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Introduction

At present, there are experiments [1,2] on electron-nuclel scattering,
in which measursments were performed for a set of nuclei in the quasi-
elastic peak as well as in inelastic region. Analyzing thesz data in the

A -isobar region using the dispersian relations we have concluded that

the cross sections on nuclei in this energy reqinsn are very sensitive to

the nuclear models. This fact is connectad with the pion nroduction total
cross section high sensitivity arising when taking into account Fermi motion
and also with resonance nature of the processes on singic nucleon. Therefor:
4 ioint analysis of the data ir both regions {quasi-elastic scattering z2nd
pion electroproduction) enables one to obiain a more confident {nformatinn
on investiuaced models of 2 mooieus.

The snell modeis with aiffarent form of potentiais are wiuely user in
the analysis of experimental wvesulis or the l{ght nuclei. Amonn them =re

7

model with oscillator potential is a mest popular one. The { €, ooy,

(p, 2;3 ) experiments confirmed reliably the shell structure of nuclet aac
showed that the protons on different shelis move at different potentizt:.
At present, the information on binding esnergies £  ior protons on d4iffor-
ent shells is available (3.4,5] for many nuclei with & < 40 with an

3




agcuracy from ot up te severzl MeV. As to the parameters of the oscillator
nodel  pe  whick are responsitle foi the momentum distribution of rucleons
in nucieus, they ere determined from the experiment indirectly, and there is
nc agreement in their values obtained in various investigations. For example,
the osciliator parameters for carbon [3] are 1.5-2 times as high as those
for  OLiand °Be [s]. being at the same time higher than for 28q [6].
Fer ihe other nuclei. there is practfca]1§ no satisfactory information on
the osciliator parameters for different shells. One of the aims of this
paper is to test the poessibility of comsistent description of 2 set of
iight nuclei usiny the oscitiator shell medel assumina that nuclei having
ciose atoric pumbers would oiffor from each other due mainly to the outér
snfiited sheils.
Thic paper contain: Lnree sections.
In Sect. @ we dea’ wainly with chtaining the cross wiion or inr o
1%0bar vegion on & Tree nuclieen using the dispersion relations over <nvar’
ant mass of produced h@drcns & . A good agreement with the experimeonic”
Gata on orotons and deuterons s obtatned.

ToeSect. U the eigeiron-nucleus Ireis sections are constructed . sasum-
ug twpalse approximarion ta tne identical form both for lthe 2lastin and
mganance ~eqi1ons. A fomm of tne ovoss seations 15 SHagester. s permits

in g unvean To the resenanceé ~eaten the tdeas of the cheld roce” zaally

cac L aegerinatiee o apani-eiustic peak. N osimilar erovezcn wes oriaiae
sianne od st Ffar se pep.insiastic . lactrow
=¥ a
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TR AR LonnowWE vhe s the s tin o ssumptires e TR e
15 Vi Ty NES - -‘(3[-‘:-‘: tar hooLm sagtan ; .
- it [T it

- R e e,

R s S



1. Electron Scattering on Free Nucizon in Elastic

and Resonance Regions

Assuming one-photon exchange approximation the cross section of electron-
nucleon elastic scattering as well as the total cross section of pion
electroproduction in the resonance region are convenient to express in the
identical form, in which the contributions of transversely and longitudinal-

ly polarized photons are separated explicitly:

d26°f _ 4’m E. _f 2 a4 g GEAY)S(s-MP), (V)
de - & (TG () e G )

:;i; [(6r(s,42) + €6, (5,49) 6 (s-(M+pMY), (2)
/\z=—qa=2E,Ea(1-cose), ’C’=Aa/4Ma, (3)
(e Bg ), regm a0 @
5=($+P‘)2=M2+2M%-Aa, -

Here M  and M are masses of nucieon and pion, P(Po ., ﬁ) and
CL(q,o ) q,) are four-momenta of nucleon and photon, respectively, E,
and Ea are the energies of the incident and outgoing electrons in the
lab. system, © is the angle between directions of these electrons.
In expression (1) for the electron-nucleon elastic scatterino Gy ( A
and  Gg (Jta) are the Sut;hs nucieon formfactors which at _Az;é 1(%&'}2

ire described well by the dipole formula

PRy mena o rron = e



Te calculate the electroproduction cross section we use the dfisversion
relations for the invariant amplitudes HAi(St) .. Ag(st) [r]ats
fixed momentum transfer T . Note the main points of our calculations.

ine real part of the ampiitudes consists of the contributions of the
Born diagrams (which include the formfactors of nucleons and pinns) and the
dispersion integrals from the imaginary parts of the correspondina amnli-
tudes. The pion Tormfactor in the considered reaion is described wnll hy
VUM and has the form F, (Ag} = (1+ ﬂz//0)5)~1.

fin essential difference of pion eleciroproduction from the real phota-

production in tne resgnaice region consists in anoesrance of A7 -dependence

- . . )
of the resonance caupiinas j NN a5 welil ag rm srmesrance of donotudice

al amplitudes. In Ref {31 using the dispersion relat s e avaienic =

avaiiable by that time experimental data on aroton was cor-. o oobl o e
znaivsis a A7 -parametrization of multipole ampiitudes with weiav: .

smaii number of fit parameters was suagested proceeding tron anst- -~ <.
and definite asymptotica: behaviour of total crosr cestions 2t 3o

used the resylits obtained {0 *nis gnalyziy “ar oi-ingies

S;, . corresponting fo resonarce ;‘b

The dispersion intagrais are deterwined maivdy by the

rance concribution. To estimate ihe high-erevevy sortributioas we Snoiaoed

° HEN sration alzp the Zont-ibutions of rosenences «»itr isvner
SoLtiviin, oo LASG . wray PTEAN Tig
] PR Dy K
e 7o tne gralysis PO 0 weonounced Sistinctie onootar o

Thetr contribution turned out to be negisaiblie in

v eliminate the «inematic sinaqularities in invarisr: arplirtec
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Aa(s,t) and Ag(s,t) a subtraction procedure is usuaily used [8].
The calculations showed that the subtraction contribution fn the cross section
is negligible.

Thus the below-given results in thz ‘rst resonance reafon practicaliy
were obtajned with the help of the amplitudes whose imaginary parts are de-

termined by the Fga (1232) resonance, while the real parts consist of the
contributions of the Born diagrams and dispersion integrals where only the
P33 {1232) resonance contribution is taken into account.

Fig. 2 presents the results of our calculations for electroproduction
in the region of the P33 (1232) resonance on proton. One can see that
there is a good agreement with the experiment {2,10],

To chack up the results of calculations on neutron we calculated the
cross sections on deuteron with the wave functions taken according to

Ref.[ll] . As is seen from Fig. 2, the agreement with the experiment is good.

2. ciectren Scattering on Nucledl

Let us assume for a moment that a nucleus s a set of free moevirg nu-
¢leons and the probability of scattering nn a -ucleus is added from the
probabilities of the processes on free micizons; hence the electron-nucleus
cross section can be written as
A

1

46" =+~ gdGN(s,p,AZJINP('p’)dE, (7)

where ]:ﬁ , In are invariant fluxes on nucleus and nucleon, respect-
ively, S:) ( TD-) is the density of nucleon momentum distribution.
In order to obtain expressions for the cross section cn movina nucleon

we make in invariant cross sections (1, 2) the Lorentz transformation inte




the system moving with a velocity E/Po . Omitting the intermediate
formulae present a final form of the cross section for electron scattering
on moviag nucleon:

dEzgg' - '“‘ 67(5)P) )\1) + EGL(S)PJAZ)+‘]EE(1'E) 6LT(SJP)A2))) (8)

-2 2. ..@
A“pesintBp 2
67(5,p,A%) = 61(5,4%) + “ggarae (Br(s,A) + BL{s,A), ()

’12 ¢
6,(s,p, 4%)= 6,(5,4%) fl—-—“— (67 (5, %)+ 6,5, 4% (cos®p+ 7 ), (1)

) .P“\ 'C1+EZ)
LT (S’P)A ) (GT(SIA )+6 (S;Aa)(‘%ojpimsef’ PJQJ!) 'Q ’c{- 1 2 SL,‘[QP!‘OS’?.,

4N

i/

2 . 24 A
5=(P*‘i)2=MZ‘A-*‘ZPo%'EIP“‘HCOE‘:ep:H’a""(“sTA:rr“) PAE

Here ©Op and ¢ are polar and azimuthal angles of nucleon momentum
the Z axis coincides with a direction of q-momentum of virtual pnoton, The
kinematic variables in the rest system of the target nucleon are character-
ized by & prime.

Tubstitute now the expression {8) into formula (7) taking into account
:mat t. the rest system of target nucleus L[ = EqMg ., IM= E,/ M=

L =iPe T ORWP) and from the inveriance of the four-dimen-
sional phase volume there follows dEIz dsi'=dE,doE, =
Performing simultanecusly the intearation over azimuthai ansia ¥ we
arrive @ the following exoression for the cross section + -~ w=oductior

anoauc 2k



d?68% o Ep A® Acaey, g6 42 (1°
dE,dsx ~ 2o E4 1-E€ (61'(‘)\)"" Lt )),

< c . 8-M% N ey -2 _ ,
57 (42) =20 (p(p) Z54g 6, (P, A)B (5 (M) el pldcosBp. (1)

N
The cross sections on single nucleon ETT‘L (s,pP, Aa) are given by

2 1 6-N

formulae (3-10) with the obvious simplification {cos®y +—)—1{ for O,
because of the integration over

The cross section of knocking out of the free nucleon from the nucleus

is obtained from (13-14) and (9-10) by the replacements

2

o A? 4’__4?&13 §-M
aq AZ eM

— 1, B(s-(M*M?)-—§(s-M?),
(15)
6, (54) =TG5 (A, 6, (5,A)— Gg (4%) .

When turning to electron scattering on real nuclei, there arises a
question on validity of application of formulae (12,13} corresponding to
quasi-free picture of nucleons. In the region under consideration,
¥ 0,2 ()

small, and the effects connected with re-scattering of final oarticies as

, the contributions of the coherent nrocessess are

well as with the account of the Pauli principle may apparently be neglected.
To take into account the Fermi momentum of the t:rget nucleons we have
used the cross sections (7-~10) for a free movina nucleon, where for nucleon
on mass-shell the squared invariant mass of final hadrons was defined by
formula (12). For the bound nucleon ( Pf 7£ ﬁe + M? ) from the diaa-
ram corresponding to the impulse approximation (Fig.1) the invariant mass

ot final hadrons may be estimated not assuming relations between eneroy and

[ Py PSR S



momentum of intermediate nuciecn. We proceed from the followina definition:

2 2‘
5':":'*:(%'19»1*'%)‘
250‘2(%+M)(€+Tﬂ-,)~ﬁa-2{ﬁﬂq,{cos Ep, (16

So= ME+ 2g,M - A%,

appiicable to any nucleus 1f under £ the binding eperay of nurleon on

.
i”n

the givep shell for the given nucleus is implied. Here T,4._4 kinetic

energy of the residual nucieus, L =P , the other Adesianations
q- d

ave defined accovding o Far the caicuiations with yse of rhe Fermi

i

wodei & would dencte mels aneray of senaraticn o suzizer From nuclens

tltnogugh we tanges nartisily the off-she'l affecrts "o~ the baund rusie~s

e ) 2
suming in Op (8.0 2F tne AT denendence neocc s come s e

Jr. owe have accountes tnhes offects throungn the wmatr vavte s ces oo

Or {Ne sIrpna anerqay strultorTe (resenancte or 5 ~Funntiong -
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knocked-out nucleon is dominant, frem (16} for the sparay of ihe eiscted

nucleon = follows the expression

P+5
Eseq =M+ gy € - Tgy

: . /
usually used in investigation of the { €,2°2 ) reaction. [he vse of
variable § is preferable because it allaws us to Include nrorptiv  tha
inelastic processes. Thus the cross section nn nucleus 15 Aaterrinad oo

re

integrals (14) over phase voiume of moving iwucieon with the weiahting Funct-

ions
! £ af
o~ N L .. . -8 3y o~ 17y
! N Lo C BRI I o YA I 7 LTSNy | 17
2, {32} s A B vt v O (e pat) a5 M2,
— T
; 2¢
where O At e are daftped in (3 0, 15)
3 ) -
Ciureccioo 117 N ne snall node fa o jen: ey
T af e eap o po-=aiirytion of Jhe sanrcach
Teeelupas i Pgig (7_{ For devreran Fas the rse fonuctei et b o> ]
Resuits

K

We have done numerical cajculations for two arouns of nucley =ith close

- 8
611, 98e, Bc,and Pmo, Tar. gy,

atomic numbers The nucison
momentum distribution was assumed to correspond to the osciilator shell me-
ael with including only 1€  shells.

Binding energies & for the tight nuciei are krcwr from the ! e;f?fp
and { p,2p ) experiments with an accuracy from cne to saveral Mev {see,
e.g. [3-5] ). The values of these parameters usad in our calculatinns ancd
Tisted in the Table are obtained for reasons of 2 better ‘wserintinn of tna
experivent and agree with the data of [3—5] .

I
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The oscillator parameters [, characterizing the nucleon momentum
distribution in nucleus were chosen also for reasons of a better description
of the experiment with certain restrictions. As a startina meanino for
these parameters there served the values ¢f p, for carbon taken from ex-
periment [3] . The parameters for the other nuclei were arranaed in accord-
ance with the conclusion [13] about almost linear arowtk of p, with in-
creasing the atomic number A for the inner shells. as well as nroceedinc
Trom the requirement tnat the parameters of the clecsed shells of the nucled
with near-by A would not siffer too much. 2€ter ectablishrert of auantities

£, Tor the inner tneiic the vaiues of pa-ameters for oiter shells were

inally fitted. var:.us -2:51T1v v of the crpss ses o dn the ronipns }
aat i -R1aStI0 ANA TESORCOCY TRAKS LS taramerens St

FICTHy controt these oanTitres. for soamnaricon

Lhitenls oY caruon |5 occ Glven inothe Tabhie T Lrel et
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3
T3S sRen that tno bitasnel Curves escrise wel. i ayrerioenty oy
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nowever to reach an aareement with the experiment they had to introduce the
suppression ccefficients connected with nucleon absorotion [15} inside the
nucleus. These coefficients (C.Z2 ¢ 0.5 for (€,8'P ) and 0.5 + 0.8 for
CP 2p ) are large and cannot be calculated precisely: therefore thev
may incluace both effects: real absorption and underestimation nf parameters
P, - The magnitude of the so-called mean-souare radius of nucleus charae
aistribution < !"z>’/2>1s determined by the same parameters p . The
uifficulties concerning the consistency of this cuantity derivec from 1iffer-

ent pnysical orocesses - the electren elastic scatterina on ructei ard the

udasi-giastic scatterine on peund nuctierons inside nucleus are sentiored in ]
40 woras o tsge woa, AP F Tre Tinin fste tne values of < LT /
i
. el with our o carate oo Coamparicor Wit NE QLA T o sR .
i
Cel TVOh TNEe @3ASTIC STaller s s ST e . Iy
ain GE ouserved Tor Mo oand 3. nevertagies. . Lrder 0 coge faden o0
coitiatey ceraretors for ine wheie nuoiss vaur lead. 1 o oasr
Irobpe nucigl el sauare radly ;
J
| et T .S i exeet oF Tl axpe
- 6 Pz wees The
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he nucleon inside nucleus are cf the same order of maonitude thus enhancing
tne probability of the correlative processes.

iHote in conclusion that we have carried out calculations assuminc that
the proton and neutron shell parameters are equal. As is mentiored in
Ref. 19 , investigations of { €, 'n ) processes are at the 1imit of the
present-day experiment feasibilities. Therefore the processes { €,€" )
remain practically’ the only source to obtain information on neutron shells
in the electron experiments. In the guasi-elastic peak region the neutron
cross sections are suppressed as compared to the proton ones, esnecially
at small Aa , therefore a relative weight of neutron shell contributions
is smalf. In the resonance region total cross sections on neutress oA nro-
tons are approximately equal [20] , hence the resonance reoicn {s more
sensitive to the neutron shell parameters. !Unfortunately, there aren’i at
present many nuclei for which there exist experiments coverino besides ine
quasi-elastic peak also the resonance reaion. “eanwhile, such oia for the
values of E; »nu J\a , at which boath avais ave arenaguncod v -1 ars of
undugubted Interest alze from the visworirt f stidying nactron dlseribation

in nucleus,

The authors are indebted to H.t:. Vartapnetyan and G.G.Mkrtchyan for the

useful discussions.

The manuscript was received 4 January 1985
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Fiqure {aptions

Tne {wpulse approximation diagram.

The cross section of { € ,E’IJ process versus the invariant
nass W = VS  for scatterinag or orotons - experiment [10)

“ op v = .
at A" = (.35 (GeV/c)?, Es = 2.7 GeV; on rrotons and

~

12 PP
seuterons - experiment [2] at A = 0,23 {feVici®,

t‘.i’: 3 GeV.

Scattered electron eneray spectra fur Be., BT, 84 ireap?

o
[

. . R 3¢ . Fm oty
niclel - experiment [2{at A ~ 0,75 {5evsg)
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