH[[3550} GAMMA 3554+ 0 
PoO PSI(BeE5) INTO PC(3510] + ANYTHING 

FIT r E D  P A R T I A L  D E C A Y  M O D E  I 3 R A N C H I N G  F R A C T I O N 5  

r h e  m a t r i ×  beLo~ i s  d e r i v e d  f r o m  t h e  e r r o r  m a t r i ×  f o r  t h e  f i t t e d  p a r t i a l  d e c a y  m o d e  

b r a n c h i n g  f r a c t i o n s ,  P a s  f o l l o w s :  T h e  d i a g o n a l  e [ e n ~ o n t s  a r e  P i ±  6 P  i ,  ~ h e r e  

6 P  = ~ ~SP  i P i 2 ,  w h i l e  t h e  o f f - d i a g o n a l  e I e m e n t s  a c e  t h e  n o r m a l i z e d  c n r r e l a t i o n  c o e f f i -  

c i e n t s  , E p . 6 p j } /  6 p  i . 6 P j  . F a r  t h e  d e f i n i t i o n s  o f  t h e  i n d i v i d u a l  P .  s e e  t h e  l i s t i n g s  

a b o v e ;  o n l y  t h o s e  P i  a p p e a r i n g  i n  t h e  m a t r i x  a r e  a s s u m e d  i n  t h e  f i t  to  b e  n o n z e r o  and 

a r e  t h u s  c o n s t r a i n e d  to  a d d  t o  f ,  

; , v  i + r ,  o .  o '~ , I /V+,nHIR ~0~ * ' ,  

J/. +; . 3 2 8 9 + - . 0 2 5 1  
J / ,  e l °  .~7C7 .1734+- .0178 
J/G r - .D21~ - .0102 .0416+- .0071 
J / J~-OTHER , 2 5 9 B  - , 4 1 B 6  - . 1 5 2 6  o033k~* -  , 0 2 B 8  
NON-J/~ - . 9014  - .  ~ 2 4 3  - , D 5 3 7  - . 5 B 6 5  o 4 2 2 7 + - .  D~45 

71 PSI(BGBSI PARTIAL WIOTHS (KEV) 

Wl P S I ( 3 6 8 5 )  I N T O  E+ E -  ( O I l  
w t  2 . I  . 3  rUTH 75 SNAG E+E- 

W3 PSII3eES) INTO HADRONS ( G 3 }  
W3 2 2 ~ .  5b. LUTH 75 SNAG E+E- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 [  PSI(3685) BRANCHING RATIOS 

2175 
1/76 

q I  PSI(3~851 INTO (E+ E - l / T O T A L  
R1 L , 0 0 9 3  .0016 LUTH 75 SNAG E+E- 1 / 7 6  
R1 L F~OM AN OVERAL L FIT ASSUMING EQUAL PARTIAL WIOTHS FOR (E+E-) 
RI L AND (MU÷MU-). FOR A MEASUFEMENT CF THE RAT[E SEE THE ENTRY R~ BELOW 

RZ P5[(36851 INTC (MU* MU-)/TOTAL 
R2 H .0077 .DOt7 HILGER 75 SPEC E+E- I / 7 ~  
~2 H RE-STATED BY US USING (JIPSI(BIOO)÷ANyTHING)/TOTAL =0.55 

R3 PSII3~ES} INTO (HADRONSI/TOTAL 
R3 P .981 . 0 0 3  rUTH 75 SNAG E+E- 1/76 
R3 p INCLUDES CASCADE CECAY INTO JIPSI{31OO) ~1775 

R~ P S I 1 3 6 8 5 )  INTO (MU÷ MU- I / (E*  E - )  
R4 ( . 8 9 l  { . l b l  BOYARSKI 75 SMAG E÷E- l l T b  

R5 PSII3OBSI INTO (GAMMA INTO hADRONS)/TDTAL 
R5 C .02~ .004 LUTH 75 SMAG E+E- l lTb 
R5 C INCLUDED IN R3 

R DECAYS INIC JIPS[(31007 * AByTHING 
R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RIO P 5 I ( 3 6 8 5 )  I N T O  {J/PSI(31001 + ANyTMI~G)/TOTAL 
.57 .08 ABRAMS 75 SNAG E÷E- 1/76 RIO 

RIO . . . . . . . . .  
RlO FIT 0.577 0.044 FROM FIT [ERROR INCLUDES SCALE FACTOR OF l . O )  

R I I  P51(3685] INTO ( J / P S I ( 3 I o o )  * NEUTRALSII(JIPSI(BIOO) + ANYTHING) 
RII .41 °02 TANENBAUM 76 SNAG E÷E- 2/76 

RZl . . . . . . . . .  
RI1 F I T  O . ~ I O  O.OZO FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)  

R I 2  PSI(3685) INTO IJ/RSI[31OO) P(+ P I - I /TCTAL 
R12 .32 .C4 ABRAMS/ 75 SM~G E+E- 1 / 7 b  
R~2 .3~ .06 WIIK 75 OASP E÷E- 1 1 7 6  

R z2 . . . . . . . . .  
R12  AVG 0.332 0.C33 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 }  
R12 STUDENT 0.332 0.036 AVERAGE USING STUDENTIO(H/ I . I I )  -- SEE [976 TEXT 
k l 2  FIT 0.329 0.025 FROM FIT (ERROR INCLUDES SCALE FACTOR OF i . O )  

R I 3  P S I I 3 b B S )  INTO ( J / P S l { 3 1 0 0 )  P [ o  P I O ) / T O T A L  
RL3 0.17 O.OB9 ABRAMS/ 75 SNAG E+E- 1 / 7 7 .  
RI3 .18 .06  WIIK 75 GASP E+E- 1 / 7 6  

RI3 AVG 0.172 0.026 AVERAGE (ERROR INCLUCES SCALE FACTOR OF l . O l  
Ri3 STUDENT 0.172 0.028 AVERAGE USING STUDENTIO(H/I. I I I  - -  SEE 1976 TEXT 
E13  FIT 0.173 O.OiB FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)  

~i~ PsI[3o85) INIE (J/PSI(BIDE) rIG PICI/(JIR~JI31DOI El+ PI-I 
R£4  d 1 . 6 4 1  1 . 1 5 1  H ILGER 75 SPEC E+F- I / 7 &  
RL4 0.53 0.06 T~NENBAUM 76 SMAG E÷E- 1177' 
P14 H IGNORING TEE (J/PSI ETA) AND {J /PSI  GAMWA GAMMA1 DECAYS 
R 14 . . . . . . . . .  
R I ~  FIT 0.5Z7 G.050 FROM FIT (FRRCP INCLUDES SCALE FACTOR OF l . O }  

~15 PSI(3o857 INTO (J/PSII31OO) ETA)/TCT~L 
RI~ .043 .0C8 TANENBAU~ 76 SMAG E+E- I176 
k l 5  .037 .015 WIIK 75 DASP E+E- 1 / 7 6  
R 15 . . . . . . . . .  
EL5 AVG 0.0417 C.O071 AVERAGE (ERROR INCLUDES SCALE FACTOR OF loO)  
RI5 STUOENI 0 . 0 4 ] 7  C.0076 AVERAGE USING S T U D E N T I O I H I I . 1 1 I  - -  SEE 1976 TEXT 
RI5 FIT 0.0416 0 .007 |  FROM FIT IERROR INCLUDES SCALE FACTOR OF l . O l  

RE6 PSl[36851 INTO (JIPS[{BIOO) GAMMA CR J/PSI{BtOO] PIOI/TOTAL 
RE6 (.OOIB}OR LESS CL=.PO TANENBAUM 7& SNAG E+E- 2/76 

k HADRONIC DECAYS 
R . . . . . . . . . . . . . . .  

R20 P51{3~857 INTO (P l+  P l - ) / T ~ T A L  (UNITS I 0 ' ' - 4 )  
R20 (3 .7)  OR LESS CL=O.gO BRAUNSCHW 76 GASP E+E- 1/77"  
~20 ( 0 . 5 l  ER LESS CL=O.gO RELC~AN 76 SNAG E+E- 1 /77 "  

R2I PSII36851 INTE (RHCO PIO) / IOTAt  
RZI I.O01}OR LESS EL=.90 ABRAMS 75 SNAG E+E- 1176 

R22 PSI(3685) I N T O  {2{PI+  P I - }  PIOI/~OTAL 
R 2 2  .0035 .0015 ABRAMS 75 SNAG E+E- l l T &  

R23 PSI{3685) INTO (K+ K- ) /TOIAL (UNITS I0~*-47 
RIB 2 ( I ~ . )  OR LESS CL=O.gO BRAUNSCHW Tb GASP E+E- 1 /77"  
R23 {0 .5 )  OR LESS CL=O.go ~ELDMA~ 76 SMAD E+E-  1/77"  

R24 P51(36857 INTC { P I +  Pl- K*  K- ) / IGTAL 
R24 (0.0014)  (0.000~) PIERRE I 76 SNAG E+E- [ / 7 7 "  

R25 PSl(3bB5) INTG {PBAR P ) / T C I A L  (UNITS i 0 ~ - 4 7  
R25 ( 4 .7 }  OR LESS C L = 0 . 9 O  BRAUNSCHW 76 GASP E÷E- 1 / 7 7 "  
R25 4 2 . 3 )  (0.71 FELDMAN 76 SNAG E+E- I 1 7 7 "  

R26 PSI136E5J INTO (RHO Pl I /TOTAL 
R26 (O.OOI)OR LESS CL=O.gO BARTEL i 76 CNTR E+E- 1177" 

RB? PSI(3~E5I INTO 2(P I+PI - ] /TGTAL 
RZ7 (O.OOO8) {O~OOOB) PIERRE i 76 SNAG E + F -  1/77 ~ 

R28 PSI(36857 INTO (LAMBOA ANTILAMBDA)/TCTAL 
R28 (0 .0004)0R LESS FELEMAN 76 SMAG E+E- 1177~ 

R29  PSI(BGBS) I N T O  ( X I -  ANTIXI - ) /TOTAt  
R29 (O.OOO2) FELONAN 76 SNAG E+E- 1/77~ 

R RADIATIVE DECAYS 
R . . . . . . . . . . . . . . . .  

R~I PSIIBb851 INTO (GAMMA GAMYAIITCTAL 
RAI U (.ODE]OR LESS E L l . 9 5  HUGHES 75 BPEC E+E- 1/76 
R ~ I  ( . O O B ) O R  LESS C L = . g o  W I I K  75  DASP E ÷ E -  1 1 7 6  

R42 PSI(36857 INTO iP lO GAMMAI/TOIAL 
R42 O (.DOT)OR LESS CL=.95 HUGHES 75 SPEC E+E- 1/76 
R~2 [.Oll OR tESS CL' .PD WIIK 75 OASP E ÷ E -  l / T 6  

Rq3 PSIIB685) INTO I E T A  GAMMAIITGTAL [UNITS I 0 * * - 2 1  
R~3 u ( ~ , B ]  OR LESS C L = . 9 5  HUGHES 75 SPEC E + E -  1 1 7 6  

(0 .04)  OR tESS CL=.g5 9 4 86 77 DASP E+E- R~3 A 
R43 U RE-STATED BY US USING (MU+MU-)ITGTAI = .0077 
R~3 A RESTATED BY US USING TOTAL DECAY WIDTH 228 KEV. 

R~4 PSl(36857 I N T C  (ETA PRIME GAMFu~ l /TOTAL (UNITS 1 0 ~ * - 2 )  
RAq [0 .117 OR tESS CL=O.go BARTEL I 7E CNTR E+E- 1 /77 "  
R@4 A {0.61 OR LESS CL=O.gO BRAUNSCHW 77 OASP E+E- 11775 
R44 A RESTATED BY US USING TOTAL DECAY WIDTH 228 KEV. 

R53 PSII36851 INTO (X(ZBBO) GAMMA)/TOTAL (UNITS 10.=-27 
R53  S ( 5 . 0 )  DR LESS CL=O,gO BADTKE 76 CNTR E ÷ E -  1 1 7 7 "  
R53 (L.l) OR LESS EL=0.90 WHITAKER 76 SNAG E÷E- 4177.  
R53  I f . O )  OR LESS CL=O. gG BIDOICK 77 CNTR E+E- 3 1 7 7 ~  
R53 S BADTKE 7 6  IS SUPERCEDED BY BIOOICK 77 3 / 7 7 *  

R54 PSI(3685~ INTO (X(2830) GAMMA)/TOTAL (UkITS i 0 " * - 2 l  
R54 X(2830] INTO CHANNEL SPECIFIED IN COMMENTS 
R54 10.3) OR LESS CL=O.95 HUGHES 75 SPEC X TO [2 GAMMAI 1/76 
R54 IO.DBAIOR LESS EL=0.90 BRAUMSCHW 77 DASP X TO I2  GAMMA) 1177" 
R54 (O.042]OR LESS CL=O.90 8ARIEL 2 76 CNTR X TO (RHO GAMMAJ 1 /77"  

R55 PSI{Ba857 INTO [CHI(34151GAMMAI/ IOIAL (UNITS [0 " * -21  
R55 A 7.5 2.a WHITAKER 76 SMAG E÷E- I1775 
R55 QA (B*]  ( B . )  VERNON 76 C N T R  E+E-,NONGCHR.GAM 1/77 ~ 
R55 A 7.2 2 .3  BIDDICK 77 C N T R  E÷E-,NONOCHR.GAM 3177= 
R55 A ANGULAR DISTRIBUTION {I÷COS**2) ASSUMED 
R55 Q VERNON 76  IS SUPERCEDED BY BIOOICK 77 3 /775 
R~5 . . . . . . . . .  
R55 AVG 7 .3  1 .7  AVERAGE (ERROR INCLUDES SCALE FACTOR OF I °01 
R55 STUDENT 7.3 1.8  AVERAGE USING STUDENTIO(HII .~I I  - -  SEE 1976 TEXT 

R56 RSI(3685) INTO {OH/(3415) GAMMAI/TCTAL (UNITS I O * * - 2 l  
RSb CHl (Bq[5)  INTO CHANNEL SPECIFIED IN COMMENTS 
R56  1 ( 0 . 2 )  ( 0 . 2 1  WHITAKER 7b  SMAG CHI  T O I J / P S I  GAMMA) L / 7 7  $ 
RS~ 1 { l .  OI M I l K  76 DASP CHI  T O ( J / P S !  G~MMAI 4 / 7 7 5  
R56 {3 .3 )  ( 1 . 7 l  BIDOICK 77 CNTR CHI TO(J/PSI GAMMAI 3 /775  

(0 .04)  OR LESS CL=O.90 BRAUNSCHW 77 DASP OH/ TO IB GAMMA/ E / 7 7 5  R56  
R5b (0 .07 )  I 0 . 0 2 }  PIERRE B 76 SNAG CHI TO (K÷K-) I 1 7 7 5  
R56 (0 .07}  (0 .027 PIERRE 2 76 SNAG OH[ TO (P I+P I - )  12775 
R56 (0 .12)  [0 .041 PIERRE i 76 SMAG OH/ TO IPI÷PI-RHOOI 1/775 
RS~ I0.17} IO.O8) PIERRE I 76  SNAG CHI TO IPI~K-K*O) I 1 7 7 "  
R5b {0.327 {0.067 PIERRE 2 ~6 SMAG CHI TO B IP I÷P I - )  1 / 77 .  
RSb ( . 0 4 ]  ( .013 ]  TRILLING 76  SMAG OH/ TOIPI~PI-PBARP( 1/775 
R56 (0 .27)  [0 .071 PIERRE 2 76 SNAG OH/ TO IK÷K-PI÷PI - }  1 / 7 7 5  
R56 (0 .14 }  (O.OSl PIERRE 2 7b SNAG CHI TO 3 ( P f * P [ - I  1 / 7 7  = 

R57 PSI(36857 INTO (CHl135507 GAMMAI/TOTAL (UNITS l O * * - 2 1  
{ 8 . ]  (B . ]  VERNON 76 C N T R  E+E-,MONOCHR .GAM 1 / 7 7 5  R57  Q~ 

R57 7 .0  2 . 0  BIDDICK 77 C N T R  E÷E-,MONOCHR.G~M 3 / 7 7 *  
RE1 B VALID FOR ISOTROPIC DISTRIBUTION OF THE PHOTON 
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Data Card Listings %#(3685), ~k(~030)V,(4415) 

R58 PSI(3~e51 INTO {CHIT3550( GAMMAI/T£TAL IUNITS L 0 * * - 2 )  
RSB C H I ( 3 5 S O l  I N T 0  CHANNEL SPECIFIED IN COMMENTS 
R58 IT .O)  1 . 6 1  TRILLING 76 SHAG CHI TnIJ IPSI  GAMMAI [ / 7 7 8  
RSB (2.21 ( ( . O f  BIDDICK 77 CNTR CHI T O I J I P S I  GAMMA) 3177~ 
R58 ( .02 )  OR LESS EL=0.90 BRAUNSCHW 77 DASP CH[  TO (2 GAMMA( [177= 
R58 [ 0 . 0 2 3 l  (0.0131 PIERRE 2 76 SMAG CHI TO (P I IP I - ,K+K+  1 1 7 7 "  
R58 ( 0 . 0 5 0 )  [ 0 .030 )  PIERRE I 76 SHAG CHI TO (PI+PI-RHO0 1 / 7 7 "  
R58 (0 .053)  (O.O3O) PIERRE I 16 SHAG CHI TO [PI+K-K*O) 1 /77 "  
R58 (0 .16)  ( O . O ~ )  PIERRE 2 76 SMAG CH[  TO Z I P I ÷ P I - )  1 1 7 7 ~  
RS8 l .O02 )  l . O O l )  TRILLING 76 SHAG CH[  TO(PI~PI-PBARP) [ / 7 7 "  
R58 (O.16l ( 0 . 0 6 J  P IERRE 2 16 SHAG CHI TO lP I+OI -K÷K- I  1/77" 
R58 (.OOBI ( . 0 0 5 )  TRILLING 76 5HAG CHI TO DIP(+ P I - ]  L / 7 7 '  

RSS PSII3EflSI I N T O  (PC(3510) G~MMA)/TETAL ]UNITS 1 0 ~ - 2 1  
R59 OB ( 9 . )  (3.) VERNON 76 CNTR E+E~,~ONCCHR.GAM [177= 
R59 B 7 . 1  1 . 9  BIODICK 77 C N T R  E+E-,MUNOCHR.GAM 3 / 7 7 ~  
R59 B VALID FOR [SOTROPIC DISTRIBUTION CF THE pHCTON 

RBO PSII3685) INTO IPC(3510) GAMMAI/TOTAL (UNITS 10"~-2;  
PbO PC135101 INTO CHANNEL SPECIEIED IN COMMENTS 
R60 (~ .0 )  ( 2 .0 )  WIIK 75 DASP PC TO (J/PSI GAMMA) 1 /77 "  
BOO 12.4) ( . 8 )  TRILLING 7b SHAG PC TO (JIPS{ GAMMA) i177"  
RBO [5 .0 )  ( [ . 5 )  BIDDICK 77 CNTR PC TO I J IPSI  GAMma) 3177~ 
RoD ( . 0 2 b l O R  LESS CL=O.90 BRAUNSC~W 77 DASP PC TC (2 GAMMA) 1 / 7 7 ~  
RbO (O.OISICR LESS CL:O.90 PIERRE 2 76 ~MAG PC TO (P I+P I - ,K÷K- )  1177" 
RBO (O.02b) (0 .  D221 PIERRE I 76 SMAG PC TO (PI fPI -RHOO))  1177~ 
R60 (0.0321 l O . O I P l  PIERRE [ 76 SHAG PC TO IPI~K-K~OI 1177~ 
ROD ( O . I I )  I 0 . 0 4 I  PIERRE 2 76 SHAG PC TO 2 ( P I + P I - )  1177= 
R60 ( . O l l  (.DO81 TRILLING 76 S~AG PC TC IPI+PI-PBARP} t / 7 7 *  
R60  lO .Ob l  ( 0 . O 3 )  PIERRE 2 7b SMAG PC To (PJ*PI -K÷K-)  1 / 7 7 "  
RBO ( . 1 7 )  I . O O )  TRILLING 76 SHAG PC TC ~ ( P I +  p I - )  1/77= 

R BI  P S I ( 3 o 8 5 1  INTC [ C H I ( 3 4 5 5 }  GAMMAI/TOTAL (UNITS I O l = - 2 1  
Rb[ SB ( 5 . )  OR LESS CL=0.90 8ADTKE 76 CNTR E+E- 1/77 = 
ROt B ( 2 . 5 )  OR LESS CL=D.90 B I D O I C K  77 CNTR E+E- 3/77~ 
R61 B VALI~ FD~ [SOTROPIC DISTRIBUTION OF THE PHOTON 
R G 1 S  BADTKE 76 IS SUPERCEDED BY B[OOICK 77 3 / ? 7 *  

f 6 Z  PS[[3685) INTO (CHI(3455) GAMMA)/TDTA1 (UNITS 1 0 " * - 2 )  
R62 C H I ( 3 4 5 5 1  INTO CHANNEL SPECIFIED IN C~MMENTS 
R62 6 ( 0 .8 )  10 .6)  TRILLING 76 SMAG OH( Tq[J /PSI  GAMMAI 1/77 = 
R62 (Oo031)OR LESS EL=0.90 8RAUNSCHW 77 GASP CHI  TD 12 GAMMA( [ / 7 7 *  

THIS GOMBINATION OF A PARTIAL WIDTH WIIH THE PARTIAL WIDTH 
INTO E÷E- AND WITH THE TOTAL WIDTH IS DBTAINEO FROM THE INTEGRATED 
CROSS-SECTION INTO CHANNEL(1) IN THE E+E- ANNIHILATION. 
WE CNLY LIST DATA NOT HAVING BEEN USED TO DETERMINE THE PARTIAL 
WIOTH G i l l  CR THE BRANCHING R A T I O  G I I I / T G T R L .  

G3 G I H A D R O N I C I * G ( E + B - I / G I T C T ~ L I  
GS 2 , 2  . 4  ABRAMS 75 SMAG E+E- 1 / 7 6  

REFERENCES For PSII36E51 

ABRAMS 7~ PRL S3 1 4 5 3  

ABRAMS 75 STANFORD SYMP.25 
ABRAMS[ 75 PRL J~ I181 
AUBERT 75 PRL 33 t 6 2 6  
BOYARSKI 75 PALERMO CONF. 56 
CAMERINI 75 PRL 35 483 
CRIEGEE 75 EL 53B 489 
DASP3 75 PL 57B ~07 
FEL~MAN 75 PRL B5 82~ 
FELDMAN~ 75 STANFORD SYMP.~9 
GRE£O 75 PL 56B 367  
H~INTZE 75 STANFORD S y M P . 9 7  
JACKSON 75 HIM I2B [B 
HILGER 75  PRL 35  625 
HUGHES 75 PREP.HEPL 765 
LUTH 75 PRL 35  i12~ 
LIBERMAN 75 STANFORD SYMP.55 
PREPOST 75 STANFORD SYMP.26I 
SIMPSON 75 PRL 35 6 9 9  
TANENBAU 75 PRL 35 1323 
WIIK 75 STANFORD SYMP.69 

BR~IKE 7b PREPRINT 
BARTEL I 76 PL 0 4  B ~O3 
BARTEL 2 7b  TBIL [S I  C O N F . N 5 6  
BRAUNSCH 76 PL 63  B 4 8 7  
FELOMAN 76 SLAC-PUB-IBSI 
PIERRE I 76  L B L - 5 3 2 4  
PIERRE E 76 TBIL ISI  CDNF.N66  
PIERRE 3 7b SACLAY-DPHPE76-21 
SNYDER 7 6  PRL 3 6  1615 
TANEN~AU 7b PRL 3b  40E  
TRILLING 7 6  STANFORO SYMP.437 
VERNON 76 TBIL IS I  C~NF.Nb3 
WHITAKER ?b PRL 37  1 5 9 6  
WIIK 76 TBIL IS I  CONF.N?5 

BIDOICK 77 PRINT-lT-O26~UCSD 
BRAUNSCH 77 DESY 7 7 / 0 3  
WIIK 77 DESY 7 7 / 0 I  

*8RIGGS,AUGUSTIN,BOYARSKI+ (IBL+SLACI 

G.S.ABRA~S {LBLI 
÷BRIGGSICHINDWSKY,FRIEDBERG,+ (LBL+SLAC} 
+BECKER,BIGGS,BURGER,GLENN+ [ M I T + B N L )  
÷BREIOENBACH,BUECS,ABRAMS,BRIGGS+ISLAC+LBL) 
~LEARNED,PREPOST,ASH,ANDERSON,÷ (WISE÷SLAG) 
+DEHNE,FRANKE,HCRLITZ,KRECHLOCK÷ (DES¥I 
BRAUNSCHWE[G,K~MGS,+ (AACH+DESy+MPIM+TDKy) 
+JEAN-MARIE,SADOULET,VANNUOC],+ (LBL+SLAC) 
G.J.FELDMAN (SLAC) 
÷PANCHERI-SRIVASTAVA,SRIVASTAVA {FRAS) 
J.HEINTZE (HEIDELBERGI 
J.D.JACKSON,E.SC~ARRE (LBLl 
+BERON,FORD,HOFSTADTER,HOWELL,+ (STAN+PENN) 
+BERON,CARRINGTON,FORD,HIEGER,+ (STAN÷PENN) 
+BOYARSKI,LY~CH,BREIDENBACH,+ (SLAC~LBLIJPC 
A.D.LIBERMAN (STANFORD) 
R.P~EPOST (WISCONSIN) 
+BERON,FORD,HILGER,HCFSTAOTFR,+ ( S T A N + P E N N I  
TANENBAUM,.HITAKER,ABRAMS,+ [LBL+SLAC) 
B.H.WIIK (DESY) 

+BARNETT,+ (UMD~P~VI+PRIN+UCSD÷SLAC÷STAN) 
+DUINKER,OLSSCN, STEFFEN,MEINTZE÷IRESY+HEIOI 
+DUINKER,OLSSQN,HEINTZE,+ IDESY+HEID) 
BRAUNSCHWEIG,÷ (AACH+OESy+HAMB÷~PIMITORYI 
G.J.FELOMAN ISLAC+LBL) 
F.PIERRE (SLAC+LBLI 
F.PIERRE (SLAC+LdL+SAZL) 
F.EIERRE (SLAC+LBL) 
÷HDM,LEDERMAN,PAAR,APREL,÷ (COLU+ENAL÷SIONI 
TANENBAUM,ABRAMS,BCYARSKI,BULOS,÷ISLAC÷LBL)IG 
G.  H .  TRILLING (L~L) 
W.VERNGN (UMD+PAVI+PRIN+OCSDISLAC+STANI 
+TANENBAUM,ABRA¥S,ALAM,B~YARSKI,+(SLAC+LBLI 
B.H.WIIK RApPORTEUR (DESY)  

÷BURNETT+ IUC~DAUMD+PAVI+PRIN~SLAC+STAN) 
BRAUNSCHWEIG,+ IAACH+D~SY+HAMB+MPI-÷TqKyI 
+WCLF (DESYI 

I V,'(4030) I 
72 P S I I 4 0 3 0 , J P G = I  - I I = 

SEEN AS A NARROW PEAK )N E+E- INTO HADROrJS. SEE 
(HARMJ~ ' IUM ~ I N I - R E V I E W .  NEEDS C C ~ F I G N A T I C N .  NO EXPERIMENTAL 
ATTEMPT HAS BEEN MADE TO I D E N T I F Y  S P E C I F I C  STATES IN THE 
4000 - ' 300  GEV REGIOn. THE NUMBER E E [  AnD E" ~ESnNS SEEn 
ASSOCIATED WITH THIS RFGICN IS LARGER THAN EXPECTED FOR & MERE 
CHARMED PARTICLE PRODUCTI@N THRESHDLO EFFECT, SUGGESTING 
RESONANCE INTERPRETATICN FOR AT LEAST pART ~¢ THE DATA. O~ITTEO 
FROM TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7Z PSI(4030) MASS I~EV) 

M (4030,1 PERUZZI 7E SMAG F÷F- 1 /77"  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

72 PSI(4030( PARTIAL DECAy mCOE$ 

DECAY MASSES 
P[ PSIIA030) INTC O DBAP 
P2 PSII~OBOI INTO D* OBAR AND D.BAR O 
P3 PSllkOBO) INTO O~ D.BAR 
P6 PS[(kC3Ol INTO JIPSIIBIO01HADRCNS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 PSII4OBO( BRANCH]NO RATIOS 

Ri PSI(~030) INTO (D O*IITOTAL (PZ) 
RI  SEEN PERUZZ[ 76 SMAG E'E- I 1 7 7 "  

62 P S I ~ 6 0 3 0 )  INTO J l P S I ( 3 1 D O ]  HAORONS I R k )  
R2 LO~KED ECR 6URMESTE~ 77 PLUT E÷E-  ~177~ 

REFERENCES FOR PSI(4030) 

AUGUSTIN 75 PRL 3~ 764 ÷BeYARSKItABRA~S,BRIGGS* (SLAC+LBL) 
BACG[ 75 PL S8B 481 *81DOLI,PENSO,STELLA,* (ROMA+FRASI 
BOYARSKI 75 PRL 34 76Z  *BREIDENBACP,ABRAMS,BRIGGS,÷ (SLAD÷LBLI 
E S P ~ S I T O  75 PL 58B 478 +FELIEETT[,PERUZZI,~ (FRAS÷NAPn+PADO+RCMA) 
SCH~ITTE 75 STAMFORD SYMP.5 R.F.SCMWITTERS (SLACI 

FELDNAN ~ SLRC-PUB-I851 G.J.FELDMAN ISLAC÷LBL) 
PERUEZI b PRL 37  5 6 9  +PICCOLD,FELDMAK,~GUYEN,WISS,* (5LAD+LBLI 

BURMEETE 77 DESY 771L9 ÷CRIEGEE,DEHNE÷ (DEEY÷HA~B÷EIEG÷WUPP) 
W I I K  77 DESY 7 7 / D |  ~WCLE (DESY)  

I . . . . . . . . . . . . . . . . . . . .  
PES~NANCE-SPAPED STRUCTURE IN E+E- I N T O  HADRONS. 

NUMBER nF STATES IN THIS REGION, A~C SPECIFIC DECAY MODES UNKNOWN. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

73 PSI(6415) MASS (MEV) 

M ~ l @ .  7 .  SIEGRIST 76 SHAG E . E -  2 /76 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

73 PSI(64(51 WIDTH (~EVJ 

W 3 3 .  I O .  SIEGPIST 76 SMAG ~+E- 2 / 7 6  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

73  P S I ( ~ [ S l  PARTI~[ OECAy ~CDES 

DECAY MASSES 
P I  PSI [4~I51 I N T 0  E~ E-  .5+ . 5  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

73 PSI(44151 BRANCHING RATI~S 

R1 P S I I 6 6 1 5 )  INTO (E+  E - l / T O T A L  ] U N I T S  1 0 ~ * - 5 )  
R| 1.3  .3 SIEGRIST 76 SMAG E+E- 2/76 

R2 P S l 1 4 6 1 5 1  INTO H A D R O N S / T O T A L  
g~ DOMINANT SIEGRIST 76 SMAG E+E- 1177~ 

REFERENCES FOR PSI(44151 

SCHWITTE 75 STANFCRD SyMP.5 R.F.SC~WITTERS (SLAC] 

FELDMAN 76 SLAG-PUB-IS5( G.J.EELCMAk (SLAC*L~L) 
SIEGRIST 76 PRL 36 700 ÷ABRAMS,BOYARSRI,BREIDENBACH,+ ILBL+SLACI 

~ I [ K  77 OESY 7 7 1 0 I  *WOLF (DESY) 

19 



Volume 68B, number 1 PHYSICS LETTERS 9 May 1977 

HEAVY LEPTON SEARCHES AND EVIDENCE Data Card Listings 

I HEAVY LEPTON SEARCHES AND EVIDENCE I 

This review is intended to summarize the recent 

experimental evidence for the existence of heavy 

leptons produced in e+e - collisions and the recent 

searches in neutrino and proton beams. For a more 

complete review up to 1974, see Perl and Rapidis. 1 

2 
See also the recent review of Llewellyn Smith. 

The known leptons are the electron and its 

neutrino (e ,Me) , the muon and its neutrino (p-,V), 

and their four antiparticles (e+,~) and (p+ ). ' 

Some of their properties are summarized in Table I. 

TABLE I. Established leptons t 

Interaction 
Mass Lepton 

Charge (MeV) number weak e.m. strong 

0.51100 n e = +i yes yes no 

0 ~0(<0.00006) n e = +l yes no no 

105.659 n~ = +i yes yes no 

0 ~0(<0.65) n =+l yes no no 

+ -- 
tFor antileptons, (e+,~e) and (~ ,M ), change 

sign of charge and lepton number. 

All are spin-i/2 fermions. The lepton numbers n 
e 

and n are found experimentally to be separately 

conserved as is indicated by the absence (at a 

level <2.2 x 10 -8, ref. 3) of the decay ~ + ey. 

Experiments are now being carried out to test this 

at a lower level. 

Several types of heavy leptons (that is non- 

strongly-interacting fermions other than those in 

Table I) have been proposed. For purposes of 

discussion we distinguish four types. I'2 Each has 

a corresponding antiparticle with opposite charge 

and lepton number. For convenience we omit writing 

the antiparticles in the following descriptions. 

The four types are: 

Sequential Leptons (L-,ML) ~ Such a pair is 

assumed to have its own separately strictly 

conserved lepton number n L = +i. This means 

that the radiative decays 

20 

L- + e y 

_ are forbidden 
L- + p y 

while the weak decays (assuming m sufficiently 
L- 

massive) 

L- ~ V L e-~ e 

L- ÷~ p-~ 
L p 

L + M hadrons 
L 

are allowed . 

There could be an increasing mass sequence of such 

pairs. It is frequently assumed that the neutrinos 

are massless. 

Decay rates are assumed calculable from conven- 

tional weak interactions theory. For L- mass 

between 1 and 3 GeV, the branching fraction to each 

of the two leptonic modes should be roughly 10% to 

20%. For L mass above 1 GeV, the mean life should 

be < 10 -12 ~ sec, too short to be observed in a track 

chamber. 1 

Parale~tons (E+,E °) and (M+,M°). These pairs 

have the same lepton numbers as the opposite-charge 

ordinary leptons, i.e., e- and ~-, respectively. 

Radiative decays are again forbidden and decays 

similar to those allowed for L- are allowed here, 

e.g., 
+ + 

M + ~) e M e 

+ + 
or M -~M ]/ M 

However, the lightest member is not stable as is 

the case for sequential leptons, so that bizarre 

decay schemes such as (assuming mEo < mE+) 

+ E o E ÷ p+~ 
P 

I > e-e+M e 

a r e  a l l o w e d .  

Heavy leptons of this type (and/or a neutral 

intermediate boson Z O) are desired in unified gauge 

theories of weak and electromagnetic interactions 

to cancel unphysical high energy behavior in such 
+ - + - 4 

processes as e e + W W . 

Ortholeptons (F- and N-). These have the same 

lepton numbers as e- and p-, respectively. They 

may or may not have associated neutral leptons. 
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Radiative decays are allowed in addition to weak 

modes similar to those of sequential leptons. The 

radiative mode can dominate or can be relatively 

unimportant depending on the model. 5 Decays such as 

F- + e- + hadrons 

are also allowed. 

Long-lived Penetrating Particles. Heavy leptons 

could have long mean lives under certain circum- 

stances. For example, if V~'L > mL_, then L , the 

sequential lepton, is completely stable since its 

lepton number is conserved. 

Experimental Results 

Recent experimental efforts related to heavy 
+ - 

leptons come primarily from e e experiments, 

neutrino beam experiments, and proton beam experi- 

ments. 
+ - 

e e colliding beam experiments provide a 

powerful tool for investigating heavy lepton 

hypotheses. Charged heavy leptons, regardless of 

type, are expected to be pair-produced via a massive 
+ - 

virtual photon in e e collisions. 

Strong evidence for the existence of a heavy 

lepton with mass in the range 1.6- 2.0 GeV has been 

obtained. PERL 75-76, a SLAC SPEAR magnetic 

detector experiment, looks for anomalous e~ events 

of the form 
+ - ± 

e e + e ~/ + missing momentum 

They find 105 examples after subtracting a 34 event 

background from hadron misidentification, weak 

decays of charmless hadrons, e + ~ misidentification, 

and other known sources. The missing momentum could 

include charged tracks or photons outside the accep- 

tance of the detector, neutrons, K O L' or neutrinos. 
- + - 

Electromagnetic processes (e.g., e+e - + e+e ~ 

with two missed charged tracks) can be ruled out 

by their calculated rates and by the absence of 

events with e + l l  + a n d  e - k l -  p a i r s .  

These events have no conventional explanation 

and signal the existence of an unknown process. 

Production and weak leptonic decay of a pair of 

charged heavy leptons (L) or charmed bosons (B) are 

obvious candidates for the process, e.g., 

e+e - + L+L - 

I - + 
~ ~ e ~ 

L e 

or e+e - + B+B - 

e ~  
e 

T h e  c h a r g e d - p a r t i c l e  m o m e n t u m  s p e c t r u m  s t r o n g l y  

favors three-body decays and limits the mass of the 

undetected particles to less than 700 MeV (CL = 95%). 
±¥ 

An analysis of events with an e ~ and photons, K ° 
S' 

or additional charged tracks puts an upper limit 

of 39% (CL = 90%) on the fraction of the anomalous 

K 0 , events which could have an undetected y, o, ~, 

or charged track. Thus if a single hypothesis is 

to explain all of the data then the heavy lepton 

hypothesis is strongly favored. However, a conspir- 

acy of charmed particle leptonic and semileptonic 

decays could conceivably give rise to similar 

results. PERL 75 estimate the heavy lepton mass 

to be 1.6-2.0 GeV. 

Inclusive anomalous (not from well known 

sources) muon production, 

+ - ± 
e e + ~ anything , 

has been reported by CAVALLI-SFORZA 76 and FELDMAN 

77. CAVALLI-SFORZA 76, another SPEAR experiment, 

finds ~9 two-prongs and t0 with three or more 

6 
prongs. Snow argues that these results are compat- 

ible with heavy lepton decay but not with higher 

multiplicities expected in charmed meson decay. 

FELDMAN 77, with higher statistics in the same 

experiment as PERL 75-76, sees both two-prong and 

three-or-more prong anomalous muon signals with 

cross sections consistent with CAVALLI-SFORZA 76. 

A heavy lepton hypothesis can explain the FELDMAN 77 

two-prong data for all energies 3.9 GeV < E < 
c.m. 

7.8 GeV, and their lower energy three-and-more- 

prong data. However, for energies 5.8- 7.8 GeV, 

additional sources, e.g., charmed particles, are 

required to explain the large three-and-more-prong 

signal. 

21 
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Inclusive anomalous electron production has been 

studied by BRAUNSCHWEIG 76 (see reference section 

of Charm Searches and Evidence Data Card Listings), 

a DORIS DASP experiment at c.m. energy 4.0-4.2 GeV. 

The electron momentum spectrum and the observed 

multiplicity indicate that these events do not come 

from sequential lepton production but could come 

from charmed hadron production. The electron 

momenta observed here are so low (<800 MeV) that 

the SLAC experiments would have excluded most of 

these events from their sample. Based on the 

FELDMAN 77 anomalous muon cross sections, one 

expects to see only a few events with electron 

momentum above 800 MeV, so there is no conflict 

between these two results. 

Assuming that the heavy lepton exists, its type 

is still undetermined. Neutrino experiments 
+ 

discussed below rule out paramuons M and tend to 

rule out orthomuons N-. All and Yang 8 suggest that 

the PERL 75 ee:~e:~ ratio indicates that the T (as 

it is now called by the PERL 75-76, FELDMAN 77 
+ 

authors) is not a para-electron E . This leaves 

the sequential lepton L- and the ortho-electron F- 

as the most likely candidates. 

Neutrino experiments which have a ~ beam can 

produce single heavy leptons which have the same 

muon number as a ~ . Signature heavy lepton events 

are those leading to final-state charged leptons 

other than the normal charged current ~ , e.g., 

N -~ N hadrons 

I)" V e -  5 
~J e 

+ 
N ~ M hadrons 

or 

I ~ ~ e+~) 
e 

~) N ÷ M ° hadrons 
l 

1 - + 
i 

~ ~ e ~) e 

BARISH 74, a Caltech-Fermilab narrow-band 
+ 

neutrino beam experiment has searched for M via 

the ~+ mode. The small ~+ signal observed is 

consistent with beam contamination by 5 . The 

22 

expected number of events is calculated as a func- 

tion of M + mass assuming a weak coupling constant 

equal to the universal Fermi constant and a branch- 

ing fraction to muons of 30%. Their null signal 
+ 

sets a 90% confidence lower limit of 8.4 GeV < M 

mass. This poses difficulties for those gauge 

models using M + which require its mass to be less 

than about 7 GeV in order to be consistent with 

experimental measurements of the muon magnetic 

9 
moment. 

EICHTEN 73 looks for M + via the e + decay mode, 

and, assuming a 15% branching fraction, sets a 
+ 

limit of 2.4 GeV < M mass. 

ASRATYAN 74 use the data of EICHTEN 73 on 

electron and positron production in ~ and ~ beams 

to obtain a lower limit 1.8 GeV < N mass at the 90% 

confidence level. A]bright 5 argues that even a 1.8 

GeV N can probably be ruled out if the y distri- 

bution and neutral-to-charged-current ratio are 

considered. 

Proton-nucleon collisions have the advantage of 

large available c.m. energy for production of heavy 

particles. They have the disadvantage that 

the lepton production mechanism is not as well 
+ - 

understood as it is for e e collisions and 

neutrino collisions. Also, backgrounds from 

copious strong processes pose problems. Pair 

production from virtual electromagnetic processes 

is the expected mode of production. 

Several approaches have been used in these 

searches. One is to assume the existence of long- 

lived charged heavy leptons and to pass the second- 

aries through an absorber to filter out strongly 

interacting particles, and a system of scintillation 

counters and ~erenkov counters to identify hadrons 

and muons. The cross-section and differential- 

cross-section limits given in the Data Card Listings 

for charged heavy lepton production are done in this 

manner. Mass limits can also be obtained if a model 

for the production is assumed. BUSHNIN 73 assumes 

pair production analogous to ~+~- production and 

scales lower energy ~-pair production to obtain 

cross-section predictions which rule out stable or 

long-lived charged leptons in the mass range 0.55 

to 4.5 GeV. 
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FAISSNER 76 looked for long-lived neutral heavy 

leptons in 

pN + L + anything 

) L ° anything 

in a "beam dump" type CERN Gargamelle experiment. 

The L + and L ° here mean any type charged and neutral 

heavy leptons. The L ° could be detected by its 

decay or its interaction in the bubble chamber. 

Protons struck a mercury target in a 22-meter-thick 

steel muon shield. Most hadrons were absorbed 

before weak decay, thus suppressing normal neutrino 

flux. However, prompt decays such as expected of 

the L + would not be suppressed. No signal above 

background was observed, ruling out L ° with life- 

time 1 ~sec - 1 msec as proposed by DE RUJULA 75 

to explain the KRISHNASWAMI 75 Kolar Gold Mine 

cosmic ray events. 

Another approach to heavy lepton hunting in pN 

collisions has been to search for high-transverse- 

momentum direct lepton production, i.e., for high 

PT leptons not originating from well known weak 

decays. Other possible candidates for parents of 

direct leptons are charmed particles, intermediate 

bosons, high PT vector mesons, and massive virtual 

photons; so we have listed these papers in the 

Other New Particle Searches section of the Data 

Card Listings. Recent evidence on absence of muon 

polarization (LAUTERBACH 76, LEIPUNER 76) and p-pair 

origin (KASHA 76, BRANSON 77) favors an electro- 

magnetic origin. However, contradictory evidence 

indicating non-zero muon polarization and weak 

decay has also been reported (ANISIMOVA 76). 
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M o 0RITO 74 LQOI~FD FOR H+H- PAIRS C-IVINC, MU-E PAIRS. MASS LI4~T REFERS 3174 

o TO AMY NON-RADIATIVE TyPE HEAVY LEPTON: L,  E* w, ~,  N. 3174 
M o COdPLI~,G TO HACRON ASSU~ED FROM ~HECRFTICAL ~OnELS.  3 / 7 ~  
M P PERL 75 EVENTS APE E+ E- TO E+- MU-+ AND ,rwC C~ mORE MISSING i / 7 6  
M p PARTICLES,OCNE AT SLAC ISPEAR). AUthORS CLAIM NL C DNVFNTI~At 1 /7~  
M P EXPLANATION ~F]F THESE EVEkTS. TCTAL C ~ ENEP6Y 3-7.5 G£V. I /TE 

Cc HEAVy LEPTCN PRrOUCTION CRESS SECT[L:N (E÷ E-) IU~ITS 10~*-35 r~*~2) 
~ P ~4 (L .9 )  (0 .5 )  PE~L 75 SHAG ELm=4,.8 6EV 2176 

q 4:8.5 15.1 11.3 CAVALLISF 76 SPEC ELM=4.@ C,¢V fl176* 
CE P 105 (1 .9)  ( 0 .5 )  PERL 76 SmA'J ECM=4.8 GEV ~/77" 
CE £5 t % . 4  7 . I  FELCVAN 77 ~AG FC~=3.~-~.3 GEV 2177" 
C6 F 18 25.3 8.o FELDMAN 77 SMAG ECM=4.~-~.8 GEV 2 / 7 7 ~  
CE i o ~  Z I , ~  ~ . q  :~LCMAN 77 S M ~ G  E C ~ = 5 . a - 7 . 8  GEV Z/ , r , r~  
~ PERL 75 IS  SLACISPEAR) EXpT . EVENTS ARE E+E- T] E + - ~ U - +  AND ~ Ok 2 / , r~  

~ORE MISSING PARTICLES. £S IS FC~ ECm=~.8 GEV AND THEXA=~0-L30DEG. 2176 
CE CRuSS bECTION ~ISE% FPOM 5XlO'* -3b AT E=~ Td aBCV6 MAX. THEN DROPS 2/'r6 
CE T0 DE-30 AT E : ' r .5 .  AUTHCRS SAY THESE EVENT~ HaV~ N0 CGNVENTIONAL 2176 
CE EXPLANATION. SUGGEST HEAVY LEPTON qk CHAFMED HADRnN, M=I.6-2IOGEV. 2176 
C~ PE~L 'tO INCLLIOES PEEL 75. NUT CCPRECTE9 FOR DrTBCTdR ACCEPTANCE. 3/7'r ~ 
C~ C CAVAL£ISF 76 IS SLACISP£AFI EXFT AT ~.8 GEV CM. RESUL" GIVen ABOVE 8176" 
C~ IS TOTAL ~U~N INCLUSIVE CS FqK 2 LHA~GEO pPn~GS AND NU MOMENTUM GT 8176~ 
C~ C L.05 GEVIC. AS~U~ES ISOTFCPY. 91FF CS AT IMETA=~6 DBb IS 23 PBIS ~ . 82?6" 
LE SNJW 7o SAYS ~ESLILT COMPATIbLF WII~ H~AVY LEPTC~,N qT CHA~FD ~ESCN. 81?6" 
CE I FELDmAN 77 IS A CqNIINuATlqh C~ PE~L 75. AFUVE DATA IS FCR T.L-  21,r7 = 
Cc PRJNG £VE~¢~S. DATA CN 3-PPGNG EVENTS IS AL%(I GIVEN. Fn; THIS CATA, 2177" 
~E~ F SIC M~kE A~(jMAL-~bS ~U~ p~O~ THAN EXPECTED FRCW H~AVy LEPTON DFC~yS 2177= 
L~ AL.N~. E:]ULD BE FEIM ~ECAYS OF CHARMCG HSD~CNS. 2 / 7 7  ~ 

DC HEaVy L~PTCN POCDUCTI£N OIF~. C=CSS SEE. (P NUCL~DNI ICq*~Z/SR-G£VI 
nC, ~ 0 | .oE-37 u~ LESS CL=.q0 GvLOV~IN 72 CNlk- ?OG~V P, SFRPUKH~V } / T t  
DC m 0 k.  E-38 O~ LESS EL=.90 ~US"~IN 'r3 CNT~- 70GEV P. SFqPUKHOV 217k 
DC G 4ASh ~ANG~ I I D  ~ , 5  GEV,THrT~=0,P=25 GFVIC. 1 / 7 6  
uL ~ ~tJSHNIN 73 HEAVY LEPlON PATH I~AVEkSES 68CC G~/C~*2 AHSCRB£R. 2174 
DC b DIFFERENTIAL C~CSS-SECTION 4EASUQFO AT P=30 G~V/? THE T~= 2 MRAD. 3/7~ 

I C INV&RIANT HEAVY LEPTON Pqrp. £qCS~ SEE. (P ~UCLErNI  ILW*~2/GEV*~2] 
C S 0 b.W~-~g UR LESS CL= .cO C~NIN 7~ SPEC - M=[-6.8 GEV [17e 

IC B n 6.~E-35 C ° LESS CL=.OO ~INTINGEP 75 SPFC ~ -  ~ = [ - 5  GEV 2/'r6 
IC S C~ONIN 74 IS A~ ~NAL ~00 GEV P C U EXPT. LOCKED F C R LONG LIVED 217t 
(C S PENETWATING PARTICLES. ABGVE LIMI T ASSUMES STAPLE. ~ULTIPLY IT  PY 2176 
]C S ~XOI[.22E-@~MITAU) F ~  mASS ~(GEV) AND LIFETIME TAUISEfI.  L I M I T  2 t 7 6  
[C S 0~? AINEO AI TM£~AILA8) = 77 "PAD, Pl  = 2.38 GEVI6. ~177~ 
iL ~ ~]NTI~GEW 75 IS A 30-~O0 GEV P C EXPT. LOOKED FO~ LONG tlVFD 217~ 
IC ~ PENETRATING PAkTILLES. APOVE L I ~ I T  ASSU.ES STAPLE. MULTIPLY IT BY 2176 
I~ B EXP(~.BE-8~M/TAUIP) FfP M~SS M I G ~ V } ,  L Ic i t ]ME TAU(SEC), M0~.PIGEV). 217~ 
I t  6 L,~TA[NED a ~ ~ETAILAB) = £1 ~.A0, PT = I - 2 . 2 5  GEVIC. = 4177 ~ 

(N ";FtJTR~L ~£AVY tEPTON P~,]DU(TI~N C~SS SECTICN I E ~ Z )  
CN K B S ( | .  E-37 ,]~ MC, REl K~[SHkAS~ 75 CNTR ÷ o -  ~ = 2 - b  GEV 2 / 7 6  
CN 0 £ENVENUTI 're OPEC 0 2176 
LN ~ KRiS~NASWAdy 75 IS KFtAK (.OLD WI~E C:)S~IC FAy EXPT. TYPICAL EVENT 217t 
CN K .AS VERTEX I~: A IR YO CM FRC m ~ALL ~ ] T .  "HkEE O6<EPVED CHARGED 2 / 7 ~  
{N ( T~ACKS. AUTHn~S SUGGEST KEU÷RCCK &IVF~ %E~ PARTICLE WIT~ ~EAN LI~E 2 / 7 6  
L4 ~ [OE-9 SEE OR LFNGER. 06 £UJULA 75 GIVES ANOTHE£ INfEkpREfATlON. 217e 
CN ~ ~E6 aLBC ~AJASEKARAk ,rS. 8176~ 
EN ~ bEaVE@HJTI 15 IS AN ~NAL EXPER(~E%T *HIC~I ROUGHLy SIMULATES THE 2176 
CN B ~KISHNAS.AMy 75 EXPT. BdI APPAaE~:TLY CC~NTRA0[C TS I T ,  FINDING N~ ' r / 7 ~  
CN P EVENTS. ~ENSIT[VE TO DECAYS CF NEU~nAL PENETgATING PARTICLES 3177 = 
CN % pwABUCiD HY THF P~IMA&Y P;qT'N¢ " ;  ~Y Rr::~'p,%~y ' , r ' jT~ I~r  ~/77= 
CW ' :  . , ~  , ', , - t , ,  L ~ .  j :  ~l , 1 ' =  ~, t ~  : ~ l .  " q E [ U .  J / 7 7 '  

23 
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HEAVY LEPTON, INTERI~ED. BOSON, QUARK SEARCHES Data Card Listings 

~ P F 0 I. E-X ') (IR L~SS rAlhS~,h~ to "L~kC 0 If?Y= 
p f [A[SSPqfR 16 t I " [ T  ASSUMES ST~BLF NFUTBAt WEnKLY ]NT[¢~SFTI@C lEPT{ :  r . 1177 * 

Cp F ALS]  PULES OUT D[ RUJUL& 75 ] N T ( ~ R .  rF 6 K~ISttNtSWAMy 75 :VENTS ~S [ 1 1 /  ' 
(P F (P N,JCLEEK --> L+ X, L÷ --7 L 0 )) UN~ ES£ L* MA££ IS ~1V£ 5 GEV. 1/77 

~z HEAVY LEPTC~J E~ [ h . T  (F~ k MI j -  + 2 % E L T R [ ~ : c S ) / ( T q T 6 L I  ? / 7 f ,  
i P I~ O.17 O.OC O.33 P [ ; L  76 {p~C 31¢#, 

~[ P ASSUJES F~UAI OEC4"f ~nT:-S IL E- n~L~ ~U- ~CJES. V-A CPJPLINC. ~AFS 3177~ 
b l  P -,r HE6VY L F p T r l n = [ . 8  D E V / ( =  L,  MAS¢ ;F  n h g l q d ] A r E 0  NFUT~[XC=O. 3 / 7 7 =  
,l P PE~L ?6 EXPT I~ CLNTINLJATIG'4 4~ pEPL 7~,.INEIUn[ ( T~F tA OLD EVFNTS. 3177~ 

RFFERFKCES FF ~ HEAVY LFDTCN SEARCHES 

u,.LIVKIN 72 PL 42~ 136 *L,~CH6CIKp(EyRFV,KL'PbR~'VSKY* ISERP} 

~ACt[ ~ RL ~ b  550 +PA;ISI,P~NSu,SALVIN[,STCLLA* I~LMA÷FR~SI 
~'ACl~H 13 PRL 31 W 10 ~A~TLETT,BOE~HCLZ,HU~PHRIY+ (CIT)FNAL} 
~£KNAhl}l 7: N( ITA 3~5 RFF~A~DINIIPELLINI,~qUKINI+ICEkN÷BGNA+FRAS) 

ALbC 7u LNL ~ ll5~ ALL[S-BdPELL[,BERNARUINI,FC]LLIN[+ (EFGN) 
5LJ~HN[N 75 NP ~5~ ~7~ +flUNnYT/EV,LEL~V~IK,KUBARCV~Ky * (SERPI 

ALSO 7z PL z*ZB i~o GOLLVNIN*bRACH~VISHOflyREv + (SERP) 
tigHTEN 7~ PL ~(4 281 +DECI~N+IAACH+~ELG+CERN+EPCL+MILA÷LALI+tOUC) 

Abk~TYAN 7~ PL 49~ ~B~ +GFRS~TEIN,KAFTANOV,kUBAKTZFV,LAG[N* (SF~P) 
CARIbH 7~ PDL 32 } 3 d 7  ~PAFTLETT,BUCH.iILZ,MERAITT * (CIT*FNAL] 
LRONIN 74 PR []iC %0Q3 +FRISCH,SHGCHET,BCyMPND*M£RMOD • (FFI*PR[N) 
I ~ [ T C  74 PL 485 165 + V I S E N T I N , C E R A D ) N I , C G ~ A V ~ S I  + ( f ~ A s I R n M A )  

6ENVENJT 15 PRL 55 [4~0 BFNVENUTI ,( L[ ~E ,F CRO+ (HAPV+PENN+WISC*FNAL) 
BINTINGE 15 PRL 34 982 B I N T I N G E R , C U R R y ÷  (EF[÷HARV+PFNN+W[SC) 
KRISHNAS 7~ PL 51~ ~05 KRISHNASWAMY,~ENEN÷ {E- }~BAy+osAKAI  

ALS3 75 PRL 36 b28 9E RUJUL&,GECRGI,GLASHCW IHAPV) 
ALSC 75 pRAMANA 5 7~ GAJASEKARAN, SARMA I TATA } 

PEEL 15 PRI 35 [489 +ABRAMS,BOYARSKI,B~FIDENB~EH + (LBL+SLAC) 

CAV~LLIS l~ PkL 3~ 558 CAVALLI-SFC]RZA,GCGG[ ÷ (PAVI~PRIN+UMDI 
ALSO 76 PRL 3~ 7£6 6ECRGE SNOW (U~DI 

FAISSNER 76 PL ~OB ~0[ +HASERT+IAACH+BELG+CERN+EFOL÷MILA÷OX~+LCUC) 
PERL 7~ PL ~3B 466 +FELDMAN,A~R~MS,ALAM,BOYARSKI + (SLAC+L~L) 

tELCMAN I t  PKL 58 I [ 7  ÷~ULOS,LUKE,ABRAmS,ALAm,B[~yARSKI~ISLAC+LBL) 

PAPERS NCT REFERRED TO IN THE DATA CAROS 

CRTFOLEPTCNS NITp LEPTON 6~MMA COUPLING 
B6HREND ~5 PRt 15 ~oo +BRASSE,ENGLERIGA~SSAUGE÷ (GESYfKAPLI  
BETOUKNE b5 pL 17 70 ÷NGUYEN NGOC,PE~EZ Y JORBA÷ (CRSA) 
eOUNITZ ~b pR t k t  [313 +DUNNING,GQITEIN,RAMmEY,WALKER,WILSO#(HARV) 
DOLLY 68 PR le7 1 2 7 5  ÷ELIAS,FRIEDMAN,HARTMANN,KENOALL* IMIT*ZEA} 
BERNARD( 69 N C L I  15 BERNAROINI,FELICETTI+ (FRAS÷NAPL+RC~A) 
LIGERMAN 69 PRL 22 o63 ~HOFFMAN,ENGELS) IMRIEeIHARV+CASE÷MEGI÷SLAC] 
L ICf fY~NS 7~ PR 01 825 LICHTENSTGIN,ASH,BERKELMAN,HARTILL!" (CORN) 
HAN~C]N 73 NCL 7 587 +LEONGINEWMAN,LAW,LITKE+IMIT÷HARV÷CEA÷HAIF) 

LONGLIVED 
COCCONI 60 PRL 5 19 ÷FAZZINIIFIDECAROILEGRCS,L|PMAN÷ (CERN) 
COOK bl  PR 123 b55 ÷KEEFE,KERTHIMURPHy,WENZELIZIPF (LRL) 
FRANZI~I b5 PRL l~ 196  +LECNTIC*RAH~ISAMICSISCHWARTZ (8NL+CC]LUI 
BARNA 08 PR [73 139[ +COXIMARTIN,PERLITANIT~NER,ZIPF÷ISLAC+STAN) 
A,MSCRGE 73 PR D7 2b ÷BAKERIKRZESINSKItNEALE,RUSHBRO~KE÷ lEAVE) 

RAM~ TyPE 
k u ~ . E  b9 NP 810 24l K.~.ROTHE,A.M.WCLSKY (PENN) 
~AMM 70 NATURE 227 1323  C.A.RAMM (CERNI 
~AMM T1 NAT.Ph,SC.230 145 C.A.RAMM (CERN) 
CLARK 7Z NATURE 2 3 7  3 8 8  ÷ELICF~,FIELD,~RISCH,JOHNSQN,KERTH+ (LBLI 

I NtEr EDaTE BOSON SEARCHES I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M W BCSCN MASS LIMITS IGEV} 
M 8 O 1 , 7  OR MORE C L = . £ 9  8EGNARDIN 65 HYBR ÷ NEU N, CERN 2 1 7 4  
M S 0 2 . 0  OR MOQE CL=.@O BURNS 65 CSPK ÷ NEU N, BNL 2 / 7 6  
M C 0 3.8 OR MORE CL=.90 BARISH 73 ASPK W+ TO LEP+NEU=.2 217~ 
M C 0 &.5 OR MORE CL=.90 8ARIS~ 73 ASPK W+ TO LEP+NEU=.5 2174, 
m C 0 ~.7 CR MERE CL=.qO BARIgH ?3 ASPK ÷ W÷ TO LEP÷NEU=.8 2174 
M E 0 5.0 OR MORE EL=.05 BERGESON 73 ELEC 1176 
M U 0 NONE WITH MASS 10-20 GEV BUSSFR 76 WIRE +-0 P-P,52.? GEV CM 8176" 
M S LOUKED ~OR (NEU N} TO (W+ ,MU~ N} ,  W÷ TC IMU÷ NFU, F+ NEU, OR HDRNSI 2174 
M C BARISH 73 LCOKEO FOR (NEU NI TO IN÷ MU- N}, W* fO IMU+ NEUI AT NAL. 2174 
M C RESULT GIVEN FOR THREE ASSUMED ER.FRACS. W+ TO (LEPTON NEUIIALL. 2174 
M E BERGESON 73 LCOKED AT 6NE~GY DISTR nF NEU-INDUCED MUON FLUX UNDER- 1/76 
M E GRCUND. SCALE INVARIANCE O F THE INELASTIC STRUCT FN ASSUMED. l l Tb  
M u 8USSER 74 IS CERN ISR EXPT. LOOKED FEB ELECTRONS OF LARGE 8 1 7 6 "  
M U TRANSVERSE MOMENTUM. RESULT QUOTED ABOVE [S MODEL DEPENDENT. 8176~ 

C W BOSDN PRODUCTION CR~SS SECTICN ( [ 0 # * - 3 6  CP**2) 
C A 0 o.O OR LESS ANKENBRAN 71 CNTR ÷- W TO(MU NEU)=[.O 2174 
C A ANKE~BRAN~T 71 LOOKED FCR (P NITO(W HACRONS), W TO (~U NEUI AT ONt. 2174 
C A THIS ASSUMES BP OF W TO ~b NEU IS I .  I N  GENERAL THIS VALUE IS 2174 
C A O.CIBR, WHERE BR=(~ TO MU NEUI/IW TC ALL). 2176 

S SCALAR BOSON MASS LIMITS (LEVI 
S C O [0.0 CR MORE £L=.90 CONVERSI 73 ASPK 0 E+E- FRASCATI 3/7~ 
S C CONVERSI 73 LOOKED FOR QEO V[OIATICN [~, E+E-  SCATTERING AT 2.8 GEV 3174 
S C AND ASSU~EO H BE]SON MASS=tO GEV. FOR M~=15 GEV, MS L [ M I T =  6 . 5  GEV 3 / 7 4  

RFFERENCES f 9 ~  INT{R"E£1ATE ~OSDN SEARCHES 

BERNARDI e5 NC 36 606 8 E £ K A R C I N h B I E N L E I N , B ~ H M , D A R D E L , ÷  {EERN) 
bdRNS 65 PRL 15 42 *GOULIANOS,HyMAN)LEDERMAN,LEE + (CIJIUfBNL) 
ANKENGRA 7L PR D3 2582 ANKENBGANDT,LARSEN,LEIPUNER÷ (~NL+YALEI  
bARISH 73 PRL 3 t  [BO +BARTLETT,BUCHHQLZ,HUMPH£E¥÷ (C[T÷FNAL) 
BERGESON 73 PRL 31 66 +CASSIDAy,HENDRICKS (UTAH) 
CCNVERSI 7 3  PL 468 20g ÷D'ANGELO,GATTO,PAOLUZI (RCMA) 
BU~bER 74 PL ~BB 371 +[AMILLERI,DI LELLA + (CEkN÷COLU+ROCKI 

24 

IQUARK SEARCHES I 

We have attempted to make the listings of free 

quark searches more complete in this edition. To 

that end, we have relied heavily on the recent 
1 

review of L. Jones. 

There is currently no confirmed evidence for 

the existence of free quarks. The best searches 

for quarks in cosmic rays yield upper limits on 

the flux of quarks of about 10-11cm-2ster-lsec -I 

Cross-section upper limits established from proton 

accelerator experiments and calculations based on 

production models 2 imply that free quarks have a 

mass greater than about 5 GeV. Mass limits from 

photon and electron beam searches are slightly 

lower, but more reliable, depending only on the 

QED calculations for quark pair production. 

Limits on free quark concentrations in stable 

matter vary enormously depending on the source of 

matter and the technique. 

We group quark searches by experimental tech- 

nique --proton accelerators, electron accelera- 

tors, cosmic rays, and stable matter. Proton 

accelerator experiments generally measure quark 

production cross sections (we quote these in 

section C) and differential cross sections 

(section D). Searches with photon or electron 

beams may measure differential cross sections 

(section G) and set limits on the quark mass 

(section M). Cosmic ray experiments measure 

quark flux (section F), and searches in stable 

matter measure quark concentration (section RHO). 

Most of the accelerator and cosmic ray experi- 

ments have searched for fractionally charged 

particles, but some have searched for massive 

stable particles which would have low velocity. 

The latter searches are usually sensitive to a 

range of charges and may appear in the section 

below on Other New Particle Searches. 

References 

i. L.W. Jones, Michigan preprint UM-HE-76-42, 

to be published in Rev. Mod. Phys., Oct. 1977. 

2. T.K. Gaisser and F. Halzen, Phys. Rev. DII, 

3157 (1975). 
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Data Card Listings QUARK SE~RCHE S 

S~ARCHES ~cR [NT~U~ALLY CHARGEO QUARKS APPEAR ALONG WITH OTHER 
SL~iLAR S~ARCH~S I,N 'OTHER NEW PARTICLE STARCHES ' SFCTION BELOW. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

GUAR~ FRCOdCTI)N LR~S~ SECT. ~RO~ PROTON ACCELERATOR EXITS. ICM~=2) 
L o ~.OE-3~ o~ LESS CL=.gO BINGHA ~ 64 H6C Q= - I 1 3  M=.S-Z.OGEV 3/77* 

O L . G F - 3 ~  L~ LESS ( L = . e 0  RINGHAV 64 HLBC o= - 2 / 3  M=.5-2.SGEV 3/77*  
o 2 . J E - 3 5  ~R LESS 6LUM 64 HBC Q= -113 M=O-Z.SGEV 3/77* 

Z o 9.5E-3o ~P LESS HAGOPIAN e 4  HRC Q= +[13 M=,5-2.SGEV 3 / 7 7 ~  
o 1.0E-34 ,~P LESS LEIPUNE~ b4 CNtQ Q= - L 1 3  M=O-Z,OG~V 3 / 7 7 *  
o 4.0E-3~ r~ LESS MURRISON C4 H~C 0 = -113 M=.S-2.5GEV 3177= 
0 L . o E - 3 5  nR LESS WORRI¢ON 6~ HBC Q= - 2 / 3  M = . 5 - Z . S G E V  3 / 7 7 *  

L W o 2 . C E - 3 5  OR LFSS ~RANZINI  05 CNT~ Q= - 2 / 3  ~=O-2.SGEV 3/77* 
Y 0 3*ZF-39 LK LESS CL= ,~O ALLA~Y ~9 CNTR Q= - I / 3  M=2GEV I /7 ( ,  
Y o 5 . 5 E - 3 8  [R LEES EL=.90 ALLABY 69 CNTR Q= - 2 / 3  M=2GEV 1 / 7 ~  
Y G L.SE 3b q~ LESS C L = . 9 0  ALLABY b9 CNTR Q= + 1 / 3  ~=2GEV 1 /7~  
Y o 1 . 0 F - 3 5  OP LESS CL= .£O ALLABY 6 g  CNTR O= +2/3 M=2GEV 1/76 
A Q ~ * C E - 3 7  op LESS CL= .~O 4NTIPOVI 6 q  CNT~ Q= - 2 / 3  M=O-SGEV 2 / 7 4  
A 0 ~ . O E - 3 9  CR L~SS CL=.SO ANTIPOV2 ~£ CNT~ Q= - } / 3  M=4,5-SGEV 1 / 7 6  

G 3 . 0 E - ~ 7  LR LESS CL=.~O ANTIPDV2 69 CNT~ Q= - 2 / 3  M=2-SGEV [ / 7 6  
v o I . O E - 2 ~  o ~ LFSS r L = . £ O  ANTIPCV 7 1 C N ~ R  Q= - ~ / 3  M=~GEv I / 7 ~  
6 ] J.OE~3~ :!R LESS BOTT-BODE 72 CNTR C = . - I / 3  ~=O-22GEV 2/7~ 
6 J b .  OE-3~ [R LESS BOTT-BCCE 72 CNTR Q = ÷ - 2 / 3  M=O-13GEV 2 / 7 4  
p o I . O E  32 ~p LESS EL=.90 ALPFP 73 SPEC Q= ~ / 3  M=~-2~  GEV [ / 7 6  
P o 1 . 0 E - 3 Z  CR LESS CL=,qO ALPER 73 SPEC Q= 4 / 3  M=~-24 GEV 1 / 7 6  
L 0 L . C F - 3 5  LESS LEIPUNER 73 CNTR g= 1 / 3  M=O-12GEV 2 / 7 4  
L o L.0£-35 o ~ LESS LEIPUNER 73 C~TR Q- 2 / 3  M=O-[2GEV 2/74 
L 0 5.0E-31 ~R LESS LEIPUNER 73 CNTR ~= 4/3 M=G-12GEV 2/76 

C N o 5 . 0 F - ~ £  CR LESS C L z .  C0 NASH 7~ CNT~ Q= - 1 1 3  M=~ GFV 2 / 7 7 *  
N o 5.JR-38 [R LESS CL=.qO %ASH 7~ CN~ ~ O= - 2 / 3  ~=4 GEV 2/T7* 
F 3 ~*UE 35 CR LESS CL=.%0 FAEJAN 75 ELEC Q= L / 3  M=L~-20 GEV 1 / 7 7 "  

C F o B.OF-35 rsR LESS CL=.qO FABJAN 75 ELEC Q= 2/3 M=O-20 G~V L/77~ 
Z hAG?P[AN &4 CRESS SELTIGN INFERRED FROM FLUX 9ATA. 3 / 7 7 *  

L w ERANZINI 65 CROSS SECTION It~FERPED FROM FLUX DATA. 3 / 7 7 *  
Y ALLABY ~ iS & CERN 27 GEV P,BE EXPT, STUDIES MASSES O-2,7GEV L /T~  
y A&SUMING NN=NNOQ. CP~SS SECTIONS ASSUME ISqTROPIE PROD. IN CMo I /7e 

I /7~  
&NTIP~VI 6G IS A SERPUKH~V 70 GEV P FXPT. ~ASS LIMIT FRO~ NN=NNQO. 2 / 7 4  

i ~ LRDSS SECTICNS AT 2CEV ARE GIVEN PERE. SEE FIG.9 F~£ MASS DEPEN, 

A ANIIRGVI b9 ANU ANTIPOV2 ~9 ARE SEROUKHr:V 70DEV P EXPTS. ANTIPOV2 1 / 7 6  
A GIVES PESULTS FOR M=2-SGEV ASSUMING NN-->NNQQ. HADRONIC QR LEPTDNIC 1 /?£  
A QUARKS, WE C L~OTE TYPICAL VALUES. 1 / 7 6  
v ANT[PCV 71 IS A SERPUK~OV 70 GEV P+AL EXPT. STUDIES DIQUARK MASSES I /7~ 

L V [ .9-~.~GEV, ~E SHCW ~G~V VALUF. SEE T~EIR F[Go2 ~OR MASS DEPEN, L/7~ 
B ~OTT-~ODEN~AUSEN 72 IS  A CERN ISO 26+2e GFV P+P EXPERIMENT. £ / 7 4  
p ALPER 73 IS CERN ISR 26"2C GEV P+P EXOT. ASSUMES ISOTROP[C C,M. 1/76 

L P PR[39UCTICN. SENSITIVE TC ANY Q > 2 / 3 .  1 / 7 ~  
L LEIPUNER 73 IS AN NAL 300 GcV p EXPERIMENT. 2/7~ 

C N NASH 74 IS  F~AL FXPT USING 200 ANO 300 GEV ~PUTONS, SEE FIG 2,PG861 2/17" 
N FOR OTher MASS V~LdES AND VARIOUS PRCEUETION MECHANISMS, 2/77* 
P FABJAk 75 IS [E~% ~SR PEP EXPf AT S=2830 GEV*=2. INCLUDES RESULTS 1 / 7 7 ~  
F bF BCTT-BCOE 72 FXPT. [ l l T *  

QUA~K PRO~. DIFF. /ROSS SEE. FROM PR2TDN ACCL. EXPTS. ICM**2/SR-GEV) 
b D o l.bE-Sc O~ LESS OOR~AN 65 CNTR ~E T4RG M=3-7GEV 2 / 7 4  

p o ~.OE-Se ~R LESS DC~FA~ 65 CNTR FE TARO M=3-7GEV 2/76 
o Y ~ ? . Z E - ~ 9  ~R LESS CL= .~O ALLABY 6q ENTR Q = - [ / 3  THETA= o MR | / 7 ~  

Y 3 5 . 2 E - 3 8  OR LESS CL=.%0 ALLABY ~S CNTQ Q = - Z / 3  THETA=6,~MR 1 / 7 6  
Y o 2.be-35 q~ LESS CL=.SQ ALLABY 69 CNTR Q=+L/3 THETA=4~ ~R 1/76 

U Y 0 L.~E-35 C'# LESS CL=.CO ALLABy 69 CNTR ~ = + Z / 3  T H E T A = ~  MR 1 / 7 6  
A 0 7.0E-38 C ~ LESS CL= .£O ANT[PCV2 6g CNTR 0=-L/3 M=O-SGEV L / 7 6  

[ A o ~ . 0 E - 3 8  ~R LFSS C L = . 9 0  ANT[pC'v2 69 CNT ~ Q = - 2 / 3  M=O-2.SGEV 1 / 1 6  
v o I , o E - 3 c  r'q LESS Ct=.cO ANTIPCV 71 CNTR Q=-~/3 THFTA=~7 MR L / 7 ~  

D V J J . S E - 3 6  PR LESS C L = . 9 0  ANTIDOV 7 1 C N T R  Q = - 4 / 3  THETA=47 MR 1 / 7 6  
iJ N Q 5 . O E - 3 ~  CR LESS CL=.qO NASH 74 CNT~ 0 = - [ / 3  2 / 7 7 *  

N 0 5.OR 35 Q~ LEtS CL=.90 HASH 7# CNT # Q=-2/3 M GT 1 . 7 6  2 /77*  
D N o 6 . 5 E - 3 5  CR LESS CL=.qO N4SH 74 CNTR Q = - Z / 3  M LT 1.76 2 / 7 7 =  
u L 0 1 . 6 E - 3 3  CR LESS CL=,SO AL~RCW T5 SPEC ~ = * - 4 / 3  M=5-20 GEV L / 7 7 *  

J 3 5.0E-34 n~ LESS (L=.90 J~VANCVIC 75 CNTR Q = [ / 3  ~=7--I~ GEV 2/76 
D J o 2 . 0 E - 3 ~  OR LES~ CL=.gO JqVANOVTC 75 CNTR 0 = 1 / 3  M = 1 5 - 2 6  GEV 1 1 / 7 5  

J 0 1 . 3 E - 3 4  PR LESS CL=.~O J~VANCVIC 75 CNTR Q=2 /3  M = I 0 - 2 6  GFV 1 1 / 7 5  
D J o 8 . O E - 3 5  n~ LESS CL=.90 JPVANCVIC 75 CKTR ~=~/3 M=LO-26 GEV 1 1 / 7 5  

B o ~.9E-3O 3R LESS CL=,qO BALDIN 76 CNTR Q=-2J3 M=I.~-6 GEV 1 / T 7 '  
D B o 2 . 0 E - 3 6  rR  LESS C L = . 9 0  BALCIk  7~ CNTR Q = - 6 / 3  M=2 .7 -12GFV 1 / 7 7 "  

D DQRFAN 65 IS A 3O QEVIC p EXPFRIME~T AT BNL.  V= . I8 - .q95  . 2/74 
D Y SEE FQOTNCTE y IN SUBSECTION C ABOVE. 2/76 
D A SEE FOOTNC]T~ A I N  SUBSECTION C 4BCVE. 2 / 7 6  
o V FIRST ANTIPOV 71 VALUE IS F~R ~=I,9-2.3,2.7-4.4GEV,'SECON D IS FPR [ /76  

v M = 2 . 3 - 2 . T G E V .  SEE ALSO NOTE V [N SECTIQN C ABOVE. l / T E  
D N NASH 7~ I S  FNAL EXPT USING 200 ANC 300 GEV PROTONS. VALUES ARE FOR 2 / 7 7  = 

N A IMqAD LAB PRED. ANGLE A~D OUlGCING MOmFNTUM AT maX OF FOUR eODY 2/77*  
D N PHASE SPACE FOR OUARK-PA]R PROD, SEE TABLE [ PC* 8 6 0  FOR OTHER 2 / 7 7 =  

N LIMITS. 2 / 7 7 *  
L ALBRQ~ 75 IS A CERN I S ~  EXPT WIT~ ECM=53 GEV. THFTA=~O ~ .  SEE 1 / 7 7 ~  

o L RIG, 5 FUR MASS RANGES u p  TC 25 GEV, 1 / 7 7 "  
D J JnVANOVICH 75 FIG.~ CnVERS kANGES 0=113 TC 2 ANO M=3 TC 2b GEV. L I / 75  

J THIS IS A CERN ISR 26+26, 22+22 GSV P*P EXPFRIMENI, 2/76 
[ B BALO|N 7b IS A 70 GEV SERP EXPo VALUES APE pER AL NUCLEUS AT I117~ 

B THETA=O. ~SSUMES STAble PA~V[CLE INTERACTING WITH MATTER I N  SAME 1 / 7 7 "  
B MANNER AS ANT[pRCTON. E/77.  

DG OUARK PROD, DIFF* CROSS SEE. FRCM PHCTCR~CD, (Cm**2/SR-FQU[V.QUANTA) 
E'G G 5 , 0 E - 3 5  ~R LESS CL=.QO GALIK 7~ CNTR THETA=I.2,7 DEG. } 1 / 7 6 "  
D~ ~ GALIK 74 IS 2O GEV(~AXI GAMWA CU EXPT. USING SL~C 2O GEV SpTRMFTE~o 11/76" 

LIMIT CN CUARK MASS FROM ELECTRON ACCELERATORS (GEV/C=~21 
M *L~P QUARK INDICATES LEPTENIC QUA~K 
M =STR QUA~K INDICATES STRONG QUAR~ 
M .85 DR MORE CL=,~g BATHOW ~7 CNTP Q = ~ / ~  *LEP OUARK 3 / 7 7  = 
M . 9 0  OR MORE EL=.(9 ~ATHC~ 6Z CNT p Q=Z/3 *LEP OUA~K 3 / 7 7 *  

, 7 0  OR M~RE E L ± , 9 0  FDSS 67 CNTR Q = [ / 3  *LEP QUA~K 3 / 7 ? "  
M . ~ 4  ~R MQRE CL=.SO FUSS ~7 CNTR Q=2/2 =LFP OUARK 3/77 = 

1,0 CR M~!RE 6ELLAMY 68  CNIR C=1/3  ~LEP OUARK 3 / ? 7 ,  
M 1.5 OR MORE BELLA"y 68  CNTR Q=2/3 *LEP OUARK 3 / 7 7 *  
M 0,5 o~ MORE BELLA~y 6 8  CNT~ Q = I / 3  ~sT~ QUARK 3 / 7 7 *  
M ,75 OR MORE ~ELLAMy 68 CNTR 0=2/~ *STR OUARK 3 / 7 7 *  
M G 3.6 OR m(KE CL=.90 GALIK 74 CNTR Q=I /3  *STR QUARK 7 / 7 6 *  
M G 4.5 OR MORE CL=.90 GALIK 7~ CNTR 0=2/3 *STQ QUARK 7/76* 
M G 1 , 4  OR MO~E CL=.90 GALIK 74 CNtR Q=I/3 =LEP QUARK 7/76*  

G 1 . 8  OR mORE CL=.qO GALIK 74 CNTP Q = 2 / 3  ~LEP QUA&K ? / 7 6 *  
M G FIRST TWC MASS L ] u l T S  ARE FCR STPCNGLY I~TEnACTING QUARKS,INFERRED 7 / 7 ~ *  
M G FROH CROSS-SEE LIMITS USING D~ELt ~CDEL. LAST TWO ARE FOm LEP~ONIC 7/76*  
M u QUARKS. EXPT USES P~CTOPRGOUCTION ON COPPER. 7/76* 
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QUARK FLUX FROM COSMIC RAY EXPERImENtS (NUMBE£/CM''2-SR-SEC) 
*TO IN THE RIGHT HAND COLUMNS INDICATES A ~EARCH FOR MASSIVE 

QUARKS USING TI~E DELAY AFTER ~[R SFCWERS, SENSITIVE 70 A RANGE 
OF CHARGES 

*AS IN THE RIGHT HAN0 COLUMNS 
ALL SEARCHES ARE AT SEA LEVEL 

1,6E-8 OR LESS CL=.~O 
2 o 0 E - 7  OR LESS C L = . 9 0  
8.7E-9 OR LESS EL=,90 
L,DE-6 OR LESS CL=.~O 
5 . 0 E - 8  OR LESS CL=.SO 
t . 4 E - l O  OR LESS 
1 . 5 E - 9  OR LESS EL=uS0 
t . ~ E - 9  OR LESS CL=.SO 
2 . 6 E - 9  OR LESS 
2,1E-9 OR LESS 
4.5E~I0 CR LESS EL=,90 
1,6E-9 OR LESS CL=.~O 
t . ~ E - I O  OR LESS 
1.6E-7 OR LESS 
4.~E-[O OR LESS CL:.qO 
/ . 7E- tO  OR LESS 
1.7E- I0  OR LESS CL=.~O 
3,~E-lO OR LESS C L = . 9 0  
2,0E-9 OR LESS CL=.~O 
3 . O E - l O  OR LESS 
1.8E-iO OR LESS CL=.SO 
1.8E-lO OR LESS EL=.90 
3.7E-8 OR LESS EL=.90 
2 . 2 E - 8  OR LESS 
e . E E - t l  OR LESS C L = . £ 5  
e . a E - l t  o r  LESS C L = . 9 5  
3 , i E - t O  Dr LESS CL=.~O 
2.4E-8 OR LESS EL=,95 
1 . 2 E - I O  OR LESS CL=.~O 
[ . 3 E - ~ O  CR LESS CL= .Q0  
5 . o F - i t  OR LESS 
5 . 0 E - 1 1  0 ~ LESS C L = . 9 0  
7 . 5 E - 1 0  DR LESS EL=.90 

EVENT CLAIMED 
I EVENT CLAIMED 

| . g E - 9  OR LESS C L = . 9 0  
% 8 E - I t  Or LESS CL=.SO 
L , b E - l O  OR LESS CL=,90 
1 . 3 E - 1 0  DR LESS CL=.oO 
5,7E-11 OR LESS CL=.£O 
3.0E-~o oP LESS EL=.90 
3 . 0 E - l l  OR LESS CL=.qO 
l .  OE-lO ~R LESS E L = . 9 0  
6 . re -To  OR LESS 
[ . O E - ~ O  OR LESS EL=.90 
t .  OE-10 CR LESS CL=.90 
8 .3E- I~  Q~ LESS EL=.90 
g . 6 E - t l  OR LESS CL=,90 
2 . 2 E - I O  OR LESS CL:.90 
3,0E-8 CR LESS 
~.OE-9 o~ LESS CL=.SS 
1.5E-9 oP LESS 
8.OE-LI OR LESS 
1 . 7 E - 8  OR LESS CL=.90 
1.7E-8 or LESS CL=.SO 
[ ,0E-7  Or LESS EL=.90 
7,CE-I0 OR LESS CL=.9O 
B .OE- l l  OR LESS CL:,~O 
/.OR-6 OR LESS EL=,90 
2.DE-IT OR LESS CL=,~O 
3.0F-tO OR LESS EL=,95 
1.2E-II OR LESS EL=,90 
7 . D E - I I  OR LESS CL=.£O 

o b .OE- I t  OR LESS CL=oSO 
[ .SE- iO OR LESS CL=.90 
L.CE-9 ~R LESS 

V BARTON 6b MAC 220000 G/CM*=2 

INDICATES A SEARCH IN AIR SHOWERS 
UNLESS CTHERWISE INDICATED 
BOWEN 6~ CNTR 0 = - 1 / 3  ALT=275OM 3177~  
SUNYAR 6~ CNTR Q=I /3  3/77 = 
DELISE ~9 CNT~ Q=~13 ALT=2750M 3177~ 
OEL1SE 65 CNTR Q=2 /3  ALT=2750M 3 / 7 7 *  
MASSAM b5 CNTR 0=2/3 3177 = 
BARTCh 66 ENTR Q=2 /3  3 / 7 7 *  
BUHLER-BR 66 CNTR Q = [ 1 3  ALl= ~50M 3 / 7 7 ~  
BUHLER-BR 66 CNTR 0 = 2 / 3  ALT= kSOM 3/77" 
KASHA 66 CN~R Q=L/~ 3 / 7 7 "  
KASHA 66 CNTR 0=213 3 / 7 7 =  
LAMB 6 6  CNTR 0=113 3 1 7 1 "  
LAMB 6 6  CNTR ~ = 2 / 3  3 / 7 7 *  
BARTON 67 CNTR 0 = 2 1 3  3 / 7 7 ~  
~ U ~ L E P - I  67 CNTR 0 = 4 / 3  ALT= ~S0 m 3 / 7 7 ~  
BUHLEP-2 67 CNTR Q=I/3 ALT= ~5OM 3/77 = 
BUHLER-2 el CNTR Q=213 ALT= ~5OM 3177~ 
GOMEZ 67 CNTR 0=113 3177~ 
GCwEZ 67 CNTR Q=213 3 1 7 7 ~  
KASHA 67 CNTR Q = 2 / ~  3 / 7 7  • 
BJCRNeEE 68 CNTR M=5GEV OR MORE ~TD 217~ 
BRIATORE 08 CNTR Q:~13 5176. 
BRIATO~E b8 CNTR Q = 2 / 3  5 / 7 e ~  
BRIATERE 68  CNT~ 0=~/3 5176" 
F~ANZINI 68 CNTR V=.5-,9C M=ZGEV uP 2 / 7 4  
GAPMIRE 68 CNTR Q= I I3  3 1 7 7 "  
CAPMIRE 68 CNTR Q=2/?  3 / 7 7  = 
H~NAYAMA 68 CNTR Q = l / 3  3 / 7 7 =  
KASHA[ 68 OSPK V=.5-o75C M=5-15GEV 2174 
KASHA~ 68 CNTR C=2/3  3 / 7 7  = 
KASHA3 68 CNTR C=~/3  ~ / 7 7 "  
C A i r n s  69 CC Q=213 3 / 7 7 *  
FUKUSHIMA 69  CNTR ~ = 1 / 3  2 / 7 4  
FUKUSHIWA 6~ CNTR Q = 2 / 3  Z / 7 6  
MCCUSKER 69 CC 0=2/3 *AS 217~ 
CHU 70 HLBC was 5 / 7 6 *  
FAISSNE# 70 CNTR Q=t/S 3 / 7 7 ~  
KRIDER 70 CNTR Q = [ / ~  ALT=750 M 3 / 7 7 ~  
K~|DER 70 C~TR Q=Z /3  ALT=TSOM 3 / 7 7  = 
CHIN 71CNTR 0 = 1 / 3  3177 = 
CHIN 7! CNTR 0 = 1 / 3  ALT=2770M 3 / 7 7  = 
CLARK 7 1 C C  0= I / 3  *AS 3177= 
CLARK 7 [  CC Q=213 "AS 3 / 7 7 *  
HAZEN 71CC Q = [ / 3 . 2 1 3  =AS 2/77" 
BEAUCHAMp 72 CNTR 0 = 4 / 3  ALT=275DM 3 / 7 7  = 
BOHM 72 CNTR Q = t / 3  /AS 2 / 7 ~  
BQHM 72 CNTR 0 = 2 / 3  *~S 2 / 7 4  
COX 72 ELFC Q = / / 3  ALT=2750M 3177 ~ 
COX 72 ELEC Q=~13 ALT=275OM 3 / 7 7  = 
ERCUCH 72 C~TR Q=2/3 3/77* 
DARDO 72 ~TO 3 / 7 7  ~ 
EVANS 72 CC Q = L I 3  ~AS t / 7 7 =  
TDNWAR 72 CNTR m. GT./OGEV ~TD 3 / 7 7 *  
ASHTON 7~ C~'TP Q = [ / 3  ~AS 3 / 7 7 *  
HICKS Z3 CN TM 0=113 1176 
HICKS 73 CNTR C=Z/3  1 / 7 6  
CLARK 7~ CC Q = 1 / ~  *AS 1 1 7 7 "  
CLA~K 74 CC Q = I I 6  ~AS 1177~ 
CLARK 7~ CC O = t / 3  *AS 1 / 7 7 "  
CLARK 7~ CC Q=41~ *AS 3 / 7 7 *  
CLA~K 7~ CC Q=2/3  =AS l / T 7 ~  
KIFUNF 7~ CNTk 0 = I / 3  7176"  
HAZEN 75 CC Q = I / 3  *AS 7 1 7 6 ,  
KRISCR 75 GNTR Q = t f 3  3 1 7 7 "  
KRISQR 75 GNTR 0 = Z / 3  GAMMA = 1o 3 / 7 7 =  
KPISC~ 7~ CNTR 0 = 2 / 3  GAMMA GT[OO0 3 / 7 7 "  
BRIATCRE 76 ELEC ~TD 1 / 7 7 '  

EXTRA SHIELDING 3177 • 
W BArtON 67 HAD 6000 G/CM**2 EXTRA SH[ELCING 3/77" 
Q BUHLER-I 67 AND BUHLER-2 b7 HAD 76G G/CM~=2 EXTRA SHIELDING 3/77~ 

F C BJORNBOE 68 -TWO EXPERIMENIS HAVING |~$0 AND 36C0 G/CM~2 SHIELOING 3177 = 
F R bRIATORE 68 SEARCHES ~OR LEPTCNIC OUARKS WITH ~300 GICM2 SHIELDING 3/77~ 

R BRIAT@RE 68 GIVES ( l . l ÷ - 1 . 8 ) E - [ O  FOR Q=413 . WF CONV, TC CL=.90 3/77* 
F Z CAIRNS 69 OBSERVED 4 POSSIBLE QUARK CANDIDATES 3/?7" 
F Y FRANZINI ~8 MEASURES VELOCITY DIRECTLY BY tc~ 3177 ~ 
F F FUKUSHIMA 69 DOES NOT RULE OUT QUARKS HEAVIER IHA~ 10 G~V, 717~  
F M MC COSK~R 69 CLAIMS i CANDIDATE. LAYE~ SIMILAR EXPTS. SEE NONE. 2/74 
F U 0=2/3 IF MASS LT 6.5 GEV, Q=I13 IF WASS = R OFV. 5/76 ~ 

u COULO BE AN EARLY-TIME NORMAILy CHARGED DCSM[C RAy. SEE ALLISON 70. 2 1 7 7 ~  
x DARDO 72 HAD 7000 G/CM*~2 EXTRA SHIELDING ]177= 

f H HICKS 73 LQOKED AT LARGE ZENITH ANGLES, THUS URING THE ATHOS#HERE 1/76 
H AS AN EXTENDED FILTER FOR HAORONIC QUANKS. THEIR SEARCH PUIS AN 117~ 

F H UPPER L I ~ I  T CN LEPTCNJC QUARK FLUX IN CCSMIC RAYS. 1176 
F K KIFUNE 74 LnOKED AT LARGE ZENITH ANGLE ~. FRCM THEIR RLUX LIMIT,THEy 7/7e~ 
F K GET A LOWER L [ ~ [ T  ON QUARK MASS ~F 20 GEV. 7/76= 

~H~ QUARK CONCENTRATION IN MATTER (QUARKS PER kUCLECN) 
RHC, s o 1.0E-22 OR LESS HILLAS 59 3177= 
RHO R o 1.OE-[C OR LESS ~FNNETT b6 SQLA c SPECTRUM ~/77 ~ 
~HO o | . O F - L 7  OR LFSS CHUPKA 66 UETORITES ~177~ 
~HO o t *OE- le OR LESS GALLINARO e~ GRAPHITE LEVITOMETeR . { /774 '  

o ~,OE-I9 DR LESS ~HO 217~ 
HO O ~.OE-L7 OR LESS 3177~ 
RHO o l .OE-20 OR LEbS 3/17  = 
RHO T o E . O E - l ~  OR LESS ~177= 
RHO l o loDE-t7 OR LESS 3 / 7 7 *  
~HO T o 1 . 0 E - | 8  OR LESS 2177= 
RHO V 0 1.0E-26 QR LESS 2174 
RHO v O 1 . 0 E - 2 3  OR LESS 2/74 
RHO v o 1.0E-23 Ok LESS ~177 ~ 
RHO V 0 5.0E-23 O R LESS 3 / 7 7 "  
RHO 0 ~ , O E - 1 5  nR LESS 3 1 / 7 "  
~aO 0 5 . O E - 1 9  o~ LESS ~ 1 7 7 ,  
RHO Z 0 l *QE-21 C£ LESS 7177~ 
~HO Z 0 [.OE-Z2 OR LESS STEVENS ?e tUNA C SOIL 3177 ~ 
R HO S MILLAS 59 WAS INSENSITIVE TP ~U~RKS ACCCRE;ING T(} SHNyAR t ~ ,  3177~ 
RHO R BENNETT ~6  L I M I T  INFEQREO BY JgNES 76.  3 / 7 7 ,  
RHO T RANK 68 USES U.V, SPECTROSCOPy. 3177~ 
RHO V COOK 6q USES MOLECULAR BEA~S, 3/77' 
QHO Z STEVENS 26 USES A~ [EN SFFCTqC~E~EPo al~7" 

gTQVFP &7 IRON LFV[TOMETER 
BRAGINSK] 68 GRAPHITE LEVITOMFTFR 
RANK be OIL OFOP S 
RANK 6e S~A WATER' 
RANK E8 SFA SALT. ETC. 
~ANK 68 LAKE WATE~ 
CCOK 6g SFA¼~TER 
COOK 69 POCK SAMPLFS 
COnK 69 LAVA 
C~OK 69 LIMESTON£ 
ELBERT 70 ION SPCCTRO~ETE~ 
MURfIPURGC 70 GRAPHITE LrVITO~ETFR 
STEVFNS 7~ DFFR ~CEAN SEDIMENT 
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QUARK SEARCHES ~AGNET[C MONOPOLE SEARCHES Data Card Listings 

H]CLAS 59 NATUre [ 8 ~  B92  

~ I N b H A M  t~ PL 9 201  

bouRN o~ PRL }3  728  
H ~ G J P I ~ N  64 PRL }3 2B0 
LE[PJNER 64 PRL [ 2  4 2 3  
~r]RkISON 6~ PL g I g g  
SUNYAR 6~ PR }36B 1157  

DELISE 6S PR I~OB ~B8 
OORFAN ~5 PRL [~ ~99 
FRANZ[N] b5 PRL l ~  196 
M~SSA~ ~ NC ~c~ 5~9  

~a~TCN 66  PL 2 }  360 
B U H L E R - B  ~ 6  NC ~5A 520 
CHUPKA ba P~L 17 60  
GALLINAR 6 6  PL 23 6 0 q  
KASHA b6  pR }SO }}4C 
LAMB ~ PRL 17 ID~B 

BARTON ~7 PRSL ~C ~7 
B~THOW b7 PL 25B } 6 3  
5 0 h L E R - I  6 7  NC 49A 2 0 9  
~ U H L E ~ - 2  o7  NC 5}A 857 
F ~ S  b7 PL 2 5 ~  } ~ 6  
~OM~Z ~7 PRL [ 8  [ O 2 2  
KAS.A 67 pR 154 [ 2 6 3  
STGVER 67 PR 16~  l ~  

~BLLAMY ~8  PR 166 [ 3 e l  
~JORNBOE b8  NC B53 2 ~ }  
6RAGINSK 68 JETP 27  51 
BRIATORE ~B NC 57A 8 5 0  
FRANZINI 68 PRL 2 }  10}3 
GARMIRE 68 PR }~b } 2 8 C  
HANAYAMA bB CJP 46 S73~ 
KASHAI 65 PR [72 }Z~7 
KASHA2 o8 P R L 2 0  2t7 
KA~HA3 6B CJO 46 $ 7 3 0  
RAN~ 68  PR } 7 6  }635 

ALLABY 69 NC 64A 15 
ANTIPnV[ ~ PL 298 2~ 
AMIPOVZ ~ PL 30B ~76 
CAIRNS 6 9  p~ 1 8 6  [ 3 9 ~  
COUK 69 PR 1 8 8  2O92 
FUKUSHIM 69 PR }TB 2058 
MCCUSKER 09  PRL 23 658 

LHU 70 PRL 2 4  g } 7  
ALSO 70 PRL 25 5S0 

ELBEKT 70  NP B20 2 1 7  
FA !SSNE~  7O PRL 24 1 3 5 7  
KR[DER ? o  PR D I  835  
MO~PURGO 7U HIM 7q q 5  

ANTIPOV ?~ NP B27  3 7 4  
CHIN 71 NC 2A ~ t 9  
CLARK 71PRL 27 5} 
HAZEN 7~ PRL 2 6  582 

BEUCHAMP 72 PR D6 12}} 
BOHN 72 PRL 28 3 2 6  
50TT-BOD 72 PL 40B 693  
COX 72 PR D6 1203 
CROUCH 72 PR D5 2667 
DARD~ 72 NC 9A 3 1 9  
EVANS 72 PRSE A70 } ~ 3  
TONWAR 72 JPA S 569  

ALPER 73 PL 46B 265 
ASHTON 73 JPA b 5 7 7  
H ICKS 73 NC } 4 A  65 
LEIPUNER 73 PRL 3 }  1226 

CLARK 7~ PR O}C ~72~  
GAL[K  7~ PR D9 1B56  
KIFUNE 74 JPSJ 3b  629 
NASH 74 PRL 32 858 

ALBRUW 7~ NP B97 IBq 
FABJAN 75 NP 8 } 0 1  3~9  
H~ZEN 75 ~p  995 IB9 
JOVANOVI 75 PL 56B 105  
KR]SDR 75 NG 27A 132  

B A L D I N  7b SJNP 22 2 6 ~  
BRIAT3RE 7O NC 31A 553 
STEVENS 76 PR D I 4  7 } 6  

HILLRS,C~ANSHAW (ACRE; 

+DICKINSCN,CIEBCLD,KOCH,LEITH÷ (CERN+EPPLI 
*@R~DTeCDC£~I.CZyZEws~I,OANY52* I C E ' N ]  
BDWEN,OELISE,KALBAC~,M~TARA (ARIZ) 
+ S E L C V E , E H P L [ C H , L E B ~ ¥ , L A N E A , R A H M ÷ I P E N N + B N L )  
LEIPUNER,CHU,LaRSEN,AOA[~ (PNL+YALE) 
MORRISON ( C E F N I  
S U N ~ A R t S C H W ~ o Z S C H I t n , C E N ' ¢ 0 R S  ( B N L I  

DELISE,B~,EN (ARIZ} 
*EAOES,LEDERPAN,LEE,TING (COLU) 
+LECNT]C,RAHM,SAMIqS,SCHWARTZ (ENL+COLUI  
MASSAM~MULEER,ZIC~ICHI I C E R N I  

BARTON,STOCKEL { N C P L }  
BUhLER-BROGLIN,FO~TUNAT~,MASSA~* {CERN) 
CHUPKA,SCHIFFER,STEVENS IANL) 
GALL[NARO, MGRPURGO (GE~OI 
KASHA,LEIPUNER,AEAIR ( B N L + Y A L E )  
LAMB,LUNDY,NCVEY,YCVANOVTTCH ( A N L )  

BARTCN ( N O P L )  
BATHOW,FRE¥TAG,SCHULZ,TESCH (DESYI 
BUHLER-BROGLIN,FCRTUNATC,MASSAM÷ (CERN} 
BUHLER-BRnGLIN,DALPIA/~MASSAM,ZICHICHICERN) 
*GARELICK,HOMMA,L~AR,CS~ORNE,UGLU~ (MITI  
+ K O B R A K I M O L I N E , M U L L I N S , O R T H * V A N P U T T E N + I G I T I  
+LEIPUNER,WANOLER,ALSPECTCR,AOAI~(BNL+YALE) 
+MORAN,TRISC~KA (SYRA) 

+HOFSTADTER,LAKINIRERL,TONER (STAN*SLAC) 
+ D A M G A R G , H A N S E N , C p A T T E R J E E ÷  (BQHR+BERN}  
8RAGINSKII,ZELDO¥1CH,MARTYNOV [MCSU) 
+CASTAGNDLI,BOLLINI,MASSA~÷ (TORI+CERNI 
FRANZINI,SHULMA~ (C~LU) 
GARMIRE,LEONG,SREEKANTAN EMIT) 
*~ARA,H{GASH[,KITAMURA,MIONO÷ (OSAK)  
+STEFANSKI ( B N L + Y A L E )  
KASHA,LARSEN,LEIPUNER*ADAIR I B N L + Y A L E I  
KASHA*LaRSE~,LEZPUNER,mOA{R I B N L + Y A L E I  
D.M. RANK (NIGH) 

÷BIA~:CHT~I,DIDDENS,DCBINSDN,HARTUNG÷ ICERN} 
+KARPOV,KHROMOV,LANOSBERG,LAPSH|N+ (SERP} 
+BOLOTOV,OEV[SHEV,OEVISHEVA, ISAKOV+ (SERP) 
+MCCK~SKER,PEAK,WCELCCTT (SYDNEYI 
÷DEPASQUALI,FRAUEN~ELDER,PEACOCK + ( ILL )  
FUKUSH[MA,KIFUNE,KD~DC,KOSH[BA÷ (TOKY) 
MCCbSKER,CAIRNS {STONEY} 

CHU,KIMIBEAM,KWAK (OSU+ROSB+KANSI 
ALL[SON,DERRICK,HUNT,SIMPSON,VOYVODIC (ANt)  
÷ERWIN, HERB,NIELSEN,PETRILAK,WEINBERG(WISCI 
+HOLOER,KRIS~R,MASON,SAWAF,UMGACH {AACHI 
KRIDER,BOWEN,KALBACH (ARIEl  
MORPURGO,GALLINARO,PALM[ERI (GENO) 

+KACHANOV,KUTJIN,LANOSBERG,LEBEOEV + (SERP) 
CHIN,HANAYAMA,HAR~,HIGASHI,TSUJI (OSAK} 
+ERNST,FINNIGRIFFIN,HANSEN,SMITH+ ( L L L + L B L )  
W.E.HAZEN IMICH) 

BEUCHAMP,BCWEN,CCX,KALBACH | A R I Z )  
+DIEMONT,FAISSNER,FAS~LD,KRISgR÷ (A~CH) 
BGTT~BODENHAUSEN,CALDWELL÷ (CERN÷MPIM) 
CDX,BEUCHAMP,BCWEN,K~LBACH (ARIZ) 
CROUCH,MgRI,SMITH (CASE) 
OARD~,NAVARRA, PENENGO,SITTE (TORT] 
+FANCEY,MUIR,WATSC~ (ECINeLEED} 
TONWAR,NARANAN,SREEKANTAN ( T A T A )  

(CERN+LIVP+LUNO+BCHR*RHEL+STGH÷BERG*LOUC} 
ASHTON,COOPER,PARVARESH,SALEH (DU~H) 
*FLINT,STANDIL (MANI) 
+LARSEN,SESSOMS,SMITH,WIL}I~S* ( B N L + Y A L E )  

+F|~N,HA~SEN,SWIT~ ( L L L ~  
+JORDAN,RICHTER,SEPPI,SIEMANN + (SLAC+NAL) 
*HIEDA,KUROKAWA,TSUNEMDTO,K[MURA÷(TOKY+KEKI 
+yAMANOUCHI,NEASE,SCUELI (FNAL+CORN+NYUI 

+BA~BER,BENZ+ (CERN+OARE+FOM+LANC+MCHS+UTR) 
+GRUHN,PEAKeS~ULhCAL~WELL÷ (CERN+MPI½) 
+HODSON,WINTERSIEIN,GREEN,KASS÷(MICH÷LEEDS) 
JOVANOVICH÷ {MANI*AACH+CERN+GENO+HARV÷TOR[) 
KRISOR [AACH) 

÷VERTOGRADOV,VISHNEVSKII*GRISHKEVICH÷(JINR) 
÷OARDO,PIAZZOLI,MAN~CCCHI÷ {LCG+FRAS÷FREI} 
+SCHIF~ER, CHUPKA (ANL) 

REVIEW ARTICLES 

ZAITSEV T2 SJNP 15 6 5 6  ÷LANDSBERG (SERR} 
JONES 76  MICH-hE-?6-42 JONES (TO BE PUB. IN REV.MOD,RHYS.I (MICHI 

I WA GNETIC MONOPOLE SEARCI"IES I 

There is little new to report in th~s section. 

However, we include the listings for completeness. 

One interesting development is the proposed reinter- 

pretation of the PRICE 75 event by HAGSTROM 77 as a 

heavy antinucleus. 

26 

C 

0 

c 
C 
C 
c 
c 
c 
C 
C 
c 
C 
c 
c 
c 
c 
£ 
C 
C 
c 

CS 
c s  
CS 
Cs 
c s  
CS 
CS 
c s  
CS 
CS 
CS 
ES 
CS 
c s  
CS 
E S  
ES 
E S  
CS 
CS 
CS 
CS 
C S  
C$ 
CS 
C $  
CS 
CS 
CS 
CS 

F 
F 
E 

men'Pu~E p~ro.  C~oSS SkLTI(N - ACCELERATC~ EXP. (CM**ZIINUELEON 
A 0 [ EIAU CR LESS CL=.95 AMALDI ~3 EMUL M=O TC 3 GEV 121T5 
A O 5 E-k( OR LESS CL=*G5 A~ALDI ~3 EMUL M=O TO 3 . k  GEV [2175 
P 0 2 E-40 D~ LESS PURCELL b3 CNTR M=O TO 3 GEV }2175 
G 0 ~ E-~3 G~ LESS EL=.95 GUREVIC~ 72 EMUL M=O-E GEV ~ / l ~  
C 0 ~ E-~2 OR LESS CL=.95 CARRIGAN 73 CNTR C=116-2~ DIRAC CHAR ~ / 7 ~  
H 0 5 E-42 OR LESS EL=.95 CARRIGAN 74 C N T R  Q=}I30 TO 24 t2175 
N 0 [ E-3g OR LESS CL=.95 CARRIGAN ?5 HLBC NEU ENERGY=[.O 1/76 
N O 4 E-38 OR LESS EL=.95 CARRIOAN Tb HLBC NEU ENERGY=5.0 [176 
N 0 l E - 3 7  OR LESS C L = . ~ 5  CARRIGAN 75 HLBC NEU ENERGY=8.O 1 / 7 6  
E 0 5 E - ~  CR LESS CL=.~5 EBERHARD 75 CNTR M= 0 TO 12 GEM } } / 7 5  
I o Z E-36 DR LESS EL=*95 GIACOMELL 75 PLAS M=O T~ 20 GEV 2/76 
A AMALOI 63 USES 28 GEV pR~T BEAM AT CERN PS. FIRST RESULT IS F~R [2 /75  
A PROTON TARGET, SECOND IS POR NUCLEON TARGET INSIDE NUCLEUS. L 2 1 7 5  
P PURCELL o3 LOOKS FOR MONOPOLES PRODUCE~ BY 30 GEV PROT AT THE AGS. 12175 
G GUREVICH 72 IS A SERPUKHGV 70 GEV/C P EXP. MASS LIMIT FQCM PP=PP~M 3/74 
C CARRiGAN 73 IS HAL 30O GEV P EXP. MASS LIMIT 0 - }2  GEV FROM pP=PRMM 317~ 
M CARRIGAN 74 IS NAL ~00 GEV EXP. MASS L I M I T  O- IS .7  GEVI~ONOPOLE. I2175 
N CARR]GAN 75 REEXAMINES OLD CERN NEUTRI~G EXPTS IN HLBC. NEU ENERgy } / 7 6  
N GIVEN AT RIGHT REPRESENTS NEUTRINO THRESHOLD ENERGY. i 1 7 6  
N THESE VALUES ~RE IN  UNITS C ~ ' * 2 / & U C L E U S .  1 / 7 6  
E EBERMARD 75 USED NAL TARGETS - 300 GEV AKO ~00 GEV P ON ~LUMINUM. 2/76 
E Q=[-? DIRAC CHGS. USED SAME TyPE OF OETECTOR AS ROSS 73. 2/76 
[ G[AC~MELLI 75 IS CERN ISR EXP., M=O-30 GEV, Q=0.~-2.5 DIRAC CHOS,  2 / 7 6  

MONOPGLE PROD* CROSS SECTION ~ SEARCP IN 4ATTER (CM~*2I/NUCLE ON 
S E-3B nR LESS GOTO 63 EMUL M=I GEV I2175 
5 E - 3 ~  OR LESS GDTO 63 EMUL M=IO GEV L2175 
5 E-3~ GR LESS GOTO 63 EMUL M=}O0 GEV 12/75 
3 E - 4 0  DR LESS CL=.95 PETUKHGV 63 CNTR M E T E O R I T E  I 2 / 7 5  
} E-38 OR LESS CL=.9O CARITHERS 6b ELEC M=2 GEV L2175 
7 E-37 OR LESS CL=.BO CARITNERS 66 ELEC M=lO GEV 12175 

E - 3 5  OR LESS CL=.90 CARITHERS 66  ELEC M=2S GEV } 2 1 7 5  
5 E - 4 3  OR LESS CL=,90 FLEISCH} 6 9  CNT~ M=} GEV 2 1 7 B  

0 2 E-~O CR LESS CL=,90 FLEISCMI 69 CNTR M:[O GEV 217~ 
F 0 3 E - 3 /  OR LESS Ct=.qO FLEISCH} 69 C N T R  M=}O0 GEV 2 1 7 6  
F 0 5 E-3~ OR LESS Ct= .90  F L E I S C H I  69 C N T R  M=}OOO GEV 2/76 
F o ~ E-29 DR LESS CL=.90 P L E I S C H I  b9 CNTR M=}GO00 GEV 2 1 7 6  
K 0 i E-42 OR LESS CL=.B5 K C L M  71CNTR M=L.5 GEV 3/74 
K 0 [ E - 4 2  OR LESS G L = . 9 5  KDLM 7} CNTR M=IO GEV 3 / T ~  
K 0 I E-37 OR LESS CL=.95 KOLM T[ C N T R  M=IO0 GEV 3/74 
K O [ E - 3 #  OR LESS CL=.g5 K O L M  71CNTR M=lO00 GEV 317~ 
K o I E-3~ OR LESS CL=.95 KDLM 71CNTR M=~SO0 GEV 317~ 
R 0 } E-43 OR LESS C L = . 9 5  ROSS 73 ELEC M=2 GEV 317~ 
R o 5 E-4} CR LESS EL=.95 ROSS 73 ELEC M=}O GEV 3/74 
R o 5 E-38 OR LESS CL=.95 ROSS 73 ELEC M=LO0  GEV 3/74 
G GOTO £3 EXAMINES MAGNETITE ROCK IN  THE ADIRONDACK MOUNTAINS. 12175 
C CARITHERS 66 LIMITS ABOVE ARE FOR NUCLEON-NUCLEON INTERACTIONS. [2175 
C LIMITS POR RHOTONUCLEON PRODUCTION ARE I0"'3 TIMES LARGER. 12175 

FLEISCH~R 69 LOOKED FOR MONOPOLES IN SEDIMENTS AT BOTTOM OF OCEAN 3/74 
F DEPOSITED DURING THE LAST }6  MILLION YEARS. Q=~O DIRAC CHAR.OR LESS 3/74 
K ~OLM 71 TRIED TO DETECT MONOP. IN DEEP SEAWATER Q=.2-27 GIRAC CHAR. 2/76 
R ROSS 7~ TRIED TO DETECT MONQRo IN LUNAR D U S T  Q=.~-36 DIRAC CHAR 2176 

OR LARGER CHARGES EXCEPT FOR G = N * 3 b * G O ,  WITH N INTEGER. THEY ALSO 3 1 7 ~  
REPORT L I M I T  OF DENSITY I N  LUNAR MATERIAL AS 1 . 7 " I 0 ' * - 4  MONOP./GM. 2/76 

MONOPOLE FLUX I N  COSMIC RAYS (NUMBERICM*'2-SEC-SR) 
o I E - } 3  OR LESS OOTO b3 EmUL RE TO ~ 0 " ' 4  OEV L 2 / 7 S  
o 5 E - } 5  ~R LESS C L = , 9 0  C A R [ T H E R S  66  ELEC [ 2 1 7 5  

F 0 3 E - I9  DR LESS CL=.90 ~LEISCM2 b9 SCAN KE TO /O**IO ~EV 12/75 
0 2 E-tB OR LESS KOLM T l  CNTR RE TO t O * * 5  GEV } 2 / 7 5  

R o 5 E-tO OR LESS EL=DO5 ROSS 73 GLEC KE TO } O * * ~  GEV 12/75 
P k } E - 1 3  PRICE 75 EMUL M GT 2 0 0  OEV 12/75 

F ELEISCHER 2 69 LOOKED FOR MDNDPOLE TRACKS LEFT IN OBSIOIAN AND MICA I2175 
E OVER GEOLOGICAL TIMES. [ 2 1 7 5  
R ROSS 73 INCLUDES DATA OF EBERHARD 71 PAPER. }2175 

P THE PRICE 75 EVENT COULD BE EXPLAINED AS DUE TO A FRAGMENTING HEAVY } } lEG*  
R NUCLEUS. SEE ALVAREZ ?5,  FLEISCHER 75, FRIEDLANOER 75,ANO ROSS 76. I } 1 7 6 '  
P SEE EBER~ARD 75 FOR DISCUSSION DF CONFLICT WITH eTHER EXPERIMENTS. L2175 
P NOT CONSIDERED CONVINCING EVIDENCE FOR THE EXISTENCE OF MONDPOLES. [2/7S 
R HAGSTROM TT  GIVES A REINTERPRETATION AS A HEAVY ANTINUCLEUS. 3 / 7 7 *  

~ONOPDLE DENSITY IN MATTER (NUMBER/LITER} 
S 0 ~.~E-4 OR LESS SCHATTEN 70  ELEC MOON ~ / 7 7 "  
C 0 ~.kE-5 OR LESS CL=.95 CARRIGAN 76 CNTR AIR } / 7 7 '  
C O } . 8E -3  OR LESS CL=.q5 CARRIGAN 76 CNTR SEA WATER I177 .  
S SCHATTEN 70  EXAMINED S A T E L I T E  DATA FCR PERTURBATIONS IN THE LUNAR ~177" 
S MAGNETIC WAKE. L IMIT IS FOR THE DIFFERENCE IN NUMBERS OF NORTH AND 4 / 7 7 *  
S SOUTH MONOPOLES. ~ / 7 7 "  
C CARR}GAN 7b IS SENSITIVE TO MGNOPCLES WITH DIRge CHARGE 0=} /6  TO 2@ } / 7 7 *  
C AND MASS ~S LARGE AS (7500 G E V ) * Q .  1 / 7 7 "  

AMALal 63 NC 2B 773 
GDTO 63 PR 132 387 
PETUKHOV 63 UP 49 87 
PURCELL 63  PR } 2 9  232~ 
CARITHER 66 PR }49 } 0 7 G  
F L E I S C H }  69  RR } 8 4  1 3 9 3  

ALSO 70  J~P ~ [  9 5 8  
FLE|SCH2 69  PR }84 13gO 

~LS~ ~0 J~P  4Z 9 5 8  

SCHATTEN 70 PR D( 22~5 
KOLM T l  PR D~ } 2 8 5  
GUREV[CH 72 PL 388  5~9  

ALSO 70 PL ~LB 3 9 4  
ALSO 72 JETP 3~ 9 1 7  

~ARRIGAN 73 PR D8 ~ 7 | 7  
ROSS 73 PR D8 bOB 

ALS~ 7 I  PR D4 3 2 6 0  
CARRIGAN 7~ RR 0 ~ 0  3 8 6 7  

CARRIGAN 75 NP B91 2 7 9  
ALSO 7~ pR D3 5b  

EBERHARO 75 PR 01} 3 0 9 9  
G IAGOM~L  15 ~C Z6A  ZL 
PRICE 75 PRL 35 ~B7 

ALSO 75 L S L - 4 2 b O  
ALSO 75 LBL-4289 
ALSO 75 PRL 35 ~ 1 2  
ALSO 7S PRL 35 [ 1 6 7  
ALSO 76 L B L - ~ 6 5  
ALSO 77 RRL 38  7 2 9  

REFERENCES EGR MAGNETIC MONGPOLE SEARCHES 

÷BARONI,MANFREOIN|,BRADNER÷(RONA÷UCSD÷CERNi 
÷KOLM,FORD (TOKY*MIT+BRANb 
÷YAKIMENKO (LEBD} 
÷COLLINS,FUJII,HERNBOSTEL,TURKOT IHARV+BNL) 
CARITHERS,STEFANSKI,AOAIR (YALE] 
FLEISCHER,HART,JAGOBSe (GESC÷UNCS÷GSCO] 
FLEISCHER,HBRT,JACCBS,PRICE,SCHWARTZ÷iGESCb 
FLEISCHER,PRICE,WOODS IGESC) 
FLEISCHER,HART,J~GOBS,PR[CE*SDHWARTZ÷JGES{} 

SCHATTEN ]NASA] 
+VILLA,GDIAN IMIT÷SLACI 
+KMAKIMOV,MARTEMIANOV÷ ( K I A E ÷ N O V D ÷ S E R P I  
GUREVICH,~HAKIMCV ÷ {KIAE+NOVO÷SERP) 
BARKOV, GUREVICH, (KIAE*NOVO÷SERPi 
÷NEZRICK,STRAUSS (FNAL) 
÷EBERHARD,ALVAREZ,WATT ILBLeSLAG} 
EBER~ARD, ROSS,ALVAREZ,WATT (LBL+SLAC) 
÷NEZRICK,STRAUSS (FNAL) 

÷NEZRIGK (FNAL) 
CARRIGAN,NEZR[CK {FNALI 
÷ROSS,TAYLDR,ALVAREZ,DBERLACK (LBL÷MPIMI 
G I A C Q N E L C I , R O S S I +  ]BGNA+CE~N+SACC+ROmAI 
+SHIRK,~SBCRNE,PINSKY ]UCB÷HOUSTON] 
LUIS ALVAREZ {LBLi 
PHILIPPE EBERHARC ILBL) 
R.L .  FLEISCHERrR.M.WALKER (GESC÷WUSL) 
M.W. FRIEOLANDER (WUSLI 
RGNALD ROSS (LBL) 
RAY HAGSTRCM ILBL) 

:ARRIGAN 16 RR 0 |3  }B23 *NEZRICK,STRAUSS ]FNALI 
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Data Card Listings OTHER NEW PARTICLE SEARCHES 

OTHER NEW PARTICLE SEARCHES| 

L 

[ :  
L 

L ~ 

t~v  

We collect here those searches which do not fit 

hoatly into one of th~ abovE. SO~tcii Cdteqories. 

t ~ :_ ;~ ,  L . k -  ~. LCXI e, e' ; . .  '( \ ~0' t ;r ~ I'.t=LLCT~ t . 

. . . . . . . . . . . . . . . . . .  .............. %!L~: . . . . . . . . . . . . . . . . . . . . . . .  
:' [ ' ,  ] :  T ' ,  , ( i : , r %; %l~(~A~ ; ' ,~  M~<%/i,~V) , £~ LIGHT V E ~ . M F S * I P H I I .  
. . . .  ~y '4  ~D 74 SPFC #N~L 3004:V P+CU,k 

...., ::7;::. t I . ~ - " . ~ L [  J. <UF:fr~ " K]~7"G[Y I k I F ~ C I ] ~ b ~  G H ~ T  LIFETI4F ¢ 

pJF~Cq 74 ~PL ¢ Corn| ~x 2O~2~C, FV PP 
L t ( ~ >. l~  <[ : ; [ ,  ~c7 ? L r [  T~ % S I ' N A L  l U * ' - ~  TT~E< P l a n  Y I L L P  FTJ& 

PT -&',*>: i . t , - ~ . 7  : ¢ .  £~,;1 bF PHI AL:rwC S1~4C[ all( T ~ ~+K-- ki . f  ~ktN. 
LE~E; v~ , 75 PVOE 

L. , : ~  ,%'q i ~  l £ u l  SSEb A,~ V c r X~ lS  ~%9 CCfFhT t lkPUBLISHEC RFSULTS. 
, j  ; : ' x k  % ~ t l , : r , ' l / - &  p[l r: M L S b t b l  VBLT ~ vESt,, hEAKLY DELAYING. 

A~APCV 7z, CN'P ZE-TC C, EV R+~E,C@ 
4r , -A4 ¢ t c  c : U l c r r I  ~ d ~ ,  5 [ ' N & L  ~ .5~  ~ T lUFS P i t ' |  y I E L E  FCF 

~1' ,4 I N r ~ E 4 S I  4G p.  t [ N  E:.~L.Y, lq~lZATItQb FIEC~Y ~9 HEAVy PAqTICL = 

A%lsi~T]V~ 7( ElcC 70 bkV PROT CN CL I 
~ [ E i ' ~  VA i 'b v;AbU~=< LFF:(:. R < L ~ I Z .  r c Ol~ECT MU7NS WIT~ PT=2 - 2 . 8  
. , : V I , .  FIK. ̀  P " I . =  u.hS+--2.J( .  This WCUL[] IKDIC^T¢ T H ~ I  uVO~S CC~F 
=- 4 ;::I~TILLZ , ' r t A ~ J ' ~  v[~ ~K I ' ! tCnA( f [ )NS.  CpgCSIT E ~ESbLI [S 

K~SHA 76 CNTR FNAL ~OuGEV ~+NUCL 
~ & ~  /~ f i n ,  THat M U ' t  ;AI; PP~DbC t l Fk  LAN AC<FUK'T @ r~ MGST nF THE 
: 1 ~  T " u , , ~  l ~u l rA? l<b  EIECTRC~AGkETIC PRncbc*InN ~EC~ANIS"o 

LAUvE~BAE 76 C~TR ~NAL ¢OOGEV P÷CU 
u~,T:KrAL~ 7~ wr~bRrg LCNG. POLARJZ. OF ~IGH OT D]qECT MUC, NS TC BE 

L~I~UNFR 7~ 
L ' [ P d ' : k  ?C "~ASU~S ~ .  POLA;[Z. CF FU~A~O DIRECt muG,~s TC BE 
P = - ] . C O + - . . I ,  AS LXYF~F p FC# ELECTP:mALNFTIC P~CESS, NIT ~K. DEC. 

9RANS(N 17 SPSC 2~0 0FV/C p~TT + c£ 
- o A \ ~ N  77 E I r ,  ES ~v/P{ RAIIC,= 3.E-5 FO~ PT LE(S TH:N [ GFV/C. 
~L ~ F£Nu~ T~A~ C. 7"-~.2 r r  ALL ~ C ~ T  ~OS A~c P~DUC~D I~ PaL&S. 

[~L . . . .  1-c] - -  ~- LESS FL=.~J ~C]YARSKI 75 SPAG 
T.L 2 ~ % . J E - ~ i  F~ LES g ~A~BIFL[I 76 CkIR 4=2.~-3 GEV 
I t  ~ a ).SE 31 ~P LESS CL=.(~] BaCCI 76 CNTP 4= 2.S-3 GEV 
ILl c ) 9.c=-~| f .  L[S~ ~SPESITC 7o FNT~ ~=ZoE-] 6EV 
l u L  r , - y  A~S~l 7~ [S A S~EA4 tAFT. LIMIT IS ~12R FCM=3.2-5. 9 G£ v,  
I . L  ~ LX~LbSI~E ;~ IHE P~ I I~TnOI .  L I V I "  FANGE~ FRC~ t o l  Tq 1.7 E-3Co 
I L t  F ~. A ~[uT~ F 10 mFV, ~ . F v  E+F-  HAD~CN<. 
i~t A t~A~[ELL[N] 7c IS ~N ACmNt E* E- EXPT. f~FSS SECT. CONVE~TEO FROM 
ILL A ~AT[ '  T" ~+F- -~> J / P S [  C~<~ <LET. 
ILL L r,~_ul 7t IS AN ADNE c+ E- EXPX. 
IUL r Ebp~!~[T ' 7O ]S ~ A~UNE 6+ E- EXPT. CkLS5 SECT. CPNV~PTEL F~CM 
I{. i  ~ T ] ' :  T; F.E- - - >  J/pSI tRrgS SECT. 

k ,  ( H & ~ C N I U ~ - L ~  ST&XE% CVCS%-S[ (T~CN • ~ . V .  I C M * = ~ )  
(L  , 1 . 0 E - ~ #  f k  LESS APFL 7)  CNTq m=2-~  GEV 
t~ EAR~LY 76 CNT~ SHOULOE6 AT 6 GEV 
(L  1~ ~.2F-3~ 2.3E-3~ ~o~| 7e CNt= pEAK AT ~ GEV 
~u ~ 2.dE-so ~; LFSS Hf42 76 CNTe 
,L  U Z.~E-~3 SR LLSS T~6On~SIC 76 CNTP M=I .C-3.5 GEV 
LL &PEL 75 IS A 4( GEV p [ -  P EXP. SENSITIVE "[i MLIL?I-BAMWAS. DC~S NOT 
IL SLE J / ~ S [  , ~  pS[(37UO). 
[L c~TLY 7~ IS A 30C GEV P NUCLEUS EXPT. STPUCTUPE AT ~ GEV IS 
( L  Ah LIT 5 PEA CENT THE J/PSI CkcSS S~CT. D?ES NET SEF THE PSI(3700). 

L H _ M |  7o ANC ~L~Z 76 ARF FPQ~ a ~oo GEV o ~IJCLEL~5 EXPT. CPgSS SECTS. 
(~ A~E F~ T~ E ~ (.EV MA5S QFC, ION, MHERF AN EKHANC£~ENT IS R~PC'QT~D IN 
L( d'5~(HL~[ 76} 8U T N~T IN MIJ+WU-IHO42 7 6 ) *  F+E-  FUMP MAY eE A 
tL  .~ ST~TISTI(AL FLtCTUAT[EN. 
LL IH~qO{ SIHU 76 IS A COPNELL GAmma 8E EXP~, WITH M~X. ENERGY O~ 
LL I I i  6EV, t ~ r W I N G  F~'~ EtECT~nNS ANDJn6 GAmmAS. {,CSS SECTION IS 
EL CCNVSktE[  PkCM OIFFo C.S. GIVEN AS 130EXP(3~I NP/CFVZ EXPECTEp FQR 
( L ThE o -  c H ~ m - ~ n t [ C H A ~  s t A t E  

( ~  HLAVY PACTICL~ PRCCUC~IrN (~CSS SECT|ON I C m * * 2 1  
L~* L o L. E-~L FR LESS LE[PONEQ 7 3  CNTR +- M=3--L|  6EV 
E,~ L L~ IFdNER 7~ [% A~ NAL 300 GEV ~ FXPTo MOULD HAVE DETECTED PARTICLES 
E~ L 4 [ t q  LIFETIME bRBATE~ THan 200 NSEC. 

C~ HLAVy PAkTICLF ppCE,JETION 6RQSS-SECT[C~ (CM**2/NUCL£ONI 
C~ G Q Z . 5 E - 5 8  7,R LESS GUSTAFSCN 76 CNTR o T~U GT [ 0 . . - - 7  
c~ G ~LJSTAFSq& 7e [S A 3Q0 GEV FA:AL EXpT L#OKING F~R HEAVY (~ G| 2 GEVI 
CS ~ LO,~LIVEC NEbIGAL HADCJ~S IN THE ~4 NEUTRAL BF4~. THE ABOVE TYPICAL 
( ~  ~ VALUE IS ~l~R ~=3 bEV AND ASSUMES A~ INTE£ACTICN CPQSS SECTION OF 
t~ G I ms. VALUES AS A FUNCTIPN JF ~ASS AND INTERACTION C~CSS SEC[IPN 
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Neutral-current-to-charged-current cross-section ratios, neutrinos vs. antineutrinos. 
Determination by three separate experiments: Gargamelle collaboration [J.Blietschau 
et al., Nucl. Phys. BII8, 218 (1977)]; Caltech-Fermilab [F.S.Merritt, Ph.D. Thesis, 

California Institute of Technology (1977); point has been corrected for experimental 
cuts assuming a scaling model for charged currents and an antiquark fraction in the 
nucleon of 17%]; and Harvard-Penn-Wisconsin-Fermilab [A.Benvenuti et al., Phys. Rev. 
Lett. 37, 1039 (1977)]. Because of the different energy regions and experimental 
cuts involved, some care should be exercised in making direct comparisons. 
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where O(e+e - ~ p+~-) is A summary of the cross-section ratio R = 

+ - P+U- O(e e + ) 

taken from QED as 86.8/E 2 nb-GeV 2, and O(e+e - ÷ hadrons) is generally taken as 
c.m. 

the cross section of 3-or-more-prongs plus non-coplanar 2-prongs, as compiled by 
Schwitters and Straunch [Ann. Rev. Nucl. Sei. 26, 89 (1976)]. Between 3 and 8 
GeV there is an overall normalization uncertainty of the order of 10%, and a further 
slowly varying uncertainty of as much as 15%. Below 3 GeV, the normalization 

uncertainty is of the order of 50%. 
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ERRATA 

The following corrections should be made in 

the 1976 edition of "Review of Particle Properties", 

Particle Data Group [Rev. Mod. Phys. 4_~8, No. 2, 

Part II (1976) ]. A second page number given in 

parentheses following the first number refers to 

the corresponding page in the 1976 Particle Prop- 

erties Data Booklet; where the second number is 

absent, the correction was already made in the 

Data Booklet before it was issued. 

Page. S21: The mass squared of the o should 

read 0.0182 instead of 0.182. 

Page $24 (8): The magnetic moment of the ~ 
eh 

should read 1.001 165 897 instead of 
eh 

1 .001  166 897 - -  
2mpc" 

Page $26:  The w i d t h  o f  t h e  a ° s h o u l d  read  

7.95-+0.55 eV instead of 7.8±0.9 eV; the width of 

the ~ should read 0.85±0.12 keV instead of 

2.63-+0.58 keV; and the percentage decay of the 

b into neutral and charged modes should read 

71.0 and 29.0, respectively, instead of 71.1 

and 28.9. These values (or their equivalents) 

are all given correctly in the Stable Particle 

Table. 

Page $32: The JP of the A(1860) should read 

3/2 + instead of 1/2 + . 

Page 833: The mass of the [(1765) should 

read 1773 instead of 1723. 

Page $35 (39): On the line giving the value 

of what is called "p ", the notation should be 
P 

changed to "PN"; this is the nuclear magneton, 

not the proton magnetic moment. The next line, 

giving Pp/~Bohr' should be completely replaced by 

~ /~ = 0.001521032210(18) 0.012 ; 
p Bohr 

the ~p appearing here is the proton magnetic 

moment. Additionally, the third expression for 

should read meC~2/2h instead of meC~2/2h 

the numerical value is correct as it stands. 

Also, the gravitational constant should read 
-8 3 -i -2 

6.6720(41)xi0 cm g sec instead of 

6.  6732 (31) x l O - S c m - 3  - 1  - 2  g sec And finally, on 

the line giving the pressure of 1 atmosphere, 

the word "dynes" should be replaced by "g(force)"; 

also note that 1 bar = 106 dynes/cm 2. 

Pages $40-$41 (52-53): Equation II-19 

should be deleted; also, both parts of Eq. II-20 

and the first part of Eq. II-23 (defining u) 

should be marked to indicate that they apply in 

the (ab) c.m. system only. 

Page $45 (72): In Section C.3, on multiple 

Coulomb scattering, the expression given for @ I/e 
pro3 

e rms [see V. L. Highland, should have referred to proj 

Nucl. Instr. and Meth. 129, 497 (1975); also private 
rms 

communication]; the proper equation, for eproj , is 

given below. The correct description of multiple 

scattering is as follows. The probability of 

scattering through a space angle @ into an element 

of solid angle d~ = sinSd@d~ in terms of a parameter 

@0 is given to a good approximation by 

-02/0~ 
f(@)d~ = Ke d~ , 

2 i/e 
with K ~ I/(Z@0). For this distribution, @ , the 

angle such that f(@i/e)/f(0) = l/e, is equal to 

@rms =~/~-= @0" This distribution may be 

expressed in terms of the two projected angles @ 
x 

and @y, with d~ = d@xd@y, and the probability of 

one of the projected angles, say @x' derived as 

2 I° l 
rms 2 

1 2(@x ) 
g (@x)dOx e dO ~-~ ~rms x 

x 

2 @rms 2 2 with ( x ) = @0" For this distribution, @rms = 
x 

@~/e/v~- is given by the expression 

@rms. 14MeV/c ~L~ [I 1 (L~)] [ 1 M2 1 
pro3 = z p~ + ~ lOgl0 + EmsJ 

for the scattering of a particle of mass M, charge 

zlel, velocity 8, and energy E in a thickness L of 

a medium of radiation length L R and atomic mass m . 
s 

The distribution for g(@x ) is accurate experiment- 

ally at the 5-10% level except in the tails, which 

are broader than the Gaussian form. For this 

reason, the notation "rms", which has come into 

general use in this problem, is somewhat of a 

misnomer. It should be understood that this refers 

to the i/~e- point of the distribution, i.e., 

rms e-I/2 
g(@proj)/g(0) = = 0.606, and not to the true 

rms projected scattering angle (which is larger 

than 8 rms • due to the large tails). Note that for 
pro3 

incident electrons, positrons, or heavy nuclei, 

this formula is inaccurate. 
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A SPECIAL REQUEST 

The Particle Data Group is currently compiling 

a database of experimental high energy physics 

reports and proposals. We publish an account of 

active high energy physics experiments (LBL-91) and 

will publish an index of high energy physics 

reports (LBL-90). Our database will eventually 

become directly accessible to users at any institu- 

tion. An important feature of our system will be 

a link between each report and the experimental 

proposal that generated the data in that report. 

In order to help make this link, we request that 

publications ihclude the accelerator and proposal 

number in a footnote. 
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