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The optical potential equivalent to the Glauber model of multiple
collision is evaluated. The use of this potential in the Schroedinger
equation, solved without any approximation, provides a successful
description of the p-4He elastic scattering at intermediate energies,

1,2 of high-energy, small-angle potential

In the eikonal approximation
scattering the amplitude is expressed in the form of the impact parameter
(Fourier-iBeSsél) integral:

A
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ps 4 being the incident ¢, m, momentum and the momentum {ransfer, respec-
-
_tively. The scattering profile function I'(b) is related to the potential of inter

action V(fr?). as follows :
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(x) - On leave of absence from nstytut Fizyki Jadrowej, Krakow,
Poland,
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where the eikonal axis Oz is directed along the bigectrix of the c.m. scatte-
ring angle, v being the relative velocity of “twoihteractmg particles,

If the profile function I'(b) is known and for a spherically symmetric
interaction V(r) Eq.(2), being essentially the Abel integral equationz, may

easily be solved for the potential:
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The eikonal approximation of potential scattering constitutes a basis for
the Glauber mode;l2 qf multiple scattering between composite particles, Anot-
her app"révximation vinV01\{ed in the model regards closure® over the interme-
diate eigenstates of coliiding pai'ticles. The elastic scattering profile of an ele

mentary projectile on the composite nucleus in the Glauber model is:
‘A i P Y
re = 1=l [][1-vB-5] > (4)
j=1 - -

where the profiles. Y5 of the target nucleons (s; being their positidns in the
plane of impact parameters) are jto: be related, analogously as in Eq. (1), to
the projectile-nucleon elastic scattering amplitudes fj, and V¥ is thé nuclear
ground state wave function. Eq.(4) may readly be generalized to scaitering of
two nuclel4

The Glauber. modcl has been applied with success to the des (‘I‘lp’Ll()l’l of
hadron-nucleus scattermg at intermediate energless, Nevertheless there re-
main some discrepancies between the theory and eXperimentB, especially at
diffraction minima and large ..scatter'ihg angles, The difficulties seem to result
from:the ]imita’cions of the eikonal approximation, viz, its restriction to small
‘angle- scattermg and the insensitivity to the sign of the real part of interaction,

The aim of this work is to propose the following extension of the Glauber
model, First, one evaluates the Glauber proi"lle (4), Secondly, the correspond
ing optical potential is obtained from Eq. (3)., Finally, the Schroedinger wave
equation with this potenti’al ig solved for the scattering amplitude without any

approximation,

For calculating the profile T~ (b) the knowledge of the nuclear ground state

density is r‘é’duii‘e‘d’. Weliave u‘sédw{'fié model of correlated pairs7 :
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which is capable of accounting for the short-range interactions between the
target nucleons, The two inputs of the model are the single particle density
p(r) and the correlation operator G(f’j, ?k) that serves to determine the form
of the interaction, The successive terms of (5) correspond to the expansion in
numbers of correlated pairs: independent particles, one correlated pair, etc,
up to A/2 (or (A-1)/2) correlated pairs,

The nuclear density (5) has to be supplemented by the prescription for
eliminating the centre-of-mass coordinate since the wave function should be
translationally invariant8, It turns out that the ¢, m, constraint may easier be
imposed on the scattering amplitude F(q) than directly on the profile I'(b).
Using the density (5) one obtains for the elastic scattering amplitude of the
Glauber model:
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where the functions S and T are defined as follows:
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(7)
"33 . I ndudiy) ndR
) = [a’r @’ p(10(2)4(1,2) [ 1v(B5 )] [14(B-5) ]
o being a correction resulting from the ¢, m, consiraint; in fact the correc

tig’rllvl is multiplicative only if the nuclear density (5) can be factorized into the
¢.m. and intrinsic parts, From Eq, (6) the nuclear profile I'(b) may readily
be obtained by reversing the Fourier-Bessel transform.,

In this letter we present the results of our analysis of the elastic p~4I~Ie
scattering, This scattering has been carefully studied in the last decade in a
wide range of energy starting with the pioneering experiment at Brookhaven9
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up to recent, precise measurements at Saclay and Berkeley .



In our calculations we have used the Gaussian single particle density:

32 58 o (-r2/RY), o T (8)

plx) =
2
the ¢, m, correction to the scattering amplitude is then © oM = explq RZ [4A).
It should be emphasized that for small A it is extremely important to include
the effect of this correction in the evaluation of the Glauber profile I (b) and
the equivalent optical potential, 7 ' v

. (s
For the short-range correlation operator we have assumed :
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¢« EXM=lE g ) = L- e —Ey, )
_ . R~

the coefficient M = -1+(1 4—21)‘3/2 1+42) -3/2 being determined by the norma
lization, The form (9) and especially the unitarity of the correlations| assure
the validity of the model nuclear density (5). Let us notice that the correlations
do not affect the ¢, m. correctic»n The parameters R and A have been estab-
llshed7 from the analysis of the He elastic charge form factorlli,
The nucleon profllé's have been taken as spin independent and in the form
2

gllzia) o (. b (10)

‘Y(b) N A,

which corresponds to a Gaussian g-dependence of the proton-nucleon elastic
scattering amplitude, The parameters o (the total cross-section), a(the Re/Im
ratio of the forward amplitude) and a (the slope) are,in general, energy depen-
dent and different for the p-p and p-n interactions,

Under assumptions (8)-(10) the functions S and T, the scattering ampli
tude F(g) and the nuclear profile I'(b) may be calculated analytically. For
illustration we quote the result for I'(b) in the case when the short-range cor-

velations are absent (G=1) and the nucleon profiles equal each other (i, e,

6. =0 =0 etc):
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2
the second term in R g resulting from the c.m., correction,
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The integration of the Schroedinger equation with the optical potential ob
Co1e 15

tained from Eq. (3) has been performed numeric ally using the code SQUAR
This code is particularly suitable for calculating the scattering phase-ghifts at
large values of the c,m; mo:mén‘tum_

In Fig, 1 our results for the elastic differential cross~section (full cur-
ves) are compared with the Glauber model (dashed curves) and the experimental
da.talo”N. It should be said that our findings are neither "best" nor "no free pa
rameter® fits, In fact the input N-N amplitudes (especially the parameter a
and the slope a at lower energies) are, at present, very uncertain, We have
tried to reach a compromise between the nucleon parameters quoted in the li-
terature and often inconsistent between each other, and fitting to the nuclear
data,

Despite of this it is evident from Fig, 1 that the use of the effective opti
cal potential substantially improves the agreement with experiment,

In Figs., 2 and 3 we illustrate the dependence of the optical potential and
of the elastic cross-section on the nuclear structure, The esgential role of the
correlations induced by the c. m. constraint should be pointed out, They give
rise to a very sharp transition region in the 1)-41'16 potential at the nuclear sur
face (Fig, 2); as the result the probability of diffractive scattering after the
first minimum is enormously enhanced (Frig. 3).

The necessity of having a sharp and not diffuse surface has been known

earlier from the phenomenological optical-model analysis of the p—4He scatte

ri‘Lnglo’ 16., In our microscopic approach this property follows naturally from
a correct, translationally invariant nuclear wave function, Moreover our op-
tical-model analysis is successful without getting in conflict with the e—4He

d:ata14

» in contrast to ref, (186),

This is so because our optical potential, besides havin‘g incorporated the
c.m. constraint, takes also into account all terms in the Glauber series of mul
tiple scattering, In fact, the restriction e, g, to the terms linear in the N-N
interactiohs (as it is a comimon pra,cticels, the corresponding potential being
referred-to as the first order VVaﬂ;-s«on.;potent:"Lall'?) would be insufficient for the
4I-Ie, nucleus - see Fig, 1,

The short range correlations considerably improve the fits in the region
of the s'ecbnd' maximum (I"ig, 3). Their role seems, howcvex‘, to diminish at
larger values of qg; in fact the higher orders of multiple scattering depending

only weakly on nuclear structure become more and more sengitive to the para
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FIG, 1 .- The differential cross-section of the ]p—4I-Ie elastic scatte

ring, The dashed curves correspond to the standard Glauber model,
while the full curves to our method, The single dotted curve at 1GeV
results from the optical model analysis retaining only terms linear

in the N-N amplitude, The experimental data are from Ref., (12) at

348 MeV, Refs.(11) and (12) at 650 MeV, and Ref. (10) (accounting
for the renormalization of Ref. (12)) at 1050 MeV, In addition the data
of Ref. (13) at 580 MeV are placed together with the 650 MeV data,
The nuclear parameters arel®): R=1,265 fm, X = 0, 652. The nucleon

parameters are: 6, =23.5mb, &_,=32.5 mb, «__ = °<pn= -~ 0,45,
2pp = apn= 1.5 C‘%)ekV‘ at 348 l\ileV, fvp ),_=241_ 0 mb, “on = 37“ 0 m}),
pp = °<pn="'0- 25, a .= Aon = 3.5 Ge at 650 MeV, 6‘p = 472. ]
m%, &pn = 40,5 mb, “pp © .xpn= - 0,30, a5 7 8pn = 5,0 GeV at

1050 MeV,
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meters of the N-N'interaction. Moreover, at large angles other effects, absent
in the Glauber series, may be important; e, g. the "violent scattering® mecha~
nism described in ref, (18) and, in the backward region, the exchange between
the projeétile and target protons,

In conclusion we would like to comment on the physical content that under
lines the success of our approach, As it is well known the C;’rllauber model follows
yl'l

from the rigorous Watson theor of multiple collision as the result of cancella

tions, occuring in the eikonal limit, between the off-shell and rosc‘éttering terms‘l 9.‘
By constructing the equivalent optical model we assure authomatic afily the cor-
rect treatmeni of the off-shell effects, Moreover, by exactly solving the Schroe=
dinger equation we account, in a relatively simple way, for the non-eikonal pro-

2

pagation 0 petween successive collisions as well as for the rescattering contri-

butions,

We would like to thank Drs, D, Garreta, J, Qostens and P, Picozza for
providing us with the experimental data obtained at Saclay., The hospitalitly of
Profs, G. Bellettini and P, Piechi in the Laboratori Nazionali di Frascati is

gratefully acknowledged,
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