


1. INTRODUCTION

The study of the semileptonic decays of K? mesons K9 snteTy
and K;’Ls-.ni,ﬁu can give valuable information both on #Re struc-
ture of the weak interaction (V-A theory, p~e universality,
Al=1/2 rule) and on several models and hypotheses of the
strong interaction (current algebra, soft pion theorem, dis-
persion relations, etc.).

The most general matrix element for Kfa decays may be
written as/3/:

M- ‘JG—E-_sinGc{Mk F 0@y )0, +If, Grad+f_ (k) x
(1)

- fr -
X Ul y“(l+y 5)Uu+-2—M—k(k,\ qu—k'lq,\) Up ¢7)\#(1+y5 )UV !,

where 6, is the Cabibbo angle, f, and f_ are the vector form
factors, t, and f g are the scalar and temsor form factors,
Up and U, are the lepton spinors, k and q are the kaon and
pion four-momenta, M. is the xaon mass.

Within the framework of the V-A theory Ky, decays can be
described by two form factorsf (t) and f_(t), where t is the
square of the four momentum transfer to the leptons. In this
case the matrix element may be written as:

M=Upy (1475)0, 11, (1) Ge@) +L(0) k-0 . @)

A decomposition of the vector part of the matrix element into

terms corresponding to the 0% and 1~ spin-parity states of

the dilepton system gives rise to two amplitudes which are

related to the form factors f and f,, where f=f,+ f_t/(Mf—m,f).
As a first approximation, the t dependence of the form

factors is assumed to be linear:

() =1, (O +A, t/mD) 1) =1@) Q+Agt/m?D). 3)

The ratio of the form factors f_ to f_ can also be appro-
ximated by a linear form:

@) =1 (/1,9 =4(0) + At/mE, (%)



Using eqs. (3) and (4), we obtain:
M F-uf, Ag= A,
&0 - —5 o
m: 1+2.8/m%

(5)

It is usually assumed that the form factors f, and f sa-
tisfy at most once subtracted disperston relations.If the
£,(t) and f(t) amplitudes are unsubtracted, the dispersion
integrals can be approximated by poles (zero-width resonances):

r,®=1 00 M f£(t) = £(0) x (6)
=1, 0) ——; () - .
* Mo ME_t

where M, and M, are the resonance masses of the 17 and ot
spin-parity states, respectively.

If the t? terms are neglected, the slope parameters A,
and Ao are related to My and M :

Ay=mi/ME; A =mi/ME . (7)
The Dalitz plot density of Ky, decays can be written as:

4N/atdE,, = Af 2(t) + BE, (1) 1) + CL3(®) (8)

where E, is the neutrino energy in the kaon rest system, A,B,C
are the known kinematical functions,

In this paper we present results of a study of 74000 K2,
and 150000 K°s decays. Preliminary results from this experi-
ment have beeh reported elsewhere ‘2%,

2. PERFORMANCE OF THE EXPERIMENT

The experiment was primarily designed to study the Kt—K;
transmission regeneration on hydrogen and deuterium. It was
performed using a wire spark chamber spectrometer in a neut-
ral beam of the Serpukhov 70 GeV proton synchrotron. The
spectrometer detected all known types of K°® fecays: K°24.n+n H
K‘;s*nte*v ; K5~ atuFy and K$g+ntnr7w°. A view of
the experimental setup is shown in fig.l. The analysing mag-
net M had a field effective volume of 200x100x25 cm3, Eigh-
teen two-coordinate wire spark chambers were installed in
front of and behind the magnet in groups of three each. Four
scintillation counter hodoscopes FI, FII, GI, GII and three
anticounters A, AR, A were ised to trigger the spectrometer.
The K°3 and K°3 decays were identified with the help of the
electron and muon detectors.
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Fig.l. Experimental setup (top and
side views). The notations are:
Mi/3. Side monitor; A, Ag, Ay .
Anticounters; FI, FII, GI, GII.
Scintillation counter hodoscopes;
M. Analysing magnet; DE. Elect-
ron detector; DM. Muon detector;
Mn. Neutron monitor.

The electron detec-
tor was composed of
four "sandwich" type
shower counters, Each
counter had two iden-
tical units assembled
from 10 scintillator
plates with lead plates
between them having an
area of 55,5x30.0 cm?2.
A light flash was re-~
corded by two FEU-65
photomultipliers moun-
ted on the top and at
the bottom of each
unit.

The muon detector
consisted of two planes
of scintillation coun-
ters and two sections
of an iron filter 125 cm
long each, The first
plane of four scintil-
lation counters was
located between the
filter sections and
was connected in coin-
cidence with the se-
cond one to decrease

accidental counting rates of the detector. The second plane
consisting of 10 20x64x2 cm?® counters was used as a muon hodo-

scope.

The data were accumulated on magnetic tape by means of
a BESM-3M computer. The event data included spark chamber
coordinates, scintillation counter latches, shower counter
pulse heights and information on beam monitoring. Details of
the aggfratus and of the K° beam have been given previous-

1y /8-

The geometric program reconstructed the events with two
charged particles (V°) which occurred in the decay volume.

The experimental has been carried out in two stages. The
liquid hydrogen and liquid deuterium regenerators were used
at the first and second stages, respectively. The data were
handles independently at each stage. Later on we shall call
them “experiment I" and "experiment II".



3. EVENT SELECTION

Event selection involved the following main steps: (a) pre
liminary identification of K° 6 and K 5 modes; (b) geometric
and kinematic cutsj (c) flnaf 1dent1f1cat10n of the decay pro
ducts.

If the extrapolation of one of the charged tracks hit the
fired muon counter, the event was identified as a K>, decay.
The fiducial sizes of the muon counters were chosen taking
into account muon scattering in irom,

If the extrapolation of the charged track hit the shower
counter and the counter pulse height exceeded a certain leve
the event was classified as a Kj; decay. The events which we
candidates of K¢ and Kg, decays were rewtritten on separa
magnetic tapes,

The geometric and kinematic cuts involved the following
requirements:

(1} % ~coordinate of the decay vertex had to lie within
the decay volume,

(2) X~and Y~coordinates of the tracks had to lie within
the fiducial sizes of the corresponding elements: scintilla-
tion hodoscopes, spark chambers and shower counters.

(3) Other K° decay modes were rejected. The K° decay
were rejected by the invariant mass of the = 'z~ gystem.
0.508 <M., <.488 (GeV/c) was requ1red The K”q gecays wer
rejected by the Pp2 variables : Pg®% <~4(MeV/c)® was requ:

red.

(4) The reconstructed kaon momentum, 14 - P <52 (GeV/c)
was required to be in accordance with the real K" momentum
spectrum,

(5) The invariant masses aof the ~: or =7e systems has
be smaller that the kaoa mass,

(6) The difference between the center of mass neutrino
momentum P* and the transverse momentum of the charged pai
P} had o be positive: APg=PBf-Pf>0.

(7) The reconstructed events had to fall inside the Dal
plot boundaries.

The boundary of electron identification was chosen more
accurately at the {inal step. The following procedure was
used, The amplitude spectrum of the shower counter pulses
was obtained for {4 particle momentum intervals with
7< P <21 (CeV/c). The electron peaks were seen quite well
They were fitted by the Gaussian distributions, and the ¢
ter Ay and the standard deviation o were calculated for
momentum interval and for each shower counter. The devrend
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Fig.2, Distribution of the relative amplitude 8A
of pulses from the shower counters, Electron iden-
tification boundaries are denoted by figures 1,2,3,

of Ap and o on electron momentum P was fitted by the curves
Ay(P) and o(P), and then the "relative amplitude” 5A was cal-
culated: BA=-|A/AG(P)Ix[o/a(P)], where A is the amplitude
observed, ¢ 1is the average standard deviation for all shower
counters. The distribution of the A amplitude is shown in
fig.2.The lines marked 1,2,3 denote the boundaries of electron
identification which were used in the K¢, decay analysis.
They correspond to 2; 2.4; 3 standard 3eviations of the 8A
distribution, The event was identified as a K°_ decay if the

. e3 .
8A  value for one charged particle was larger than this boun-
dary and 6A for another charged particle was smaller than
0.5. The three different boundaries of electron identifica-
tion were used to verify the stability of the results.

4. MONTE CARLO PROGRAM AND Kz MOMENTUM SPECTRUM

The information on the Kls form factors was obtained by
comparing the Dalitz plot density of experimental events and
Monte-Carlo simulated events, In the Monte-Carlo program we
took into account the errors in measuring track coordinates
in the spark chambers, the spark chamber efficiency, multiple
scattering of charged particles and electron bremsstrahlung
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Fig.3. P/? distributions in the K° 6 and K° _ decays.
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The histograms are experimental events, the circles
are Monte-Carlo simulations, the solid line denote
all the decays detected in the experiment. The
arrows indicate the cuts applied to the data.

in the setup matter, radiative corrections for the matrix ele-
ment, K” elastic scattering in the liquid deuterium regene-
rator, and the real K} momentum spectrum.



The K° momentum spectrum was obtained from the selected
Kﬁs and K3 decays 1ndependent1y. As for each event there
exists a two-fold ambiguity in the calculation of the K} mo-
mentumé a statistical method of spectrum reconstruction was

used . The spectrum was reconstructed also from K° and
K%s decays. All results are in agreement,

The Monte-Carlo events were reconstructed by the same
geometric program and they were processed by the same sele:-
tion criteria as the true experimental events.

Two of the most sensitive tests for Monte-Carlo simulztion
were provided by the distribution of variables P6 2 and AP,
These distributions for the experimental and simulated eventu
are shown in figs. 3 and 4. The apgreement between both kinds
of the data confirms that all experimental conditions were
taken into account correctly in the Monte-Carlec program.

5. BACKGROUND

The detection of all K° decay modes permits one to study
in detail the background and systematic effects in this ex-
periment., We have found that abour 57 of all events are not
attributed to the known K© decay modes (the so-called "non-
identified V® —events"). They are mainly due to the inelas~
tic interaction of beam particles with the matter of the re-
generator, anticounter and decay volume and to the mistakes
by the geometric reconstruction of V° samples. These events
can be the sources of the background if one of two particles
is identified incorrectly as an electron or a muon,

In fig.2 the dotted line shows the amplitude pulse spect-
rum from the electron detector when it is crossed by pions se-
lected from KSg decays. The events in that part of the spect-
rum which lies on the right side of the electron identifica-
tion boundary initiates "false" K¢, decays. The contamination
of this background relative to all K74 decays was found to
be (2.0%0.5)%7 in experiment I and (1.5:0.5)Z in experiment II.
These estimates were checked by the number of events in which
both particles were identified as electrons. Both estimates
are in agreement.

The following procedure was used to subtract the background.
The non-identified events were selected and rewritten on se-
parate magnetic tapes. The mass of one particle was assigned
as the electron mass, and these events were processed by all
selection criteria for the K3, decays. For the remaining
events the Dalitz plot was constructed which was subtracted
from the Dalitz plot for all K: events with the correspond~
ing normalization coefficient.
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Fig.4. APo=P}-P; distribution in the K{jand K},
decays. The histograms are experimental events,
the circles are Monte-Carlo simulationms.

In the case of K; decays the source of the background
is decays in flight ?we assume that at least one charged
particle in the non~identified events is pion). This back-



ground was estimated by two methods: (a) from g+p events when
two particles were identified as muons and (b) from Monte-
Carlo calculation. Both estimates were in agreement, and the
background contamination relative to all K;a decays was
found to be equal to (3.0#1,0)7 in the experiment I and to
(3.2+1,1)7% in the experiment II, The procedure of background
subtraction was similar ‘to that used for Kj., decays.

6. ANALYSIS OF K:B DECAYS

In studies of semileptonic Kj decays the validity of V-A
theory is usually supposed, and the matrix element is para-
metrized as in (2). Then the information on the f
and f form factors is used to investigate the contribution of
the scalar and tensor form factors to the general matrix ele-
ment (1).

The terms involving the form factor f_ is proportional
to the lepton mass and can be safely neglected in the case
of K% decays. Then the Dalitz plot density takes the simple
form

d®N/atdE , = Af2() .

The total number of selected K: decays was equal to
48000 true and 75000 simulated events in the experiment I and
to 26000 true and 60000 simulated events in the experiment II.

The dependence of the form factor f, ont was analysed by
two methods,

(1) In a model-independent analysis the average values of
f, (t) were determined in 10 intervals of t from 0 to
o.10 (GeV/c)z-Since for each event there exists a two-fold ambi-
guity in the calculation of t, only those events were selected
where both solutions t, and t, lay in the same 102(MeV/c) 4 bin
(the so-called "diagonal events'").The acceptance efficiency
for these events in per cent as a function of Dalitz plot
position is shown in fig.5. The values of the form factor f
obtained in such a way are shown in fig.6. The results of the
linear fit of the data is presented in this figure as well,

(2) In a model-dependent analysis the linear expansion LN
(eq. 3) was assumed. We used both values of t and constructed
the 3-simensional Dalitz plot t;xt,xE, with bin sizes of
10 (MeV/c)?x10 (MeV/c)2x 20 MeV. The bins which lay near the
Dalitz plot boundaries were corbined so that the number of
events in each bin exceeded 20. The parameter A% was deter-
mined as a free parameter by fitting this distribution to
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Fig.5. Acceptance efficiency, ¢(t,E,) of the K°
decays in per cent as a function of the Dalitz plot

the Monter-Carlo simu~-
lation calculated for

A% =0. The same analysis
was made for diagonal
events as well,

The influence was
studied of the syste-
matic effects on the
uncertainty in the
slope parameter
in the case of the

position.
o sexpl
121 Kes | exal
i
10+
US i 1 1 ' L N
1 2 3 Y o]

t/m,

Fig.6. Values of the form factor
f, () obtained in the model-in-
dependent analysis of the Kgg
decays. The solid line is the
result of linear fit,
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linear fit. A more
complete verification
of the self-consis-
tency of our data is
a comparison between
the results of experi-
ment I and II. These
experiments differ
from one another in



Table 1

Contribution of the systematic effects to the A)e

uncertainty for F° decays

Sources of effects AA:
Different boundaries of electron
identification (2 <A < 30) 0.00!
Different cuts of the minimal number
of events in one bin (20-30) 0.001
Uncertainty in background per cent
(1.5-2.5)% 0.001
Uncertainty in the fraction of elastic
scattered in the decuterium regenerator
(1.5-3.0)% 0,001
Difference between results of experiments
I and II and their weighted average 0.0017
Total uncertainty 0.0026
Table 2
Form factor slope Ai in K, decays
2
. ¥2 of ex- s e x.
Analysis method periment |Stétistics A+_ —
d.f.
Kodel-independent I+11 21 000 0.032+0.004 0.4
Linear expansion
(diaponal events;| I+II 21 000 0.02f+0.005 1.4
Linear expansion 1 4¢ 000 0.032040.0042 | 1.24
(all events) 11 26 000 0.028¢+0.0049 | 1.29
I+11 74 000 0.0306+0.0034 1.26

1"
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it ge v Th ¢ + and II is equal to AC =
frs ervor, Mg serctences o owosso.00m,

Bisi.“s". Chien '18/Neuhofer "7,", A comparison ebetwegn
Albrow 18/ Brandenburg / 19/, the \mlues”of A obtained
Wang /20! Bl umental’21’, Bucha-— from the K?_ experiments

e
e shows a oog agreement
nan 22‘/, Gjesdal/asf Hill 3¢, & &

of our result with the
world average value
(fig.7).

7. ANALYSIS OF K';s DEC.\YS

The total numbers of selected K7m decays were equal to
82000 true and 110000 simulated events in the experiment 1
and to 68000 true and 220000 simulated events in the experi-
ment II. The analysis was made by the same way as for K°
decays. In the case of Kj, decays the Dalitz plot density
is described by expression (8). The acceptance efficiency
for diagonal events as a function of Dalitz plot position
is shown in fig.8.

In a model-independent analysis the average values of f+0)
and f(t) were determined in 10 intervals of t from 0.0] to
0.11 (GeV/c)®. The values of the form factors f, and f and
the linear fir results are shown in fig.9. The slopes L
and Ay obtained both in the model-independent and in the 1i-
near-model analysis are given in table 3. 1In the latter case
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the errors include the systematic effects. The contribution
of these effects to the uncertainty AAﬁ and Ar, are given
in table 4. The average values of the slopes in the experi-
ments I and II are equal to: Aﬁ; 0.0427+0.0044; Ag=0.034110,0067.
The results obtained by the different methods of analysis
agree with each other and with our preliminary results within
the errors '23’, The ambiguity of the solutions for the slope
parameters observed at the preliminary stage was removed
due to a careful calculation of the systematic effects. The
investigation of x® as a function of A% and Ay shows the
existence of one minimum which corresponds to the preserted
values of these parameters.

8. DISCUSSION OF THE RESULTS
8.1. Scalar and Tensor Contribution

Both K9, and K7, modes have been used to investigate the
contribution of other terms to the decay matrix element except
those of a pure vector nature. We assumed a linear paramet-
rization of the vector form factor f (t) and constant scalar
and tensor form factors fs and fT.For the K:a decay mode we

13
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Fig.9. (a) Values of the
form factor [ (t)obtained
in the model independent
analysis of the K° de~
cays, The solid 11ne is
the result of linear fit.
_ (b) The same for the
06 form factor f(t). ® - Cal-
. p lan-Treiman point, -
t/ﬂﬂ result of linear extrapo-

lation of our data, The
dashed line is the result
of calculation by the
Barut’s model "27/,(c) Data
of £ model-indepen—
dent analysis,

i0

L0
L

found |fg /f,| <0.07 and
06 [fp/f,]<0.34 at a 68%
confidence level. For the
Ke° decay mode we found
fg /f,]= 0.12¢0.12 or
[fT/f |< 0.24 at a 68Z con-
fidence level.

2} oy . 4 Exp ]
B KM3 | exal 8.2. Al=1/2 Rule
h Ll } L 4 If the Al=1/2 rule is
1] ———% Ty %1 valid in semileptonic
ﬂ47 « kaon decays, then the
-1 form factors in neutral
-2 and charged kaon decays
- should be described by
! 2 tAﬂ14 5 thf same parameters, For
n K g3 decays the world

average value of the slope is A° = 0,0285£0.0043 "5/ 1¢ agrees

with the presented value for K°s decays: A%-0. 0306+0 0034,
For 3 decays the world averages of the slopes a-a

A+= 0. 02 +0.008, Ag = -0.003+0.007, which disagree with our

results, However, statistics in these experiments is rather

poor and further measurements are required.

8.3. t -Dependence of the Form Factor f.

The best known theoretical model which related to the
form factor f is the Callan-Treiman (CT) relation’28/, Its

14



Table 3

I3 - o
Form factor slopes A and A, in K“3 decays

2

7 of ex- M X

Analysis method Statistice /\ o
periment + ° a.r.

kodel~independent I+II 49 000 0.0485£0.007 0.03240.00¢6 0.4

Linear expansion

(diagonal events) I+II 49 000 0.03640.007 0.03420,008 1.24
Linear expansion I 82 000 0.0429+0.0061 | 0.0337£0.0094 | 1,28
(all svents) II 68 000 0.042440.0055 | 0.0349%0.0082 1.02
I+1I 150 000 | 0,042740.0044 | 0.034140.00€7 1.15

The correlation between Ay and A, is equal to drg/dr , =-1.5

Table 4

Contribution of systematic effects to the AAf and AAg

uncertainty for K?m decays

Sources of effects AAﬁ AAD

Different cuts of the minimal number
of events in one bin (20-30) 0.001 0.002

Uncertainty in background per cent
(2-4)7 0.0006 0.0014

Uncertainty in the fraction of
elastic scattered K° in the
deuterium regenerator (1,5-3.0)7% 0,001 (.00l

Difference between results of
experiments I and II and their
weighted average 0.0003 0.0004

Total uncertainty 0.0016 0.0026

derivation is based on current algebra and the assumption of
PCAC.The CT relation determines the value of  at the unphysi-
cal point t= le._r‘f :

(MZ-m2) =, ME-m2) + £_ME-mP) =£,/f = 1.2740.03,

vhere fy and f, are the Kgp, and #p, decay constants.
If we assume a linear t -dependence of f and substitute
expression (3), we found Ay = 0.023%0,003,

-
(31
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8.4, Ratio of Form Factors £(t)

Figure 9(b) shows the CT
point and the corresponding
value of f obtained by a li-
near extrapolation of our data.
Figure 10 gives the parameters

AE, and Ag determined in this

experiment and in some recent
experiments with high enough
statistics. The horizontal
lines show the A\ values
calculated in difgerent theo-
retical models. Boal founded
his model on hard meson techni-
ques 31/ Kimel applied current
algebra and the assumption of
form factor linearity 732,
Volkov et al. used a one-loop
approximation within the frame-
work of chiral quantum field
theory /33/The hatched area
shows the CT prediction with
its error. Our data agree with
the Boal’s and Kimel’s calcula-
tion and slightly worse the CT
prediction.

In fig.9(b) the dashed line
shows the result of calculation
by the model using the techni-
ques of the relativistic wave
functions (Barut) 27/, As is
shows, this model is not contra-
diction to our data and agrees
with the CT relationm.

A general theoretical prediction consist in the fact that
£(0) must be proportional to the first-order of breaking of

the SU(3) symmetry '1.34/

£0) ~ ~0.2,

In fig.9(c) the re-

sults of the model-independent analysis of &(t) are shown.

We have found the following values of £(0)
pressions (4), (5) and A , A,
£(0) = -0,10+0.09;

del analysis:

and A using ex—
obtained in the linear-mo-
A= 0.03t0,003,
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Dalitz plot analys1s. The references are: Bas11e 35/,
Brandenburg 19/ pyans /%, sandweiss 37, Cla k /
Donaldson’ '29/ Buchanan’zg/H111/3°/Volkov 3%/, K1me1/32

Fuchs’3¥, Barut /87’ Boal/alc l(hlopov/4 !

Fugure 11 summarizes the values of £(0) obtained in the
experiments that have been performed by different methods.
The hatched area shows the world-average value and its error.
The arrows indicate the &(0) value calculated in various mo-
dels. Fuchs used current algebra and one-subtracted disper-
sion relations’3/ » Khlopov carried out the calculation taking
into account heavy quarks. The remaining models were described
in section 8.3.

Our data are in agreement with the world-average value
of &0) and with the simple quark model prediction. From conc~
rete models they agree with the one-subtracted dispersion re-
lations (Fuchs) and with the relativistic wave function mo-
del (Barut).

8.5. Verification of Pole Models

If the strong interaction between the kaon and the pion
is assumed to dominate in the intermediate state, then in
pole expressions (6) M, and MK are the masses of K*(892,17)
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and x(llmL4400.0+)resonances (the existence of « is indicated

by some data). In the case of K° decays we fitted our

data by the pole expression (6) and found the resonances

mass M,=(835140) MeV/c®. This is in rough agreement with

the K* mass. The value of M. calculated using the approximate

formulae (7) coincides with that value within some per cent.
In the case of K; decays we used the expression (7)

and found the masses %ﬂ*==(680140) MeV/c? and M, =

= (760:+70) MeV/c 2. These data disagree with the masses of

the K* and « resonances., This means that the form factors

in K¢ decays must be described by more complicated expres-—

sions than simple pole models: either by one-subtracted dis-

persion relations as supposed in the Fuchs’s model or the sum

of pole and dipole terms as assumed in the Barut’s model.

8.6, t -Dependence of the Form Factor f,
and the Problem of p-¢ Universality

The vertical hatched area in fig.10 is the world-average
value of the slope parameter A i from K3; decays with its
error (see fig.7 as well). As can be seen the value of A¥
obtained in this experiment in the K¢_ decays differs by
about two standard errors from this value of A, and from
the value that we obtained in the K, decays (see section 6).
Quantitatively, in our experiment the difference between the
form factor slopzs in the Kls and K°_, decays is equal to:
M ~A® =0,012£0.005, This can be some'indication of the viola-
tion of g-e universality in the semileptonic decay of K-
mesons.

In this connection we should like to note the following. In
many experiments in which the parameters of muon and electron
interactions are measured immediately, these parameters are
also distinguished by about 2-3 standard errors: for instance,
the measurement of muonic atoms ‘41/elastic muon and electron
scattering on hydrogen/4?/ the ratio of I(rset)/1{zsj:) and
verification of the Goldberger-Treiman relation ‘%3’ In some
kaon decay experiments there are also indications that the
value of Aﬁ in K2, decays is somewhat larger than the same
value of A3 in K{4 decays 44/,

In the theoretical aspect the discovery of r -lepton and
the possibility of existence of other heavy leptons have led
to the revision of the pu— universality problem. Now it is
not considered as the common requirement of theory. Various
models are siggested to explain the p-e universality viola-
tion. They involve: the new type of interaction in which elect-
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rons and muons participate in the non-symmetric manner 745/
mixing with heavy leptons /48{symmetry groups with right-'
handed currents/47ﬂetc.

Thus, data on the non-universality of electron and muon
are accumulated both in theory and in experiment. Further
measurements are required towards this directionm.

9. CONCLUSIONS

I. The results of analysis of both K° and K°, decay
. . 3
modes allow one to draw the following conclusions,

(1) The matrix element for Ky, decays is compatible with
cthe absence of scalar and tensor contributions to the stran-
geness~changing hadron current.

(2) No significant deviation from the linear model has
been observed in the behaviour of the form factors f (t)
and f(t) which describe the vector contribution to the decay
matrix element. However, our data do not contradict the small
non-linearity that is supposed in the model ‘.

II, For KJ, decays the obtained slope AY  of the form
factor f£3(t) is in good agreement with the results of recent
experiments and with the world-average value. It is also ag-
ress with the value of A% obtained in K:a decays. We can
draw the following conclusion for this decay mode.

(1) The Al=1/2 rule is valid within the accuracy of the
experimental data.

(2) The form factor tf(ﬂ can be described by the unsub-
tracted dispersion relations with the dominance of the K *(892)
pole.

III. For K°3 decays a fairly large discrepancy is observed
between the results of studying the form factors so that no
single~values conclusion can be made for all experiment ¥. The
results of the present experiment allow the following conclu-
sions to be drawn.

(1) The soft pion theorems and SU(2)xSU(2) algebra are
a good approach to the description of K?° decays, There
is an attractive model based on the relativistic wave function
technique which describes electromagnetic and weak form fac-
tors in the same manner /27/.

¥*e would like to note that this discrepancy relates to
the linear model analysis. If one assumes a small non-linea-
rity in the form factor behaviour, then the best agreement
may be reached between experiments.
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(2) The form factors f,(t) and f(t) can be described by the
dispersion relations with one or more subtraction.

(3) The form factor ratio £{(Y) is in accord with the
simple quark model of SU(3) breaking,

(4) The comparison of the form factors in K%, and Kj
decays indicates the possibility of p-e un1versal1ty vxofa-
tion in these processes.

APPENDIX. Kpa Decays and Quark Masses

In the last years the number of papers have been published
in which the light quark masses m , m,, m_and their ratio
are calculated. The obtained results are mainly divided into
two groups.

(1) The calculation founded on baryon and meson mass spect-
ra and baryon magnetic moments ‘3:48° “gives: m - m
=(313-336) MeV, m_: (530-560) MeV, m my =1.6, The quarks
considered in these models were callea constltuent"

(2) The calculation founded on the expressions of currents
or their divergences gives the quark masses 49.50° my=
=(1,8-5.6) MeV, my ~ (4.3-14.6) MeV, m, ~ (112~ 378) MeV
Un“&md)an+ms)= 0.04-0.08. In this case the quarks were called
"current".

Recently it has been shown that from the calculation foun-
ded on the ¢ -model the mass ratio can be obtained both for
constituent and for current quarks 51/ A similar situation
takes place in Kpg decays.

As shown in section 8.4, £(0) must be proportional to the
first order of breaking of the SU(3) symmetry. The breaking
parameter is equal to: :C~y 2(m -m )/ﬂn + 2m) (here
m = (m, +md)/2) ). From our value of {(m we have found:

m /m 123+0221h15 is close to the constituent quark mass
ratxo.

On the other hand, the following expressions were obtained
from current algebra and PCAC /52:337,

M%o f m,+m
K. K -2 4, (10)
Myo-mp+ [, mgtm

™MF) =

m:/Mi—(m“+md)Kmd+ms) , an

m:/MIE +(m o+ md)/(md+ms)
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of

We have found from these expressions and from our values
1™ lfo) and £(0):

(mu +md)/(md+ms) = 0,04+0.09 (from exp.l0)
0.09 (from exp.))1).

]

(my+my)/Amy+mg)
This agrees with the mass ratio of the current quarks.
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