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. ON ELASTIC NUCLEON SCATTERING BY NUCLEI

A great deal of well—known experimental data ‘point out that
high energy (E 2 100 MeV) nucleon-nucleon collision may be .redu--
ced in most cases to the nucleon collision with'awseparate nucleonl<
of the nucleus or to a number of such collisiona. When exzamining
this phenomenon one4méyfdoh31der thaﬁ'a)‘the Cross43ebt16n*of:two"g
nucleon interaction i equal to the oross section in free nucleon-
nucleon collision- b) ‘the nucleons in the nucleus do mnot interact
’.at thezmoment of oollision¢h0nevcan»take into account the result
of nucleon,intéiactién byzassumidg“tﬁe’duCIear:wafé‘fﬁndtidn fd”béf'
WY (u) or‘fhe:nuoleon’momentum distribution functfoﬁ*Of“theﬁnud¥
leus to be N (k). Such'aﬁ approach to the problem~6f'huclebn“ﬁuc;l
leus collision was called the impulse approkimation;AAt“bfeéenff  "*
the sufficient conditions df §h@c1m§u1se\dpptbiimafibn application
are)not‘kqgwn,vItxigwnegegsary,‘at leaSt;3that5the;ane 1ehéthibf' 
inctdent nucleon and: the effective radiusbof‘interéctidnfweréilééqy’
than:fhe distanoﬁ'between'nucleOhs“in the nucleus. S

The impulse approximation was successful in céiCulafihé’high—*f
energy nucleon-dautron elastic scattering. Thié‘made*it‘pbééibié
to ﬁake an attempt to apply 1t for the cakbulations of the angular
dependence of the differential cross ectionsvof4e1astic,nucleon—nuc-
leus scatteringe Such calculations are bf eerﬁain'intefest fiom‘thé |
methodical sfandpoint and make it possible éonraw‘some physical:
conclusiéns which are appérently'independent‘oﬁ‘thé use of a number:
of oimplifying assumptions. B

If a- nucleon charaoterized by the radius vector 'Lo “is in-



cident on the nucleus consisting of £ nucleons and the position of
“each of them is givnn by the radius vector “LL then such a system

is convenient to be considered in Jakobi coordinates:

- hwbe s = '
¢;1°+§1L9¢”;ﬂits'*;Ff~»t;ﬁ, e

The system. Hamiltpniay; is written in. t,he. form:
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, Heré?kaffi .and . Pl are the momenta conjugated with coordinates”

LA

R;’X{@ndj; n respectively, Ui (r ) isithe: interaction potential

| between‘the:nuoleons\insiQe‘thefnuoleuSgwhiqhhdetermines:thezformr‘
“ofﬁthefnuclear,weme{functionfwﬂfiﬁ;f<NQ(;p«f§i)"iSfthe'intenaction»
fpotentialgof,an}incident nucleon with i:ndclebnfof{the'nucleuse.The.
syétenfoflspinless'éartigles is}heing;consideredoxItfmaj be expected
7thét'more'exact‘caioulationtwillrlead onl& to small changes in the- |
region of the application of the impulse approxlmatlono In expression
(D the Coulomb interaction term 1s absent. It' leads to a certain re-
duction of the calculated cross eeotionsuoprroton:elastic scatter-
ing by nuclei in the region,offsmall;scatteringaangles-~£:'5 = 10°,

The;matrixlelement,of.elaetic scattering process is of the form:
“*},‘("’7_9'IL:JJdXd_??Wg;'(fit)%"‘(x,7Il?)‘l’gu(”i),~ - ()
| \_“’aHf? "’q @), a2 g
In acooroance.with main concepts on which the~impulse_approximation”*

is based the nuclear wave function.may beupresentedﬂae“the product



of the wave functions of individﬁaljnudledhslin'fhetﬁﬁeleﬁsﬁ’~'
Ya(u) =Ry =
|1|

After the transformations fully analogous to those given: in Jex—-.

pression (2) assumes the form»ﬁ* N B
| 2fﬂ=5?‘l)gjdtdew\f (tJ }“d"cea' ’W("c )] } N e

1 the wave function in thewnucleusiisrnormelizedﬁforfInghe1first'
brackets in expression (3) areh(with:thesaccuracy”up?tofachnStQQt:

; facﬁor) thefnucleon-hueleen'scattering*amplitude;—vCfNN ’?iﬂ:u?;With'
.the change .of 'the momentum,‘% - This amplitudefweuld*notﬁbeféel—
~culated .under the‘special-assumptionSmon‘the‘pqtential~f0pg;j1t¥ﬁust;k
be taken directly from the known experimental 'data ‘on free“pgotdnf
proton and'proton:negtropvscatterings; Then.the differentl@lﬁnuCleon
elastie scattering cross secgion (e.g. a proion:pne)fon'theenueleus
-with the charge 2 and the atomic nubiber A 1is expressed by the
S N L R
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where S(q) equals the square of the second bracket in expression

centre-of—mass—system and in the nucleon and nucleus centre—of—maos—

| 1s the ratio of solid angles in the two nucleons

‘system, I: is the 1nterferential term

o

ﬁ - L E (QPN OlPP -QPF’.E.QPPK*GP“,LQ'pnk)S'(q,') s
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‘The angle of proton scattering in the protonvandvnucleus
-centre- of—mass-system and the angle of nucleon scatterin on free
nucleon Eapp = epn in ‘the two nucleon centre~of-mass-system are

..connected by, the- relation:

sm@"" VK sir 9"“
| (6)
Formulas (4) (6) transit into corresponding formulas for the case
“of proton deutron elastic scattering obtained in paper‘I‘ if z =1,
UA;:sZenWhen-deducingiformula;(4)nthe:multiplewscattering'and~the:
3%b$orptioncdfgincidentmnucleonsiinside the target nucleus were- "
1+mot taken into accountazTheseﬂeffectsnseemfnotﬁto“be”yery éssential

-ifor the estimation of the magnétude of the:rnucleon ‘elastic’scatter-

...ing cross.’section. by, 1igh -nuclei.’ In-order ‘to make numerican ‘calou-

lations'one~mustwneglect‘the*interferencehterm”about“theTmagnitude
;:of ;:-which one; may iprinciple- judge if compare ‘the results’of ‘the cal—
ﬁ;culationslwith ‘the experimento St oty meltelizose o lfmals

R

Yé 2. The comparison of the results of the calculationswgith
the experiment on proton elastic scattering at 340 MeV on carbon
has been made to illustrate the possibility of applying the for-~

mular obtained°

The experimental data'zj are piven in Figo l The differential

By i ;;n:v;‘

proton elastic scattering cross section on carbon as well as on,

other nuclei is characterized by the rapid diminishing w1th the in~

§

Hcrease of the angle of an outgoing proton at high energies of inci—

~ dent protonso As the ‘authors point out (2) the presence of the dif—

fraction minimum and maximum is not excluded- which can be clearly seen.
in proton scattering by the nuclei hcaV1er than carbon. It 1s pos-—

sible that in the considered case the diffraction picture is smoothed



out at the expense of the incomplete separation of the elastic pro—
cess from the quasi-elastic proton scattering on, ind1v1dual nucleons
of the carbon nuclel as well as at the expense of finite angular
resolution of the apparatuso | vv ‘ o - 7

VThe’calculationskof the differential elastic scattering‘cross
section habe been made under different assumptions on the nucleon
wave function in the carbon nucleus:

1) Bethe;Pearlsfwave functimn} «’e_%£1/1f~ In‘this case‘the

nucleons in the nucleus are distributed by momenta in the following

way:
T
. oL :
N(k)’ o(.a*‘k“i; -
| QR
' o ' Lt | |
2) The wave function Yy ~ © - corresponds to Gaussian mo-
~mentum distribution: ,
i
T
N(k)~ € |
(8

~where in (7) and (B)Jaha=R;NP16 MeV. o
3) The wave function is constant inskde the nucleus and is ‘equal
to zero"outsideo ' - v "‘ -
" 4) More real case of the constantrnucleon density inside the
nucleus and . the falling den81ty outside has been considered at the
different character of the density change and at different dimensions.
of the region where,it,occurso, ‘
t It must be noted first of all that’the results of the culcu—
lations (namely the stickinp factor S (q) are strongly dependent
on the form of the nucleon wave function in the nucleusa

‘ Pigo 2 illustrates this dependence for the enumerated ca es.

Curve IV is drawn by assuming the linear density falling from the K



a6:=

maximum to O at the distance of 1 1013 cm. In Figo 2 the angle of
;outgoing protons is plotted versus the stlcking factor (the 1at=
Vter is done in logo soale) | . 7

o Sharp difference of the curves makes rt p0531b1e to do some
remarks on the nucleon wave function inside the nucleuso\By the
xﬁmwayg the knﬂ@n calculations of quasiwelastic scatterinngl are much
':less critical to the form of WQICQ) or N (k) An appreciable dif- »
ference can’be observed only'on”the’tails of the proton energetic spec%,t
| trum scattered from the nucleus at the given angle. (or nn the tails -
of the correspondlng "strippingucurves")9 where such a comparison
is not, apparentlyg'reasonableo'This is due to the V1olations of ne-
"cessary conditions of the impuISe'approximation validityo
S The wave functions of the forms (7) and (8) giveutoo great va-—
;lues,S(q)_for thepanglee£10 - 15°%, The presentation of the nuc-—
leus in the form of a ball with the constant density and with sharp
edges leads to the minima of the differentiai cross sections fala

- .1ling ‘to zero as well as in the case of the diffractlon on the abso-

lutely black nucleuso The curve of type IV gives, apparently9 better
agreement with experiment. The minimum on curve IV has the depth def
pendent first of all on the relation o? the dimensions of the cons—
tanCy region and the wave function dim@hshingo If weAconsider the
rodimenfaoas of the nucleuu\"edgeito be constant when passing tocgreat
A, the experimentally observedibepening of the diffraction minima
in scattering on intermediate and heavy muclei becbmés'@ualitatives
ly clear, | |

~We can judge about the" agreement of the calculatlono w1th ex=
'perimental data from the curves of’ Pigo 1, Curve 1 in Figo I corresnonds
“to curve IV in Fig. 2, and curve II is’ oalcnlated under the absumpt— y

“ions of the linear diminishing of density, beginning from?thefcentreey



of the nuCleusa Here and above the dimensions of the nucleus hane
‘;been calculated by the formula R = T q_i
| . where «"L =1, 2. IO_,;’CM‘ o
Further selemtion of the parameter and the very form of the wave
function diminishing is hardly reasonahle in the frame of appro~

- ximate estimation.

'§ 3. Thus the ults'of the given calculations point
out9 apparently, to the constancey of the nucleon wave function in=-
side the nucleus and its ‘diminishing. in the region~1,10- ljrcm.on
the boundary of the nucleus. This conclusion coindides with the re~

sult. of the analysis of fast electron scattering by nucleus (L ?1

hvBeV)which points out the constance of charge den51ty inside-the-

nucleus and its slow diminishing on the boundary° It io probable
that such density distrioution is correct not only for nrotons poss~
essing the charge, but also,for neutrons in the nucleuss Density
distribution inside the nucleus estimated in ‘the present notenis
‘also in agreement W1th the form of acsen Hood potential radial
4dependenoe which. is widely used in the calculations based‘on the
nuclear optical model. The coincidences of the qualitative concluu
sions- which were spoken about in the present note and well known
;’uconcepts about the character of nucleon distribution in nucleil make

~ it possible. ih .their turn to extend the region of tne impulse ap~ v?
oroximation application for the case of nucleon elastic‘scattering
by nuclei.

However, the question of the character of nucleon momnntum>d15m

tribution in nuclei is openovln the aforementioned paperlj‘ devotedA
to the analysis,ofjexperimental data on quaki-elastic proton—proton

scattering the Gaussian nucleon momentum distribution is preffered
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because it is con51derably inriched with high momentum componentoo
mThe authors of the paperl4l who analysed the deutron. pickup ‘had to
/’1ntroduce Bether—Pearls distribution on Wthh is still richer with
high momentum combponents., But in the pre ent note the distributions
comparatively poor with. hlbh momentum components were obtained. The"
cause of such a discrepancy is, apparently,.as follows:the peculari-
‘ties of nucleon motion in nuclei (correlations) connected with the
rinteractions interactiong in the groups involving two, three or lar—
:ger number of nucleons (fragments) play a big role in the prbcess
of quasi-elastic scattering and deutron outgoing from the nuclei
5whereas above we considered the nucleon motion in the average field
of all the nucleons of the nucleus. . , :
151 arrived at the conclusion about
~the presence of the correlated nucleon groups in the nucleus on
_the basis of the analysis of nucleon momentum distributions. in the v
1nuclei'obta1ned in different experiments. The calculation of nucle-
on elastic scattering by nuclei may contribute to the number of
the«considered*experimentso It'seems,,however, that it is more rea--
sonable to speak not about the nucleon scattering on nucleon pos— -
sessing high momentum in the nucleus ‘but about thenucleon scatter—
ing on the compact nucleon group as a wholeo

The authors of the paper

It is. ‘true, one concept is’ equivalent to another to some ex-—
tent as high momentum components may be the result only of close
nucleonvcorrelation in the groups, but then the concept about the

" incident nucleon interaction with a individual nucleon in the nuc-

'leuS~and~the impulse approximation“itself turn out to be inapplicab~
lee The conclusion about the presence of clusters (fragments) in nuc-—
lei is confirmed by a great deal of experimental data and' parti-
cularly the data on the fast fragment dknocking out from the nuclei.

In conclusion I wish to thank M.G. Meshcheriakov and B.M.Go—
lovin for the discussions of the paper and L.A. Kuliukina for the
assistance in making the calculatiohso
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