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SUMMARY - Determination of the K0 i 3 form factors using mono­

energetic K2's in BEBC, which allows a very sure i~dentifica­

tion of the K2 decay products. 

The semi leptonic decay modes of the kaons have 

been investigated for many years, and if it seems to be now 
+ 

a beginning of convergence in the K ~ata~ the situation is 

still very confused for the neutral kaon (1). Ou~ preceding 

analyses (2) of Dalitz Plot density and branching ratio have 

lead us to draw the following conclusions on the necessary 

requirements for a useful future experiment on the form fac­

tors in semi-leptonic decays : 

• good knowledge of the K0 momentum and direction, 

i.e. use of a monoenergetic beam in ord~r to avoid the problem 

of the two solutions when coming back to the c.m. system . 
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• unambiguous identification of each decay and of 

its secondaries, and accurate measurements • 

• absence of background 

accurate knowledge of the detection efficiency, 

which should be as uniform and as high as possible over the 

whole Oalitz Plot . 

• high statistics. 

• 
" 

We propose to perform such an experiment in BEBC, 

using its interesting features of large volume and high magnetic 

field, which give a very good efficiency for trapping, therefore 

bringing to rest a large part of the secondaries provided they 

are not too energetic. 

II 

We require 400.000 pictures with one K~ decay per 

picture from a monoenergetic K~ beam, at the lowest possible 

K0 momentum compatible with a reasonable flux, namely ~ 440 MeV/' 
-The K0 's will be produced by interaction of 930 MeV/c TI 's on 

a hydrogen target, according to the reaction TI- + p ~ A0 + K0 , 

in- the forward direction. 

Such a beam is being built for the 2m chamber, at 

somewhat higher momenta for the K0 's. We require about 1.000 

pictures in the 2m chamber at our K0 momentum in order to check 

the neutron contaminatio.n. 

-I - SEMI LEPTON IC DECAYS 

The hadronic part of the matrix element of Kl 3 
decays, in the frame of V-A theory, can be written as 

and pK and pTI are the two hadronic quadr;vectors, f+ and f 

form factors which may be functions of q , the square of the 

... I ... 
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four-momentum transferred to ·the lepton pair. They are usually 

expanded as 

( 1 + A 
± 

2 2 
q /m TI) 

The ratio ~(q2J f ( 2·) I f ( 2) ~ = - q + q 

can be written as : 

2 2 2 ; ( q ) = ; ( 0) + A q /m 1T 

+ 
with~ if A is smalL A = ;coJ (A A+) 

• if ~ - e universality holds, the form factors 

must be the same for Ke 3 and K~ 3 decays. 

+ 
"" • 6I = 1/2 predicts the same form fact~ for K and 

Ko. 

• exact su 3 implies ;coJ = 0, and various models 

taking into account small su 3 breaking lead to small values 

of ;cl;l ~ o.sJ 

• current algebra and PCAC lead to ;C12 m2 TI) 

The above linear expansions are not proved to be 

valid, and a direct determination of form factors at several 
2 q values, i.e. without any assumption about their variation, 

can _check this hypothesis : this can be done in this experiment. 

Several methods are available for the determination 

of the different parameters : 

a) because of the small mass of the electron, the 
+ 2 

matrix element for Ke 3 decay depends only on f (q ) : the Oalitz 
+ 

Plot density analysis gives A • 

. .. I ... 



. 4 • 
CERN/TCC 72-12 

b) for K~ 3 decay, the Dal~tz Plot density leads 
+ + 

to a determination of A , ~(0) and A, or of A , ~(0) and 
2 2 2 

~Cq 1 J where q 1 depends very weakly on the experiment. ~Cq 1 J 
+ 

can be very accurately determined, and depends on A . 

+ 
c) The ~ polarization in 

2 2 and A, or ~(0) and ~Cq 2 l where q 2 is 
2 + 

~(q 2 l is independent of A • 

K~ 3 decay gives ~(0) 
.2 

different from q 1 . 

d) If ~-e universality holds, the branching ratio 

K0 + n ~ v/K 0 + TI e v can be used to establish a relationship 
+ 

between ~(0), A and A . It can be shown that this ratio provides 
2 + 

an accurate value of ~(q 3 l which depends on A 

e) methods b) c) and d) can also be used to determine 

~Cq 2 J with events corresponding to different values of q 2 , 

allowing to test the variation of ~ independently of any model 

of'expansion. 

+ 
The experimental situation is not bad for K decay. 

For K0 decay, the compilation by Chounet and Gaillard (1) shows 

the degree of confusion of the present situation. 

The confusion is maximum for the Dalitz Plot analysis 

so far, the only two published results are in complete disagree­

ment, and it is clear that it is more important to get an un­

biased sample of events rather than to increase the statistics 

· by some orders of magnitude. Nevertheless, we want to be able 

to test the q 2 variation of ~ ; we know from the x2 experiment 

(1) with K+'s that we would like to divide the errors on ~Cq 2 J 
obtained from the method described in e) by at least a factor 

of 4. This means that we need.to increase the statistics by 

about 20, so we need about 60.000 useful K~ 3 events. It will 

appear later that this amount will be obtained if we can deal 

with a total of 400.000 K2 decays. 

• 
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Analysis of the experiment 

The number of semi leptonic events obtained with 

400.000 dec6ys is : 

~ 150.000 Ke 3 decays 

~ 110.000 K~ 3 decays 

To fulfill the requirements described in the 

introduction, we need a sample of events free from background. 

with unambiguously identified secondaries, and a very well 

known detection efficiency. We will use as much as possible 

the trapping properties of BEBC. The fiducial volume can be 

chosen such that all particles will be trapped in horizontal 

projection (fig. 1). Nevertheless they can escape by the top 

and the bottom of the visible volume·(± 1m from the beam 

plane). For instance, a 300 MeV/c muon produced in the beam 

plane must have a dip angle less than 8° to stop in the chamber, 

a 200 MeV/c ~ must have a dip less than 17° and a 100 MeV/c ~ 

will always stop. For this reason we require K0 's with the 

lowest possible momentum, giving the shortest possible secondary 

tracks. The best value of this momentum compatible with a 

reasonable flux is 440 MeV/c. 

Since we require a very well known detection effi­

ciency. we will choose only those events in which the lepton 

is clearly identified by very simple-criteria. independently 

of what the TI does J this avoids any background. and any 

confusion between TI and e, or TI and ~. which has probably 

given much trouble to preceding experiments. 

The retained leptons will have to obey the following 

criteria 

• The electron must be identified either by ionisation 

(below 200 MeV/c) or by curvature -range measurements, i.e. if 

its range is too long for a muon of the same momentum. Other 

modes of identification (6 rays. bremsstrahlung. mass dependent 

fit) will be forgotten, in order to keep very straight forward 

• .. I .. • 
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the detection efficiency calculation • 

• The ~·s will be required to stop and decay inside 

the chamber. 

a) Only 1°/00 ofthe ~ 'swill be captured and will 

not decay therefor~ they will never be confused with pion 

stops s~nce these will always interact at rest with hydrogen. 

The only background is due to pions decaying in flight without 

any visible angle and coming from any decay involving pions 

(Ke3 • K~ 3 • Kn 3 J. The fraction of these decays undetectable by 

range-curvature measurements will consi~t of TI~ decays occuring 

near the K0 vertex. with a kink not detectable either at scan­

ning or by the geometry program. This background will be of the 
. . -4 

cirder of 5.10 • 

+ 
b) The stopping ~ 's should in principle never be 

confused with a TI~e decay of a stopping pion J the visibility 
, 

of the muon from n~e chain will depend on BEBC operating 

conditions. But should this small muon be missed in some cases, 

range-curvature measurements will allow to distinguish them 
+ 

w i t h o u t am big u i-t y . T he b a c kg I' o u n d o f TI ~ d e cay s i n f 1 i g h t i s 

of the same order as in ~ 's. 

~hese very simple criteria for the identification 

of the leptons make very straighforward the calculation of the 

detection efficiency which is purely geometrical and can be 

very accurately done. Though the identification of the e~ents 

w i 11 be d o n e i n d e;p end en t 1 y o f t h e p i o n s , i t i s i n t e r e s t i n g t o 

know that about 90% of the n's will have enough space to stop 
+ 

inside the visible volume. Actually, 80% of the w 's will 

interact. and so will do 40% of the rr 's. 

.. 
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The Fowl program has been used to generate K~ 3 and 

Ke 3 decays in the chamber, and to compute the number of leptons 

which will be identified according to above criteria. For 

a K0 momentum of 440 MeV/c the proportion of identified leptons 

will be : 

~·s 60 % 

electrons ~ 75 % 

and for 400.000 decays we will have ~ 65.000 K~ 3 and 110.000 

Ke 3 events. 

In order to get the TI and. lepton energies in the 

center of mass system, the momentum and direction of the K0 

have to be known as accurately as possible to eliminate the 

ambiguity between the two kinematical solutions. With the 

expected momentum bite of the K0 beam, the two solutions for 

the K0 momentum will not be clearly separated for a few per­

cent of events only. The analysis will have to take into account 

this fact, which will be less important if the momentum bite 

is smaller. 

About 1% of the selected events will be due to the 

decay of K0 's scattered in the chamber. The final contamination 
-4 

by these events is expected to be less than 5.10 • 

The efficiency due to the lepton identification, 

and the number of events over the Oalitz Plot are given· for 

each mode in fig. 2 and 3 : it is to be noticed that for a 

given muon energy, the detection efficiency is independent 

of the pion energy, which would allow, for instance, a study 

of pion energy spectra at fixed muon energies without any 

• • • I • • . 
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detection correction. Most of the information for the deter­

mination of ~ comes from the pion spectrum ; this determination 

will be most reliable i~ this experiment. since the average 

efficiency varies little with the pion energy and can be any 

way very accurately computed. as remarked before. 

The muon polarization can be measured from it~ 

component parallel to the magnetic field, by the asymmetry of 

the decay electron. The component of the polarization in the 

decay plane is a function of Re ~. Its measurement does not 

suffer from any bias in detection efficiency of the events, 

it only requires a uniform detection of the angle of the 

electron with the magnetic field. This study will be performed 

on the 65.000 K~'s 
3 

where the muon stops and decays. The strong 
+ 

magnetic field prevents the depolarization of both ~ ·~and 

~ 's (3). 

The expected accuracy of the results is 

Ke 3 Oalitz Plot density 

K~~/Ke 3 branching ratio 0.04 

K~ 3 polarization 0.1 

• K~ 3 Dalitz Plot 

if A+ is fixed to the world average for instance 

. . . I ... 
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if x· is free (3 parameter analysis) 

= 0.12 

::::= 0.05 

All these errors have been scaled from the x2 

·results. 

In the frame of this model, where f's are supposed 

to vary linearly with q 2 , it will be possible to test ~-e 
universality. This can be done by comparing the 2 values of 

+ 
X found in both Ke 3 and K~S Dalitz Plot, or by testing that 

the value of ~(~ 4m2) found by the branching ratio is well 
~ 2 2 

aligned with the values of ~ (~ 7m ) and ~ (~ 5m ) found by 
~ ~ 

the Dalitz Plot and polarization. 

Furthermore~ it is possible to measure the variation 

of ~ independently of any model : by dividing the events in 

4 bins of q 2 for instance, and measuring ~ in each bin by the 

three methods, the error on each of the 4 values of ~ will 

vary between ~ 0.15 and ~ 0.05. 

II - OTHER DECAY MODES 

+ -
The experiment will provide also 5D.OOQ ~ n ~o and 

80.000 ~o~o~o decays. 
+ -

For the ~ ~ ~o mode, it should be possible to test 

the presence of a second order term in the matrix element with 

a good accuracy. 

With an average y conversion probability of 15% in 

BEBC. there will be 4DD ~o~o~o events with at least 4 y rays. 

A Dalitz Plot analysis should be perhafps possible • 

. . . I ... 
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III - EXPERIMENTAL TECHNIQUE 

A - Measurement power 

For the semi-leptonic analysis, there will be about 

300.000 events to be measured. By the time this experiment is 

done, the automatic device PEPR which is being built at Orsay 

and Ecole Polytechnique will be operating. We will have also 

the possibility to use the device Coccinelle which begins to 

operate and which will be equipped with two measuring units 

in two years from now. The two devices should be able to 

measure a total amount of 200.000 events per year, and the 

experiment could be fully analysed within two years. If it 

seems more efficient to scan and premeasure before measuring, 

many tables can ba available at that time in the three labora­

tories. 

, 
B - Beam 

The beam will be nearly identical to the complex 

K8 + Hydrogen target + K 0 beam which is being built for the 

2m chamber (4). 

The pion beam can be exactly the same, and we 

will suppose the same TI intensity, namely between 1 and 
7 - 11 2.10 TI for 5.10" protons. For the flux calculation, we 

use 10 7 TI- with a 930 MeV/c momentum and a ~p/p of~ 1%. The 

momentum dispersion of the TI beam,if we include the ± 7 MeV/c 

uncertainty due to the energy loss in the target, is ± 12 MeV/c. 

W~ suppose the following conditions : 

2 
length of the H target : 1 m 

- distance between the target and BEBC = 10 m 

- dimensions of the chamber window (0.20 x 1 .OOJm 2 ' 

-length of the decay volume : 1,80 m 

- cross-section for TI p ~ A°K 0 at 0° for 

p = 930 MeV/c : 80 ~b/st (600 ~b/st in the lab 
TI 

system). 

. • . I . . . 
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Under these conditions the beam provides 1,5 

decay/picture. The K0 momentum is 440 MeV/c. The ± 12 MeV 

error on the beam induces a ± 23 MeV error on the K0 momentum. 

Each K0 direction can be very accurately known, since it can 

be calculated from the vertex position in the chamber. The 

only uncertainty is due to the length of the target and is 

< 5 mradians. It would be very important to decrease the 

momentum dispersionof the K0 beam. If more intensity of the 

PS were available, the momentum bite of the TI beam could 

be reducooto about 0.5 %, and the hydrogen target could be 

made shorter, (60 em for instance), leading to an accuracy 

of ± 7 MeV/c on the TI beam and ± 13 MeV/c on the K0 beam. 

We don't want to have more than one K0 decay per picture, 

because of the neutron background. Rough estimations lead 

to a rather high number of neutron interactions per picture. 

Th~e interactions will probably not alter the K0 analysis, but 

they could obscure the chamber and make difficult the detec­

tion of ~·s from TI~ decays from instance. The best way of 

checking this point is to take some rolls of pictures during 

the next K~ run of the 2m chamber at a 930 MeV/c TI momentum. 

The TI beam will be about 30 m long, which means 

that the external proton beam has to be brought 40m ~ear 

BEBC. The transport of the proton beam does not seem to 

raise any major problem, if for instance parts of the r.f. 

beam are used. The total amount of shielding and the cost of 

all the installation are now under study. 

Spokeswoman V. BRISSON 
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