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The di�erential ross-setions for the elasti

12

C{

12

C at 1016 MeV and

16

O{

12

C at 1503 MeV

sattering are alulated on the basis of the multiple di�ration sattering theory and �-luster

model with dispersion. For

12

C{

12

C sattering the alulations were performed by means of the

\e�etive" �{� amplitude. The di�erential ross-setion for the elasti

16

O{

12

C sattering was

alulated without any papameter �t. The results obtained are in agreement with experimental

data.
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I. INTRODUCTION

A theoretial investigation of light nulei interation

is a useful method to obtain some information about the

struture of olliding nulei. The �-luster struture is

manifested in light nulei with the number of nuleons

divisible by 4 (

12

C,

16

O,

20

Ne, et).

For

12

C and

16

O nulei the �-luster model with

dispersion has been proposed [1, 2℄. Aording to this

model, the arbon and oxygen nulei are onsidered as

made up of three and four �-lusters arranged at the

verties of equilateral triangle and tetrahedron, respe-

tively. These �-lusters an be displaed from their most

probable equilibrium positions.

By means of the �-luster model with dispersion and

Glauber{Sitenko multiple di�ration sattering theory

(MDST) [3, 4℄ we have desribed the observables in elas-

ti and inelasti sattering of intermediate energy ele-

mentary partiles on

12

C and

16

O nulei. The results of

the alulations were in agreement with the experimen-

tal data. We show that taking into aount four-nuleon

orrelations of the �-luster type and the orrelations be-

tween �-lusters allow us to obtain a better agreement

with the experimental data as ompared with the free-

nuleon model [2℄. Moreover, spin-rotation funtions for

the elasti sattering of protons on

12

C and

16

O nulei

in these approahes di�er qualitatively.

Notie that to alulate the p{

12

C and p{

16

O elasti

sattering observables, \free" p{� amplitudes have been

used as an elementary \brik" of the model. In other

words, the parameters of the \elementary" p{� ampli-

tude have been obtained from the omparison of the al-

ulated and measured p{

4

He elasti sattering observ-

ables.

The model proposed in [1, 2℄ was developed for the

ase of the elasti sattering of \omposite" partiles

(deuterons, �-partiles) on

12

C and

16

O nulei [5, 6℄.

We show that the \e�etive" d{� and �{� amplitudes

must be used to agree the di�erential ross-setions for

the elasti d{

12

C and �{

12

C sattering with the experi-

mental data. This result is in agreement with the result

obtained in [7, 8℄, where the authors show that elasti

sattering of light nulei on nulei in the energy region

E � 100 MeV/nuleon annot be satisfatorily desribed

in the multiple sattering theory with \elementary" free

nuleon{nuleon amplitudes. In other words, omplex

nulei hange their properties during the ollisions and

\free" amplitudes should be hanged to \e�etive".

Note that in [5, 6℄ the parameters of the \e�etive" d{�

and �{� amplitudes were obtained from the omparison

of the alulated and measured di�erential ross-setions

for the elasti d{

12

C and �{

12

C sattering. These sets

of parameters were used to alulate the di�erential

ross-setions for the elasti d{

16

O and �{

16

O sattering.

The results obtained are in agreement with experimental

data.

Therefore, it would be interesting to investigate the

sattering proesses of light nulei in whih luster stru-

ture is manifested. A number of approahes to investi-

gate the elasti sattering of light nulei by nulei at in-

termediate energies was used by many authors (see, for

example, [9, 10℄ and referenes therein).

So, in [9℄ the di�erential ross-setion for the elas-

ti

12

C{

12

C sattering at 2400 MeV was alulated by

means of the optial limit approximation of MDST and

"e�etive" nuleon{target amplitude. The density of

12

C

nuleus was approximated by the sum of Gaussians.

Reently we have introdued a method of alulation

of the observables for the elasti sattering of interme-

diate energy partiles (deuterons,

6

Li and

6

He) on

12

C

nulei [11℄. The alulations have been performed under

the assumption of two-luster (for deuterons and

6

Li)

and three-luster (for

6

He) struture of inident partile.

In the alulations the \e�etive" luster{luster (two or

three for

6

Li{

12

C and

6

He{

12

C sattering, respetively)

amplitudes were used and the Coulomb interation was

not taken into aount. For

6

Li{

12

C and

6

He{

12

C elasti

sattering it was shown that there are quantitative dis-
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tintions in the behaviour of the observables alulated

in the above approah [11℄. Note that in this approah

the di�erential ross-setion for the elasti d{

12

C sat-

tering was in agreement with experimental data.

In this paper the elasti

12

C{

12

C and

16

O{

12

C sat-

tering at intermediate energy is studied on the basis of

this model.

II. ELASTIC

12

C{

12

C AND

16

O{

12

C SCATTERING

In aordane to MDST the elasti sattering amplitude of three luster system on target an be presented in the

form

F (q) = 3F

1

(q) + 3F

2

(q) � F

3

(q); (1)

F

1

(q) =

k

k

�

f(q)S

1

(q); (2)

F

2

(q) =

ik

2�k

2

�

Z

d

2

q

0

f(q

0

)f(q � q

0

)S

2

(q;q

0

); (3)

F

3

(q) =

k

(2�)

2

k

3

�

Z

d

2

q

0

d

2

q

00

f(q � q

0

� q

00

)f(q

0

)f(q

00

)S

5

(q;q

0

;q

00

); (4)

where F

1

(q), F

2

(q) and F

3

(q) is one-, two- and three-order amplitudes of inident �-lusters on the target nuleus,

f(q)=f

C;O

(q) is the elasti sattering amplitude of �-lusters of inident nuleus on �-lusters of the target, q is the

transferred momentum, k is the wavevetor of the inident nuleus, k

�

is the wavevetor of the �-luster of inident

nuleus.

In these formulae struture form-fators S

1

(q); S

2

(q) and S

3

(q) are

S

1

(q) =

Z

d

3



1

d

3



2

�

�

(

1

; 

2

)e

�i

2

3

qw

; (5)

S

2

(q) =

Z

d

3



1

d

3



2

�

�

(

1

; 

2

)e

i

1

3

qw�q

1

s

; (6)

S

3

(q) =

Z

d

3



1

d

3



2

�

�

(

1

; 

2

)e

�iq

2

w�q

3

s

; (7)

where 

1

and 

2

are the Jaobi oordinates of the �-lusters of inident nuleus, s and w are the projetions of the

vetors 

1

and 

2

onto the plane perpendiular to the inident beam, q

1

=

1

2

q� q

0

, q

2

=

2

3

q � q

0

� q

00

, q

3

=q

0

� q

00

.

The amplitudes f

C

(q) and f

O

(q) of the elasti �{

12

C and �{

16

O sattering are

f

C

(q) =

ik

�

2�

Z

d

2

b d

3

� d

3

� e

iqb

�

�

(�; � )
(b; s

j

); (8)

f

O

(q) =

ik

�

2�

Z

d

2

b d

3

� d

3

� d

3

� e

iqb

�

�

(�; �; � )
(b; s

j

); (9)


(b; s

j

) = 1�

N

Y

j=1

�

1�

1

2�ik

�

Z

d

2

q e

�iq(b�s

j

)

~

f (q)

�

; (10)

where b is the impat parameter, s

j

are the �-luster oordinates of the target nuleus,

~

f

��

(q) is the elasti sattering

�{� amplitude, N is equal 3 or 4 for

12

C and

16

O nulei, respetively.

We have hosen the amplitude

~

f

��

(q) in the form

~

f

��

(q) = k

�

2

X

i=1

G

i

exp(��

i

q

2

): (11)
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The parameters G

1

and �

1

are the �tting ones, and the parameters G

2

and �

2

are related with G

1

and �

1

by

relations

G

2

=

3iG

2

1

32�

1

; �

2

=

1

2

�

1

: (12)

The densities of the

12

C and

16

O nulei are determined by

�

C

�

(�; � ) =

Z

d

3

�

0

d

3

�

0

�

C

0

(�

0

; �

0
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C

�

(� � �

0
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0

); (13)

�

C

0
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1

4

p
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2

d

2

Æ(� � d)Æ

 

� �

p

3

2

d

!

Æ( �� ); (14)

�

C

�
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1

(

p

3��

2

)

3
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�

�

�

2

+

4

3

�

2

2�

2

�

; (15)

�

(O)

�
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Z

d

3

�

0

d

3

�

0

d

3

�

0

�

(O)

0

(�

0
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0

; �

0

)�

(O)

�

(� � �

0
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0
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0

); (16)

�

(O)

0
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1

(4�)

2

Æ(� � d)Æ

 

� �

p

3

2

d

!

Æ

 

� �

r

2

3

d

!

Æ(��)Æ(��)Æ(��); (17)

�

(O)

�
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1

8(��
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2
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4

3
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+

3

2

�

2
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2

�
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where �, � and � are the Jaobi oordinates of the �-

lusters of

12

C and

16

O nulei. Parameters d and � har-

aterize the distane between �-lusters and the proba-

bility of the �-luster displaement from its most proba-

ble position at a vertex of equilateral triangle and tetra-

hedron, respetively. The values of parameters d and �

obtained in [1, 2℄ allow us to desribe the measured form

fators of

12

C and

16

O nulei up to the values of trans-

ferred momenta q � 3 Fm

�1

.

On the basis of the above approah we have alulated

the di�erential ross-setions �=�

Ruth

for the elasti

12

C{

12

C sattering at 1016 MeV and

16

O{

12

C sattering at

1503 MeV energy. The results obtained are presented in

the Fig 1.

For the elasti

12

C{

12

C sattering the alulations

have been arried out using the "e�etive" �{� ampli-

tude with the parameters obtained from the omparision

of the alulated and measured

12

C{

12

C elasti satter-

ing di�erential ross-setions. The values of the param-

eters are: G

1

= �0:909 + i 3.342 and �

1

= 0:865 +i

0.992.

This set of parameters has been used to alulate the

di�erential ross-setion for the elasti

16

O{

12

C satter-

ing at 1503 MeV, i. e., this di�erential ross-setion has

been alulated without any parameter �t.

As an be seen from Fig. 1, the results obtained

are in agreement with experimental data. The distin-

tions between the alulated and measured ross-setions

Fig. 1. Di�erential ross-setion �=�

Ruth

for the elasti

satttering of

12

C and

16

O nulei by

12

C nulei at 1016 and

1503 MeV energies, respetively. Experimental data from [12,

13℄.
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in the region of the �rst minimumis due to the negleting

of the Coulomb interaion, and in the region of � � 8

Æ

is due to the fat that in this angular region the devia-

tion of luster model is pronouned, i. e., the inuene

of nuleon{nuleon interation is signi�ant.

III. CONCLUSION

In [11℄ the method of alulations of the di�eren-

tial ross-setion for the elasti sattering of interme-

diate energy weekly-bound partiles on �-luster nulei

has been proposed. The alulations have been ful�lled

by means of the �-luster model with dispersion and

MDST with \e�etive" luster{luster amplitude as an

elementary \brik" of the model. These alulations have

been performed under the assumption of two-luster (for

deuterons and

6

Li) and three-luster (for

6

He) struture

of inident partile. For

6

Li{

12

C and

6

He{

12

C elasti

sattering it is shown that there are quantitative dis-

tintions in the behaviour of the observables alulated

in the above approah [11℄, and the di�erential ross-

setion for the elasti d{

12

C sattering was in agreement

with experimental data. Unfortunately, the lak of ex-

perimental data does not allow us to make onlusions

about the manifestation of two- and three-luster mode

in

6

He nulei.

The development of this approah allows us to agree

the alulated and measured data for the elasti

12

C{

12

C

and

16

O{

12

C sattering. The di�erential ross-setion for

the elasti

16

O{

12

C sattering was alulated without

any parameter �t.

We realise that

6

He and

12

C nulei di�er signi�antly

due to struture distintions and binding energies. How-

ever, the agreement between the alulated and mea-

sured elasti satterig observables both for weekly-bound

deuterons and strongly bound

4

He,

12

C and

16

O nulei

on �-luster

12

C nulei allows us to hope that the ap-

proah proposed an give information about the stru-

ture both of weekly-bound and strongly-bound partiles.

Moreover, experimental measurements of the observables

for the elasti sattering of light �-luster nulei by simi-

lar nulei at higher energies would give informationabout

the struture of these nulei and mehanisms of luster{

luster interation inside nulear matter.
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PRU�NE ROZSI�NN� LEGKIH �-KLASTERNIH �DER
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12

C PRI SEREDNIH ENER�I�H
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Difereni�ni pererizi pru�nogo rozsi�nn� �der

12

C pri ener�iÝ 1016 MeV ta �der

16

O pri ener�iÝ

1503 MeV �drami

12

C rozrahovano na osnovi teoriÝ bagatokratnogo difraki�nogo rozsi�nn� ta �-klasternoÝ

modeli z dispersi�. Dl� pru�nogo

12

C{

12

C rozsi�nn� rozrahunki bulo vikonano z vikoristann�m \efek-

tivnoÝ" �{� amplitudi. Difereni�ni� pereriz pru�nogo

16

O{

12

C rozsi�nn� rozrahovano bez parametriv,

wo pidgan��t~s�. Otrimani rezul~tati dozvol��t~ opisati na�vni eksperimental~ni dani.
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