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CP-VIOLATION PARAMETERS IN K0
L DECAYSCP-VIOLATION PARAMETERS IN K0
L DECAYSCP-VIOLATION PARAMETERS IN K0
L DECAYSCP-VIOLATION PARAMETERS IN K0
L DECAYS

CHARGE ASYMMETRY IN K0
`3 DECAYSCHARGE ASYMMETRY IN K0
`3 DECAYSCHARGE ASYMMETRY IN K0
`3 DECAYSCHARGE ASYMMETRY IN K0
`3 DECAYS

Such asymmetry violates CP. It is related to Re(ε).

δ = weighted average of δ(µ) and δ(e)δ = weighted average of δ(µ) and δ(e)δ = weighted average of δ(µ) and δ(e)δ = weighted average of δ(µ) and δ(e)
VALUE (%) EVTS DOCUMENT ID TECN COMMENT

0.327±0.012 OUR AVERAGE0.327±0.012 OUR AVERAGE0.327±0.012 OUR AVERAGE0.327±0.012 OUR AVERAGE Includes data from the 2 datablocks that follow this one.

0.333±0.050 33M WILLIAMS 73 ASPK Kµ3 + Ke3

δ(µ) = [Γ(π−µ+νµ) − Γ(π+µ− νµ)]/SUMδ(µ) = [Γ(π−µ+νµ) − Γ(π+µ− νµ)]/SUMδ(µ) = [Γ(π−µ+ νµ) − Γ(π+µ−νµ)]/SUMδ(µ) = [Γ(π−µ+ νµ) − Γ(π+µ−νµ)]/SUM
Only the combined value below is put into the Meson Summary Table.

VALUE (%) EVTS DOCUMENT ID TECN

The data in this block is included in the average printed for a previous datablock.

0.304±0.025 OUR AVERAGE0.304±0.025 OUR AVERAGE0.304±0.025 OUR AVERAGE0.304±0.025 OUR AVERAGE

0.313±0.029 15M GEWENIGER 74 ASPK

0.278±0.051 7.7M PICCIONI 72 ASPK

• • • We do not use the following data for averages, fits, limits, etc. • • •
0.60 ±0.14 4.1M MCCARTHY 73 CNTR

0.57 ±0.17 1M 96 PACIOTTI 69 OSPK

0.403±0.134 1M 96 DORFAN 67 OSPK

96PACIOTTI 69 is a reanalysis of DORFAN 67 and is corrected for µ+µ− range difference
in MCCARTHY 72.

δ(e) = [Γ(π− e+νe) − Γ(π+ e− νe)]/SUMδ(e) = [Γ(π− e+νe) − Γ(π+ e− νe)]/SUMδ(e) = [Γ(π− e+ νe) − Γ(π+ e− νe)]/SUMδ(e) = [Γ(π− e+ νe) − Γ(π+ e− νe)]/SUM
Only the combined value below is put into the Meson Summary Table.

VALUE (%) EVTS DOCUMENT ID TECN

The data in this block is included in the average printed for a previous datablock.

0.333±0.014 OUR AVERAGE0.333±0.014 OUR AVERAGE0.333±0.014 OUR AVERAGE0.333±0.014 OUR AVERAGE

0.341±0.018 34M GEWENIGER 74 ASPK

0.318±0.038 40M FITCH 73 ASPK

0.346±0.033 10M MARX 70 CNTR

0.246±0.059 10M 97 SAAL 69 CNTR

• • • We do not use the following data for averages, fits, limits, etc. • • •
0.36 ±0.18 600k ASHFORD 72 ASPK

0.224±0.036 10M 97 BENNETT 67 CNTR

97SAAL 69 is a reanalysis of BENNETT 67.

PARAMETERS FOR K0
L → 2π DECAYPARAMETERS FOR K0
L → 2π DECAYPARAMETERS FOR K0
L → 2π DECAYPARAMETERS FOR K0
L → 2π DECAY

η+− = A(K0
L → π+ π−) / A(K0

S → π+π−)

η00 = A(K0
L → π0π0) / A(K0

S → π0π0)

The fitted values of
∣∣η+−∣∣ and

∣∣η00∣∣ given below are the results of a fit

to
∣∣η+−∣∣, ∣∣η00∣∣, ∣∣η00/η+−

∣∣, and Re(ε′/ε). Independent information on∣∣η+−∣∣ and
∣∣η00∣∣ can be obtained from the fitted values of the K0

L →
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ππ and K0
S → ππ branching ratios and the K0

L and K0
S lifetimes. This

information is included as data in the
∣∣η+−∣∣ and

∣∣η00∣∣ sections with a

Document ID “BRFIT.” See the note “Fits for K0
L CP-Violation Parame-

ters” above for details.∣∣η00

∣∣ =
∣∣A(K0

L → 2π0) / A(K0
S → 2π0)

∣∣∣∣η00

∣∣ =
∣∣A(K0

L → 2π0) / A(K0
S → 2π0)

∣∣∣∣η00

∣∣ =
∣∣A(K0

L → 2π0) / A(K0
S → 2π0)

∣∣∣∣η00

∣∣ =
∣∣A(K0

L → 2π0) / A(K0
S → 2π0)

∣∣
VALUE (units 10−3) EVTS DOCUMENT ID TECN COMMENT

2.275±0.019 OUR FIT2.275±0.019 OUR FIT2.275±0.019 OUR FIT2.275±0.019 OUR FIT Error includes scale factor of 1.1.

2.30 ±0.14 OUR AVERAGE2.30 ±0.14 OUR AVERAGE2.30 ±0.14 OUR AVERAGE2.30 ±0.14 OUR AVERAGE

2.25 ±0.22 98 BRFIT 98

2.33 ±0.18 CHRISTENS... 79 ASPK

• • • We do not use the following data for averages, fits, limits, etc. • • •
2.49 ±0.40 99 ADLER 96B CPLR

2.71 ±0.37 56 100 WOLFF 71 OSPK Cu reg., 4γ’s

2.95 ±0.63 100 CHOLLET 70 OSPK Cu reg., 4γ’s

98This BRFIT value is computed from fitted values of the K0
L and K0

S lifetimes and

branching fractions to ππ. See the discussion in the note “Fits for K0
L CP-Violation

Parameters.”
99ADLER 96B identified initial neutral kaon individually as being a K0 or a K0. Error is

statistical only.
100CHOLLET 70 gives

∣∣η00∣∣ = (1.23 ± 0.24)×(regeneration amplitude, 2 GeV/c

Cu)/10000mb. WOLFF 71 gives
∣∣η00∣∣ = (1.13 ± 0.12)×(regeneration amplitude, 2

GeV/c Cu)/10000mb. We compute both
∣∣η00∣∣ values for (regeneration amplitude, 2

GeV/c Cu) = 24 ± 2mb. This regeneration amplitude results from averaging over
FAISSNER 69, extrapolated using optical-model calculations of Bohm et al., Physics
Letters 27B27B27B27B 594 (1968) and the data of BALATS 71. (From H. Faissner, private com-
munication).∣∣η+−
∣∣ =

∣∣A(K0
L → π+π−) / A(K0

S → π+π−)
∣∣∣∣η+−

∣∣ =
∣∣A(K0

L → π+π−) / A(K0
S → π+π−)

∣∣∣∣η+−
∣∣ =

∣∣A(K0
L → π+π−) / A(K0

S → π+π−)
∣∣∣∣η+−

∣∣ =
∣∣A(K0

L → π+π−) / A(K0
S → π+π−)

∣∣
VALUE (units 10−3) EVTS DOCUMENT ID TECN COMMENT

2.285±0.019 OUR FIT2.285±0.019 OUR FIT2.285±0.019 OUR FIT2.285±0.019 OUR FIT

2.284±0.018 OUR AVERAGE2.284±0.018 OUR AVERAGE2.284±0.018 OUR AVERAGE2.284±0.018 OUR AVERAGE

2.271±0.024 101 BRFIT 98

2.310±0.043±0.031 102 ADLER 95B CPLR K0-K0 asymmetry

2.32 ±0.14 ±0.03 105 ADLER 92B SPEC K0-K0 asymm.

2.27 ±0.12 CHRISTENS... 79B ASPK

2.30 ±0.035 GEWENIGER 74B ASPK

• • • We do not use the following data for averages, fits, limits, etc. • • •
2.28 ±0.06 1687 103 COUPAL 85 SPEC P(K)=70 GeV/c

2.09 ±0.02 104 ARONSON 82B SPEC E=30–110 GeV

101This BRFIT value is computed from fitted values of the K0
L and K0

S lifetimes and

branching fractions to ππ. See the discussion in the note “Fits for K0
L CP-Violation

Parameters.”
102ADLER 95B report (2.312± 0.043± 0.030 −1[∆m−0.5274] +9.1[τs− 0.8926])×10−3.

We evaluate for our 1996 best values ∆m = (0.5304 ± 0.0014) × 10−10 h̄s−1 and τs
= (0.8927 ± 0.0009)× 10−10 s.

103COUPAL 85 concludes: no energy dependence of
∣∣η+−∣∣, because their value is consistent

with above values which occur at lower energies. Not independent of COUPAL 85

Γ(π+ π−)
/
Γ(π`ν) measurement. Enters

∣∣η+−∣∣ via BRFIT value. In editions prior to
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1990, this measurement was erroneously also included in our
∣∣η+−∣∣ average and fit. We

thank H. Wahl (WAHL 89) for informing us.
104ARONSON 82B find that

∣∣η+−∣∣ may depend on the kaon energy.∣∣η00/η+−
∣∣∣∣η00/η+−
∣∣∣∣η00/η+−
∣∣∣∣η00/η+−
∣∣

VALUE EVTS DOCUMENT ID TECN

0.9956±0.0023 OUR FIT0.9956±0.0023 OUR FIT0.9956±0.0023 OUR FIT0.9956±0.0023 OUR FIT Error includes scale factor of 1.8.

0.9930±0.0020 OUR AVERAGE0.9930±0.0020 OUR AVERAGE0.9930±0.0020 OUR AVERAGE0.9930±0.0020 OUR AVERAGE

0.9931±0.0020 105,106 BARR 93D NA31

0.9904±0.0084±0.0036 107 WOODS 88 E731

• • • We do not use the following data for averages, fits, limits, etc. • • •
0.9939±0.0013±0.0015 1M 105 BARR 93D NA31

0.9899±0.0020±0.0025 105 BURKHARDT 88 NA31

1.014 ±0.016 ±0.007 3152 BERNSTEIN 85B SPEC

0.995 ±0.025 1122 BLACK 85 SPEC

1.00 ±0.09 108 CHRISTENS... 79 ASPK

1.03 ±0.07 124 BANNER 72 OSPK

1.00 ±0.06 167 HOLDER 72 ASPK

105This is the square root of the ratio R given by BURKHARDT 88 and BARR 93D.
106This is the combined results from BARR 93D and BURKHARDT 88, taking into account

a common systematic uncertainty of 0.0014.
107We calculate

∣∣η00/η+−∣∣ = 1−3(ε′/ε) from WOODS 88 (ε′/ε) value.
108Not independent of

∣∣η+−∣∣ and
∣∣η00∣∣ values which are included in fit.

ε′/ε ≈ Re(ε′/ε) = (1−
∣∣η00/η+−

∣∣)/3ε′/ε ≈ Re(ε′/ε) = (1−
∣∣η00/η+−

∣∣)/3ε′/ε ≈ Re(ε′/ε) = (1−
∣∣η00/η+−

∣∣)/3ε′/ε ≈ Re(ε′/ε) = (1−
∣∣η00/η+−

∣∣)/3

VALUE (units 10−3) EVTS DOCUMENT ID TECN COMMENT

1.5 ±0.8 OUR FIT1.5 ±0.8 OUR FIT1.5 ±0.8 OUR FIT1.5 ±0.8 OUR FIT Error includes scale factor of 1.8.

1.5 ±0.8 OUR AVERAGE1.5 ±0.8 OUR AVERAGE1.5 ±0.8 OUR AVERAGE1.5 ±0.8 OUR AVERAGE Error includes scale factor of 1.8. See the ideogram below.

2.3 ±0.65 109,110 BARR 93D NA31

0.74±0.52±0.29 >5E5 GIBBONS 93B E731

3.2 ±2.8 ±1.2 109 WOODS 88 E731

• • • We do not use the following data for averages, fits, limits, etc. • • •
2.0 ±0.7 1M 111 BARR 93D NA31

−0.4 ±1.4 ±0.6 PATTERSON 90 E731 in GIBBONS 93B

3.3 ±1.1 111 BURKHARDT 88 NA31

109These values are derived from
∣∣η00/η+−

∣∣ measurements. They enter the average in this

section but enter the fit via the
∣∣η00/η+−

∣∣ section only.
110This is the combined results from BARR 93D and BURKHARDT 88, taking into account

their common systematic uncertainty.
111These values are derived from

∣∣η00/η+−
∣∣ measurements.
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WEIGHTED AVERAGE
1.5±0.8 (Error scaled by 1.8)

Values above of weighted average, error,
and scale factor are based upon the data in
this ideogram only.  They are not neces-
sarily the same as our ‘best’ values,
obtained from a least-squares constrained fit
utilizing measurements of other (related)
quantities as additional information.

WOODS 88 E731 0.3
GIBBONS 93B E731 1.6
BARR 93D NA31 1.6

χ2

       3.5
(Confidence Level = 0.178)

-2 0 2 4 6 8 10

ε′/ε ≈ Re(ε′/ε) = (1−
∣∣∣η00/η+−

∣∣∣)/3

φ+−, PHASE of η+−φ+−, PHASE of η+−φ+−, PHASE of η+−φ+−, PHASE of η+−
The dependence of the phase on ∆m and τS is given for each experiment in the

comments below, where ∆m is the K0
L-K0

S mass difference in units 1010 h̄s−1 and

τs is the KS mean life in units 10−10 s. For the “used” data, we have evaluated these
mass dependences using our 1996 values, ∆m = 0.5304±0.0014, τs = 0.8927±0.0009
to obtain the values quoted below. We also give the regeneration phase φf in the
comments below.

OUR FIT is described in the note on “Fits for K0
L CP-Violation Parameters” in the

K0
L Particle Listings.

VALUE (◦) EVTS DOCUMENT ID TECN COMMENT

43.5 ± 0.6 OUR FIT43.5 ± 0.6 OUR FIT43.5 ± 0.6 OUR FIT43.5 ± 0.6 OUR FIT

43.6 ± 1.2 112 ADLER 95B CPLR K0-K0 asymmetry

43.9 ± 0.8 113,114 SCHWINGEN...95 E773 CH1.1 regenerator

42.9 ± 1.0 114,115 GIBBONS 93 E731 B4C regenerator

44.3 ± 1.8 116 CAROSI 90 NA31 Vacuum regen.

44.5 ± 2.8 117 CARITHERS 75 SPEC C regenerator

44.0 ± 1.3 118 GEWENIGER 74B ASPK Vacuum regen.
• • • We do not use the following data for averages, fits, limits, etc. • • •
43.82± 0.63 119,120 ADLER 96C RVUE

42.3 ± 4.4 ±1.4 105 121 ADLER 92B SPEC K0-K0 asymm.

47.7 ± 2.0 ±0.9 114,122 KARLSSON 90 E731

35.3 ± 3.9 123 ARONSON 82B SPEC

41.7 ± 3.5 CHRISTENS... 79B ASPK

36.2 ± 6.1 124 CARNEGIE 72 ASPK Cu regenerator

37 ±12 125 BALATS 71 OSPK Cu regenerator

40 ± 4 126 JENSEN 70 ASPK Vacuum regen.
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34 ±10 127 BENNETT 69 CNTR Cu regenerator

44 ±12 128 BOHM 69B OSPK Vacuum regen.

45 ± 7 129 FAISSNER 69 ASPK Cu regenerator

51 ±11 130 BENNETT 68B CNTR Cu reg. uses

70 ±21 131 BOTT-... 67B OSPK C regenerator

25 ±35 131 MISCHKE 67 OSPK Cu regenerator

30 ±45 131 FIRESTONE 66 HBC

45 ±50 131 FITCH 65 OSPK Be regenerator

112ADLER 95B report 42.7◦ ± 0.9◦ ± 0.6◦ +316[∆m − 0.5274]◦ +30[τs − 0.8926]◦ .
113 SCHWINGENHEUER 95 reports φ+− = 43.53± 0.76 + 173[∆m− 0.5282] −275[τs −

0.8926].
114These experiments measure φ+−–φf and calculate the regeneration phase from the

power law momentum dependence of the regeneration amplitude using analyticity and
dispersion relations. SCHWINGENHEUER 95 [GIBBONS 93] includes a systematic error
of 0.35◦ [0.5◦] for uncertainties in their modeling of the regeneration amplitude. See
the discussion of these systematic errors, including criticism that they could be underes-

timated, in the note on “C violation in K0
L decay.”

115GIBBONS 93 measures φ+–φf and calculates the regeneration phase φf from the power
law momentum dependence of the regeneration amplitude using analyticity. An error of
0.6◦ is included for possible uncertainties in the regeneration phase. They find φ+− =

42.21 ± 0.9 +189 [∆m − 0.5257] −460 [τs − 0.8922]◦, as given in SCHWINGEN-

HEUER 95, footnote 8. GIBBONS 93 reports φ+− (42.2 ± 1.4)◦
116CAROSI 90 φ+− = 46.9 ± 1.4 ± 0.7 +579 [∆m − 0.5351] +303 [τs − 0.8922]◦ .
117CARITHERS 75 φ+− = (45.5 ± 2.8)+224

[
∆m − 0.5348

]◦. φf = −40.9 ± 2.6◦.
118GEWENIGER 74B φ+− = (49.4 ± 1.0)+565

[
∆m − 0.540

]◦.
119ADLER 96C fit gives (43.82 ± 0.41)◦ +339(∆m − 0.5307)◦ −252(τs − 0.8922)◦ .
120ADLER 96C is the result of a fit which includes nearly the same data as entered into the

“OUR FIT” value above.
121ADLER 92B quote separately two systematic errors: ±0.4 from their experiment and
±1.0 degrees due to the uncertainty in the value of ∆m.

122KARLSSON 90 systematic error does not include regeneration phase uncertainty.
123ARONSON 82 find that φ+− may depend on the kaon energy.
124CARNEGIE 72 φ+− is insensitive to ∆m. φf = −56.2 ± 5.2◦.
125BALATS 71 φ+− = (39.0 ± 12.0)+198

[
∆m − 0.544

]◦. φf = −43.0 ± 4.0◦.
126 JENSEN 70 φ+− = (42.4 ± 4.0)+576

[
∆m − 0.538

]◦.
127BENNETT 69 uses measurement of (φ+−)−(φf ) of ALFF-STEINBERGER 66B. BEN-

NETT 69 φ+− = (34.9 ± 10.0)+69
[
∆m − 0.545

]◦. φf = −49.9 ± 5.4◦.
128BOHM 69B φ+− = (41.0 ± 12.0)+479(∆m − 0.526)◦ .
129 FAISSNER 69 error enlarged to include error in regenerator phase. FAISSNER 69 φ+−

= (49.3 ± 7.4)+205
[
∆m − 0.555

]◦. φf = −42.7 ± 5.0◦.
130BENNETT 69 is a re-evaluation of BENNETT 68B.
131Old experiments with large errors not included in average.

φ00, PHASE OF η00φ00, PHASE OF η00φ00, PHASE OF η00φ00, PHASE OF η00
See comment in φ+− header above for treatment of ∆m and τs dependence.

OUR FIT is described in the note on “Fits for K0
L CP-Violation Parameters” in the

K0
L Particle Listings.

VALUE (◦) EVTS DOCUMENT ID TECN COMMENT

43.4± 1.0 OUR FIT43.4± 1.0 OUR FIT43.4± 1.0 OUR FIT43.4± 1.0 OUR FIT

44.5± 2.5 132 CAROSI 90 NA31
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• • • We do not use the following data for averages, fits, limits, etc. • • •
50.8± 7.1±1.7 133 ADLER 96B CPLR

47.4± 1.4±0.9 134 KARLSSON 90 E731

55.7± 5.8 CHRISTENS... 79 ASPK

38.0±25.0 56 135 WOLFF 71 OSPK Cu reg., 4γ’s

51.0±30.0 136 CHOLLET 70 OSPK Cu reg., 4γ’s

first quadrant preferred GOBBI 69B OSPK
132CAROSI 90 φ00 = 47.1 ± 2.1 ± 1.0 +579 [∆m − 0.5351] +252 [τs − 0.8922]◦ .
133ADLER 96B identified initial neutral kaon individually as being a K0 or a K0. The

systematic uncertainty is ±1.5◦ combined in quadrature with ±0.8◦ due to ∆m.
134KARLSSON 90 systematic error does not include regeneration phase uncertainty.
135WOLFF 71 uses regenerator phase φf = −48.2 ± 3.5◦.
136CHOLLET 70 uses regenerator phase φf = −46.5 ± 4.4◦.

PHASE DIFFERENCE φ00 − φ+−PHASE DIFFERENCE φ00 − φ+−PHASE DIFFERENCE φ00 − φ+−PHASE DIFFERENCE φ00 − φ+−
Test of CPT.

OUR FIT is described in the note on “Fits for K0
L CP-Violation Parameters” in the

K0
L Particle Listings.

VALUE (◦) DOCUMENT ID TECN COMMENT

− 0.1 ± 0.8 OUR FIT− 0.1 ± 0.8 OUR FIT− 0.1 ± 0.8 OUR FIT− 0.1 ± 0.8 OUR FIT
− 0.3 ± 0.8 OUR AVERAGE− 0.3 ± 0.8 OUR AVERAGE− 0.3 ± 0.8 OUR AVERAGE− 0.3 ± 0.8 OUR AVERAGE

− 0.30± 0.88 137 SCHWINGEN...95 Combined E731, E773

0.2 ± 2.6 ±1.2 138 CAROSI 90 NA31
• • • We do not use the following data for averages, fits, limits, etc. • • •

0.62± 0.71±0.75 SCHWINGEN...95 E773

− 1.6 ± 1.2 139 GIBBONS 93 E731

− 0.3 ± 2.4 ±1.2 KARLSSON 90 E731

12.6 ± 6.2 140 CHRISTENS... 79 ASPK

7.6 ±18.0 141 BARBIELLINI 73 ASPK
137This SCHWINGENHEUER 95 values is the combined result of SCHWINGENHEUER 95

and GIBBONS 93, accounting for correlated systematic errors.
138CAROSI 90 is excluded from the fit because it it is not independent of φ+− and φ00

values.
139GIBBONS 93 give detailed dependence of systematic error on lifetime (see the section

on the K0
S mean life) and mass difference (see the section on m

K0
L
− m

K0
S
).

140Not independent of φ+− and φ00 values.
141 Independent of regenerator mechanism, ∆m, and lifetimes.

CHARGE ASYMMETRY IN π+π−π0 DECAYSCHARGE ASYMMETRY IN π+π−π0 DECAYSCHARGE ASYMMETRY IN π+π−π0 DECAYSCHARGE ASYMMETRY IN π+π−π0 DECAYS

CHARGE ASYMMETRY j FOR K0
L → π+π−π0CHARGE ASYMMETRY j FOR K0
L → π+π−π0CHARGE ASYMMETRY j FOR K0
L → π+π−π0CHARGE ASYMMETRY j FOR K0
L → π+π−π0

Defined at beginning of section “LINEAR COEFFICIENT g FOR K0
L → π+π− π0

above. Such asymmetry violates CP. See also note on Daltitz plot parameters in K±
section and note on CP violation in K0

L decay above.

VALUE EVTS DOCUMENT ID TECN

0.0011±0.0008 OUR AVERAGE0.0011±0.0008 OUR AVERAGE0.0011±0.0008 OUR AVERAGE0.0011±0.0008 OUR AVERAGE

0.001 ±0.011 6499 CHO 77

−0.001 ±0.003 4709 PEACH 77

0.0013±0.0009 3M SCRIBANO 70

0.0 ±0.017 4400 SMITH 70 OSPK

0.001 ±0.004 238k BLANPIED 68
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PARAMETERS for K0
L → π+π− γ DECAYPARAMETERS for K0
L → π+π− γ DECAYPARAMETERS for K0
L → π+π−γ DECAYPARAMETERS for K0
L → π+π−γ DECAY∣∣η+−γ

∣∣ =
∣∣A(K0

L → π+π−γ , CP violating)/A(K0
S → π+π−γ)

∣∣∣∣η+−γ
∣∣ =

∣∣A(K0
L → π+π−γ , CP violating)/A(K0

S → π+π−γ)
∣∣∣∣η+−γ

∣∣ =
∣∣A(K0

L → π+π− γ , CP violating)/A(K0
S → π+π− γ)

∣∣∣∣η+−γ
∣∣ =

∣∣A(K0
L → π+π− γ , CP violating)/A(K0

S → π+π− γ)
∣∣

VALUE (units 10−3) EVTS DOCUMENT ID TECN

2.35 ±0.07 OUR AVERAGE2.35 ±0.07 OUR AVERAGE2.35 ±0.07 OUR AVERAGE2.35 ±0.07 OUR AVERAGE

2.359±0.062±0.040 9045 MATTHEWS 95 E773

2.15 ±0.26 ±0.20 3671 RAMBERG 93B E731

φ+−γ = phase of η+−γφ+−γ = phase of η+−γφ+−γ = phase of η+−γφ+−γ = phase of η+−γ
VALUE (◦) EVTS DOCUMENT ID TECN

44 ± 4 OUR AVERAGE44 ± 4 OUR AVERAGE44 ± 4 OUR AVERAGE44 ± 4 OUR AVERAGE

43.8± 3.5± 1.9 9045 MATTHEWS 95 E773

72 ±23 ±17 3671 RAMBERG 93B E731∣∣ε′+−γ∣∣/ε for K0
L → π+π− γ

∣∣ε′+−γ∣∣/ε for K0
L → π+π− γ

∣∣ε′+−γ ∣∣/ε for K0
L → π+π−γ

∣∣ε′+−γ ∣∣/ε for K0
L → π+π−γ

VALUE CL% EVTS DOCUMENT ID TECN

<0.3<0.3<0.3<0.3 90 3671 142 RAMBERG 93B E731

142RAMBERG 93B limit on
∣∣ε′+−γ ∣∣/ε assumes than any difference between η+− and η+−γ

is due to direct CP violation.

∆S = ∆Q IN K0 DECAYS

The relative amount of ∆S 6= ∆Q component present is

measured by the parameter x, defined as

x = A(K
0 → π−`+ν)/A(K0→ π−`+ν) .

We list Re{x} and Im{x} for Ke3 and Kµ3 combined.

x = A(K0 → π− `+ν)/A(K0 → π− `+ν) = A(∆S=−∆Q)/A(∆S=∆Q)x = A(K0 → π− `+ν)/A(K0 → π− `+ν) = A(∆S=−∆Q)/A(∆S=∆Q)x = A(K0 → π− `+ν)/A(K0 → π− `+ν) = A(∆S=−∆Q)/A(∆S=∆Q)x = A(K0 → π− `+ν)/A(K0 → π− `+ν) = A(∆S=−∆Q)/A(∆S=∆Q)

REAL PART OF xREAL PART OF xREAL PART OF xREAL PART OF x
VALUE EVTS DOCUMENT ID TECN COMMENT

0.006±0.018 OUR AVERAGE0.006±0.018 OUR AVERAGE0.006±0.018 OUR AVERAGE0.006±0.018 OUR AVERAGE Error includes scale factor of 1.3. See the ideogram
below.

0.10 +0.18
−0.19 79 SMITH 75B WIRE π− p → K0 Λ

0.04 ±0.03 4724 NIEBERGALL 74 ASPK K+p → K0 pπ+

−0.008±0.044 1757 FACKLER 73 OSPK Ke3 from K0

−0.03 ±0.07 1367 HART 73 OSPK Ke3 from K0 Λ

−0.070±0.036 1079 MALLARY 73 OSPK Ke3 from K0 ΛX

0.03 ±0.06 410 143 BURGUN 72 HBC K+p → K0 pπ+

−0.05 ±0.09 442 144 GRAHAM 72 OSPK π− p → K0 Λ

0.26 +0.10
−0.14 126 MANN 72 HBC K−p → nK0

0.25 +0.07
−0.09 252 WEBBER 71 HBC K−p → nK0
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0.12 ±0.09 215 145 CHO 70 DBC K+d → K0 p p

−0.020±0.025 146 BENNETT 69 CNTR Charge asym+ Cu regen.

0.09 +0.14
−0.16 686 LITTENBERG 69 OSPK K+n → K0 p

0.09 +0.07
−0.09 121 JAMES 68 HBC pp

0.17 +0.16
−0.35 116 FELDMAN 67B OSPK π− p → K0 Λ

0.035+0.11
−0.13 196 AUBERT 65 HLBC K+ charge exchange

0.06 +0.18
−0.44 152 147 BALDO-... 65 HLBC K+ charge exchange

−0.08 +0.16
−0.28 109 148 FRANZINI 65 HBC pp

• • • We do not use the following data for averages, fits, limits, etc. • • •

0.04 +0.10
−0.13 100 144 GRAHAM 72 OSPK Kµ3 from K0 Λ

−0.13 ±0.11 342 144 MANTSCH 72 OSPK Ke3 from K0 Λ

0.04 +0.07
−0.08 222 143 BURGUN 71 HBC K+p → K0 pπ+

0.03 ±0.03 146 BENNETT 68 CNTR

0.17 ±0.10 335 145 HILL 67 DBC K+d → K0 p p

143BURGUN 72 is a final result which includes BURGUN 71.
144First GRAHAM 72 value is second GRAHAM 72 value combined with MANTSCH 72.
145CHO 70 is analysis of unambiguous events in new data and HILL 67.
146BENNETT 69 is a reanalysis of BENNETT 68.
147BALDO-CEOLIN 65 gives x and θ converted by us to Re(x) and Im(x).
148 FRANZINI 65 gives x and θ for Re(x) and Im(x). See SCHMIDT 67.

WEIGHTED AVERAGE
0.006±0.018 (Error scaled by 1.3)

FRANZINI 65 HBC 0.2
BALDO-... 65 HLBC
AUBERT 65 HLBC 0.1
FELDMAN 67B OSPK 0.3
JAMES 68 HBC 0.9
LITTENBERG 69 OSPK 0.3
BENNETT 69 CNTR 1.1
CHO 70 DBC 1.6
WEBBER 71 HBC 7.4
MANN 72 HBC 3.3
GRAHAM 72 OSPK 0.4
BURGUN 72 HBC 0.2
MALLARY 73 OSPK 4.4
HART 73 OSPK 0.3
FACKLER 73 OSPK 0.1
NIEBERGALL 74 ASPK 1.3
SMITH 75B WIRE 0.3

χ2

      22.0
(Confidence Level = 0.107)

-0.4 -0.2 0 0.2 0.4 0.6

Re(x) (∆S = −∆Q amplitude)
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IMAGINARY PART OF xIMAGINARY PART OF xIMAGINARY PART OF xIMAGINARY PART OF x
Assumes m

K0
L
− m

K0
S

positive. See Listings above.

VALUE EVTS DOCUMENT ID TECN COMMENT

−0.003±0.026 OUR AVERAGE−0.003±0.026 OUR AVERAGE−0.003±0.026 OUR AVERAGE−0.003±0.026 OUR AVERAGE Error includes scale factor of 1.2.

−0.10 +0.16
−0.19 79 SMITH 75B WIRE π− p → K0 Λ

−0.06 ±0.05 4724 NIEBERGALL 74 ASPK K+p → K0 pπ+

−0.017±0.060 1757 FACKLER 73 OSPK Ke3 from K0

0.09 ±0.07 1367 HART 73 OSPK Ke3 from K0 Λ

0.107+0.092
−0.074 1079 MALLARY 73 OSPK Ke3 from K0 ΛX

0.07 +0.06
−0.07 410 149 BURGUN 72 HBC K+p → K0 pπ+

0.05 ±0.13 442 150 GRAHAM 72 OSPK π− p → K0 Λ

0.21 +0.15
−0.12 126 MANN 72 HBC K−p → nK0

0.0 ±0.08 252 WEBBER 71 HBC K−p → nK0

−0.08 ±0.07 215 151 CHO 70 DBC K+d → K0 p p

−0.11 +0.10
−0.11 686 LITTENBERG 69 OSPK K+n → K0 p

+0.22 +0.37
−0.29 121 JAMES 68 HBC pp

0.0 ±0.25 116 FELDMAN 67B OSPK π− p → K0 Λ

−0.21 +0.11
−0.15 196 AUBERT 65 HLBC K+ charge exchange

−0.44 +0.32
−0.19 152 152 BALDO-... 65 HLBC K+ charge exchange

+0.24 +0.40
−0.30 109 153 FRANZINI 65 HBC pp

• • • We do not use the following data for averages, fits, limits, etc. • • •

0.12 +0.17
−0.16 100 150 GRAHAM 72 OSPK Kµ3 from K0 Λ

−0.04 ±0.16 342 150 MANTSCH 72 OSPK Ke3 from K0 Λ

0.12 +0.08
−0.09 222 149 BURGUN 71 HBC K+p → K0 pπ+

−0.20 ±0.10 335 151 HILL 67 DBC K+d → K0 p p

149BURGUN 72 is a final result which includes BURGUN 71.
150First GRAHAM 72 value is second GRAHAM 72 value combined with MANTSCH 72.
151Footnote 10 of HILL 67 should read +0.58, not −0.58 (private communication) CHO 70

is analysis of unambiguous events in new data and HILL 67.
152BALDO-CEOLIN 65 gives x and θ converted by us to Re(x) and Im(x).
153 FRANZINI 65 gives x and θ for Re(x) and Im(x). See SCHMIDT 67.

CPT-VIOLATION PARAMETERS IN K0 DECAYCPT-VIOLATION PARAMETERS IN K0 DECAYCPT-VIOLATION PARAMETERS IN K0 DECAYCPT-VIOLATION PARAMETERS IN K0 DECAY

If CP-violating interactions include a T conserving part then∣∣KS
〉

= [
∣∣K1

〉
+(ε+ ∆)

∣∣K2
〉
]/
√

1+
∣∣ε+∆

∣∣2∣∣KL
〉

= [
∣∣K2

〉
+(ε−∆)

∣∣K1
〉
]/
√

1+
∣∣ε−∆

∣∣2
where∣∣K1

〉
= [
∣∣K0〉 +

∣∣K0〉]/√2∣∣K2
〉

= [
∣∣K0〉 − ∣∣K0〉]/√2
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and ∣∣K0〉 = CP
∣∣K0〉.

The parameter ∆ specifies the CPT-violating part.

Estimates of ∆ are given below. See also THOMSON 95 for a test of CPT-
symmetry conservation in K0 decays using the Bell-Steinberger relation.

REAL PART OF ∆REAL PART OF ∆REAL PART OF ∆REAL PART OF ∆
A nonzero value violates CPT invariance.

VALUE EVTS DOCUMENT ID COMMENT

0.018±0.0200.018±0.0200.018±0.0200.018±0.020 6481 154 DEMIDOV 95 K`3 reanalysis

154DEMIDOV 95 reanalyzes data from HART 73 and NIEBERGALL 74.

IMAGINARY PART OF ∆IMAGINARY PART OF ∆IMAGINARY PART OF ∆IMAGINARY PART OF ∆
A nonzero value violates CPT invariance.

VALUE EVTS DOCUMENT ID COMMENT

0.021±0.0370.021±0.0370.021±0.0370.021±0.037 6481 155 DEMIDOV 95 K`3 reanalysis

155DEMIDOV 95 reanalyzes data from HART 73 and NIEBERGALL 74.

K0
L REFERENCESK0
L REFERENCESK0
L REFERENCESK0
L REFERENCES

BRFIT 98 RPP
ETAFIT 98 RPP
FANTI 97 ZPHY C76 653 V. Fanti+ (NA48 Collab.)
NOMURA 97 PL B408 445 T. Nomura+ (KYOT, KEK, HIRO)
ADLER 96B ZPHY C70 211 +Alhalel, Angelopoulos+ (CPLEAR Collab.)
ADLER 96C PL B369 367 +Angelopoulos+ (CPLEAR Collab.)
GU 96 PRL 76 4312 + (RUTG, UCLA, EFI, COLO, ELMT, FNAL, ILL, OSAK)
LEBER 96 PL B369 69 +Beier+ (MANZ, CERN, EDIN, ORSAY, PISA)
ADLER 95 PL B363 237 +Alhalel, Angelopoulos, Apostolakis+ (CPLEAR Collab.)
ADLER 95B PL B363 243 +Alhalel, Angelopoulos, Apostolakis+ (CPLEAR Collab.)
AKAGI 95 PR D51 2061 +Fukuhisa, Hemmi+ (TOHOK, TOKY, KYOT, KEK)
BARR 95 ZPHY C65 361 +Buchholz+ (CERN, EDIN, MANZ, LALO, PISA, SIEG)
BARR 95C PL B358 399 +Buchholz+ (CERN, EDIN, MANZ, LALO, PISA, SIEG)
DEMIDOV 95 PAN 58 968 +Gusev, Shabalin (ITEP)

From YAF 58 1041.
HEINSON 95 PR D51 985 +Horvath, Knibbe, Mathiazhagan+ (BNL E791 Collab.)
KREUTZ 95 ZPHY C65 67 +Holder, Rost+ (SIEG, EDIN, MANZ, ORSAY, PISAI)
MATTHEWS 95 PRL 75 2803 +Gu, Haas, Hogan+ (RUTG, EFI, ELMT, FNAL, ILL)
SCHWINGEN... 95 PRL 74 4376 Schwingenheuer+ (EFI, CHIC, ELMT, FNAL, ILL, RUTG)
SPENCER 95 PRL 74 3323 + (UCLA, EFI, COLO, ELMT, FNAL, ILL, OSAK, RUTG)
THOMSON 95 PR D51 1412 +Zou (RUTG)
BARR 94 PL B328 528 +Buchholz+ (CERN, EDIN, MANZ, LALO, PISA, SIEG)
GU 94 PRL 72 3000 + (RUTG, UCLA, EFI, COLO, ELMT, FNAL, ILL, OSAK)
NAKAYA 94 PRL 73 2169 + (OSAK, UCLA, EFI, COLU, ELMT, FNAL, ILL, RUTG)
ROBERTS 94 PR D50 1874 + (UCLA, EFI, COLU, ELMT, FNAL, ILL, OSAK, RUTG)
WEAVER 94 PRL 72 3758 + (UCLA, EFI, COLU, ELMT, FNAL, ILL, OSAK, RUTG)
AKAGI 93 PR D47 R2644 +Fukuhisa, Hemmi+ (TOHOK, TOKY, KYOT, KEK)
ARISAKA 93 PRL 70 1049 +Auerbach, Axelrod, Belz, Biery+ (BNL E791 Collab.)
ARISAKA 93B PRL 71 3910 +Auerbach, Axelrod, Belz, Biery+ (BNL E791 Collab.)
BARR 93D PL B317 233 +Buchholz+ (CERN, EDIN, MANZ, LALO, PISA, SIEG)
GIBBONS 93 PRL 70 1199 +Barker, Briere, Makoff+ (FNAL E731 Collab.)

Also 97 PR D55 6625 L.K. Gibbons+ (FNAL E731 Collab.)
GIBBONS 93B PRL 70 1203 +Barker, Briere, Makoff+ (FNAL E731 Collab.)
GIBBONS 93C Thesis RX-1487 (CHIC)

Also 97 PR D55 6625 L.K. Gibbons+ (FNAL E731 Collab.)
HARRIS 93 PRL 71 3914 + (EFI, UCLA, COLO, ELMT, FNAL, ILL, OSAK, RUTG)
HARRIS 93B PRL 71 3918 + (EFI, UCLA, COLO, ELMT, FNAL, ILL, OSAK, RUTG)
MAKOFF 93 PRL 70 1591 +Barker, Briere, Gibbons+ (FNAL E731 Collab.)

Also 95 PRL 75 2069 (erratum)
RAMBERG 93 PRL 70 2525 +Bock, Coleman, Enagonio, Hsiung+ (FNAL E731 Collab.)
RAMBERG 93B PRL 70 2529 +Bock, Coleman, Enagonio, Hsiung+ (FNAL E731 Collab.)
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VAGINS 93 PRL 71 35 +Adair, Greenlee, Kasha, Mannelli+ (BNL E845 Collab.)
ADLER 92B PL B286 180 +Alhalel, Angelopoulos, Apostolakis+ (CPLEAR Collab.)

Also 92 SJNP 55 840 Adler, Alhalel, Angelopoulos+ (CPLEAR Collab.)
BARR 92 PL B284 440 +Buchholz+ (CERN, EDIN, MANZ, LALO, PISA, SIEG)
GRAHAM 92 PL B295 169 +Barker, Briere, Gibbons, Makoff+ (FNAL E731 Collab.)
MORSE 92 PR D45 36 +Leipuner, Larsen, Jastrzembski+ (BNL, YALE, VASS)
PDG 92 PR D45, 1 June, Part II Hikasa, Barnett, Stone+ (KEK, LBL, BOST+)
SOMALWAR 92 PRL 68 2580 +Barker, Briere, Gibbons+ (FNAL E731 Collab.)
AKAGI 91 PRL 67 2614 +Fukuhisa, Hemmi+ (TOHOK, TOKY, KYOT, KEK)
AKAGI 91B PRL 67 2618 +Fukuhisa, Hemmi+ (TOHOK, TOKY, KYOT, KEK)
BARR 91 PL B259 389 +Carosi+ (CERN, EDIN, MANZ, LALO, PISA, SIEG)
HEINSON 91 PR D44 R1 + (UCI, UCLA, LANL, PENN, STAN, TEMP, TEXA+)
PAPADIMITR... 91 PR D44 R573 Papadimitriou, Barker, Briere+ (FNAL E731 Collab.)
BARKER 90 PR D41 3546 +Briere, Gibbons, Makoff+ (FNAL E731 Collab.)

Also 88 PRL 61 2661 Gibbons, Papadimitriou+ (FNAL E731 Collab.)
BARR 90B PL B240 283 +Carosi+ (CERN, EDIN, MANZ, LALO, PISA, SIEG)
BARR 90C PL B242 523 +Carosi+ (CERN, EDIN, MANZ, LALO, PISA, SIEG)
CAROSI 90 PL B237 303 +Clarke+ (CERN, EDIN, MANZ, LALO, PISA, SIEG)
KARLSSON 90 PRL 64 2976 +Gollin, Okamitsu, Tschirhart, Barker+(FNAL E731 Collab.)
OHL 90 PRL 64 2755 +Adair, Greenlee, Kasha, Mannelli+ (BNL E845 Collab.)
OHL 90B PRL 65 1407 +Adair, Greenlee, Kasha, Mannelli+ (BNL E845 Collab.)
PATTERSON 90 PRL 64 1491 +Barker+ (FNAL E731 Collab.)
INAGAKI 89 PR D40 1712 +Kobayashi, Sato, Shinkawa+ (KEK, TOKY, KYOT)
LITTENBERG 89 PR D39 3322 (BNL)
MATHIAZHA... 89 PRL 63 2181 Mathiazhagan+ (UCI, UCLA, LANL, PENN, STAN+)
MATHIAZHA... 89B PRL 63 2185 Mathiazhagan+ (UCI, UCLA, LANL, PENN, STAN+)
PAPADIMITR... 89 PRL 63 28 Papadimitriou, Gibbons, Patterson+ (FNAL E731 Collab.)
SCHAFFNER 89 PR D39 990 +Greenlee, Kasha, Mannelli, Ohl+ (YALE, BNL)
WAHL 89 CERN-EP/89-86, H. Wahl — Rare Decay Symposium, Vancouver (CERN)
BARR 88 PL B214 303 +Clarke+ (CERN, EDIN, MANZ, LALO, PISA, SIEG)
BURKHARDT 88 PL B206 169 +Clarke+ (CERN, EDIN, MANZ, LALO, PISA, SIEG)
COUSINS 88 PR D38 2914 +Konigsberg+ (UCLA, LASL, PENN, STAN, TEMP, WILL)
GREENLEE 88 PRL 60 893 +Kasha, Mannelli, Mannelli+ (YALE, BNL)
JASTRZEM... 88 PRL 61 2300 Jastrzembski, Larsen, Leipuner, Morse+ (BNL, YALE)
WOODS 88 PRL 60 1695 +Nishikawa, Patterson, Wah, Winstein+(FNAL E731 Collab.)
BURKHARDT 87 PL B199 139 + (CERN, EDIN, MANZ, LALO, PISA, SIEG)
ARONSON 86 PR D33 3180 +Bernstein, Bock+ (BNL, CHIC, STAN, WISC)

Also 82 PRL 48 1078 Aronson, Bernstein+ (BNL, CHIC, STAN, WISC)
PDG 86C PL 170B 132 Aguilar-Benitez, Porter+ (CERN, CIT+)
BERNSTEIN 85B PRL 54 1631 +Bock, Carlsmith, Coupal+ (CHIC, SACL)
BLACK 85 PRL 54 1628 +Blatt, Campbell, Kasha, Mannelli+ (BNL, YALE)
COUPAL 85 PRL 55 566 +Bernstein, Bock, Carlsmith+ (CHIC, SACL)
BALATS 83 SJNP 38 556 +Berezin, Bogdanov, Vishnevsky+ (ITEP)

Translated from YAF 38 927.
BERGSTROM 83 PL 131B 229 +Masso, Singer (CERN)
ARONSON 82 PRL 48 1078 +Bernstein+ (BNL, CHIC, STAN, WISC)
ARONSON 82B PRL 48 1306 +Bock, Cheng, Fischbach (BNL, CHIC, PURD)

Also 82B PL 116B 73 Fischbach, Cheng+ (PURD, BNL, CHIC)
Also 83 PR D28 476 Aronson, Bock, Cheng+ (BNL, CHIC, PURD)
Also 83B PR D28 495 Aronson, Bock, Cheng+ (BNL, CHIC, PURD)

PDG 82B PL 111B 70 Roos, Porter, Aguilar-Benitez+ (HELS, CIT, CERN)
BIRULEV 81 NP B182 1 +Dzhordzhadze, Genchev, Grigalashvili+ (JINR)

Also 80 SJNP 31 622 Birulev, Vestergombi, Genchev+ (JINR)
Translated from YAF 31 1204.

CARROLL 80B PRL 44 529 +Chiang, Kycia, Li, Littenberg, Marx+ (BNL, ROCH)
CARROLL 80C PL 96B 407 +Chiang, Kycia, Li, Littenberg, Marx+ (BNL, ROCH)
CARROLL 80D PRL 44 525 +Chiang, Kycia, Li, Littenberg, Marx+ (BNL, ROCH)
CHO 80 PR D22 2688 +Derrick, Miller, Schlereth, Engler+ (ANL, CMU)
MORSE 80 PR D21 1750 +Leipuner, Larsen, Schmidt, Blatt+ (BNL, YALE)
BIRULEV 79 SJNP 29 778 +Vestergombi, Gvakhariya, Genchev+ (JINR)

Translated from YAF 29 1516.

HTTP://PDG.LBL.GOV Page 45 Created: 6/29/1998 12:13



Review of Particle Physics: C. Caso et al. (Particle Data Group), European Physical Journal C3, 1 (1998)

CHRISTENS... 79 PRL 43 1209 Christenson, Goldman, Hummel, Roth+ (NYU)
CHRISTENS... 79B PRL 43 1212 Christenson, Goldman, Hummel, Roth+ (NYU)
HILL 79 NP B153 39 +Sakitt, Snape, Stevens+ (BNL, SLAC, SBER)
SCHMIDT 79 PRL 43 556 +Blatt, Campbell, Grannan+ (YALE, BNL)
SHOCHET 79 PR D19 1965 +Linsay, Grosso-Pilcher, Frisch+ (EFI, ANL)

Also 77 PRL 39 59 Shochet, Linsay, Grosso-Pilcher+ (EFI, ANL)
ENGLER 78B PR D18 623 +Keyes, Kraemer, Tanaka, Cho+ (CMU, ANL)
HILL 78 PL 73B 483 +Sakitt, Snape, Stevens+ (BNL, SLAC, SBER)
CHO 77 PR D15 587 +Derrick, Lissauer, Miller, Engler+ (ANL, CMU)
CLARK 77 PR D15 553 +Field, Holley, Johnson, Kerth, Sah, Shen (LBL)

Also 75 Thesis LBL-4275 Shen (LBL)
DEVOE 77 PR D16 565 +Cronin, Frisch, Grosso-Pilcher+ (EFI, ANL)
DZHORD... 77 SJNP 26 478 Dzhordzhadze, Kekelidze, Krivokhizhin+ (JINR)

Translated from YAF 26 910.
PEACH 77 NP B127 399 +Cameron+ (BGNA, EDIN, GLAS, PISA, RHEL)
BIRULEV 76 SJNP 24 178 +Vestergombi, Vovenko, Votruba+ (JINR)

Translated from YAF 24 340.
COOMBES 76 PRL 37 249 +Flexer, Hall, Kennelly, Kirkby+ (STAN, NYU)
DONALDSON 76 PR D14 2839 +Hitlin, Kennelly, Kirkby, Liu+ (SLAC)

Also 74 Thesis SLAC-0184 Donaldson (SLAC)
FUKUSHIMA 76 PRL 36 348 +Jensen, Surko, Thaler+ (PRIN, MASA)
GJESDAL 76 NP B109 118 +Kamae, Presser, Steffen+ (CERN, HEIDH)
REY 76 PR D13 1161 +Cence, Jones, Parker+ (NDAM, HAWA, LBL)

Also 69 PRL 22 1210 Cence, Jones, Peterson, Stenger+ (HAWA, LRL)
BALDO-... 75 NC 25A 688 Baldo-Ceolin, Bobisut, Calimani+ (PADO, WISC)
BLUMENTHAL 75 PRL 34 164 +Frankel, Nagy+ (PENN, CHIC, TEMP)
BUCHANAN 75 PR D11 457 +Drickey, Pepper, Rudnick+ (UCLA, SLAC, JHU)
CARITHERS 75 PRL 34 1244 +Modis, Nygren, Pun+ (COLU, NYU)
SMITH 75B Thesis UCSD unpub. (UCSD)
ALBRECHT 74 PL 48B 393 (JINR, BERL, BUDA, PRAG, SERP, SOFI)
BISI 74 PL 50B 504 +Ferrero (TORI)
DONALDSON 74 Thesis SLAC-0184 (SLAC)

Also 76 PR D14 2839 Donaldson, Hitlin, Kennelly, Kirkby, Liu+ (SLAC)
DONALDSON 74B PR D9 2960 +Fryberger, Hitlin, Liu+ (SLAC, UCSC)

Also 73B PRL 31 337 Donaldson, Fryberger, Hitlin, Liu+ (SLAC, UCSC)
DONALDSON 74C PRL 33 554 +Hitlin, Kennelly, Kirkby+ (SLAC)

Also 74 Thesis SLAC-0184 Donaldson (SLAC)
Also 76 PR D14 2839 Donaldson, Hitlin, Kennelly, Kirkby, Liu+ (SLAC)

FIELD 74 SLAC-PUB-1498 unpub. (SLAC)
GEWENIGER 74 PL 48B 483 +Gjesdal, Kamae, Presser+ (CERN, HEIDH)

Also 74 Thesis CERN Int. 74-4 Luth (CERN)
GEWENIGER 74B PL 48B 487 +Gjesdal, Presser+ (CERN, HEIDH)

Also 74B PL 52B 119 Gjesdal, Presser, Steffen+ (CERN, HEIDH)
GEWENIGER 74C PL 52B 108 +Gjesdal, Presser+ (CERN, HEIDH)
GJESDAL 74 PL 52B 113 +Presser, Kamae, Steffen+ (CERN, HEIDH)
MESSNER 74 PRL 33 1458 +Franklin, Morse+ (COLO, SLAC, UCSC)
NIEBERGALL 74 PL 49B 103 +Regler, Stier+ (CERN, ORSAY, VIEN)
WANG 74 PR D9 540 +Smith, Whatley, Zorn, Hornbostel (UMD, BNL)
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