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HHKHTHH B.A., llia¢paHOB8 M.r., 4b!OHI' EbeH, 3onHH n.c. El - 7207 

JI.uepHblll tPOPMtP8KTOp J]el!TpOHS H3 3Kc;:nepHMeHTSnhHblX JlSHHbiX 
no ynpyroMY p-d pacceSIHHJO aa Manbte yrnhi 

Ha OCHOB9 TeopHH rnay6epa H3 3KCnepHMearanbHblX J]81ilibiX 0 JllltP¢epeH 

UHSI'IbHbiX ceqeHHSIX ynpyi'OI'O paCCeSIHHSI npOTOHOB Ha J]eiiTpOHaX, npOTOHOB 
liS npoTOHaX II Hel!TpOHOB ·aa npO.TOHSX B HHTepaane 3Heprllrt 10-26 faB 

onpeJ]eneJI cTpyKrypHbii!: ( SIJlepHbii!:) ¢opM¢aKrop 11ei!:rpoaa. 
Ha _qHcna paCCMOTpeHHbix aonHOBbiX ¢YHKUIII1 aa11nyqwee cornac11e 

c 3KCnepHMeHTOM J]aeT BOI'IHOBBSI tPYHKUII~ Epeccena II KepMaaa. nony'lei!Hble 
'Jl8HHbie cornacyroTcSI c peaynbTaTaMH aKcnepHMeHTOB no e- d pacceSIHHJO, 

OpenpHHT 06be~MHeHHOrO HHCTHTyTa HAepHbiX HCCJie,tiOBaHMii. 

,izy6Ha, 1973 

Nikitin V.A., Shafranova M.G., Truong Bien, El • 7207 
Zolin L. S. 

Deuteron Formfactor from Experimental Data 
on the p- d Elastic Scattering at 

Small Angles 
The nuclear deuteron tormfactor has been determined, 

using the Glauber model,from the experimental data on 
elastic scattering differential cross-sections of protons 
on deuterons, protons on protons and neutrons on protons 
in the energy range of 10-26 GeV. 

Among the wave functions considered the Bresse1-
Kerman wave function is in the best agreement with ex
periment. 

The comparison of the p-.1 and 1!'-d data shows that the 
distributions of nu~lear matter and charge in the deuteron 
are equal within the errors. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1973 
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1. p-d Scattering and Nuclear Deuteron Formfactor 

In order to determine the nuclear formfactor of the 
deuteron in the framework of the Glauber theory, we have 
analysed the experimental data on the r -d elastic scatter
ing at 11.2; 14.4; 15.9; 20.5 and 26.5 GeV jc /II and on the 
p - p I 2. 3 I and n -p elastic scattering in the same 

energy region. The p -d elastic scattering differential 
cross section at small momentum transfers q can be 
expressed through the p -p and p -n (or n-p ) elastic 
scattering amplitudes on free nucleQns by the following 
formula 74.sl: · 

da t · 1--1 d = \S(-
4

}[[ (t}+exp(ix )[ (t)+ exp(ix )x 
dt P c cp pp . en 

(1) 

f 
np 

i1i 
( t) ] + ----:==- exp (i X 

\! 17 cpn 
( _!_). /G 12 
. 4 . ' 

t 
)[ (-)·[ 

np 4 PP 

where t is the four momentum transfer squared. At small 
q It;= q 2 ; f PP. (t} and fnv (t) are the P -p and 

n- p elastic scattering a~pli tudes; S.J. q) is the nuclear 
deuteron form factor,·w~ere S 2(q)=J (u 2 + w 2 )j (dr}dr 

0 . 
( u and u are the deuteron wave functions in S- and 

v..:. states, respectively, r is the distance between nuc
leons in the (jeuteron; j 0 is the Bes.sel fimction). 

2 . 2 . .2 ,, 
s ( q 1 2) = s / q I 2) + s 

2 
(ql2, . 

S 
0
{q) ~11~ S 2 (q} ~~_e thedeute~o~ form factors inS- and 

D ~states, correspo~dingly. · · · 
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The following parametrization was used- for the p _N, 
elastic scattering amplitude: 

a 
f(t) = 4"fi V TT 

l 

(a + i) e --:r bt 
' ' 

where b - is the slope parameter; a is the total cross 
Re f(O} 

section 161. a = lm f(O} is the ratio of the real to the 

imaginary part of the elastic scattering amplitude. 
The Coulomb scattering amplitude takes_ the form: 

2n1i Vii -iTJ , F .. ()-
2
-. l 1.06 ·1i 

[- e • t; 1J= nn , 
c- t P 'Ry'!tl 

where n = 1/1-37. 04 f3zab; f3zab is the incldent particle velo
city in the lab. system in c units; F P(t} is the electro
magnetic proton formfactor; R is the N -N interaction 
radius (1 fermi). _ _ · · · 
X cp , X c~ , X cpn are_the ayex:aged values of the 

Coulomb phase shifts for the ·scattering on proton, neutron 
· and for the 'double ( p and n ) scattering. 

t /s/ . According o Franco , X cp , X en , X cvn weakly 
depend on energy and are equal approximately to 0.06. 

The Glauber integral IG is decsribed as: 

oo lm [ PP (q) • lm [ np (q} d 
/G = I s ( q ) . q q 

0 ° lm f (O) • lm f (0) 
PP np . 

(if the D -state contribution is neglected). The Glauber 
integral was calculated for differentdeuteron wave fimc
tiohs and different slope parameters b . It turned out that 
the IG was weakly dependent on the:parameter of the· p -p 
and p-n elastic scattering amplitude ·and' on the version 
of the deuteron wave function. Its value varies between 
0~026 .aqd_ 0.028 mb-1 which agrees. with the r~sults 
obtained by measuring_, the' total p-il 'p;_p ariq'n-p,·:cross:. 
SeCtiOnS and the 'total TT- d and TT- p CrOSS SeCtiOllS. . .. , 

In order to determine, the deuteron 'form factor, we 
have taken onlyAhe expe:r:imental data obtained. at 10-: 
26 GeV because· in this'energ'y range the slope param'eter 

~. • 0 -~' ~--- ~-·~'\!' .. . ·.,. ,..- -··' :. ; _: ·:· . •c - • 
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of the n-p elastic scattering is known and within the errors 
coincides with that of the p-p elastic scattering. As an 
illustration of this fact, the data on the p -p and n-p elas
tic scattering · slope parameter at·· It I = 0.6 -
- 0. 7 (GeV jc) 2 h-I 31 are shown. The total cross sections 
and, consequently, the optical points at these energies 
for n - p and P - p interactions are equal within 
the errors /6,10,13,14/ • To determine the deuteron form 
factor, the slope parameter of the n- p elastic scattering 

was taken to be equal to that of the p- p elastic scattering. 
The ratio of the real to tpe imaginary part of the n-p 
elastic scattering amplitude was taken to be equal to the 
value in the p -p elastic scattering. 2 

Fig. 2 presents the values of S (t/4) obtained from 
the analysis of the p - d elastic scattering data at 

• 2 
10 - 26 GeV for It I < 0.2 (GeV jc) . All these points 
satisfactorily lie on the curve that can be presented by 
the following empirical formula: 

2 . - 2 
S (t/4) = exp(f3t + yt ), 

' -2 
f3 .= 25.9 ± 1.2(Gev/c) , 

-4 
y = 60 ± 5 (Gev/ c) .. 

Only the statistical error is shown in the points .. The 
corridor of. errors takes into account· statistical and· 
systematical errors in the p- d elastic scattering diffe- · 
rential cross section and also errors in the slope parame
ters of the p -p and n -p elastic scattering. 

As is seen from the figure, the form factor obtained 
in this paper satisfactorily agrees with the presented 
theoretical curves in the region of the largest t • In the 
region of small t an inessential disagreement is ob- . 
served using the Humbertson wave .function, .the best · 
agreement in all the interval using the Bressel-Kerman : 
function. 
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2. p- d and e-d Elastic Scattering at Small Angles 

Let us compare the obtained data with the ·results of 
e- d elastic scattering experiments. Assuming in an im
pulse approximation that the ·electron is a structureless 
particle the e - d elastic scattering differential cross 
section can be expressed in terms of the following 
'furmu~: -

da da [ 2 2· 2 (J 
-- o_, (-) _ • A(q ) + B(q .). tg -J 

df! df! Matt · 2 

( iJ is ·the scattering angle in the lab. coordinat~ system) 
or in the form: · · 

da 

df! 

da 2 2 2 2 2 2 
(--) ·IG 0 (q )+G2 (q )+G (q )x 

d n matt mag 

2 (J 
X [ 1 + 2 ( 1 + 1J d ) tg 2] I (2) 

·c 2 2 2J 
o (q ), G iq J and Gmag (q are the electrical dipole, 

electrical quadrupole and magnet dipole form fac_tors of 
the deuteron; ( d q I d n J M au is the Mott scattering cross 

2 

section Tf = q 2 • Md is the deuteron mass. 
· ' d 4 M 

d 

In the small angle scattering region the electrical 
form. factor plays a main role (see fig. 3). On the other 
hand, as the deuteron is a system with law bound energy, 
tl!e electromagnetic form factor can be written as ho 1: 

. . ·- . .. . .. :.:..]. "" 2 . ·- 2 , (q r) . 
G ( q 

2
) = ( G + G EN ) • (1 + Tf ) • f( u . + w )j -z- d r , 

0 Ep rJ 
0 

0 

(3) 
G EP , G EN are the proton and neutron electrical form 

factors, respectively. · · · _, . ;; · - : · .. -~ 
From the e-d elastic scattering experimental: data 

obtained- in the region of sma:ll .,q,,·it:is,.possible to 
determine G0 • Taking the electrical proton forni ·factor 
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from the e ~ p elastic scattering experiments,_ one can 
determine the, electrical neutron form factor by formula 
(3) using different theoretical deuteron -wave functions .. 

·The nuclear deuteron form factor S(q) can be obtained 
from the p-d elastic scattering~ experimental data using 
the Glauber model. This has been done in the 1st part. 

Let us analyse if the e-d scattering agrees with the 
p-d data. Both the e-d and e-n. experimentaldata show 
that the· electrical neutron form factor is . n'ear zero. 

Figure 4 presents the known c-d data and the curve 
with the corridor of error~? calculated by th'e formula: 

A(q 2)=, S 2(q/2) G :P(q), . . 
..• 2 

where S (q/2) is the empirical value obtained in this 
experiment (S 

2
(t/1) =- eccp ({3t + yt 2

) f3 = 25.9 ± 
± 1.2 (GeV jc) -

2 
' y = so'± 5 (GeV jc) - 4 ), r; El' is the 

electrical proton 'form factQr determined by the dipole 
; . . . 2 . 

formula GEP=:'1/(l + q2/a}2 (a= 0.7l·(GeVjc) ). The 

electrical neutron form factor. was . taken to· be equal to 
zero. 223 experimental points lie in the shaded region. 

One can see from the figure that the data on the e ..., d
and _P- d elastic scattering are· in good agreement. This 
fact indicates that the distribution~ of nuclear rriatter and 
of charge in· the deuteron are equal within .the errors. 

The· experimental data_ on ,the nuclear d~uteronform_c, 
factor as' well. as the theoretical one's can be used to 
analyse the e- d elastic scattering experimental data 'for 
determining the electrical neutron form factor at small · · 
q. They can. be used also for· extraction of the p-n data 
and for- studying ·the .interactions of particles with deute-
rons. . ... . . _ 

The authors are deeply thankful to S.B.Gerasimov and 
V. A. Sviridov ·for us.eful discu'ss1ons. · · · · · · 

• ~~ - . . ' f. 
•• ~ •• '-.T • 
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Fig. 1. Slope parameter of then -p and p -p elastic scatte-r- .. 
ing at It I =0.6 - 0:7 (GeVjc) 2 : 
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Fig~ 2. Sum of the deuteron form factors squared in 
S-and D- states. S (t/4) as a function of t . One part 
of the experimental points with statistical errors is 
plotted. The- corridor of errors taking into accotmt all 
the errors m~ntioned in the paper is shown as a shaded 
region. The· theoretical values ·of s 2 (t/4) for different 
deut~ron wave functions are also shown: 1. Bres~el and 
Kerma~ /Is/ 2. Ha,mada-Johnston I 16/ 3.Moravcslk-3/17/ 
4. Humberston /1B/ · . . 
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Fig. -3. Electromagnetic: deuteron· form .·factor. squared · 
A(q 2). The. contribution. 'of electrical dipole; electrical· 
quadrupole and in~gnetic dipole . form factors ·of the 
deuteron to A(q2) 1s shown accordmg to /19/. ·. 
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Fig. 4. Expel-imental value of the deuteron electromagne
tic form factor squared A(q 2 ): I) from the e-d data; 

Y - 400 MeV o - 180 - 500 MeV /22/ 
0 - 500 MeV /21! V - 100 - 250 MeV /23/ 
1\ - 188 MeV 

2) from the p :- d data. in the energy range 10 - 26 GeV 
. 223 experimental · points lying in· the shaded region 
·(this paper) have. be_en obtained. The'shade_d a,rea . . 
shows the corndor of errors. The mam part of them 
is a systematic error. 
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