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The results of preliminary measurements of elastic electron-

deuteron scattering iu- transverse momentum region of O, 45-1 2 F

~2

on 4,5 GeV internal electron beam of Yerevan Synchrotron are pre-

sented, A thin (CDZ)n target has been used in experiment.

The spectra of recoil deuterons and protons were measured by

silicon semiconductor detectors. The values of gifferential cross

sections depending on the, fourhmomentum transfer to deuteron as

well as the parameters of eleetrical form factor and(rms radii of

deuteron are given,
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1. Introduction

The high energy electron-deuteron elastic scattering experi-
ments permit to obtain information on the electromagnetic struc-
ture of deuteron amd neutron. In the one photon approximation the
general expression for e-dzolastic scattering crose section ia des-
cribed by the deuteron charge G.q eleciric quadrupoleG,, and mag-
metic dipole Guy form factors /1/. In the impulse approximation each
of these form factors is proportional to the isescalar combina ~
tion of the nucleon foixm factors and the coefficient of proportio
nality Dis exprcsqu by the known integrals of the deuteron wave
functions (structure factor). In the small momentum transfer re-
gion using the s¢oaling low

Gud =Gesk_Hd ;,H—:- =(Gep + Gen ) D _pa %
whereﬂd is the deuteron megnetic moment, one may write the fol-
lowing expression for the deuteron form factor /2/:
Ga=(Gep " Gen) 21+ 57 1a)-

Here, GEP and Gg,, are the proton and neutron electric form factors

(M

N 2 e
respectively, "(:‘12/4 MP , 9 (3
the square of the four-momentum transfered te douteron,;wp is the
proton mass. Them in the series expensien with respect to qz taking

the terms up to the order of fi" one ebiains:
2
s 4 T2g>,2 4
D= 4 T2aZ¢% 4 Nq
%> (2)
Gep=1- "5 — % g’

<Z,a.>

Gen= 6 92’ ﬁ‘}“

where 7p, 7n ere the protom, neuiron electric radius, while g4

is the deuteron structure radius.

2 .
Therefore, for G 40one may Jntroduce the following parametri- °
-3 -



zatioxn
G (1-0g b*)* (14 §q it
The Scattered electroms were detected in the most of the ex-
periments carried out up today including the experimente in the

region of the small momentum transfers /3-7/. In this experiment

44

the elagtic ¢ -d scattering nuc been studied by detecting trne r
coil. deuteron., Taking into account {he smallness of the recc..
deuteror; energy one may preseni the differential cross sectisn of

the procese in the laborstory frame ir the following Forn

P . 2 Vi £ r"l(.’

{ de e Y S

== jg S ——} —-- D A - S, T¢ 3 ;c t .

v A Md e Y M s L4
where j. 1s the angle beiwsc: ine reco:. deuteron ani thne .ir-

cicen: slectror momenta and ¢ is the kinetic emergy of the re-
co: aeul e
. P . . s . -
beiow. we give the description ol thne experimeni as well &E

the results of the e-d eiasiir scattering preliminary measurements

-

ir the regior 0.45 < q*:
2. Tie Ixprrimentai Arrapgzemer:

Tnie experiment partly is similaer 1o the one ‘8/ carried out
earlier by us and devoted to the ¢ -p elastic scattering. The ex-
perimenia. arrangement iz shown schematically in Fig.la.At &n
energy 4.5 GeV by means of g beam-bump system the internsl elec-
tron veam of Yerevan synchrotron was thrown on-to a rotating thin
heavy polyethylene CD, target ( ~ 5. ) containing some percent
of usual hydrogen. The recoil deuterona were detected by 4 semi-
conductor silicon surface-barier detectors placed at 1,5 o di=-

tance from the target under an angle about 90° with respezi i~
._4_‘



ithe direction of the incident electrons.The working surfaces of
.each detectors were determined by collimators placed just before
.the detectors and were equal to 3 x 40—2(!'15.":). The size along
the bedm direction (3mm) were chosen in order to separate effec -
t:lvel“‘ -elastic proton and deuteron peaks in the spectrum of
the chﬁg.:ed particles recorded by the detect;arl.

The pulses from each detector were given to the input of a
spectrometric c:l.rcuj.t /9/ and then to a pulse height analyzer
DIDAC-4000 through a mixer which divided the analyzer channels into
four groups each of 1000 channels. In each group the spectrum of
the charged particles recotded by corresponding detector was ob-

served (Fig.2a).

3

The measurements were carried out at various positions of the
detectors which allowed to study the momentum transfer region 0.45
p~2g q,a < 1.21?"2, the corresponding kinetic energies of recoil
deuterons being 4.8 -12.8 MeV, After each run of measurements with
CD, target measurement were carried out with 6 )+ thick teflon
( CaF, ) foil in order to determine the carbon background. A typi-
cal result of background measurements is shown in Fig.2b. The de-
tectors were salibrated periodically by means of H:..“ d -source
and etalon pulse height generator. The energy resolution 6f the

system was I (50 - 60) KeV.

3. Data Treatment §nd Results of the
Prel Me nte

Originally it was proposed to use the hydrogen peak (see Pig.
2a) as a monitor, considering, that the behaviour of the g- p elas-

tic scattering is known., Nowever, we had to abandon this method
-5 -



since we have not succeeded to determine the precise percentage
of the hydrogen admixture in the target. The spectrum of the par-
ticles recorded by the detectors arises due to the protoms from
hydrogen, denterons from the deﬁterium of the target, protons
from the deuteron desintegration and charged particles from the
target carbon, i.e. the carbon background.Therefore, one may pre-
sent the expected spectrum of a single detector in the following
form:
Y(TJ "—p(d.T) ?( )*"d( ) 1.(T)+n, Fe(T)+Fa(T), (5)
where Ny, ng, ng are normalization factors, T is the energy of
the detected particle, f,(r) and f4(T)are the detection efficien-
cies respectively for protons and deuterons from elastic scatter
ing (taking into account the radiation corrections), F,;(T) is the
carbon backg;round. Fq4 (T) ia the background from deuteron desinte-
gration, ) is the known ¢-p elastic scattering cross section
(here we have fixed the proton mean square radius <7, >= 0, 64? Y,
( aT )d. ig obtained from (4) taking into account the parametriga-
tion (3). The purpose of the data treatment consists in the deter-
nination of the deuteron form factor parameters g and § as well
as the behaviour of the ¢-d elastic scattering differantial cross
section in the momentum transfer region under consideration. The
data treatment has been carried out in two waye.

Y. It has been minimised the functional

x*-g (Amem YT))® )

A‘E

where N&P{T;} and A are the number of the events and the value
of error respectively in the ¢ ~th channel of the pulse height

-6 -
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rre:

analyser brought to unit energy interval for K-th detector,is the expected
value presented in the form (5) where np,nd,ng, @, , end § |
are variable parameters, F (T;]is the background spectrmnobtq;nqd
experimentally and presented in table form (its error is inclu- é
ded into AY). The particle detection efficiences $o(T) andfy (T)
heve been calculated taking into account the geometric sizes of
the beam and detectors, the target thickness and the multiple
Coulomb scattering in it. Besides, the radiation corrections cal%
culated sccording to the work /10/, and not exceeding 1-2%°
have been included into the function of efficiency. The correc- .
tions for the contribution of particles from the deutron desin-
tegration have also been iaken into account., The minimization of
the functional (6) has been carried out by the linearization me-
thod with the help of the program FUMILI /117. All the calcula-
tiona have been carried out on the computer 65CM-6. As & result
we have obtained the following values for the form factors para-

meters.

0,72 +0,08F°2
0,23t 0,05F*%

a

6

The estimate for the mean square structute radius for the deute~

ron carried out taking into account (1), (2) and (3) in the as-
sumption <Th>'= 0.64F° and< 7% >=0.116FF /12/ gives (<3T5 =
(1,95 £ 0.12) F in agreement with the work /7/.

Using the expression {3) one may esiimade also the mean
square charge radius of deuteron

dGd

, .
641 _ 5 08t042F
¥ g0

<zz¢d>/z=(-6
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To obtain the differential cross sections the data treatment has
been carried out in the following way: .
II. The background parameters obtained in the above deacribeii
- mgnner for each run have been fixed. Then we have substracted the;
background from the .experimental spectrum and determined the num-
ber of the protons and deuterons under the corresponding peaks.
The minimization of the functionsl

Yop (MOLAEE) o

. where Nd,(T;)is the number of the events under the deuteron peak

of the L ~th detector in x -th run, A; is its error, nd is a nor-
malization factor general for all detectors in the given run,
(dé(T,_) ) is the e-d elastic scattering differential cross sec- -
tion taking into account the parametrization (3), has allowed to

determine the values of the g-d‘ scattering crose section from the

expression dé (g% _ ;\l:{‘}f)

dR x
ny (8)

which are presented in Table I and in Fig.3. Since there are no

" published direct experimental data for the electron energy and
i momentum transfer region under the investigation for comparison
in Table I, and Fig.3 we present the corresponding cross section
values cbtaiued on the basis of the known data /4,7/on the deute-
ron form factor nlihg the expresasion /4/. It is necessary to note,
that our data are p;'eaentod without taking into account the er -
rors of the normalization factors (in the average about 10%). Ta-
king into eccount these errors our data are in agreement with
expected cross sections ae it is seen from the Table.

The values of the parameters|q andl G obtained by the both
' methods (I,II) coincide within the limits of the errors. The va-

l.r. e et _..-8 -



lues of deuteron form factor calculated on their basis are in ag-
reement with the known data.

Thus, the prelimirary measurements have shown, that the me-
thod used in this work allows to investigete in detail the behsa-
viour of the €- d elastic scattering in the region of small momen-
tun transfersa.

In conclusion the authors are greatiy indebted to A.T.Alik-
hanian, A.Te.Amatuni and V.P.Djelepov for their contimmous inte-
reast to this work. They also thank C.L.Smirnove for preparirg the
polydeuterium foils, A.V.Tarasov who kindly gave the formulae for
the calculations of corrsctions, P.Doychev and V.K.Tyupikov for
the help during the measurements, G,A.Danielian for preparing the
collimetors, S.I.Bilenkaya, ¥a.D.Nersesian, M.,A.Garzoyan, 0.I.Pas-
soyan, I.P.Prokhorenko for the help during the preliminary trei-
ment of the experimental data, and finally, Yerevan synchrotron

staff for the stable work of the accelerator.
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Table I,

¢ () L el #e.
Oux dgta expected values

0.49 40,3 I= 2.5 43.4
0.575 32.5 % 1.6 31.3
0.755 | 15.0 £ 0.16 17.1
0.855 1.1 ¥ 0.15 12.7
1.08 6.47 X 0.07 T.17
1.19 4.84 X 0.07 5.45




Figure Captions

. Pige,1, 8) The experimental arrangem::o. .
b) The position of the semiconductor deizciors,
Pig.,2. 8) A typical energy specirum of the recoil particleaz ou-
' zerved by the pulse height analyzer in case of the deu
terium polyethylene tsrg«-
b) A typical background specirur observed in case of the
carbon (teflon(, F,} tares:.
Fige3« The dependence of the ¢-d elastic scatiering differentiz:
crogs section on the momentum transfer (0.4% < QE& 1,20

at incident electron energy 4.5 GeV{without taiing ini:

account the errors of normalizstion factors.’

. =~ our dale

% - expectec value:.
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