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ABSTRACT
Kaocn electroproduction is used for studying hadron structure via virtuai
photon interaction.Model independent separation of the longitudinal and
transverse cross sections will be achieved in this experiment. -
For optimizing the experimental conditions a program has been written. It
computes kinematics conditions and the counting rates in the two arm
spectrometer taking into account the spectrometer acceptance. The conclusions
have been used in the proposal of the experiment accepted to be performed at
CEBAF in 1996.
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NTRODUCTION

Electroproduction is an efficient tool for studying particle structure. Quantum
electrodynainics was prooved to be valid for leptons up to a very high order and
electromagnetic interaction can be treated in the one photon approximation
{OPA) due to the small value of the coupling constant «.

Using these well established assumptions, one can write the differential cross
section for unpolarized clectrons on an unpolarized target [1]. Tt has four com-
ponents which can he separated using suitable experimental configurations:

lor 1 1/2
’/_I = op 4 eap + ecos(lo)opr + [ﬂ(—::—)] cosoTLT (1}
¢ <

where o is the angle between the seattering and production planes. f is the four-
momentuni transfer from the virtnal photon to the kaon, ¢ is the polarization
of the virtnal photon.

The kaon cross section components are related to the virtual photon helicity
amplitudes:

I o is the cross section for transverse unpolarized virtual photons and can
be compared with unpolarized real photon cross section for very small
four-momentum transfer vatues.

2. g is the cross section for longitudinal polarized photons and is an at-
tribute of the virtual photons only, The longitudinal virtual photons hav-
ing zero helicity are able to produce pions or kaons moving along their
direction.  If dominated by the kaon pole contribution, @ can provide
a value of the kaon form factor by using the (‘hew Low extrapolation
tmethod.

3. app describes the modification i the cross section if the transverse pho-
tons are partially polarized.

L. opr is the result of the interference between longitudinal and transverse
components.

For zero four-tnomentuin transfer, i.e. for real photous, ¢ vanishes and the
virtual cross section becomes the photoproduction cross section.

The separation of the four components of the cross section can provide valu-
able information about the photoproduction with real and virtual photons. The
advantage of the virtual photon reactions is the fact that the polarization is pre-
cisely known and can he varied in large limits by choosing different kinematical
configurations. The separation of the four cross sections does not involve model
dependent methods. This is the most important advantage of the experiment
proposed at CEBAF by our group and deseribed in {5].

This paper presents a program performing the kinematical computations. the
counting rate and trigger efficiency evaluations depending on the experimental
possibilities of the project in reaching the proposed goal. The program takes into
account the two arm spectremeter acceptances neglecting multiple seattering
and detector resolution.

The cross sections used in counting rate evaluations were based on the pre-
vious experimiental data obtained by other groups and extrapolated for onr
kinematical configurations. We used also theoretical predictions for the cross
sections but we did not rely on these values in compuling counting rates hecause
many models involve parameters (coupling constants, form factors) obtained by
the authors using the same experimental data.

The program can be used for computing background diagram contributions
For A and ¥ channels separation the missing mass distribuiton can be modeled
taking into account radiative corrections or spectator distribuitons in other light
nuelel

2 MODELING TWO ARM SPECTROMETER
FOR LY ELECTROPRODUCTION

The study of kaow electroproduction on protons and deuterons at CEBAF HMS
SOS facility benefits of some characteristics which lead to much more complete
and reliable results than those obtained in the previous experiments [2].(3].[4}:

1. The first and most important new contribution of the experiment is the
separation of the transverse and longitudinal eross sections by varying. in
the same experiment, the polarization « in a large range (0.2% < ¢ < 0.86).

2. The electron four-momentun transfer Q° range extends from 0.5 (GeV/e)?
up 1o 2.0 (GeV/ce)?. Using the Chew Low extrapolation technique for the

longitudinal cross seetion one can obtain a Q* dependence of the kaon form

factor ot a large range and thus test different theoretical predictions.
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3. The ratio of the cross section for K* A and K*° channels in the Bjorken
variable range 0.2 <x< 0.5 can give an answer about the strangeness
content of the proton as predicted by Nachtmann[6].

1. The measurement of the out of plane kaon electroproduction for -10° <
o < 10° with a precision of 0.06° leads to the separation of ¢; 1 and arr
for £ in the range 0.11 to 0.50 (GeV /c)?.

5. The uncertainty on kinematic parameter values is about 1% and the un-
certainty on the cross section is less than ! In this way the errors of
the separated cross sections are smaller than that obtained in previous
experiments.

2.1 Phase space limitations for the CEBAF two arm spec-
trometer

The limitations imposed by the experimental conditions define the range of
variation for the variables: Q2. W, t. ¢. The proposal[5] gives the experimental
conditions which define the kinematical limits:

1. the scattered electron angle can vary from 115 to 61.1 degrees
2. the produced kaon can be detected between 13.5 and 23.6 degrees

3. the electron momentum can be varied between 0.7 and 2.4 GeV with 20%
acceptance

1. the kaon momentum can be varied hetween 1.0 and 1.7 GeV with 0%
acceptance

The Kt electroproduction starts with a threshold value for the invariant
mass of the KA system, 112

Wonin = 1y +mp = 161G {2}
This limitation will fix the minimum energy of the virtual photon 1:

Wi, + Q- M2

3
2\ )

Vinn =

where M is the proton mass.
The Q* value is limited by the electron seattering angle and the heam energy.
The minimmm seattering angle (115 deg ) leads to the minimnn Q7 value.

Q0 = E (K = o)< (B, /2) "

where £, is the heam energy.

The minimum four momentum transfer from the virtual photon to the kaon.
toun. depends on W, Q% and E,.. lts dependence on the kaon momentum
pr for different Q* values is given in Fig. 1. The Chew Low extrapolation of
the longitudinal cross section depends on the minimum four momentum transfer
fon- I order to obtain smaller ¢,,,,, values we need higher IV values. Especially
for high Q*. 1V is limited by the angular range of the kaon arm spectrometer.

To obtain high Q7 values we are constrained to work near the threshold
(W = 1.7 GeV) for small beans energy.

The Bjorken variable r is limited to a short range of values, 0.2 < » < 0.5,
not interesting for deep inelastic scattering studies. However measurenients of
the A and KLY cross sections with high precision extend the possibility to
check the straugeness content of the proton given by the theoretical models[6].

As one of the most important goals of this experiment is the transverse/
lougitudinal cross section separation, we show in Fig.2 the dependence of o;-.
ap on t given by Williams and Cotanch [7}. Using these cross section values we
computed the counting rates for a set. of measnrements at low t values which
would permit the determination of the kaon form-factor. The kinematical con-

figurations and the corresponding counting rates are given in Table 1 and Table
")

2.2 Kaon electroproduction cross sections

Table I gives the kinematical settings chosen in the experiment for the transverse
longitudinal cross section separation it the kaon electroproduction on nucleon:

ftp— + R+ A ()

e+ — F AT H YT (65)

At these values for 11 all other strange particle production channels are closed
(for exatuple A K~ N). The pion rejection achieved using time-of-tight and
Cherenkov counter in the kaon arme will be about 100 to 1. In the electron
spectrometer arm (HMS) the pion rejection will be about 300[3]. Fherefore.
the background m the two arm coincidence experiment will be due to the re-
actions (3) and (6} with different kinematical configurations accepted by the
spectrometer during the resolution time of the coincidence scheme

Counting rate evaluation in the two spectrometer arm should start with the

kaon eross sections of the reactions investigated. We chose as input the data
do
it

extrapolated to the kinematical settings used in our experiment{}".Q.1). by
using the extrapolation law [3]:

obtained by Bebek[3]. as being the most recent and reliable has been

W W2 = U (Q + ) do oy

e = const. (7)
/r‘h"’“ri It d$dy



with a = 2.67 for A production

and a = 0.79 for £ production

For evaluating the counting rate we used the following cross sections:
2.2.1 Kaon electroproduction cross section

The Iaboratory system cross section for reactions (3) and (6) is given by:

('R o . odoe e d(cos M) (%)
e ' N)y= —— = [(——) M ——— _* )
dELdQ dQUy IIQ,\') d(cos 0)
. ATTE(WY 07
o AT - M) )

EMQ2 (1 -¢)
i« the virtual photon flux

(,-I}i,”h )M is the extrapolated cross section according to[3]. In computing

the cross section for reaction (8).we made the assnmption
o(yn=> KT )=a(+, p=> KTY") (10)

which is supported by the experimental data of Bebek[3].
The cross section given by (8) was used to evaluate the coineidence counting
rate,

2.2.2  Elastic electron scattering cross section
The elastic electron scattering on nucleons has been computed using the relation
[¥]:

. Q.
GL4
EY

Artan®(0/2)) (1

= oo {

L+ =
E

where (g and Gy are the electric and magnetic form factors of the tar-
get(proton or neutron) and @ag,¢¢ is the Mott cross section:

s20/2 I

n 12
VEEsint0/2 1 4+ 20F, /M)sin® )2 (1)

TNt =

The cross section computed with relation (11) has been used i evaluating
clectron arm counting rate and consequently the background coimcident events

2.2.3 Kaon arm integrated cross section

We integrated the (e.¢’'A) cross section expressed as a function of 1" and(Q*
for all K momentum values accepted by the kaon arm spectrometer at a given

angle.
i o [ da gy gdlcos@CMEy
S I R : :

ole. i) /‘ ,/[ i) Temay 1@ (3

where
1
=" -

1672 MEQH (1T =) (t

Won = My + Mg (15)

Woar = 512 =01, (16)

Qin =0 (17

Q;J”” = W(E K )m',\l.s' (18)

GOMS 15 the general center of mass(e.N) system.

This integrated cross section will give the connting rate in the kaon arm for
aceidental coineidences.
2.3 Counting rates
2.3.1 Coincidence counting rate
This connting rate is determined by true coincidence between the scattored elec-
tron and the A+ in reactions(3) and(6). We evaluated it using the af{c R*)
given by (R).

The coinetdence rate 1s:

o=l o K espl—Lmg /pr e )AE AQ, AQpn, ngd (W3]

where

e n. = {/q. .1 is the beam intensity

o 1 ix the density of nuelei in the target

e ! is the target length

o AL, s the energy acceptance in the electron arm

o AQL s the angular acceptance in the electron arm

o Al s the angular aceeptance in the kaou arm

Ihe exponential teem defines the probability that the kaon does not decay
hefore detection
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2.3.2 Electron arm counting rate

The electron arm counting rate is evaluated by using the elastic electron scat-
tering cross section given by (11).1t has been computed separately for protons
and neutrons according to the relation:

do

= a0

nert 0 AQ, (20)

2.3.3 Kaon arm counting rate

The kaon arm counting rate has been evaluated according to the procedure
described in (2.2.3) with a(e. N') given by (13):

Rg = ole. Kyn.nt AQgexp (- LMy /pkTh) (21

Using these rates we computed the ratio of acéidental and true events for a
given resolution time (...} in the coincidence scheme:
A re R Rk (22)
T fR.
fis the duty factor (f = 1 for CEBAF ) The ratio T‘ is an important character-
istic of the experiment: it defines the efficiency of the triggering system.

3 PROGRAM RESULTS AND FACILITIES

The program for the computation of kinematics.cross sections and counting
rates starts with the reactions (3) and (6) and combines the cross section data
to obtain rates for reactions on nuclei without taking into account the nuclear
interaction.
c+IN —¢ + KT 4N (23)
We applied the model to deuterium where the binding energy is small. Table
1 shows the computed counting rates for the kinematical settings shown in Table
3 for deuterium electroproduction It is seen that.except the small Q% values
where % is still high.we can reduce the accidental events to less than 10%.
Vsing the computed values of the coincidence counting rate and the acciden-
tal on true events ratio we can optimize the experimental conditions in respect
with the kinematical variables. As an exaniple we show in Fig.3 the dependence of
the rates on Q7 for =181 GeV at the beam energy of 3.2 GeV. Fig. 1 shows the
rate dependence on 1 for the same beam energy and for Q*=2.0(Ge} /e)* We
can see a steep decrease of the coincidence rate with Q% as expected. The ratio
% does not vary very much with 17 and is flat beyond W=1.7 GeV.According
to this behaviour.the kinematical configurations in the experiment have been
chosen at about the same value of W (1 81 GeV) for Q* as large as possible For

higher energies, the kinematies would permit better separation i e,

4 CONCLUSIONS

Preliminary computations for the experimental study of kaon electroproduction
have been performed in order to optimize the kinematical set-ups and evaluate
the counting rates statistical errors.background contributions and the running
time for each set-up.The program has been used in run-plan evaluations for the
experiment accepted 10 be performed at CEBAF in 1996.[5}
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Kine. QY E. E! 0. 0, W v € r

l.a 050 210 0.80 29.56 .84 160 054 0.7
I.b 0.50 157 18.25 181 160 076 0.17
le 050 400 239 1316 1.84 160 086 0.17

1.00 061 4920 1276 1.81 180 036 030
100 320 138 2769 18.08 181 180 0.66 0.30

tlh 0.65 3.5 170 1903 1631 190 140 0.75 0228

LOO 100 219 1948 2077 181 1.80 080 0.30

t2h 050 35 170 1668 1457 194 143 0.169

150 2.0 061 6137
1.50 E34 0 3439

1.69 185 02 43
1.69 1.85 061 A3

o

<

t3h 035 35 1.69 1396 1241 198 146 0.76 0.121

150 100 2.23 23 1.69 1.85 0.78 043

tib 075 35 116 2210 1433 199 1.66 067 0.214

da 200 3. 0.79  53.14 184 240 034 044
1.h 200 350 1.0y 4251 1.84 240 046 0.4
Table t: Kinematical Configurations for Cross Section t Dependence i 200 100 159 3267 184 240 060 0.4

lable 3: Kinematical settings for d(e, ¢’ K T)A, 9 ©-

I Roe !Ny Roee’) Ryx(e.K) YT
(V) (107701z) (kM 2) (kH =)

.50 0.11
19.1 0.15
Kine. I R e'N)  Roee') Ryg(e.N) A/T 380 0.17
() (H:) (hHz) (kHz) Tres = dns
2. 20 211 .40 3.32 .06
tib 30. 0.693 19.60 0.739 0.042 2b 20 .20 2.7 2.70 0.10
2 20 151 750 210 0.12
t2h 30 1.126 4899 0.821 0.070
- 056 0.04
30 1.970 153.75 0.910 0142 30 14 0.07
30 110 0.08
tih 0130 .30 0.919 0.035 i
fa 30 0.0t 0.05
1h 30 012 0.06
Table 20 Counting Rates for Cross Section t Dependence e Rl 27 0.28 0.07

sand Single Rates for d(e 'K
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