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The upper letter indices denote shells. The coefficients before the amplitudes
show how many triple re-scatterings the proton undergoes with the nucleons
from different shells. After the variables separation and integration in the spher-

ical coordinates system one gets the final expressions for the triple collisions
matrix elements:
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Elastic Proton Scattering on 13C and °C
Nuclei in the Diffraction Theory

E.T. Ibraeva®, R.S. Kabatayeva'
Almaty, Kazakhstan

M.A. ZhusupoVv',
L Al-Farabi Kazakh National University,
2[nstitute of Nuclear Physics, Almaty, Kazakhstan

Abstract. There is a calculation of the differential cross §ections of proton
elastic scattering on **C and '°C nuclei at energy of 1 GeV with the shell model
wave functions in the framework of the Glauber theory in the study. The single,
double and triple collisions have been taken into account in the multiple scat-
tering operator. The role of each term of the series and their interference in the
differential cross section have been estimated. It is shown that for a description
of the cross sections in a wide angle/momentum transfer range it is necessary to
consider not only the first, but the higher scattering orders.

1 Introduction

A study of non-stable, neutron- or proton-rich isotopes put before the nuclear
physics the fundamental questions of determination of the nucleon stability bound-
aries, nuclear shells evolution, synthesis of super-heavy elements in accelerators
and cosmic objects. The phenomena unknown until now are observed: inhomo-
geneity of neutron and proton densities (halo), new deformations areas and new
presA of colllecti\;le lexcitations at low energies (soft dipole resonance), break-
ings in nuclear shells occupati i i :
The carbon isotopes are irﬁe::it’elayp 2?2:::%1 thne“{ s number_S N
wide distribution of the stable 12C e co'n(.:erned with b
S 1sotope and the obtaining of beams of non-
go

stable 15:16,17,19,20,22¢ ;¢
pes at both th,
nucleon [1-5]) and the high (50) ¢ average (from 40 to 103 MeV per

the facilities in GANIL, NSCL MSU, RIKEN and ooy R
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amework of the Gl
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M well for the fory er diffraction
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: At the fragment-separator FRS in GSI one obtained the beams of 2~19C
!Sotopes and the cross sections of scattering of protons and *2C isotope on these
1S0L0DSE at the SLeiEy of E = 950 MeV per nucleon were measured for the first
Flme. The cross sections with the proton target show the sharp growth with an
increase of the neutrons number in the projectile particle [11].

In paper [12] the dilatational momentum distributions of the *4C frag-
ments from the *°C and the 13C fragments from the C were measured at 83
MeV per pucleon at the cyclotron in Riken Projectile Fragment Separator in
RIKEN Ring Cyclotron Facility. An analysis of these momentum distributions
and the cross sections of reactions of one- or two-neutrons stripping was carried
out in the Glauber model basing on the core plus neutron model.

An analysis of the cross sections of 2~22C + p reaction at energies from
40 to 800 MeV in the framework of the Glauber theory was carried out in the
paper [5]. The wave functions of the carbon isotopes are generated on the base of
the simple model of average field. The evaluation of contributions of the neutron
and proton cross sections into the elastic p + C scattering shows that the nuclear
surface gives the main contribution into the cross section (o) what is especially
noticed at the low energies (40, 100 MeV) [5]. In the elastic p + *°C scattering
when energy changes from 40 to 800 MeV the value of o varies from 580 to
294 mb. Discussing the advantages and disadvantages of the proton and carbon
targets the authors [5] concluded that the proton target could probe the surface
of the neutron-rich nuclei better than the '2C target, especially at low energies.

The prove for the extended structure of the ground and the first excited states
of 15C nucleus is presented in paper [13] when studying the elastic magnet elec-
tron scattering on the 1517:19C isotopes. It is shown that one can determine the
orbital of the last nucleon from the elastic magnet form-factor. The form-factor
at the large values in the momenta space is defined by the density at the small
distances in the coordinate space and vice versa. The form-factors at the low
and intermediate momentum transfers for all the 15,17,19C jsotopes are similar
to each other when the last neutron occupies the same orbital (let admit that
251/2 ). This means that the asymptotics of the wave fL.lnctions dt?ﬁned by .th.e
last neutron are also close to each other. At the same time there is an explicit
difference between the form-factors for the same nucleus when the last neutron
occupies the different orbitals (251/2 OF Lds/2)- / . i

The total reaction cross sections of carbon isotopes with N = 6-16 in colli-

sions with the proton targets in the energy range 40-1000 MeV were systemati-
cally studied [5]. The core plus neutron model was phosen for the odd-nucle.on
nuclei. The empirical formulas were sugg.ested which are u.sed.for the predic-
tions of unknown total reaction Cross sections. A parametrization °f"h° NN-
amplitude of scattering with one and two gaysso:ds are dlscued. Itis shn
that the standard parametrization of the ampllt_ude by one gausso f
the same numerical results for the cross secuon of the react

gaussoids do that is why it is enough to use
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where 1, li,m; are the quantum numbers of the corresponding shell (np =

0,lo=0mo=0m =11} =1,m; = ding
single-particle one W, j 1 (71, 7, ’) ; HO,\I:’EI)- F(:\;:i)l function is a product of
The matrix element (amplitude) is v ¥nlm Ty

M, (o) Gl T ;
i) o /d pexp(igp) <‘I,){.MJ|Q‘\I,1_J.MJ> 3
here ¢'is a momentum transfer in a reaction
Gg=k—Fk, ®3)

e q i :
k. k th§ mcqmmg anQ outgoing momenta of the incident and escape proton.
In case of elastic scattering | k |=| k' | and the momentum g equals

q = 2ksin (0/2),k = V2 — m?, )

The operator of multiple scattering is

13 13 13
Q :17H(1—w.,(ﬁ—p“.,))=2w,,— > wwr
v=1 v=1 %

v<T=

13

12
L Z w,,w,-w,,—...—(—l) wws . ..wiz, (3)
v<r<n=1

Limiting to triple collisions, substituting the operator into the formula (2)
and having integrated it with respect to dp, g, . . - dgi, one obtains

0 =00 - 0@ 4+ o®

3 vl k]
2o ye- (e () 2o

v<r=1

3 13
+(§—:fp~(%)) S Guirdn=-r (©)

v<r<n=1
The “tilde” sign over the operators means the integrations done
13

13
Y e = > exp(idpy),

v=1 v=1
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