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Представлены результаты предварительных измерений упругого J

электрон-дейтронного рассеяния в области передаваемых импульсов j

(0,45 - 1,2) F , проведенных на внутреннем электронном пучке

Ереванского синхротрона при энергии 4,5 Гэв. В эксперименте ис-

пользовалась тонкая шшень (CD^^ . Спектр дейтронов и про-

тонов отдачи измерялся кремниевыми полупроводниковыми детектора-
t

ми. Даются значения дифференциальных сечений, зависящих от пере-

данного дейтрону 4-х импульса, а также значения параметров

электрического формфактора дейтрона и его среднеквадратичного

радиуса.
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Ереван 197*
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The results of preliminary measurements of elastic electron-

deuteron scattering ia transverse momentum region of 0,45-1,2 P

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

sented. A thin (CD2)Q target has been used in experiment.

The spectra of recoil deuterons and protons were measured by

silicon semiconductor detectors. The values of differential cross

sections depending on the four-momentum transfer to deuteron as

well as the parameters of electrical form factor andj rms radii of

deuteron ere given.
Yerevan Physics Institute

Yerevan, 1974



1. Introduction

The high energy electron-deuteron elastic scattering experi-

ments permit to obtain information on the electromagnetic struc-

ture of deuteron and neutron. In the one photon approximation the

general expression for e-d 'elastic scattering cross section ia dee-

crib ed by the deuteron charge G C4 electric quadrupole&ad and auig-

aetic dipole G*J form factors /1/. In the impulse approximation each

of these form factors is proportional to the isescalar combina -

tion of the nucleon foi-a factors and the coefficient of proportio

nality £}±з expressed by the known integrals of the deuteron wave

functions (structure factor). In the small momentum transfer re-

gion using the sealing low

= (G + G ) D J f d -ffi

where n, is the deuteron magnetic moment, one aay write the fol-

lowing expression for the deuteron form factor /2/:

Here, G
E p
 and Q

En
_ are the proton and neutron electric form factors

respectively, t{ = cf//fMp , <f <•»

the square of the four-MOMeatua transf«red t* deuteren, tfp is the

proton mass. Then in the *eri*« expcn«ien witk rcapect too
2
taking

the termo up to the order of I
4
 one •ktaiast

where ip , tnare the proto», neutron electric radius, while Zd

is the deuteron structure radius.

Therefore, for Q .one ашу J.»troduce the following parametri- "
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zaticj.

The Scattered electrons were detected in the most of the ex-

periments carried out up today including the experiments in tne

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

the elastic e-d scattering пае been studied by detecting tne re-

coil deutez'on. Taking into account the smallneas of the recc.-

deuteron energy one aay present the differential croes section of

the process in the laboratory frame ir the following fora

where j;
p
 is the angle betwee/ tnc reco:.. deuteron and tne .. r-

ciden". eieetror momenta and • ri is the kinetic «nerĝ v o! the n?-

c o : . а е и я «.•••

Beiovi. wt give the deacrzotion oi the experiment as welj. ae

the results o' the c-ct elasi-лг scattering preliminary measurements

ir> the reg^ or. 0.45 5 cj£i" ' ' •

Sxfityrlmentai

experiment partly 1в similar го the one '8/ carried out

earlier by us and deroted to the e-p elastic scattering. The ex-

perimental arrangement ia shown schematically in Fig.la.At an

energy 4.5 GeV by means of a beam-bump system the internal elec-

tron bean of Yerevan synchrotron was thrown on̂ -to a rotating thin

heary polyethylene С3)
г
 target ( ~ 5y ) containing some percent

of uaual hydrogen. The recoil deuterona were detected by 4 semi-

conductor silicon eurface-barier detectors placed at 1,Ь ш dis-

tance free the target under an angle about 90° with respect -i-



Ithe direction of the incident electrons.The working surfaces of

each deteoiors were determined by eollimators placed Just before

2

the detectors and were equal to У x 40mm (Pig.1b). The size along

the beam direction (Зон) were chosen in order to separate effec -

tivelg^tta elastic proton and deuteron peaks in the spectrum of

the charged particles recorded by the detectors,

The pulses from each detector were given to the input of a

epectrometrlo circuit /9/ and then to a pulse height analyzer

DIDAC-4OOO through a mixer which divided the analyzer channels ii>to

four groups each of 1000 channels. In each group the spectrum of

the charged particles reeotded by corresponding detector was ob-

served (Fig.2a).

The measurements were carried out at various positions of the

detectors which allowed to study the momentum transfer region 0.45

P~ ^ of ̂  1.2P , the corresponding kinetic energies of recoil

deuterons being 4.8 -12.8 MeV. After each run of measurements with

С^г target measurement were carried out with 6y* thick teflon

( CgF̂ , ) foil in order to determine the carbon background. A typi-

cal result of background measurements is shown in Pig.2b. The de-

tectors were ealibrated periodically by means of "
m
 <A -source

and etalon pulse height generator. The energy resolution of the

system was - (50 - 60) KeV.

3. Data Treatment ̂ nd Results of the

Preliminary Measurements

Originally it was proposed to use the hydrogen peak (see Pig.

2a) as a monitor, considering, that the behaviour of the e-p elas?

tic scattering is known. However, 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 protons from

hydrogen, deuterons from the deuterium 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;

Щ ( М (5)
where и

;
 ^

 ; a 6
 are normalization factors, T is the energy of

the detected particle, |»(т)
 a n d

 fd (
T
)

 a r e t n e
 detection efficien-

cies respectively for protons and deuterons from elastic scatter "

ing (taking ir.to account the radiation corrections), F
C
(T) is the

carbon background, Fd(T) ie the background from deuteron desinte-

gration, [——) is the known e-p elastic scattering cross section

(here we have fixed the proton mean square radius
 <
<^

г

>
к 0,64? )»

(dT~)d
 i S o b t a i n e d f r o e

 ^4) taking into account the parametriaa-

tion (3)> The purpose of the data treatment consists in the deter-

mination of the deuteron form factor parameters a. and & as well

as the behaviour of the e-d elastic scattering differential cross

section in the momentum transfer region under consideration. The

data treatment has been carried out in two waye.

I. It has been minimised the functional

where ^ехрП^} " ^ ^i
 a r e

 *
l
*

 m
>*be

r
 o' *

n
* events and the value

of error respectively in the i -th channel of the pulse height
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analyser brought to unit energy interval for K-th detector,is the expected

value presented in the form (5) where n,p , ltd, n.%, <*• > . and (, \

are variable parameters, F
c
(Ti) is the background spectrum obtained

experimentally and presented in table form (its error is inelu- ;

ded into Д * ) . The particle detection efficienees lp(T) aad^fj)

have 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 celt

culated according 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 taken into account* fhe minimization of

the functional (6) has been carried out by the linearization me-

thod with the help of the program FUMILI /11/. All the calcula-

tions have been carried out on the computer 6ЭСМ-6. As a result

we have obtained the following values for the form factor* para-

meters. .

a = 0.72 - 0 , 0 8 F
e

fe = 0,83 * O.OSF
U

The estimate for the mean square structure radius for the deute-

ron carried out taking into account (1), (2) and (3) in the as-

sumption <г*
Р
> •» 0.64F

2
 and<t«;>-O.1i6F

2
 /12/ gitree >/<г̂ ~>' "

(1.95 - 0.12} F in agreement with the work /7/.

Using the expression (3) one may eeii&ate also the mean

square charge radius of deuteron

- 7 -



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 described

manner 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 functional

where "^ ( 'v
i 9 tlie

 number of the events under the deuteron peak

of the I -th detector in к -th run,
 a
j is its error, n^ is a nor*-

malization factor general for all detectors in the given run,

(- ̂  'T*/. 1 is thee-d elastic scattering differential cross sec-
x
 dLJl '«
tion taking into account the parametrization (3)» has allowed to

determine the values of the £-ct scattering cross section from the

expression d 6 ( 9 ) _ d d f K 8 )
=
 n* (8)

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

published direct experimental data for the electron energy and

momentum transfer region under the investigation for comparison

in Table I, and Pig.3 we present the corresponding cross section

values obtained on the basis of the known data /4,7/on the deute-

ron form facior using the expression /4/* It is necessary to note,

that our data are presented without taking into account the er -

rors of the normalization factors (in the average about 10$). Ta-

king into account these errors our data are in agreement with

expected cross sections as it is seen from the Table.

The values of the parameters! Q, end/ g obtained by the both ,

method* (I,II) coincide within the limits of the errors. The va-



lues of deuteron form factor calculated on their basis are in ag-

reement with the known data.

Thus, the preliminary measurements have shown, that the me-

thod used in this work allows to investigate in detail the beha-

viour of the e- d elastic scattering in the region of small momen-

tum transfers.

la conclusion the authors are greatly indebted to A.I.Alik-

hanian, A.Te.Amatuoi and V.P.Djelepov for their continuous inte-

rest to this work. They also thank C.L.Smirnova for preparing the

polydeuterium foils, A.V.Tarasov who kindly gave the formulae for

the calculations of corrections, F.Doychev and V.K.Tyupikov for

the help during the measurements, G,A.Danielian for preparing the

collimators, S.I.BilenJcaya, Ya.D.Herseeian, H.A.Garzoyan, O.I.Pas-

soyan, I.F.Frokhorenko for the help during the preliminary tret-

ment of the experimental data, and finally, Yerevan synchrotron

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

0.49

0.575

0.755

0.855

1.08

1.19

Our data

40.3 « 2.5

32.5 - 1.6

15.0 i 0.16

11.1 i 0.15

6.47 * 0.07

4.84 - 0.07

expected values

43.4

31.3

17.1

12.7

7.17

5.45
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Figure Caption?

P\
e
,1. a) The experimental arrangemt/j

b) The position of the semiconductor detectorfe.

Fig.2. a) A typical energy epectnun of the recoil particles oc-

zerved by the pulse height analyzer in case of the deu

terium polyethylene terg^

b) A typical background spectruc observed in case of the

carbon (teflon C
2
 f-

u
 ) tarpe-, .

Pig.3» The dependence of the с -d elastic scattering differentia!

croes section on the momentum transfer (0.45 < 4* "• 1«2' ~

at incident electron energy 4.5 GeV(without taking ictt

account th* errors of normalization factors.

, - our daif

x - expected value:-



pulse

FH. l

F1g.2
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