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DALITZ PLOT PARAMETERS FOR
K → 3π DECAYS

Revised 1994 by T.G. Trippe (LBNL).

The Dalitz plot distribution for K± → π±π±π∓, K± →
π0π0π±, and K0

L → π+π−π0 can be parameterized by a series

expansion such as that introduced by Weinberg [1]. We use the

form ∣∣∣M ∣∣∣2 ∝ 1 + g
(s3 − s0)

am2
π+

+ h

[
s3 − s0

m2
π+

]2

+j
(s2 − s1)

m2
π+

+ k

[
s2 − s1

m2
π+

]2

+ · · · , (1)

where m2
π+ has been introduced to make the coefficients g, h,

j, and k dimensionless, and

si = (PK − Pi)2 = (mK −mi)
2 − 2mKTi , i = 1, 2, 3,

s0 =
1

3

∑
i

si =
1

3
(m2

K +m2
1 +m2

2 +m2
3)

Here the Pi are four-vectors, mi and Ti are the mass and kinetic

energy of the ith pion, and the index 3 is used for the odd pion.

The coefficient g is a measure of the slope in the variable s3

(or T3) of the Dalitz plot, while h and k measure the quadratic

dependence on s3 and (s2 − s1), respectively. The coefficient j

is related to the asymmetry of the plot and must be zero if CP

invariance holds. Note also that if CP is good, g, h, and k must

be the same for K+ → π+π+π− as for K− → π−π−π+.

Since different experiments use different forms for
∣∣∣M ∣∣∣2, in

order to compare the experiments we have converted to g, h,

j, and k whatever coefficients have been measured. Where such

conversions have been done, the measured coefficient ay, at, au,
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or av is given in the comment at the right. For definitions of

these coefficients, details of this conversion, and discussion of

the data, see the April 1982 version of this note [2].

References

1. S. Weinberg, Phys. Rev. Lett. 4, 87 (1960).

2. Particle Data Group, Phys. Lett. 111B, 69 (1982).

ENERGY DEPENDENCE OF K± DALITZ PLOTENERGY DEPENDENCE OF K± DALITZ PLOTENERGY DEPENDENCE OF K± DALITZ PLOTENERGY DEPENDENCE OF K± DALITZ PLOT∣∣matrix element
∣∣2 = 1 + gu + hu2 + kv2

where u = (s3 − s0) / m2
π and v = (s1 − s2) / m2

π

LINEAR COEFFICIENT gτ+ FOR K + → π+π+π−LINEAR COEFFICIENT gτ+ FOR K + → π+π+π−LINEAR COEFFICIENT gτ+ FOR K + → π+π+π−LINEAR COEFFICIENT gτ+ FOR K + → π+π+π−
Some experiments use Dalitz variables x and y. In the comments we give ay =
coefficient of y term. See note above on “Dalitz Plot Parameters for K → 3π
Decays.” For discussion of the conversion of ay to g, see the earlier version of the

same note in the Review published in Physics Letters 111B111B111B111B 70 (1982).
VALUE EVTS DOCUMENT ID TECN CHG COMMENT

−0.2154±0.0035 OUR AVERAGE−0.2154±0.0035 OUR AVERAGE−0.2154±0.0035 OUR AVERAGE−0.2154±0.0035 OUR AVERAGE Error includes scale factor of 1.4. See the ideogram
below.

−0.2221±0.0065 225k DEVAUX 77 SPEC + ay =.2814 ± .0082

−0.2157±0.0028 750k FORD 72 ASPK + ay =.2734 ± .0035

−0.200 ±0.009 39819 69 HOFFMASTER72 HLBC +

• • • We do not use the following data for averages, fits, limits, etc. • • •
−0.196 ±0.012 17898 70 GRAUMAN 70 HLBC + ay =0.228 ± 0.030

−0.218 ±0.016 9994 71 BUTLER 68 HBC + ay =0.277 ± 0.020

−0.22 ±0.024 5428 71,72 ZINCHENKO 67 HBC + ay =0.28 ± 0.03

69 HOFFMASTER 72 includes GRAUMAN 70 data.
70 Emulsion data added — all events included by HOFFMASTER 72.
71 Experiments with large errors not included in average.
72 Also includes DBC events.
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WEIGHTED AVERAGE
-0.2154±0.0035 (Error scaled by 1.4)

HOFFMASTER 72 HLBC 2.9
FORD 72 ASPK 0.0
DEVAUX 77 SPEC 1.0

χ2

       4.0
(Confidence Level = 0.135)

-0.23 -0.22 -0.21 -0.2 -0.19 -0.18

Linear energy dependence for K+ → π+π+π−

QUADRATIC COEFFICIENT h FOR K + → π+π+π−QUADRATIC COEFFICIENT h FOR K + → π+π+π−QUADRATIC COEFFICIENT h FOR K + → π+π+π−QUADRATIC COEFFICIENT h FOR K + → π+π+π−
VALUE EVTS DOCUMENT ID TECN CHG

0.012 ±0.008 OUR AVERAGE0.012 ±0.008 OUR AVERAGE0.012 ±0.008 OUR AVERAGE0.012 ±0.008 OUR AVERAGE Error includes scale factor of 1.4. See the ideogram
below.

−0.0006±0.0143 225k DEVAUX 77 SPEC +

0.0187±0.0062 750k FORD 72 ASPK +

−0.009 ±0.014 39819 HOFFMASTER72 HLBC +
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WEIGHTED AVERAGE
0.012±0.008 (Error scaled by 1.4)

HOFFMASTER 72 HLBC 2.3
FORD 72 ASPK 1.1
DEVAUX 77 SPEC 0.8

χ2

       4.2
(Confidence Level = 0.123)

-0.04 -0.02 0 0.02 0.04 0.06

Quadratic coefficient h for K+ → π+π+π−

QUADRATIC COEFFICIENT k FOR K + → π+π+π−QUADRATIC COEFFICIENT k FOR K + → π+π+π−QUADRATIC COEFFICIENT k FOR K + → π+π+π−QUADRATIC COEFFICIENT k FOR K + → π+π+π−
VALUE EVTS DOCUMENT ID TECN CHG

−0.0101±0.0034 OUR AVERAGE−0.0101±0.0034 OUR AVERAGE−0.0101±0.0034 OUR AVERAGE−0.0101±0.0034 OUR AVERAGE Error includes scale factor of 2.1. See the ideogram
below.

−0.0205±0.0039 225k DEVAUX 77 SPEC +

−0.0075±0.0019 750k FORD 72 ASPK +

−0.0105±0.0045 39819 HOFFMASTER72 HLBC +
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WEIGHTED AVERAGE
-0.0101±0.0034 (Error scaled by 2.1)

HOFFMASTER 72 HLBC 0.0
FORD 72 ASPK 1.8
DEVAUX 77 SPEC 7.2

χ2

       9.0
(Confidence Level = 0.011)

-0.03 -0.0212 -0.0125 -0.0037 0.005

Quadratic coefficient k for K+ → π+π+π−

LINEAR COEFFICIENT gτ− FOR K− → π−π−π+LINEAR COEFFICIENT gτ− FOR K− → π−π−π+LINEAR COEFFICIENT gτ− FOR K− → π−π−π+LINEAR COEFFICIENT gτ− FOR K− → π−π−π+

Some experiments use Dalitz variables x and y. In the comments we give ay =
coefficient of y term. See note above on “Dalitz Plot Parameters for K → 3π
Decays.” For discussion of the conversion of ay to g, see the earlier version of the

same note in the Review published in Physics Letters 111B111B111B111B 70 (1982).
VALUE EVTS DOCUMENT ID TECN CHG COMMENT

−0.217 ±0.007 OUR AVERAGE−0.217 ±0.007 OUR AVERAGE−0.217 ±0.007 OUR AVERAGE−0.217 ±0.007 OUR AVERAGE Error includes scale factor of 2.5.

−0.2186±0.0028 750k FORD 72 ASPK − ay =.2770 ± .0035

−0.193 ±0.010 50919 MAST 69 HBC − ay =0.244 ± 0.013

• • • We do not use the following data for averages, fits, limits, etc. • • •
−0.199 ±0.008 81k 73 LUCAS 73 HBC − ay =0.252 ± 0.011

−0.190 ±0.023 5778 74,75 MOSCOSO 68 HBC − ay =0.242 ± 0.029

−0.220 ±0.035 1347 76 FERRO-LUZZI 61 HBC − ay =0.28 ± 0.045

73 Quadratic dependence is required by K0
L experiments. For comparison we average only

those K± experiments which quote quadratic fit values.
74 Experiments with large errors not included in average.
75 Also includes DBC events.
76 No radiative corrections included.

QUADRATIC COEFFICIENT h FOR K− → π−π−π+QUADRATIC COEFFICIENT h FOR K− → π−π−π+QUADRATIC COEFFICIENT h FOR K− → π−π−π+QUADRATIC COEFFICIENT h FOR K− → π−π−π+

VALUE EVTS DOCUMENT ID TECN CHG

0.010 ±0.006 OUR AVERAGE0.010 ±0.006 OUR AVERAGE0.010 ±0.006 OUR AVERAGE0.010 ±0.006 OUR AVERAGE

0.0125±0.0062 750k FORD 72 ASPK −
−0.001 ±0.012 50919 MAST 69 HBC −
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QUADRATIC COEFFICIENT k FOR K− → π−π−π+QUADRATIC COEFFICIENT k FOR K− → π−π−π+QUADRATIC COEFFICIENT k FOR K− → π−π−π+QUADRATIC COEFFICIENT k FOR K− → π−π−π+

VALUE EVTS DOCUMENT ID TECN CHG

−0.0084±0.0019 OUR AVERAGE−0.0084±0.0019 OUR AVERAGE−0.0084±0.0019 OUR AVERAGE−0.0084±0.0019 OUR AVERAGE

−0.0083±0.0019 750k FORD 72 ASPK −
−0.014 ±0.012 50919 MAST 69 HBC −

(gτ+ − gτ−) / (gτ+ + gτ−) FOR K± → π±π+π−(gτ+ − gτ−) / (gτ+ + gτ−) FOR K± → π±π+π−(gτ+ − gτ−) / (gτ+ + gτ−) FOR K± → π±π+π−(gτ+ − gτ−) / (gτ+ + gτ−) FOR K± → π±π+π−
A nonzero value for this quantity indicates CP violation.

VALUE (%) EVTS DOCUMENT ID TECN

−0.70±0.53−0.70±0.53−0.70±0.53−0.70±0.53 3.2M FORD 70 ASPK

LINEAR COEFFICIENT g FOR K± → π±π0π0LINEAR COEFFICIENT g FOR K± → π±π0π0LINEAR COEFFICIENT g FOR K± → π±π0π0LINEAR COEFFICIENT g FOR K± → π±π0π0

Unless otherwise stated, all experiments include terms quadratic
in (s3 − s0) / m2

π+
. See mini-review above.

VALUE EVTS DOCUMENT ID TECN CHG COMMENT

0.594±0.019 OUR AVERAGE0.594±0.019 OUR AVERAGE0.594±0.019 OUR AVERAGE0.594±0.019 OUR AVERAGE Error includes scale factor of 1.3. See the ideogram below.

0.582±0.021 43k BOLOTOV 86 CALO −
0.670±0.054 3263 BRAUN 76B HLBC +

0.630±0.038 5635 SHEAFF 75 HLBC +

0.510±0.060 27k SMITH 75 WIRE +

0.67 ±0.06 1365 AUBERT 72 HLBC +

0.544±0.048 4048 DAVISON 69 HLBC + Also emulsion

• • • We do not use the following data for averages, fits, limits, etc. • • •
0.806±0.220 4639 77 BERTRAND 76 EMUL +

0.484±0.084 574 78 LUCAS 73B HBC − Dalitz pairs only

0.527±0.102 198 77 PANDOULAS 70 EMUL +

0.586±0.098 1874 78 BISI 65 HLBC + Also HBC

0.48 ±0.04 1792 78 KALMUS 64 HLBC +

77 Experiments with large errors not included in average.
78 Authors give linear fit only.

HTTP://PDG.LBL.GOV Page 42 Created: 6/29/1998 12:12



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

WEIGHTED AVERAGE
0.594±0.019 (Error scaled by 1.3)

DAVISON 69 HLBC 1.1
AUBERT 72 HLBC 1.6
SMITH 75 WIRE 2.0
SHEAFF 75 HLBC 0.9
BRAUN 76B HLBC 2.0
BOLOTOV 86 CALO 0.3

χ2

       7.9
(Confidence Level = 0.164)

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Linear energy dependence for K± → π±π0π0

QUADRATIC COEFFICIENT h FOR K± → π±π0π0QUADRATIC COEFFICIENT h FOR K± → π±π0π0QUADRATIC COEFFICIENT h FOR K± → π±π0π0QUADRATIC COEFFICIENT h FOR K± → π±π0π0

See mini-review above.
VALUE EVTS DOCUMENT ID TECN CHG COMMENT

0.035±0.015 OUR AVERAGE0.035±0.015 OUR AVERAGE0.035±0.015 OUR AVERAGE0.035±0.015 OUR AVERAGE

0.037±0.024 43k BOLOTOV 86 CALO −
0.152±0.082 3263 BRAUN 76B HLBC +

0.041±0.030 5635 SHEAFF 75 HLBC +

0.009±0.040 27k SMITH 75 WIRE +

−0.01 ±0.08 1365 AUBERT 72 HLBC +

0.026±0.050 4048 DAVISON 69 HLBC + Also emulsion

• • • We do not use the following data for averages, fits, limits, etc. • • •
0.164±0.121 4639 79 BERTRAND 76 EMUL +

0.018±0.124 198 79 PANDOULAS 70 EMUL +

79 Experiments with large errors not included in average.

K±
`3 AND K0

`3 FORM FACTORS

Written by T.G. Trippe (LBNL).

Assuming that only the vector current contributes to K →
π`ν decays, we write the matrix element as

M ∝ f+(t)
[
(PK + Pπ)µ`γµ(1 + γ5)ν

]
+ f−(t)

[
m``(1 + γ5)ν

]
, (1)
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where PK and Pπ are the four-momenta of the K and π mesons,

m` is the lepton mass, and f+ and f− are dimensionless form

factors which can depend only on t = (PK − Pπ)2, the square

of the four-momentum transfer to the leptons. If time-reversal

invariance holds, f+ and f− are relatively real. Kµ3 experiments

measure f+ and f−, while Ke3 experiments are sensitive only

to f+ because the small electron mass makes the f− term

negligible.

(a)Kµ3 experiments. Analyses of Kµ3 data frequently as-

sume a linear dependence of f+ and f− on t, i.e.,

f±(t) = f±(0)
[
1 + λ±(t/m2

π)
]

(2)

Most Kµ3 data are adequately described by Eq. (2) for f+

and a constant f− (i.e., λ− = 0). There are two equivalent

parametrizations commonly used in these analyses:

(1) λ+, ξ(0) parametrization. Analyses of Kµ3 data often

introduce the ratio of the two form factors

ξ(t) = f−(t)/f+(t) .

The Kµ3 decay distribution is then described by the two

parameters λ+ and ξ(0) (assuming time reversal invariance and

λ− = 0). These parameters can be determined by three different

methods:

Method A. By studying the Dalitz plot or the pion spectrum

of Kµ3 decay. The Dalitz plot density is (see, e.g., Chounet

et al. [1]):

ρ(Eπ, Eµ) ∝ f2
+(t)

[
A+Bξ(t) + Cξ(t)2

]
,
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where

A = mK

(
2EµEν −mKE

′
π

)
+m2

µ

(
1

4
E′π − Eν

)
,

B = m2
µ

(
Eν −

1

2
E′π

)
,

C =
1

4
m2
µE
′
π ,

E′π = Emax
π − Eπ =

(
m2
K +m2

π −m2
µ

)
/2mK − Eπ .

Here Eπ, Eµ, and Eν are, respectively, the pion, muon, and

neutrino energies in the kaon center of mass. The density ρ is

fit to the data to determine the values of λ+, ξ(0), and their

correlation.

Method B. By measuring the Kµ3/Ke3 branching ratio

and comparing it with the theoretical ratio (see, e.g., Fearing

et al. [2]) as given in terms of λ+ and ξ(0), assuming µ-e

universality:

Γ(K±µ3)/Γ(K±e3) = 0.6457 + 1.4115λ+ + 0.1264ξ(0)

+ 0.0192ξ(0)2 + 0.0080λ+ξ(0) ,

Γ(K0
µ3)/Γ(K0

e3) = 0.6452 + 1.3162λ+ + 0.1264ξ(0)

+ 0.0186ξ(0)2 + 0.0064λ+ξ(0) .

This cannot determine λ+ and ξ(0) simultaneously but simply

fixes a relationship between them.

Method C. By measuring the muon polarization in Kµ3

decay. In the rest frame of the K, the µ is expected to be
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polarized in the direction A with P = A/
∣∣∣A ∣∣∣ , where A is

given (Cabibbo and Maksymowicz [3]) by

A = a1(ξ)pµ

− a2(ξ)

 pµ
mµ

mK − Eπ +
pπ · pµ∣∣∣p

µ

∣∣∣ 2
(Eµ −mµ)

+ pπ


+mKImξ(t)(pπ × pµ) .

If time-reversal invariance holds, ξ is real, and thus there is no

polarization perpendicular to the K-decay plane. Polarization

experiments measure the weighted average of ξ(t) over the t

range of the experiment, where the weighting accounts for the

variation with t of the sensitivity to ξ(t).

(2) λ+, λ0 parametrization. Most of the more recent Kµ3

analyses have parameterized in terms of the form factors f+

and f0 which are associated with vector and scalar exchange,

respectively, to the lepton pair. f0 is related to f+ and f− by

f0(t) = f+(t) +
[
t/(m2

K −m2
π)
]
f−(t) .

Here f0(0) must equal f+(0) unless f−(t) diverges at t = 0.

The earlier assumption that f+ is linear in t and f− is constant

leads to f0 linear in t:

f0(t) = f0(0)
[
1 + λ0(t/m2

π)
]
.

With the assumption that f0(0) = f+(0), the two parametriza-

tions, (λ+, ξ(0)) and (λ+, λ0) are equivalent as long as corre-

lation information is retained. (λ+, λ0) correlations tend to be

less strong than (λ+, ξ(0)) correlations.

The experimental results for ξ(0) and its correlation with

λ+ are listed in the K± and K0
L sections of the Particle Listings
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in section ξA, ξB, or ξC depending on whether method A, B,

or C discussed above was used. The corresponding values of λ+

are also listed.

Because recent experiments tend to use the (λ+, λ0)

parametrization, we include a subsection for λ0 results. Wher-

ever possible we have converted ξ(0) results into λ0 results and

vice versa.

See the 1982 version of this note [4] for additional discussion

of the K0
µ3 parameters, correlations, and conversion between

parametrizations, and also for a comparison of the experimental

results.

(b) Ke3 experiments. Analysis of Ke3 data is simpler than

that of Kµ3 because the second term of the matrix element

assuming a pure vector current [Eq. (1) above] can be neglected.

Here f+ is usually assumed to be linear in t, and the linear

coefficient λ+ of Eq. (2) is determined.

If we remove the assumption of a pure vector current, then

the matrix element for the decay, in addition to the terms in

Eq. (2), would contain

+2mK fS `(1 + γ5)ν

+(2fT/mK)(PK)λ(Pπ)µ ` σλµ(1 + γ5)ν ,

where fS is the scalar form factor, and fT is the tensor form

factor. In the case of the Ke3 decays where the f− term can

be neglected, experiments have yielded limits on |fS/f+| and

|fT/f+|.

References

1. L.M. Chounet, J.M. Gaillard, and M.K. Gaillard, Phys.
Reports 4C, 199 (1972).

2. H.W. Fearing, E. Fischbach, and J. Smith, Phys. Rev. D2,
542 (1970).
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K±`3 FORM FACTORSK±`3 FORM FACTORSK±`3 FORM FACTORSK±`3 FORM FACTORS

In the form factor comments, the following symbols are used.

f+ and f− are form factors for the vector matrix element.

fS and fT refer to the scalar and tensor term.

f0 = f+ + f−t/(m2
K − m2

π).

λ+, λ−, and λ0 are the linear expansion coefficients of f+, f−, and f0.

λ+ refers to the K±
µ3

value except in the K±
e3

sections.

dξ(0)/dλ+ is the correlation between ξ(0) and λ+ in K±
µ3

.

dλ0/dλ+ is the correlation between λ0 and λ+ in K±
µ3

.

t = momentum transfer to the π in units of m2
π .

DP = Dalitz plot analysis.

PI = π spectrum analysis.

MU = µ spectrum analysis.

POL= µ polarization analysis.

BR = K±µ3/K±e3 branching ratio analysis.

E = positron or electron spectrum analysis.

RC = radiative corrections.

λ+ (LINEAR ENERGY DEPENDENCE OF f+ IN K±e3 DECAY)λ+ (LINEAR ENERGY DEPENDENCE OF f+ IN K±e3 DECAY)λ+ (LINEAR ENERGY DEPENDENCE OF f+ IN K±e3 DECAY)λ+ (LINEAR ENERGY DEPENDENCE OF f+ IN K±e3 DECAY)

For radiative correction of K±e3 Dalitz plot, see GINSBERG 67 and BECHERRAWY 70.

VALUE EVTS DOCUMENT ID TECN CHG COMMENT

0.0286±0.0022 OUR AVERAGE0.0286±0.0022 OUR AVERAGE0.0286±0.0022 OUR AVERAGE0.0286±0.0022 OUR AVERAGE

0.0284±0.0027±0.0020 32k 80 AKIMENKO 91 SPEC PI, no RC

0.029 ±0.004 62k 81 BOLOTOV 88 SPEC PI, no RC

0.027 ±0.008 82 BRAUN 73B HLBC + DP, no RC

0.029 ±0.011 4017 CHIANG 72 OSPK + DP, RC neglig-
ble

0.027 ±0.010 2707 STEINER 71 HLBC + DP, uses RC

0.045 ±0.015 1458 BOTTERILL 70 OSPK PI, uses RC

0.08 ±0.04 960 BOTTERILL 68C ASPK + e+, uses RC

−0.02 +0.08
−0.12 90 EISLER 68 HLBC + PI, uses RC

0.045 +0.017
−0.018 854 BELLOTTI 67B FBC + DP, uses RC

+0.016 ±0.016 1393 IMLAY 67 OSPK + DP, no RC

+0.028 +0.013
−0.014 515 KALMUS 67 FBC + e+, PI, no RC

−0.04 ±0.05 230 BORREANI 64 HBC + e+, no RC

−0.010 ±0.029 407 JENSEN 64 XEBC + PI, no RC

+0.036 ±0.045 217 BROWN 62B XEBC + PI, no RC

• • • We do not use the following data for averages, fits, limits, etc. • • •
0.025 ±0.007 83 BRAUN 74 HLBC + Kµ3/Ke3 vs. t
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80 AKIMENKO 91 state that radiative corrections would raise λ+ by 0.0013.
81 BOLOTOV 88 state radiative corrections of GINSBERG 67 would raise λ+ by 0.002.
82 BRAUN 73B states that radiative corrections of GINSBERG 67 would lower λe

+ by 0.002

but that radiative corrections of BECHERRAWY 70 disagrees and would raise λe
+ by

0.005.
83 BRAUN 74 is a combined Kµ3-Ke3 result. It is not independent of BRAUN 73C (Kµ3)

and BRAUN 73B (Ke3) form factor results.

ξA = f−/f+ (determined from K±µ3 spectra)ξA = f−/f+ (determined from K±µ3 spectra)ξA = f−/f+ (determined from K±µ3 spectra)ξA = f−/f+ (determined from K±µ3 spectra)
The parameter ξ is redundant with λ0 below and is not put into the Meson Summary
Table.

VALUE dξ(0)/dλ+ EVTS DOCUMENT ID TECN CHG COMMENT

−0.33±0.14 OUR EVALUATION−0.33±0.14 OUR EVALUATION−0.33±0.14 OUR EVALUATION−0.33±0.14 OUR EVALUATION Error includes scale factor of 1.6. Correlation is
d ξ(0)/dλ+=−14. From a fit discussed in note on

K`3 form factors in 1982 edition, PL 111B111B111B111B (April
1982).

−0.27±0.25 −17 3973 WHITMAN 80 SPEC + DP

−0.8 ±0.8 −20 490 84 ARNOLD 74 HLBC + DP

−0.57±0.24 −9 6527 85 MERLAN 74 ASPK + DP

−0.36±0.40 −19 1897 86 BRAUN 73C HLBC + DP

−0.62±0.28 −12 4025 87 ANKENBRA... 72 ASPK + PI

+0.45±0.28 −15 3480 88 CHIANG 72 OSPK + DP

−1.1 ±0.56 −29 3240 89 HAIDT 71 HLBC + DP

−0.5 ±0.8 −26 2041 90 KIJEWSKI 69 OSPK + PI

+0.72±0.93 −17 444 CALLAHAN 66B FBC + PI

• • • We do not use the following data for averages, fits, limits, etc. • • •
−0.5 ±0.9 none 78 EISLER 68 HLBC + PI, λ+=0

0.0 +1.1
−0.9 2648 91 CALLAHAN 66B FBC + µ, λ+=0

+0.7 ±0.5 87 GIACOMELLI 64 EMUL + MU+BR,λ+=0

−0.08±0.7 92 JENSEN 64 XEBC + DP+BR

+1.8 ±0.6 76 BROWN 62B XEBC + DP+BR,
λ+=0

84 ARNOLD 74 figure 4 was used to obtain ξA and dξ(0)/dλ+.
85 MERLAN 74 figure 5 was used to obtain dξ(0)/dλ+.
86 BRAUN 73C gives ξ(t) = −0.34 ± 0.20, dξ(t)/dλ+ = −14 for λ+ = 0.027, t = 6.6.

We calculate above ξ(0) and dξ(0)/dλ+ for their λ+ = 0.025 ± 0.017.
87 ANKENBRANDT 72 figure 3 was used to obtain dξ(0)/dλ+.
88 CHIANG 72 figure 10 was used to obtain dξ(0)/dλ+. Fit had λ− = λ+ but would not

change for λ− = 0. L.Pondrom, (private communication 74).
89 HAIDT 71 table 8 (Dalitz plot analysis) gives dξ(0)/dλ+ = (−1.1+ 0.5)/(0.050−0.029)

= −29, error raised from 0.50 to agree with dξ(0) = 0.20 for fixed λ+.
90 KIJEWSKI 69 figure 17 was used to obtain dξ(0)/dλ+ and errors.
91 CALLAHAN 66 table 1 (π analysis) gives dξ(0)/dλ+ = (0.72–0.05)/(0–0.04) = −17,

error raised from 0.80 to agree with dξ(0) = 0.37 for fixed λ+. t unknown.

92 JENSEN 64 gives λ
µ
+ = λe

+ = −0.020 ± 0.027. dξ(0)/dλ+ unknown. Includes SHAK-

LEE 64 ξB (Kµ3/Ke3).
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ξB = f−/f+ (determined from K±µ3/K±e3)ξB = f−/f+ (determined from K±µ3/K±e3)ξB = f−/f+ (determined from K±µ3/K±e3)ξB = f−/f+ (determined from K±µ3/K±e3)

The K±µ3/K±e3 branching ratio fixes a relationship between ξ(0) and λ+. We quote the

author’s ξ(0) and associated λ+ but do not average because the λ+ values differ. The
fit result and scale factor given below are not obtained from these ξB values. Instead

they are obtained directly from the fitted K±
µ3

/K±
e3

ratio Γ
(
π0 µ+ νµ

)
/Γ
(
π0 e+νe

)
,

with the exception of HEINTZE 77. The parameter ξ is redundant with λ0 below and
is not put into the Meson Summary Table.

VALUE EVTS DOCUMENT ID TECN CHG COMMENT

−0.33±0.14 OUR EVALUATION−0.33±0.14 OUR EVALUATION−0.33±0.14 OUR EVALUATION−0.33±0.14 OUR EVALUATION Error includes scale factor of 1.6. Correlation is
d ξ(0)/dλ+=−14. From a fit discussed in note on

K`3 form factors in 1982 edition, PL 111B111B111B111B (April
1982).

−0.12±0.12 55k 93 HEINTZE 77 CNTR + λ+=0.029

• • • We do not use the following data for averages, fits, limits, etc. • • •
0.0 ±0.15 5825 CHIANG 72 OSPK + λ+=0.03, fig.10

−0.81±0.27 1505 94 HAIDT 71 HLBC + λ+=0.028, fig.8

−0.35±0.22 95 BOTTERILL 70 OSPK + λ+=0.045± 0.015

+0.91±0.82 ZELLER 69 ASPK + λ+=0.023

−0.08±0.15 5601 95 BOTTERILL 68B ASPK + λ+=0.023± 0.008

−0.60±0.20 1398 94 EICHTEN 68 HLBC + See note

+1.0 ±0.6 986 GARLAND 68 OSPK + λ+=0

+0.75±0.50 306 AUERBACH 67 OSPK + λ+=0

+0.4 ±0.4 636 CALLAHAN 66B FBC + λ+=0

+0.6 ±0.5 BISI 65B HBC + λ+=0

+0.8 ±0.6 500 CUTTS 65 OSPK + λ+=0

−0.17+0.75
−0.99 SHAKLEE 64 XEBC + λ+=0

93 Calculated by us from λ0 and λ+ given below.
94 EICHTEN 68 has λ+ = 0.023 ± 0.008, t = 4, independent of λ−. Replaced by

HAIDT 71.
95 BOTTERILL 70 is re-evaluation of BOTTERILL 68B with different λ+.

ξC = f−/f+ (determined from µ polarization in K±µ3)ξC = f−/f+ (determined from µ polarization in K±µ3)ξC = f−/f+ (determined from µ polarization in K±µ3)ξC = f−/f+ (determined from µ polarization in K±µ3)
The µ polarization is a measure of ξ(t). No assumptions on λ+− necessary, t (weighted
by sensitivity to ξ(t)) should be specified. In λ+, ξ(0) parametrization this is ξ(0)

for λ+=0. dξ/dλ = ξt. For radiative correction to muon polarization in K±µ3, see

GINSBERG 71. The parameter ξ is redundant with λ0 below and is not put into the
Meson Summary Table.

VALUE EVTS DOCUMENT ID TECN CHG COMMENT

−0.33±0.14 OUR EVALUATION−0.33±0.14 OUR EVALUATION−0.33±0.14 OUR EVALUATION−0.33±0.14 OUR EVALUATION Error includes scale factor of 1.6. Correlation is
d ξ(0)/dλ+=−14. From a fit discussed in note on

K`3 form factors in 1982 edition, PL 111B111B111B111B (April
1982).

−0.25±1.20 1585 96 BRAUN 75 HLBC + POL, t=4.2

−0.95±0.3 3133 97 CUTTS 69 OSPK + Total pol. t=4.0

−1.0 ±0.3 6000 98 BETTELS 68 HLBC + Total pol. t=4.9
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• • • We do not use the following data for averages, fits, limits, etc. • • •
−0.64±0.27 40k 99 MERLAN 74 ASPK + POL, dξ(0)/dλ+

= +1.7
−1.4 ±1.8 397 100 CALLAHAN 66B FBC + Total pol.

−0.7 +0.9
−3.3 2950 100 CALLAHAN 66B FBC + Long. pol.

+1.2 +2.4
−1.8 2100 100 BORREANI 65 HLBC + Polarization

−4.0 to +1.7 500 100 CUTTS 65 OSPK + Long. pol.

96 BRAUN 75 dξ(0)/dλ+ = ξt = −0.25×4.2 = −1.0.
97 CUTTS 69 t = 4.0 was calculated from figure 8. dξ(0)/dλ+ = ξt = −0.95×4 = −3.8.
98 BETTELS 68 dξ(0)/dλ+ = ξt = −1.0×4.9 = −4.9.
99 MERLAN 74 polarization result (figure 5) not possible. See discussion of polarization

experiments in note on “K`3 Form Factors” in the 1982 edition of this Review
[
Physics

Letters 111B111B111B111B (1982)
]
.

100 t value not given.

Im(ξ) in K±µ3 DECAY (from transverse µ pol.)Im(ξ) in K±µ3 DECAY (from transverse µ pol.)Im(ξ) in K±µ3 DECAY (from transverse µ pol.)Im(ξ) in K±µ3 DECAY (from transverse µ pol.)
Test of T reversal invariance.

VALUE EVTS DOCUMENT ID TECN CHG COMMENT

−0.017±0.025 OUR AVERAGE−0.017±0.025 OUR AVERAGE−0.017±0.025 OUR AVERAGE−0.017±0.025 OUR AVERAGE

−0.016±0.025 20M CAMPBELL 81 CNTR + Pol.

−0.3 +0.3
−0.4 3133 CUTTS 69 OSPK + Total pol. fig.7

−0.1 ±0.3 6000 BETTELS 68 HLBC + Total pol.

0.0 ±1.0 2648 CALLAHAN 66B FBC + MU

+1.6 ±1.3 397 CALLAHAN 66B FBC + Total pol.

0.5 +1.4
−0.5 2950 CALLAHAN 66B FBC + Long. pol.

• • • We do not use the following data for averages, fits, limits, etc. • • •
−0.010±0.019 32M 101 BLATT 83 CNTR Polarization

101 Combined result of MORSE 80 (K0
µ3) and CAMPBELL 81 (K+

µ3).

λ+ (LINEAR ENERGY DEPENDENCE OF f+ IN K±µ3 DECAY)λ+ (LINEAR ENERGY DEPENDENCE OF f+ IN K±µ3 DECAY)λ+ (LINEAR ENERGY DEPENDENCE OF f+ IN K±µ3 DECAY)λ+ (LINEAR ENERGY DEPENDENCE OF f+ IN K±µ3 DECAY)
See also the corresponding entries and footnotes in sections ξA, ξC , and λ0. For

radiative correction of K±µ3 Dalitz plot, see GINSBERG 70 and BECHERRAWY 70.

VALUE EVTS DOCUMENT ID TECN CHG COMMENT

0.032±0.008 OUR EVALUATION0.032±0.008 OUR EVALUATION0.032±0.008 OUR EVALUATION0.032±0.008 OUR EVALUATION Error includes scale factor of 1.6. From a fit dis-
cussed in note on K`3 form factors in 1982 edition,
PL 111B111B111B111B (April 1982).

0.029±0.024 3000 ARTEMOV 97 SPEC − DP

+0.050±0.013 3973 WHITMAN 80 SPEC + DP

0.025±0.030 490 ARNOLD 74 HLBC + DP

0.027±0.019 6527 MERLAN 74 ASPK + DP

0.025±0.017 1897 BRAUN 73C HLBC + DP

0.024±0.019 4025 102 ANKENBRA... 72 ASPK + PI

−0.006±0.015 3480 CHIANG 72 OSPK + DP

0.050±0.018 3240 HAIDT 71 HLBC + DP

0.009±0.026 2041 KIJEWSKI 69 OSPK + PI

0.0 ±0.05 444 CALLAHAN 66B FBC + PI

102 ANKENBRANDT 72 λ+ from figure 3 to match dξ(0)/dλ+. Text gives 0.024 ± 0.022.
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λ0 (LINEAR ENERGY DEPENDENCE OF f0 IN K±µ3 DECAY)λ0 (LINEAR ENERGY DEPENDENCE OF f0 IN K±µ3 DECAY)λ0 (LINEAR ENERGY DEPENDENCE OF f0 IN K±µ3 DECAY)λ0 (LINEAR ENERGY DEPENDENCE OF f0 IN K±µ3 DECAY)
Wherever possible, we have converted the above values of ξ(0) into values of λ0 using

the associated λ
µ
+ and dξ/dλ .

VALUE dλ0/dλ+ EVTS DOCUMENT ID TECN CHG COMMENT

0.006±0.007 OUR EVALUATION0.006±0.007 OUR EVALUATION0.006±0.007 OUR EVALUATION0.006±0.007 OUR EVALUATION Error includes scale factor of 1.6. Correlation is
dλ0/dλ+=−0.16. From a fit discussed in
note on K`3 form factors in 1982 edition, PL
111B111B111B111B (April 1982).

+0.062±0.024 0.0 3000 103 ARTEMOV 97 SPEC − DP

+0.029±0.011 −0.37 3973 WHITMAN 80 SPEC + DP

+0.019±0.010 +0.03 55k 104 HEINTZE 77 SPEC + BR

+0.008±0.097 +0.92 1585 105 BRAUN 75 HLBC + POL

−0.040±0.040 −0.62 490 ARNOLD 74 HLBC + DP

−0.019±0.015 +0.27 6527 106 MERLAN 74 ASPK + DP

−0.008±0.020 −0.53 1897 107 BRAUN 73C HLBC + DP

−0.026±0.013 +0.03 4025 108 ANKENBRA... 72 ASPK + PI

+0.030±0.014 −0.21 3480 108 CHIANG 72 OSPK + DP

−0.039±0.029 −1.34 3240 108 HAIDT 71 HLBC + DP

−0.056±0.024 +0.69 3133 105 CUTTS 69 OSPK + POL

−0.031±0.045 −1.10 2041 108 KIJEWSKI 69 OSPK + PI

−0.063±0.024 +0.60 6000 105 BETTELS 68 HLBC + POL

+0.058±0.036 −0.37 444 108 CALLAHAN 66B FBC + PI

• • • We do not use the following data for averages, fits, limits, etc. • • •
−0.017±0.011 109 BRAUN 74 HLBC + Kµ3/Ke3

vs. t
103 ARTEMOV 97 does not give dλ0/dλ+ so we take it to be zero.
104 HEINTZE 77 uses λ+ = 0.029 ± 0.003. dλ0/dλ+ estimated by us.
105λ0 value is for λ+ = 0.03 calculated by us from ξ(0) and dξ(0)/dλ+.

106 MERLAN 74 λ0 and dλ0/dλ+ were calculated by us from ξA, λ
µ
+, and dξ(0)/dλ+.

Their figure 6 gives λ0 = −0.025 ± 0.012 and no dλ0/dλ+.

107 This value and error are taken from BRAUN 75 but correspond to the BRAUN 73C λ
µ
+

result. dλ0/dλ+ is from BRAUN 73C dξ(0)/dλ+ in ξA above.

108λ0 calculated by us from ξ(0), λ
µ
+, and dξ(0)/dλ+.

109 BRAUN 74 is a combined Kµ3-Ke3 result. It is not independent of BRAUN 73C (Kµ3)

and BRAUN 73B (Ke3) form factor results.∣∣fS/f+
∣∣ FOR K±e3 DECAY

∣∣fS/f+
∣∣ FOR K±e3 DECAY

∣∣fS /f+
∣∣ FOR K±e3 DECAY

∣∣fS /f+
∣∣ FOR K±e3 DECAY

Ratio of scalar to f+ couplings.

VALUE CL% EVTS DOCUMENT ID TECN CHG COMMENT

0.084±0.023 OUR AVERAGE0.084±0.023 OUR AVERAGE0.084±0.023 OUR AVERAGE0.084±0.023 OUR AVERAGE Error includes scale factor of 1.2.

0.070±0.016±0.016 32k AKIMENKO 91 SPEC λ+, fS , fT ,
φ fit

0.00 ±0.10 2827 BRAUN 75 HLBC +

0.14 +0.03
−0.04 2707 STEINER 71 HLBC + λ+, fS , fT ,

φ fit

HTTP://PDG.LBL.GOV Page 52 Created: 6/29/1998 12:12



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

• • • We do not use the following data for averages, fits, limits, etc. • • •
<0.13 90 4017 CHIANG 72 OSPK +

<0.23 90 BOTTERILL 68C ASPK

<0.18 90 BELLOTTI 67B HLBC

<0.30 95 KALMUS 67 HLBC +∣∣fT /f+
∣∣ FOR K±e3 DECAY

∣∣fT /f+
∣∣ FOR K±e3 DECAY

∣∣fT /f+
∣∣ FOR K±e3 DECAY

∣∣fT /f+
∣∣ FOR K±e3 DECAY

Ratio of tensor to f+ couplings.

VALUE CL% EVTS DOCUMENT ID TECN CHG COMMENT

0.38±0.11 OUR AVERAGE0.38±0.11 OUR AVERAGE0.38±0.11 OUR AVERAGE0.38±0.11 OUR AVERAGE Error includes scale factor of 1.1.

0.53+0.09
−0.10±0.10 32k AKIMENKO 91 SPEC λ+, fS , fT ,

φ fit
0.07±0.37 2827 BRAUN 75 HLBC +

0.24+0.16
−0.14 2707 STEINER 71 HLBC + λ+, fS , fT ,

φ fit
• • • We do not use the following data for averages, fits, limits, etc. • • •
<0.75 90 4017 CHIANG 72 OSPK +

<0.58 90 BOTTERILL 68C ASPK

<0.58 90 BELLOTTI 67B HLBC

<1.1 95 KALMUS 67 HLBC +

fT /f+ FOR K±µ3 DECAYfT /f+ FOR K±µ3 DECAYfT /f+ FOR K±µ3 DECAYfT /f+ FOR K±µ3 DECAY
Ratio of tensor to f+ couplings.

VALUE EVTS DOCUMENT ID TECN

0.02±0.120.02±0.120.02±0.120.02±0.12 1585 BRAUN 75 HLBC

DECAY FORM FACTORS FOR K± → π+π− e±νeDECAY FORM FACTORS FOR K± → π+π− e±νeDECAY FORM FACTORS FOR K± → π+π− e± νeDECAY FORM FACTORS FOR K± → π+π− e± νe
Given in ROSSELET 77, BEIER 73, and BASILE 71C.

DECAY FORM FACTOR FOR K± → π0π0 e± νDECAY FORM FACTOR FOR K± → π0π0 e± νDECAY FORM FACTOR FOR K± → π0π0 e± νDECAY FORM FACTOR FOR K± → π0π0 e± ν
Given in BOLOTOV 86B and BARMIN 88B.

K± → `±ν γ FORM FACTORSK± → `±ν γ FORM FACTORSK± → `±ν γ FORM FACTORSK± → `±ν γ FORM FACTORS

For definitions of the axial-vector FA and vector FV form factor, see the

“Note on π± → `± νγ and K± → `± ν γ Form Factors” in the π±
section. In the kaon literature, often different definitions aK = FA/mK
and vK = FV /mK are used.

FA + FV , SUM OF AXIAL-VECTOR AND VECTOR FORM FACTOR FOR
K → e νe γ
FA + FV , SUM OF AXIAL-VECTOR AND VECTOR FORM FACTOR FOR
K → e νe γ
FA + FV , SUM OF AXIAL-VECTOR AND VECTOR FORM FACTOR FOR
K → e νe γ
FA + FV , SUM OF AXIAL-VECTOR AND VECTOR FORM FACTOR FOR
K → e νe γ
VALUE EVTS DOCUMENT ID TECN COMMENT

0.148±0.010 OUR AVERAGE0.148±0.010 OUR AVERAGE0.148±0.010 OUR AVERAGE0.148±0.010 OUR AVERAGE

0.147±0.011 51 110 HEINTZE 79 SPEC K → e ν γ

0.150+0.018
−0.023 56 111 HEARD 75 SPEC K → e ν γ

110 HEINTZE 79 quotes absolute value of
∣∣FA + FV

∣∣ sinθc . We use sinθc = Vus = 0.2205.
111 HEARD 75 quotes absolute value of

∣∣FA + FV
∣∣ sinθc . We use sinθc = Vus = 0.2205.
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FA + FV , SUM OF AXIAL-VECTOR AND VECTOR FORM FACTOR FOR
K → µνµγ
FA + FV , SUM OF AXIAL-VECTOR AND VECTOR FORM FACTOR FOR
K → µνµγ
FA + FV , SUM OF AXIAL-VECTOR AND VECTOR FORM FACTOR FOR
K → µνµγ
FA + FV , SUM OF AXIAL-VECTOR AND VECTOR FORM FACTOR FOR
K → µνµγ
VALUE CL% DOCUMENT ID TECN COMMENT

< 0.23< 0.23< 0.23< 0.23 90 112 AKIBA 85 SPEC K → µν γ

• • • We do not use the following data for averages, fits, limits, etc. • • •
−1.2 to 1.1 90 DEMIDOV 90 XEBC K → µν γ

112 AKIBA 85 quotes absolute value.

FA − FV , DIFFERENCE OF AXIAL-VECTOR AND VECTOR FORM FAC-
TOR FOR K → e νe γ
FA − FV , DIFFERENCE OF AXIAL-VECTOR AND VECTOR FORM FAC-
TOR FOR K → e νe γ
FA − FV , DIFFERENCE OF AXIAL-VECTOR AND VECTOR FORM FAC-
TOR FOR K → e νe γ
FA − FV , DIFFERENCE OF AXIAL-VECTOR AND VECTOR FORM FAC-
TOR FOR K → e νe γ
VALUE EVTS DOCUMENT ID TECN COMMENT

<0.49<0.49<0.49<0.49 90 113 HEINTZE 79 SPEC K → e ν γ

113 HEINTZE 79 quotes
∣∣FA − FV

∣∣ < √11
∣∣FA + FV

∣∣.
FA − FV , DIFFERENCE OF AXIAL-VECTOR AND VECTOR FORM FAC-
TOR FOR K → µνµγ
FA − FV , DIFFERENCE OF AXIAL-VECTOR AND VECTOR FORM FAC-
TOR FOR K → µνµγ
FA − FV , DIFFERENCE OF AXIAL-VECTOR AND VECTOR FORM FAC-
TOR FOR K → µνµγ
FA − FV , DIFFERENCE OF AXIAL-VECTOR AND VECTOR FORM FAC-
TOR FOR K → µνµγ
VALUE CL% DOCUMENT ID TECN COMMENT

−2.2 to 0.3 OUR EVALUATION−2.2 to 0.3 OUR EVALUATION−2.2 to 0.3 OUR EVALUATION−2.2 to 0.3 OUR EVALUATION

−2.2 to 0.6 90 DEMIDOV 90 XEBC K → µν γ

−2.5 to 0.3 90 AKIBA 85 SPEC K → µν γ

K± REFERENCESK± REFERENCESK± REFERENCESK± REFERENCES

ADLER 97 PRL 79 2204 S. Adler+ (BNL 787 Collab.)
ADLER 97C PRL 79 4756 S. Adler+ (BNL 787 Collab.)
ARTEMOV 97 PAN 60 218 V.M. Artemov+ (JINR)

Translated from YAF 60 277.
KITCHING 97 PRL 79 4079 P. Kitching+ (BNL 787 Collab.)
ADLER 96 PRL 76 1421 +Atiya, Chiang, Frank, Haggerty, Kycia+ (BNL 787 Collab.)
KOPTEV 95 JETPL 61 877 +Mikirtych’yants, Shcherbakov+ (PNPI)

Translated from ZETFP 61 865.
AOKI 94 PR D50 69 +Yamazaki, Imazato, Kawashima+ (INUS, KEK, TOKMS)
ATIYA 93 PRL 70 2521 +Chiang, Frank, Haggerty, Ito+ (BNL 787 Collab.)

Also 93C PRL 71 305 (erratum) Atiya, Chiang, Frank, Haggerty, Ito+ (BNL 787 Collab.)
ATIYA 93B PR D48 R1 +Chiang, Frank, Haggerty, Ito+ (BNL 787 Collab.)
BIJNENS 93 NP B396 81 +Ecker, Gasser (CERN, BERN)
ALLIEGRO 92 PRL 68 278 +Campagnari+ (BNL, FNAL, PSI, WASH, YALE)
BARMIN 92 SJNP 55 547 +Barylov, Chernukha, Davidenko+ (ITEP)

Translated from YAF 55 976.
IMAZATO 92 PRL 69 877 +Kawashima, Tanaka+ (KEK, INUS, TOKY, TOKMS)
IVANOV 92 THESIS (PNPI)
LITTENBERG 92 PRL 68 443 +Shrock (BNL, STON)
USHER 92 PR D45 3961 +Fero, Gee, Graf, Mandelkern, Schultz, Schultz (UCI)
AKIMENKO 91 PL B259 225 +Beloussov+ (SERP, JINR, TBIL, CMNS, SOFU, KOSI)
BARMIN 91 SJNP 53 606 +Barylov, Davidenko, Demidov+ (ITEP)

Translated from YAF 53 981.
DENISOV 91 JETPL 54 558 +Zhelamkov, Ivanov, Lapina, Levchenko, Malakhov+ (PNPI)

Translated from ZETFP 54 557.
Also 92 THESIS Ivanov (PNPI)

ATIYA 90 PRL 64 21 +Chiang, Frank, Haggerty, Ito, Kycia+ (BNL 787 Collab.)
ATIYA 90B PRL 65 1188 +Chiang, Frank, Haggerty, Ito, Kycia+ (BNL 787 Collab.)
DEMIDOV 90 SJNP 52 1006 +Dobrokhotov, Lyublev, Nikitenko+ (ITEP)

Translated from YAF 52 1595.
LEE 90 PRL 64 165 +Alliegro, Campagnari+ (BNL, FNAL, VILL, WASH, YALE)
ATIYA 89 PRL 63 2177 +Chiang, Frank, Haggerty, Ito, Kycia+ (BNL 787 Collab.)
BARMIN 89 SJNP 50 421 +Barylov, Davidenko, Demidov, Dolgolenko+ (ITEP)

Translated from YAF 50 679.
BARMIN 88 SJNP 47 643 +Barylov, Davidenko, Demidov, Dolgolenko+ (ITEP)

Translated from YAF 47 1011.
BARMIN 88B SJNP 48 1032 +Barylov, Davidenko, Demidov, Dolgolenko+ (ITEP)

Translated from YAF 48 1719.
BOLOTOV 88 JETPL 47 7 +Gninenko, Dzhilkibaev, Isakov, Klubakov+ (ASCI)

Translated from ZETFP 47 8.
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CAMPAGNARI 88 PRL 61 2062 +Alliegro, Chaloupka+ (BNL, FNAL, PSI, WASH, YALE)
GALL 88 PRL 60 186 +Austin+ (BOST, MIT, WILL, CIT, CMU, WYOM)
BARMIN 87 SJNP 45 62 +Barylov, Davidenko, Demidov+ (ITEP)

Translated from YAF 45 97.
BOLOTOV 87 SJNP 45 1023 +Gninenko, Dzhilkibaev, Isakov, Klubakov+ (INRM)

Translated from YAF 45 1652.
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