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ABSTRACT

Differential cross sections for a He elastic scattering have

been calculated at incident a particle momenta of 4.32, 5.07 and

7.0 GeV/c within the framework of the Glauber multiple scattering theory.

The full Glauber amplitude is calculated using the Monte Carlo method for

evaluating multidimensional integrals. We find that, in general, the more

realistic double Gaussian model for the density brings theory closer to

experiment as compared to the generally used single Gaussian model. Our

results with the double Gaussian model are in fairly good agreement with the

experimented data at 4.32 and 5.07 GeV/c.
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I. INTRODUCTION

The success of the Glauber multiple scattering theory in

describing hadron-nucleus scattering at medium and high energies has

naturally led to its generalization to nucleus-nucleus scattering '

in the corresponding energy domain. It turns out that whereas the

extension of the theory to nucleus-nucleus scattering is straightforward,

the evaluation of the full multiple scattering series, in this case, is

beset with serious computational difficulties * . Therefore, several

approximation schemes have been proposed to evaluate the Glauber amplitude

to analyze the available experimental data (e.g. Ref.5). However, these

approximate methods are ot limited usefulness as they do not shed enough

light on the working of the theory and, generally speaking, give good

results only up to moderate momentum transfers. ThuSjit is desirable to

undertake the full Glauber nucleus-nucleus scattering calculation.

There is one situation when the full multiple scattering series

for nucleus-nucleus scattering can be evaluated analytically without

recourse to any approximation, though the final expressions in general,

are rather cumbersome. This happens when the NN amplitude is of the

Gaussian form and the colliding nuclei are described in terms of the

independent particle model with the Gaussian densities . Using the

Gaussian model for the densities of the colliding nuclei, Satta et al.

have evaluated the full Glauber multiple scattering series for the elastic

scattering of a particles on He, He and H at the incident momentum

of 7.0 GeV/c. They find that the full Glauber model calculation gives a

good qualitative account of the data over the whole momentum transfer region

which extends up to about 2 GeV/c, although strong quantitative disagreements

with the data;specially in the large momentum transfer region,are present.

They also show that, at large momentum transfers, the full Glauber calculation

gives a much better account of the data than the rigid projectile model.

Recently Franco and Yin have studied in some detail the elastic

scattering of a particles on He at 4.32, 5.07 and 7.0 GeV/c incident

momenta and on He, H at 7.0 GeV/c. Using the Gaussian densities for the

colliding nuclei (except for H), these authors evaluate the complete

multiple scattering series and show that a phase variation of the NN

amplitude leads to a substantial improvement in the theoretical situation.

It is generally known that even for light nuclei like He the

single Gaussian model for the ground state density is inadequate specially

in describing the response of the nucleus at large momentum transfers

-2-

T



(e.g. Ref.8). Since, in the high energy nucleus-nucleus scattering

involving large momentum transfers, the large momentum components of the

nuclear wave functions are expected to have a role, it is of interest to

carry out a full Glauber model calculation using more realistic ground state

densities. Such a study will also be helpful in assessing the extent to

which the phase variation of the elementary NN amplitude is important.

In this work we calculate the full Glauber multiple scattering

amplitude for the elastic scattering of a particles on He at 4.32,

5.07 and 7.0 GeV/c incident a particle momenta using the double

Gaussian density for He which is consistent with electron scattering

experiments in the momentum transfer region covered so far. The amplitude

is calculated using the Monte Carlo method for evaluating multidimensional

integrals. As shown later}there are notable differences between the

predictions of the more realistic double Gaussian and the generally used

single Gaussian densities in some momentum transfer regions. The double
q \

Gaussian model explains the 4.32 and 5.07 GeV/c data reasonably well

without invoking phase variation of the NN amplitude..

II. NUCLEUS-NUCLEUS ELASTIC SCATTERING AMPLITUDE

According to the Glauber theory the general expression for the

elastic scattering amplitude, Fp., ^ o r t ne scattering of the projectile

nucleus of mass number & on a target nucleus of mass number A may be

written as

= ^ d'b e (2.1)

where S is the impact parameter, & is the incident momentum in the centre

of mass system and q the momentum transferred from the projectile to

target nucleus. The quantity r^Cb) which is the total profile function

for the nucleus-nucleus scattering is given by

1 -1 A
drr..drE drr..drA (2.2)

where r ^ is the

scattering amplitude

NN profile function which is related to the NN

through the relation
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Zirik.,
d qe (2.3)

with kyv, as the nucleon momentum corresponding to the projectile energy

per nucleon, and Pita) i s the A(B)-body ground state density of the

target (projectile) nucleus. To be more explicit, if ^A^ ri' i rA^ an<*

tfi_(r,..r_) are the ground state wave functions of the target and projectile
H i a

nuclei, then the densities appearing in Eq.(2.2) are:

V - + ? A

(̂ )

(2.4)

(2.5)

The above densities are supposed to be normalized to unity so that

the corresponding one-body densities which are obtained by integrating all

but one position coordinates are also normalized to unity. The S-functions

in Eqs.(2.14) and (2.5) appear because of the centre of mass constraint.

Further, in this study we treat neutrons and protons as identical

and use the usual Gaussian parametriaation for the NN amplitude:

4ir (2.6)

where <]„„ is the NN total scattering cross section, p._, is the ratio
NJM NN

of the real to the imaginary part of the forward scattering amplitude, and

pjjj, is the slope parameter (unlike Franco and Yin we do not introduce

q dependence in Puj. in this study). The NN profile function corres-

ponding to Eq.(2.6) reads as

2$,NN
4* a

'NN
(2.7)

From Eqs.(2.1) and (2.2) it follows that if the densities p, and

Pj, of the colliding nuclei and the NN profile function f ^ are given,

then the main problem of the full Glauber model calculation is the evaluation

of r
B A(

D> which involves multidimensional integration. In this work the

rB,lb) is evaluated using the Monte Carlo method for evaluating multi-

dimensional integrals.
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III. CALCULATION AND RESULTS

We now describe calculation of a-^He elastic scattering for

incident a particle momenta of A.32, 5.07 and 7.0 GeV/c and present

our results. The nucleon-nucleon scattering parameters used in this

work are given in Table I. The parameter set I is taken from the

paper of Franco and Yin 7J. While the parameter set II has been taken

from the paper of Berger et al. ,

To calculate TflA as given by Eq.(2.2) we need the ground state

snsities PA(?r..?A) and pB(r[. .. r^) of the target and the projectile

iich,in our case, are the same. For 4He which concerns us, we assume

that except the c m , correlation, all the others are unimportant and use

the double Gaussian (DG) model introduced by Bassel and Wilkin 8 J:

de

which

(DG)

\e J.I)

where N is the normalization constant and a, D and £ are the parameters.

The one-body density obtained from Eq.(3.1) gives a good account of

the electron scattering experiments in the momentum transfer region covered

so far with the following parameter values: a2 - 0.657 fm"2, £ " 2-49 fm~2

and D - 0,768. These parameter values have been taken from Ref.lO.

For calculating cross sections in the single Gaussian (SG) model we

use the expression

(SG)

\e

4 2 2 f ?+?+?+? >i

(3.2)

with - 0.-401 fm"2.

As mentioned before^we calculate rn«(b) by t n e Monte Carlo method

of evaluating multidimensional integrals, considering the expression (2.1.1

for r
BA(t>> along with Eqs.(2.4) and (2.5) for the densities, the nucleon

position coordinates in the integral of Eq.(2.1) are given random values

subject to the centre of mass constraints. The quality lit^nl is
A a <7

treated as the weight function (in cur case the expression for |*,( is
2

the sane as for |<|<,,j and is given by the factor multiplying the 5-function

in Eq.(,3-U or i.i.1)). For each successful trial the real and imaginary

parts of the expression within the curly brackets in Eq.{2.2) are calculated

using the expression (2.7) for !"„„. The mean standard derivation is also
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calculated. In all eases,the calculations have been carried out for

approximately 10 successful trials. As a consequence the error bars

for the real and imaginary parts of the calculated Fg^Cb) turn out to be

negligibly small. The results for f ^ are shown in Fig.l.

Having obtained Tg-Cb) for a- He scattering, the next step,viz.

calculation of the elastic scattering differential cross sections is straight-

forward. The results of our calculation are presented in Figs. 2-4 along with

experimental data. Fig.2 shows the results for a- He elastic scattering

at the incident a particle momenta of 4.32 and 5.07 GeV/c with the NN

parameters set I given in the Table I. The dotted and the full curves are

the predictions of the DG and SG density models respectively. The

dashed curve shows the calculation of Franco and Yin ' with the parameter

set I and the SG model. The very close agreement between the full and the

dashed curves shows the accuracy of the calculational procedure adopted here.

Comparing the dotted and the full curves we note that the DG model

provides a better description of the data specially in the region of the first

minima. On the whole,the effect of using a better description for the

colliding nuclei is to bring theory closer to experiment.

Next, in Fig.3, we show the same calculation as in Fig.l but with

the NN parameter set II. These parameter va-ues which are very close

to the average values for np and pp parameters used by Varma have
9)

been taken from the paper of Berger et al. as mentioned previously. The

dotted curve shows the calculation with the DG model while the full curve

with the SG model as in Fig.2. It is seen that with the parameter set II

the DG model gives a reasonably good account of the data. Further, the

disagreement between the DG and SG model calculations is of a similar

nature.

The qualitative difference in the results for the parameter sets I

and II implies that nucleus-nucleus scattering calculations are fairly

sensitive to the NN parameter values specially to the value of the

parameter p. The significant point that emerges from our calculation

presented in Fig.3 is that with the DG model for He density, there is

no compelling reason to introduce a variation of phase of the NN amplitude

to get agreement between theory and experiment in the momentum transfer

region covered so far at the incident momenta of 4.32 and 5.07 GeV/c

as has been done in Ref.7.

Finally Fig.4 shows the results for the incident momenta of 7.0 GeV/c.

As in Figs.2 and 3 the full and the dotted curves are the predictions of Che

SG and the DG models}respectively. It is seen that far q ^ 0.8(GeV/c)



which is the momentum transfer region covered in experiments at the lower

incident a particle momenta we have just discussed, the DG model brings

theory fairly close to experiment. At higher momentum transfers the

situation is essentially the same as for the SG model. As a matter of fact,

above q >, 2.0 (GeV/e) the DG model predictions disagree more compared to

the SG ones.

The large discrepancies between thery and experiment for

q s, 1 (GeV/c) speak of the limitations of the present analysis. In the

light of the work of Franco and Yin the large discrepancies may be removed

by introducing q dependence in the phase of the NN amplitude. However,

the required phase variation with the DG model density will be different

from what has been found by these authors. Further, since the disagreement

between the DG model calculation and experiment occurs mostly in the large

q region, it is not unlikely that at least a part of it has its origin in

the NN hard core correlation which has been ignored in the work of Franco

and Yin 7) as well as here.

IV. CONCLUSIONS

In this work we have used the Monte Carlo method for evaluating multi-

dimensional integrals to calculate full Glauber multiple scattering series

for a-AHe scattering at the incident momenta of A.32, 5.07 and 7.0 GeV/c.

We find that the calculated cross sections are fairly sensitive to the nucleon

density model for He. The more realistic double Gaussian (DG) model for

He density is found to give much better results than the generally used

single Gaussian model in the momentum transfer region covered in experiments

with lower incident a particle momenta in essentially all the three cases.

As a matter of fact, with a proper choice of NN parameters, the data at

4.32 and 5.Q7 GeV/c are reproduced reasonably well without introducing a

variation of the phase of the NN amplitude.

With regard to the region of momentum transfers greater than about

1 GeV/c covered in 7.0 GeV/c experiment, though the predictions of the

two density models differ yet the improvement in the theoretical situation

with the DG model is either nominal or negative. In the light of Franco

and Yin's analysis it may be said that the situation could be improved by

invoking a variation of the phase of the NN amplitude. However, since the

disagreement lies in the region of large momentum transfers, some other

theoretical refinements such as the inclusion of the hard core correlation in

the nuclear wave function could also be helpful.
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TABLE I

NN scattering parameters used in the analysis.

The parameter set I has been taken from Ref.7 and the set II from Ref.9.

Plab

(GeV/c)

1.75

1.27

t.08

°NN
(mb)

44.0

39.9

32.3

SET I

PNN

-0.23

-0.20

-0.02

SNN

(GeV/c)

5.6

2.92

1.86

(mb)

-

39.5

33.5

SET II

PNN

-

-0.37

0.45

(GeV/cJ

-

2.75

1.75
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FIGURE CAPTIONS

Fig.l The nuclear profile functions for He- He elastic scattering as

a function of the impact parameter b.

Fig.2 Differential cross-sections for 4He- He elastic scattering at the

incident momenta of 4.32 and 5,07 GeV/c with the NN parameter

set I. The full and the dotted curves are obtained with the SG

and the DG models for He density, respectively. The dashed

curve shows the calculation of Ref.7. The data are taken from Ref.9.

Fig.3 Same as in Fig.2, but with the NN parameter set II.

Fig.4 Differential crass-sections for He- He elastic scattering at the

incident momentum of 7.0 GeV/c using the parameter set I. The

description of the curves is the same as in Fig.2.
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