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1. INTRODUCTION 

Glauber 1 s multiple s~attering theory 111 has become a. stan
dard mean of describing and understanding the experimental 
data on high energy hadron-nucleus diffraction scattering. 
Proton-helium scattering 12-: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 sca.ttering distributions, even with 
rather simplified pictures of the nuclear structure and of 
the hadron-hadron scattering amplitudes. 

A. detailed comparison with the most recent and precise da
ta on elastic scatteri~g/5,6/, however, seems to display a 

small but definite discrepancy between the data and some cha
racteristic features of the model, in particular the posi
tion of the first diffraction dip, the forward slope of the 
cros:S section and the relative height of the cros.s section 
at the optical point and after the dip. Furthermore, ref./7/ 
has shown that the deviation of the Glauber calculation from, 
a particle scattering on C, Al, Cu and Pb at 3.64 GeV per 
nucleon experiment becomes obvious beyond JtJ > 0.25 (GeV/c) 2 • 

The inelastic cross section calculated in the MOdel approxi
mation of ref./8/ is clearly lower than the data points, and 
the discrepancies reach up to one order of magnitude at the 
largest ] t 1 measured for a Al and a Cu scattering. Dakhno and 
Nikolaev/91, however, have shown through a through and accu
rate analysis that the Glauber theory with inelastic shadow
ing displays again a systematic disagreement with the data. 
They found that there is a persistent disagreement .between 
theory and the data of high accuracy experiments, which can
not be eliminated in the conventional picture of the alpha 
particle mode of four nucleons. 

With a somewhat different starting point, the purpose of , 
this paper is to show that disagreement between the Glauber 

theory and the data disappears if the composite structure of 
(the bound) nucleons is explicitly taken into account in the 
cal.culation of the differential cross section according to 
the multiple scattering theory. 

Three main purposes of the present work are the descrip
tion of the antisymmetric oscillator wave function of a1 2c 
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in one-particle coordinates, the calculation of the scatter- I 
ing amplitude taking into account the nucleon exchange ef- .· 
fects and comparison with a12C diffractive scattering cross 
section data at high energies. 

2. THE MODEL 

According to Glauber's theory!!/ the scattering amplitude 
of a pointlike projectile on a system of A constituents is 
given in ·terms of the wave function of the target and the ele
mentary scattering amplitude off a constituent by 

( 1) 

' ~ where q is the momentum transfer., b is the impact parameter 
and s 1 is the transverse position of the i-th constituent with 
respect to the collision axis, while .<r/IA I and <1/JA I are the 

· 1 r 
initial and final state wave functions of the target and ~ 

·y (b -·s1 ) is the profile function of the i-th constituent, de-
fined in terms of the elementary scattering amplitude on some 
constituent C 1 ( q) as 

~ 1 2 -lq(b-sl ) 
y(b-.s1) ='2,;ik' { d qe t 1(q), (2) 

If the projectile is a composite object with B constituents, 
the generalization of eq.(l) is 

(3) 

where the states <r/IA r/Jg 1, .<r/IA r/1 8 I are the wave functions of 
I I I I the target-projectile system. 

A nucleus in the quark model is described as a system of 
many clusters, and each cluster consists of three quarks. 
Thefl a nuclear non-antisymmetrized wave function in the oscil
lator-cluster model can be written as/9/ 



where· the nucleus is pictured as a bag (with ~ad ius R A) loca
ted at R12 enclosing A nucleons with radii Rh located at Ri. 
Using the representation: 

-+11-+ 112 -6i/3- (---)R--3(---)/3 1 2 2 1 2 2 
RA Rh RA Rh 3 fe d '{3 

and the relation 

R = _.,...__.._3 ____ • (1=1,2, ... ,12) 

we can write (4) in a formally factorized form 

12 
1/J = n 

12c i=l 

2 2 2 
'a1-2 + 's1-1 + 'aJ ~ 1 1 exp [- ......;::.....;::__..='=...;..-~- 6 {3 i(-- -) x 

R2 J R2 R2 
h A h 

1 1 2 ) -3(-·-·-) /3 l P (r ) Y (e, ¢) 
R2 R2 J n J em 

A h 

Using factorized function (6) we can construct the totally 
antisymmetric wave function under permulation of nucleons, 
which can be written as Slater determinant. 

(5) 

(6) 

Then scattering amplitude (3) may be written in the form 

" ik 2 i ;j; I I) J(q)=-·(d be (ll ll- --Det ll 8_,- -A 
2 mn M N mn M N mn 

11 mn mn 

(7) 

with 

33 -+-+-+ 

n n (l-y(b-s.+r.))IN0 > 
l=lj=l 1 

J 
(8) 

the matrix element of the profile function between the single 
particle states described by the quantum numbers Mm and Nn, 
respectiv~ly. Using the orthogon.ality condition of the oscil,:
lator wave function we find that all off-diagonal matrix ele
ments in the determinant of eq. ( 7) are A mn - I. In order to 
estimate the main effect of the Pauli principle we first rna-
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ke a simple estimation of the single particle matrix element 
of eq.(8). We consider the case where spin-flip and charge
exchange are neglected. Thus Amn = 0 if only spin-flip or 
charge exchange~could connect the two states involved. Simi
larly, since y(b) is two dimensional, Z direction orthogona
lity makes Amn = 0 1101 if the Z. direction quantum number dif
fers. Going in detail one finds that Amn may be rearranged 
to give exactly one non-zero submatrix per closed shell. Where 
closed shells are counted per spin up or down,per isospin up 
or down and per main quantum number (see Fig.l). 

The Pauli principle means that two particles from the same 
shell cover each other very rarely when densities are projec
ted onto the impact parameter plane and that this rare chance 
is exactly compensated for in the harmonic oscillator model 
by the Z direction orthogonality. 

3. COMPARISON OF RESULTS OF MODEL 
WITH EXPERIMENTAL DATA 

Figure 2 compares the results of the calculation based on 
formulae (7), with the experimental data for al2C scatter
ing/ 11/ • The solid line corresponds to dq e£ ,/dt + dq q · e£ I dt 
versus t-dependence calculated using amplitude (7) in Rigid 
projectile approximation1 12/ • The dashed line corresponds 
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to d~q·~ /dt, for the case of structureless nucleons. This 
approximation yields too low values of d~/dt in the region 
of a 12C scattering in the lar~e t region. The dash-dotted li
ne corresponds to the sum dae ':/dt+daq·e£ /dt for the case 
of structureles~ nucleons. For calculation of the elastic 
scattering amplitude (7) the parametrization was used 
(ref . 1131 ) ·' J<:or c~lculating the differential cross section 
of quasi-elastic nucleus-nucleus scattering the analytical 
expression from ref .171 ' was taken. 

Figure 2 shows that the composite nucleon model yields 
better agreement than results of ref. 171 , and the Glauber 
approach extended to nucleus-nucleus scattering leads to sa
tisfactory consistency of the calculated cross sections and 
their t-dependence with those obtained experimentally. Howe
ver, taking into account the exchange terms improved the ag
reement between theory and experiment. 
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Thus, a quantitatively accurate self-contained Glauber

like description of the scattering process in terms of colli

sions among the elementary constituents is possible. 

Furthermore, we conclude that the nucleon exchange effect 

is not negligible. 
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