


1. IKTRCDUCTION

The celebrated Glauber multiple scattering theoryjl’zf is
a generally accepted theory of high-energy hadren-nucleus and
nucleus-nucleus diffraction scattering. Proton-helium scat-
tering/3-4/ , in particular, has been the touchstone of the
theory since its first derivation, showing a remarkable
agreement between the predicted and experimental structure of
the angular scattering distributions. ' :
A detailed comparison with the most recent and precise
data on elastic scattering/5.8/ , however, seems to display
a small but definite discrepancy between the data and some
characteristic features of the model, in particular the posi-
tion of the first diffraction dip, the forward slope of the
cross section and the relative height of the cross section of
the optical point and after the dip. Dakhno and Nikolaev/7/
have shown through a thorough and accurate analysis that
Glauber theory with inelastic shadowing displays again a sys-
tematic disagreement with the data. They found that there is
a persistent disagreement between theory and the data of high
accuracy experiments, which cannot be eliminated in the con-
ventional picture of the a particle made of four nucleons.

On the other hand, in ref./8/ the Glayber-like descrip-
tion of pa scattering was carried out and it was shown that
the main discrepancies between the theory and the data, in
particular the pesition of the diffraction dip, are corrected
by the additional terms that contribute to the scattering
amplitude when the nucleons are considered as composite ob-
jects.

With a somewhat different starting point, it is the pur-
pose of this paper to show that the disagreement between the
Glauber theory and the data disappears if the quark structure
of nucleons is explicitly taken into account in the calcula-
tion of the differential cross section according to the
multiple scattering theory. For this purpose we employ the
non-relativistic quark-cluster model to describe a nucleon
and treat the a-particle as a system of four clusters which
is totally antisymmetrized with respect to the quark variab-
les.



Our further presentation is organized as follows. We start
with a conventional model of the g-particle made up of four
nucleons and nucleons made of quarks. In sect.3 we expose the
multiple scattering theory and describe direct and exchange
integrals for all members of Glauber “s series.

In sect.4 we discuss the numerical calculation. We shall
see that the agreement with the experimental data of our model
is rather good.

2. QUARK CLUSTER MODEL

A nucleus in the quark cluster model is described as a sys-
tem of many clusters completely antisymmetrized with respect
to the quark variables. Each cluster congists of three quarks
and has the nucleon quantum number, namely it has /9/ symmetry
for spin-isospin SU(4), {131 symmetry for colour SU(3), and
[3] symmetry for the radial part

iN>=-1q% 18], 8=1/2, Tat2, [1%],> @, (1)

The radial wave function for a nuclecon is taken to be
a usual function of the oscillator-cluster model:

Q= ¢(r,) (r,) d(ry) x(R), (2)

vhere 1, , g, I'g and R are the internal and center-of-mass
coordinates, respectively,

(r1 ”2*”3).

. (3)
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The wave function for the g-particle, |a > consisting of four
clusters, is given by

(ore) 4

la>=8, 1(IN> ) leso,r=0

Q(R,) D(Ry) B(Ry) B(R,) x

(4)

x x (R, ,Rﬂ,ﬁs,ﬁ4) , N=1/y<all le>,

where Ga igs antisymmetrization operator among quarks in dif-
ferent clusters for the ga-particle.
In eq. (1), we use a normalized gaussian:
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Then for wave function (3) we have:

(orc) 4 N 'Sf4'33+---+sfg
la >=(Ta{(iN >y} oxp [ - -
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Next, using the representation:
2p2 - 2
-a®RY N arg ~2if R,a= B R (7)
e =(vnr/a) fe d° 8

we can write (6) in a formally factorized form for space
coordinates,

In our case (I, consists of 12!/(3!) /4!=15400 terms, which
are classified into 12 essentially different terms. The cor-

responding matrix elements of the exchange operators are given
in the Table /% .

Table

term factor plo™ pc) whole factor
1. 1 1 i 1 1

2. -54 -1/27 1/3 2/3

3. 216 11/243 1/9 88/81
4. 648 -5/243 /9, -40/27
5, -144 Q 0 Q

6. 243 1/729 1/9 1/27

7. -486 -25/2187 1/27 50/243
a. -3888 7/2187 1/27 -112/243
9. -648 -1/243 - 1/27 8/81
10. -3888 -1/2187 1/27 16/243
11. 3888 0 0 0

12. 1296 1/1458 1/54 4243

3. CALCULATION OF THE ELASTIC SCATTERING AMPLITUDE

According to the Glauber theory’/!/ the scattering ampli-
tude of a composite object with A constituents on a system
of B constituents is determined by the following expression:
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where p is the momentum at the projectile system, q is the
transverse momentum, ¥ and wB are wave functions of the
target-projectile systems, lsyl™, lr } are the coordinates

of the constituents of projectiles and targets within the
plane of the impact parameter b.

Inserting (6) and (7) into (8) and using parametrization
2
b

y(B) =y(0) e

- (9)
we have direct integral:
a®R{
12 3
7, (@)= ¢ $ONNNN, NN
. _ (10)
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The structure of matrices @; and numbers N; are given in

the Appendix. By permutation elements of matrices G, and G,

we give an expression for exchange integrals. For example,
for the matrix element:

<alp, la> | (12)
we have
. c 1 0 0 1 0 0 0
G1 = 1 0 0 O H G2 = 0 1 0 0 (13)
I 0 0 0O ¢ 1 0 O

4, COMPARISON WITH THE EXPERIMENTAL DATA

The figure compares the differential cross section cal-
culated from eq. (10) with the experimental data for pg scat-
tering/ &/ . The solid line corresponds to the cross section
caleulated using eq. (10). The dashed line corresponds to the

\
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cross sections calculated in ref.’/? for the case of point-
like nucleons.

In calculation of the elastic scattering amplitude (10)
parametrizations (5,9) were used from ref./8/ .,

The figure shows that the quark cluster model gives good
agreement and the Glauber approach extended to nucleus-nucleus
scattering leads to satisfactory consistency of the calculated
cross sections and their t-dependence with those obtained
experimentally.

Our results can be summarized as follows:

1. Taking into account the quark structure of nucleons we
have significantly improved the description of the data, thus
restoring the agreement between the Glauber theory and the
experiment.

2. The quark exchange effect is not negligible for this
case.

3. The multiple scattering terms which were neglected in
ref. /8/ are not unimportant.



APPENDIX

are the matrices which corresponded to the
lly different term of (8) for the case
A=RB= 3710/ apnd Nj are the combinatorial coefficients:
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101 100 111
w110/ @ \111) 0\ 000 )’

110 111 111
w110/t = 1o/t 110

111 111 111
Si\ot1 )t W o) W 111
N =Nj=1: N =N =N aN =N =-8;

N2=N19=N25‘=N327=N33=9. Naza: N2 =—6;
Nyg=N,=8: NggaNg =-8: Ny=Nj aN =Ng
Ny7 =Npg =Npg=-18; Ny =Ng=Nyg =Ny =Ny =N24 =

=N34=18, N6=N22-—36; N13=—36;
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