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INTRODUCTION

The present experimental situation in K23—decays is unsatis-
factory in several respects. The points which are mainly
unclear are the momentum transfer dependence of the form
factor f (q ) and of the form factor ratio E(q ), and the
Ku3/Ke3 branchlng ratio. The dependence of f on the momen-
tum transfer
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is usually parametrized in a linear expansion
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Experimental values for A+ between 0.02 and 0.08 with errors
£0.01 have been reported (see Ref. 1-3 for recent review
articles). In order to explain these apparent discrepancies,
a quadratic expansion
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with x+ and A'+ comparable in magnitude was proposed The

validity of such a quadratic expansion would be rather
surprising, since f+(q2) is connected, by SU3, with the
electromagnetic pion form factor, which in turn seems to be
well described by the vector meson dominance model. In this
case, validity of the linear expansion with k+~0.025 should

be expected.

The momentum dependence of g(qz) and its value at q2= o has
been extensively discussed in the last years. It should be
noted, that the model independent experimental basis for

the momentum dependence of £is very weak, due to lacking
statistics. This is shown in Fig. 1. It seems however, rather

well established that the average value of £ is near to -1.



An interesting point which can be studied in K ,-decays is

23
the muon-electron universality. Assuming universality, the
branching ratio

r = L_(Ku3)
I (Ke3)

is a function of ¢ and A, There are two experiments which
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+
give accurate values for R in K decays which, however,
differ by .3 standard deviations. Only one of these experi-

ments (the X_ —-experiment) is compatible with £ = - 1 and u-e

universalityf the Oxford experiment would require £ . O if
H-e universality is assumed. The present situation is dis-
played both for linear and quadratic expansions of f+ in
Fig. 2. The branching ratio found in K° decays (R= 0.684)

is close to the Oxford value (R = 0.667).

In the experiment proposed here, we want to measure
a) the lepton spectra from Ke3 and Ku3 decays

b) the Ke3 and Ku3 Dalitz plot populations with precisely
known relative efficiency and nearly constant n° de-

tection efficiency.

From these data, we want to extract a precise value for the
Ku3/Ke3 branchlng ratio, model independent values for f (q )

and ¢ (g ), and information concerning the u-e unlversallty.

All data are taken concurrently. We hope to achieve about

10 times the statistics of previous experiments. At the

same time our method will permit numerous consistency checks,
such that systematical errors could be recognized and

controlled.



APPARATUS

The proposed apparatus is shown in Fig. 3.K+—Mesons from

the K12a beam are stoppei in a LiH target. The momenta of
charged particles from K decays are measured in a magnetic
spectrometer eguipped wita drift chambers. Behind the spectro-
meter, the particle energy is measured in an array of large

*
NaI(Tl) crystals and leadglass Cerenkov counters. )

The
combined momentum and kinetic energy measurement permits

an unambiguous separation of pions, muons and electrons.
The gas—éerenkov counter we used in the Ke2 exneriment bet-
ween target and magnet is therefore not needed. We intend
to put in this place a m°-detector which surrounds the
target from all sides, except relatively small holes for
beam entrance and exit and for the passage of particles to
the spectrometer. This geometry permits m° detection with

nearly constant efficiency in the whole Dalitz plot.

The target arrangement and the spectrometer are essentially
the same we used in the Ke2-experiment. The performance of
this part of the apparatus is demonstrated by the experi-
mentally observed Ku2 line shown in Fig. 4. We plan to
operate the spectrometer at B=3 kG (half the field used in
the Ke2 experiment). At this field, the spectrometer response
is flat above 100 MeV/c, and the momentum resolution will

be about 2.5% FWHM.

The Nal (Tl)-leadglass array has a sensitive area of
130x45 cm2. The thickness of the Nal blocks is

16 cm corresponding to 6.2 radiation lengths. This

*
) The NaI (Tl) and leadglass blocks are purchased by our

institute for various experiments we plan to execute at

the DESY-Storage Rings and at CERN. They will be available
at the end of 1972.



thickness is sufficient to stop muons from Ku3, while a

part of the shower produced by Ke3-electrons will escape
through the back. According to tests performed at the SC,
the muon energy is measured with a resolution 0=4%. The
energy resolution for electrons is improved by the leadglass
counters behind the NaI. In particular, by use of the NalI-
leadglass sandwich a symmetrical electron line shape free of
a low pulse height tail is obtained. Fig. 5 shows the line
shape observed with a NaI-leadglass counter in a test per-
formed at the Bonn Synchrotron. On the basis of these tests

we expect a u-e discrimination of about 99%.

Below 126 MeV/c, the ratio of m from t decay to u from Ku3
decay is ~.l. At those momenta, u-m discrimination is no
problem. At high momenta it becomes more difficult. We
therefore plan to measure the small pion contamination ex-
pected here by running a few days with a preabsorber in
front of the NaI blocks.

The ﬂo-detector is shown in detail in Fig. 6. It consists of
a nearly closed box formed by sandwiches made of lead con-
verters, drift chambers, scintillators and 17 cm thick lead-
glass counters. The drift chambers are equipped with readout
both at the anode wires and at the cathode planes. It has
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been shown that such a system can be used for two dimen-
sional readout (space resolution of the cathode readout

o~ 3mm) and at the same time for resolving the x, y ambi-
guity occuring in double track events. The latter property

is due to the fact that the signal at the anode wire is within
2ns in time with the influence signal at the cathode plane,
while the two signals from a double track event in a drift

chamber are separated by .100ns in the average.



+
Due to the particular kinematics of K 13 decays, the °

energy is determined by the momentum of the lepton and by
the direction of the two ﬂo Y-rays plus a very crude mea-
surement of the y-ray energy. With a space resolution of

o~ 0.5 cm in the determination of the decay- and conversion
points a ° energy precision of o~ 8 MeV can be obtained in
the apparatus proposed here. This accuracy would be suffi-

cient for our experiment.

The efficiency for 1° detection is given by the probability
that both y-rays hit the lead converter, times the probability
that both y-rays convert and give signals. The first (geo-
metrical) factor can be accurately computed for each point

of the Dalitz plot; the second factor (y-ray detection) de-
pends only on the y-ray energy. It will be determined experi-
mentally by study of Kn2 decays. We expect a total m° de-
tection efficiency of ~15%. A Monte Carlo calculation has
shown that this efficiency is essentially constant over the
whole Dalitz plot. This important feature is a consequence

of the geometry of the ﬂo—detector. The accurate value of

the 7 efficiency will be determined by experiment.

TRIGGER RATE AND EVENT RATE

The trigger will be (K+Sto * H*A-NaI). We expect a rate of
~200 triggers/burst from K decays and a small amount of
accidental triggers. Ku2 decays and a part of Kn2 decays

can be rejected during the burst by a fast momentum cut done
by the computer. The remaining ~60 events per burst will
then be analysed between bursts and their momentum will be
computed. After this, <10 events/burst remain for transfer
onto magnetic tape. They contain the useful K23 data in the
momentum interval 90 MeV/c< p< 190 MeV/c and a sample of Km2

events needed for calibration of the ﬂo-detector.



The rate of good K events is estimated from the data taken

in our Ke2-experimiit. We observed 8-106 uniquely identified
Ku2 events per week. This corresponds to 600 000 Ke3 decays
per week. By the smaller solid angle we lose 60%, by more
stringent criteria on the track quality we expect to lose

50%, and by momentum cuts 25%.

We therefore expect in the total lepton spectra
90 000 Ka3 events/week

and 60 000 Ku events/week,

3
and in the Dalitz plot
13 000 K 3 events/week
e

and 9 000 K1

3 events/week ,

We expect that up to 25% of these Dalitz plot events will be

contaminated by random tracks in the 7° detector.

ANALYSIS OF THE DATA

a) Branching ratio Ku3/Ke3

The branching ratio Ky3/Ke3 is obtained directly by the ratio
of identified Ku3 and Ke3 decay events per momentum bin, after
subtraction of background. This method is independent of the

spectrometer acceptance.

A test at the K12 beam has shown, that the accidental back-

ground in the NaI has no effect on the energy measurement.

The only background expected in Ke3 is due to Dalitz pairs
with escape of all other charged particles. This is expected
to be of the order of a percent; it can be measured by

running with reversed field.



In the Ku3 the background situation is more difficult due

to decays in flight of pions from Kmn2.

Decays in and behind the spectrometer (regions III and IV
in Fig. 7a) can be rejected, because the momentum-enerqgy

relation for uy will not be fulfilled.

Decays between the magnet and the first chamber near the
target (region II) can be rejected, if their decav kink

is big enough ( »50Omrad). Unrecognized decays in this region
will concentrate at small kink angles, i.e. at high and low
muon momenta. Decays before and near the first chamber
(region I) cannot be rejected at all. The resulting back-

ground spectrum is shown in Fig. 7b.

We estimate that the total background from Km2 to be sub-
tracted is .10% and that it can be determined with 10% accura-
cy. Decays in flight of m from t and 1' decays is estimated

to be .0.8% for momenta above 90 MeV/c.

Obviously, the application of kink criteria risks to reduce
the muon detection efficiency. We will therefore apply the
same criteria to the Ke3 decays and to Ku3 Dalitz plot events
below the m° energy of Km2. A further consistency check is

obtained by study of the Ku3 spectral shape.

In order to compute the Ku3/Ke3 branching ratio, extrapola-
tions to p = O and p = 228 MeV/c are needed. This extrapola-

tion depends only very little on the K form factors, as the

23
accepted momentum band extends from 90 to 190 MeV/c.



b) Determination of f+(q2)

The determination of f+(q2) will be made as usual by mea-

surement of the ﬂo spectrum of Ke3:
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The crucial point is the knowledge of the m° detection effi-
ciency, €ro® We want to determine it by computation and by
experiment using Km2 decays. A difficulty comes from the fact,
that ﬂO'S from Km2 decay are collinear, whereas the no-lepton
angle varies between OO and 180o (Fig. 8). Therefore, homo-
geneity of the y-ray detection efficiency is to be assumed

in the determination of €0 by this method. This homogeneity
is certainly only approximately fulfilled. The necessary correc-
tions can be determined by study of the shape of electron
spectra at fixed no energies. Our experiment should contain
sufficient statistics for this purpose (Table I). A consisten-
cy check is obtained by the condition that the Dalitz plot
integrated over the m° energy should result in an electron
spectrum consistent with the spectrum measured without re-
cording the °. Assuming that we can determine the varia-

tion of €ro over the Dalitz plot with 5% accuracy, we expected

to determine independent values of X, in different q2 inter-

+
vals between q2 = o and q2 =7 mi with an error of AA+ ~0.01.
This accuracy would allow a reasonable statement about the

value and possible variations of A+ with momentum transfer.

The shape of the Ke3 spectrum recorded without 7° detection
contains information on radiative corrections and A+ (see
Fig. 9). A+ can be determined with a precision of .0.0l1, if
correctness of the radiative corrections is assumed.



c) Determination of E(qz)

Assuming muon electron universality, a model indemnendent
determination of g(qz) is possible which is also independent
of precise knowledge of the 7° detection efficiency. The to-
tal number of Ku3 events at fixed ﬂo energy (i.e. fixed q2)
is divided by the number of Ke3 events at the same ﬂo energy.
This ratio depends only on g(q2). The sensitivity is dis-
played in Fig. 10. The Ku3 rates in different strips of the
Dalitz plot, expected for &= - 1, are included in Tab. I.

We hope to obtain values for g(qz) in 5 different q2 bins
with errors AE = 0.15.

At low values of q2 (high values of Eﬂo) background from

Kn2, m - uv decays will be present. We have not yet studied

the reconstruction properties of these background events.

d) Investigation of p-e-universality

In the method proposed above for the determination of

g(qz), any violation of p-e universality would be hidden

by assignment of a suitable (but wrong) value of £. y-e uni-
versality could be tested by comparing the values of & ob-
tained in this analysis with values of g determined inde-

pendently of the Ke3 Dalitz plot.

Such a value can be found by a study of p-spectra at fixed

m° energy. At high q2, the shape of the muon spectrum is
reasonably sensitive to £ (Fig. 11). For example, we should

be able to extract an independent value of £ at q2= 5 mi with

an error of Ag=+0.3.

We also can compare our values for &(qz) with values of &
determined independently from the Ke3 Dalitz plot in other

experiments (Fig. 1).



_lo_

MACHINE TIME AND COMPUTER TIME REQUEST

For the execution of this experiment at the K12a beam we
need one and a half 3 week period for setting up and running
in, two 3 week periods for data taking and half a period for
various calibration measurements. This machine time request
assumes that the useful time and the beam intensity on our

target within a 3 week period will be the same as in 1972.

For preparation and evaluation of this experiment we ask for

400 hours of CD 6600 equivalent time over a period of 2 years.

Part of the tape handling will be done on our PDP-9, especially

a data condensation by an estimated factor of 3. The planned
Heidelberg University computer center, which we could use for
our evaluation, will not be operational for the next two
years. Part of the preparation can be done on the IBM 360/65
of the Heidelberg Institut fur Hochenergiephysik.

We would be ready to start this experiment in spring 1973.
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g /m> N (kp3) N (Ke3)
0-1 2460 33550
1-2 . 21890 24860
2-3 18440 19150
3-4 14100 13440
4-5 9710 7840
5-6 5230 3410
6-7 1330 750
TABLE I Ku3 and Ke3 rates in different bins of q2,

normalized to 105 Ke3 events. Constant form-
factors and &= -1; momentum limits: 90 MeV/c
< p <190 MeV/c.
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FIGURE CAPTIONS
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Results of model-independent g(qz) analysis
a) Ku3 polarization measurements, Ref. 7,8.

b) Ku3 Dalitz plot measurements, Ref. 9,10,

Comparison of experimental results in form factor
analysis.
a) analysis in terms of £ (0O) and X+
1= combined results of Ku3 Dalitz plot and polari-
zation measurements,cf.fig. 2la of Ref. 2
2,3 = measured branching ratios of the Oxford

and X2 groups, Ref. 4, 5.

b) analysis in terms of £(0) and X_.
1

A+ = 0.012+ 0.005, A+ = 0.0052+0.0013
assumed from Ke3 data.

1, 2, 3 as for a), cf. fig. 21lc of Ref. 2.

Apparatus.

DC1l to DC6 are drift-chambers

The trajectory is for a 120 MeV/c particle with the
magnetic field at 1/2 of the value used for the Ke2

experiment.

For the ﬂo-detector surrounding the target
cf. Fig. 6.

K line (236 MeV/c) measured during the Ke experi-

u2
ment.

2

Measured energy losses for particles at 200 MeV/c.
1. y—energy measured in Nal, FWHM = 10%. ’
2. e-energy measured in NaI-leadglass sandwich,
FWHM = 20%.
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6:

7:

8:

9:

- 14 -

no-detector around target.

Y-rays from 7° are converted in a lead plate and the

conversion point is recorded with drift chambers. The

Y-energy is measured in leadglass counters.

a) Krn2 decay regions.

I

IT

ITI

Iv

b) 1.

region around target, where 7m-u decays are
not identified.
region between target and magnet, where 7m-u de-

cays with 7m-p angles >50mrad will be identified.

region inside magnetic field, where w-u decays
will affect the momentum analysis and will be
recognized by a momentum-energy relation not

fitting for muons.

region behind the magnet, where w-y decay
events will have the mw-momentum and the

u-energy.

Ku3 momentum spectrum for &= -1,

H-spectrum from unidentified Km2, m-uv

decays in region I.

H-spectrum from unidentified Km2, m>uv

decays in region II with 7m-u angles <50mrad.

Ke3 and Ku3 Dalitz plots, showing the pion-lepton

angle. The Kn2 particle energies are also indicated.

Shape

factors in the Ke3 electron spectrum, relative

to the spectrum for A+=O without radiative correc-

tions.

The external bremsstrahlung correction is calculated

for electrons from the target center, which traverse

¥ 0.025 radiation lengths.



Fig. 10: Ratio of muons and electrons between 90 and 190 MeV/c
at fixed pion energies (momentum transfers) for
different values of £.

Error bars are statistical errors based on lO5

"events in the Ke3 Dalitz plot for an evaluation in

6 different q2-bins.

Fig. 1l1l: Ku3 muon energy spectra at low pion energies

(high q2) for different values of ¢£.
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