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1. INTRODUCTION

It is the aim of the present paper to
analyse the experimental data/!/on elastic
and inelastic 1 GeV Eroton scattering on
nuclei®Ca-*Ca and *8Ti in the framework of
the Glauber theory. The final goal, however,
is to determine the parameters of the neutron
density distribution p,(® and neutron tran-
sition density p' ) and to study their
sensitivity to the choice of the charge
distribution parameters found from the dif-
ferent experiments on the electron scat-
tering.

The possibility of defining the para-
meters of the neutron distribution is based
on the fact that protons being strong-in-
teracting particles "feel'" both the proton
and neutron components of the nuclear densi-
ty while electrons interacting electromag-
netically feel mainly the proton component.

2. FORMALISM
Following paper/?/ one obtains the differen-
tial cross section of the elastic scattering
do . . .
E):i- = |fC (@ +1kfbdb% (qb )exp(lxp)ll-exp[1()(C+)qq N2

and for the excitation of a level with an-
gular momentum L
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9%ine1 =z | kfbdb Jy (ab)g (b)Pxp[l(x+x+x e,

dQ M=-~L
L+M=even

Here f;(q) is the point charge Coulomb am-
plitude,xp (b) is the point charge Coulomb
phase,x; (b is the phase for the extended
charge distribution of the nuclear target,

(b) is the nuclear phase which in the
first order of the Glauber theory can be
written as

A
XN (b) =T J qdq J0 (gh) f(q)F0 (q)

LM(b) = (~1)

1/
A L L a2 dqd, @0 fQF, G

Var  (L-M! (LU

2. .
.Fo(q)=4rrfrdr )o(qr)po(r)

2.
F, (q) =47 [rdrj (qr)p  (r)

ko
PN . 1,2 .2
f(q) =—4—;——(|+aPN)exp( E—ﬁPNq),

f(q) is the proton nuclieon amplitide para-
metrized like in ref./1/: 0,, =452, o ~404fm?,
pn

==0.I, =~0.45, =0.24 fin’ 2
app al:.n -Bpp 0.24 fm" , ﬁpn
po (1) and ¢" (» are the ground state and the
transition density for the excitation of
the nuclear level with angular momentum L.
To avoid complications the presented formulae

=017fm?
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(but not calculations)} do not distinguish
between neutreons and protons of a nucleus.

The whole information on nucleus comes
from the densities p, (r) and p* (r). We use
phenomenological densities of the neutron
and proton distributions, therefore no cor-
rection to the motion of the center mass is
needed.

3. ELASTIC SCATTERING

The charge distribution in intermediate
and heavy nuclei obtained from experiments
on electron scattering is described rather
well by the 3-parameter Fermi distribution

2 -R .
pch(r)=po(l+w#)/[l +exp(ra . (3.1)

On the other hand, the Glauber formula con-
tains the distribution of the nucleon cen-
ters. The form factor of this distribution
equals to the form factor corresponding to
density (3.1) divided by the mass proton
form factor (which approximately coincides
with the charge one). If the neutron den-
sity is chosen in the same form, then the
form factor of the neutron centers distri-
bution is the ratio of the form factor cor-
responding to (3.1} to the neutron mass
form factor (equal approximately to the pro-
ton charge form factor).

It is important to know the sensitivity
of the neutron distribution parameters to
the proton distributions found from diffe-
rent experiments on the electron scattering
on nuclei.For this purpose we made use of the
parameters W , R, and ap'of the proton dis-



tribution found in papers/2%: 4/, and for each
set of these parameters we varied the para-
meters R, and a, of the neutron distribu-
tion (taken in the same functional form
(3.1)) in order to fit experimental data

on the proton scattering. As the parameter
W, little affects the differential cross
sections it was fixed equal to W, and was
not varied. The fitting was performed for
angles 6 < 16°. The quantity

2oL X (opy(8 ) =Top, (8,012

N =1 [AaEXP(Gi)]2
was minimized. Parameter I normalized the
experimental cross section and equals to
(1.0t 0.1)/1/. In preliminary calculations we
considered this parameter to be free. Final
results correspond to the averaged value
I= 0.92.

The results of calculations are given in
Table 1. The letter F denotes the fit of the
neutron distribution parameters when one uses
the charge distribution parameters from
ref./3/ and H those from ref./4/.The results
indicate that the calculated parameters of
the neutron distribution essentially depend
on the used input parameters of the charge
distribution. For instance, for **Ca the
use of parameters of ref./? results in the
neutron skin, whereas from ref./¥ the pro-
ton skin. There are two further reasons
for possible modification of the results
obtained. First, the electron scattering
experiments measure not the static density
of the charge distribution but the effec-
tive one which includes the virtual excita-
tions of a target nucleus. Second, due to
the intermnal charge structure of neutrons




Table 1

Parameters of the ground state density
obtained in this paper. The charge distri-
bution parameters are from refs.

meaetf R, | ap | Re Jon | w | <P ]aon

3.6% |.585 |3.720 [.557 ]~.102 | 3,486 [3.453 |2.9
3.777 |.989 [3.M4 ].564 [-.IS |3.497 ]3.406 |3.5

[
a‘ﬁ 3.7 [.se1 [3.615 |.631 [-.116 |3.51 [3.58 [1.0
’y

3.8630 1.595 |3.622 [.645 ]-.I72 ]|3.525 |3.466 (1.2

S.748 ].572 ]3.661 ].62¢ ]-.095 |3.5I5 }3.558 }0.9
3,850 |.575 |[3.644 |.631 }~-.I51 |3.537 |[3.490 }I.3

Ok Js7aa |52 5054 [isor |-.00 3w fs.e2s 2.0

™ Fl3.855 |.563 13.626 [.601 |-.0% |3.565 |3.639 j1.4
* I1H3.95% |.566 Ja.817 l.601 f-.I3R |3.605 ]3.573 |2.1

the charge density also depends (though
rather weakly as the neutron charge form
factor is rather less than the proton one)
on the neutron distribution in nucleus/5/,
Hence it is impossible to determine reliably
and uniquely the proton and neutron centers
distribution (it is just contained in the
Glauber formula) out of the effective charge
distribution. These effects, renormalizing
the proton and neutron densities are not
very important/5-7/ if one is interested in
such absolute values as the differential
cross sections. However, the difference of
the mean square radii of the proton and
neutron distributions is much more sensitive
to the above corrections. So, no definite



and unconditional conclusion can be made
as to the absence or presence of the neutron
skin without careful inspections of these
corrections. One may expect, however, that
these corrections are almost the same for
neighbouring nuclei. For this reason and due
to a smaller sensitivity to systematic ex-
perimental errors, the relative changes of
the parameters of the neutron and proton
distributions are determined with smaller
ambiguities than the absolute ones.

Table 2 demonstrates the isotopic varia-
tion of the neutron parameters relative

Table 2

The parameters of proton and neutron
densities of Ca isotopes and *Ti relative

to Ca

Fuelet b | atn | et aay” ake | aép
el Fl-om | &7 | 07 |00 (052 | .006
s

whl-o82 | o1 | 060 | .0 |05 | .00
o Fl-059 | .67 | .08 |.029 [.072 |-.013

Wi{-.060 | .07 { .08 | .034 J.om3 |-.014
4T
G -G || 234 |-.026 | .10 |-.00 068  |-.059
Tt _ @ Fl| 206 | .o¢a | 1% | 099 |9 |-022

HW| a1z .037 167 | .109 I o




to % Ca.In the right columns we give also
similar variations of the charge distribution
parameters. An optimistically minded person
may see a correlation between two these va-
riations. As an example we present in Fig. 1
the experimental and calculated cross sections

desda| ds/dn)
(mb/sr) {misr)

1000 1000

100

10 10

B A

4y 6 8 1012 # @, 4 6 8 {0 12 # B,

Fig. 1. Differential cross sections cf the
1.044 GeV proton elastic scattering on %°Ca
and % Ca,calculated with the charge distri-
bution parameters of ref./3/ and the neutron
ones from Table 1. Experimental data are
from ref./V/,



of the proton elastic scattering on*® ca
and 44 Ca. The charge density parameters are
taken from ref. /3 Though of tle first
sight the calculated cross sections are
rather consistent with the experimental
ones in both cases, these are essentially
different with respect to x® criterion:

x2=2.98 for 9Ca and x> =0.86 for *Ca.

4. INELASTIC SCATTERING

Within the formalism presented the proton
inelastic scattering cross section is de-
fined by the transition density p (r).

In ref./¥ from the analysis of the electron
inelastic scattering on the treated nuclei
the Gaussian form of the charge transition
density

p:" (r) ~expl -(L;:R—)2 |
was adopted which we will use below. The nor-
malization factor is defined by the reduced
electromagnetic transition probability

fp:" (r) L2 dr = B(EL) ;

z

We assume that the charge transition density
completely determines the proton transition

density pf (r). The neutron transition density

is taken in the same form as the proton one

and normalized by the condition

n y L2 - v B(EL)
f PL (r*r dr N
where N is the number of neutrons. This

normalization implies that the square root
of the transiticn probability per one nucleon
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is the same for protons and neutrons. The
common factor B(EL)for proton and neutron
transition densities and parameters R,

and a, are fitting parameters. The resulting
parameters of the neutron transition density
are givep in Table 3. Parameters of the
proton ground state density are taken from
ref./¥ the ones for neutrons are obtained

by the variation procedure described in

sec. 3 and presented in Table 1 in lines
marked by H. From Table 3 there is evident
the correlation between the ground state
density parameters are those of transition
density. For instance, for **Ca the radius

of the neutron distribution is smaller than
that of proton one both for the transition
and ground state densities.

The parameter B(EL) was found to be close
to the electromagnetic transition probability
B(EL),, obtained from the elactron inelastic
scattering for 42ca and 44Ca and this jus-
tifies the normalization used for these
nuclei. The difference of this parameter for

8 Ti from the electron one indicates that
the relative contribution of neutrons into
the excitation of the considered collective

Table 3

Parameters of the neutron transition density
obtained in this paper. The charge distribu-
tion parameters are from paper /4

maall® | ke Qp R Jan 8 Tx4
GO s | 2.5 |14m | s6u | 1.23 | .72 | 20
v 12t | a5ax | iase | 3207 | 1.6 [1.09  fau4
MMl | sem 148 | 312 | 1719 |1, 5.2
Y|zt | soom |13 | 3.0 | 1.6 |1..2 |57

1"
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Fig. 2. The experimental and calculated dif-
ferential cross sections of the 1.044 GeV
proton inelastic scattering on *°ca with the
parameters of the transition density from
Table 3.

state of this nucleus noticeably differs
from that of protons.

The large value x2=20 should be noted
for the excitation of the octupole state in
#0Ca (Fig. 2).The calculated cross section
differs from the experimental one at small
angles and near the diffraction minima. The
difference at small angles can be attri-
buted to the Gaussian asymptotics of the
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transition density. To check this we have
performed an analogous calculation with the
transition density exponentially decreasing
at large distances:

R )=

p¢h~|‘-‘l-i[1+exp(
L d

and consistént with efperimental data on
the electron %pelastic scattering on the
same nucleus’®. As is expected, the agree-
ment at small angles becomes rather better,
while in the region of minima the discrepan-
cy remains almost the same (x2=13).In an
attempt to account for that discrepancy,
it is natural to assume an auxiliary struc-
ture in the transition density. So we
made calculations with the following transi-
ticn density

pl‘i"(r)- Yl ~ay?)exp(~y2) ye—r—

simulating the transition densities of mic-
roscopic models/%19/ and used in paper/8/

for description of the electron scattering.
In this way we obtained almost the same
cross sections as in the first case (x2 =19.8),
that indicates the weak sensitivity to the
internal (but not to the external) structure
of the nuclear density. Thus, the reason

for the mentioned anomaly in the case of%Ca
remains still unclear to us.

A satisfactory description of the exci-
tation cross sections of quadrupole states
with phenomenological transition densities
makes one hope that the proton inelastic
scattering will be a useful tool for testing
the microscopic models. To demonstrate
this we have calculated proton and neutron
transition densities within the model
with pairing and multipole-multipole inter-

13
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Fig. 3.Neutron and proton transition den-
sities and differential cross section of the
proton inelastic scattering on 5% Ni.Expe-
rimental data are from paper /13/.

action’/!for nucleus 58 Ni.The use of the iso-
vector multipole forces in addition to the
isoscalar ones and of a great amount of
single-particle levels makes the electromag-
netic transition probabilities close to the
experimental data for nuclei with the closed
proton shells 711/ The results are shown in
Fig. 3. The parameters of the proton and
neutron ground state distribution are chosen
to be equal and taken from the analysis of
the electron elastic scattering/!%,The c.m.
motion is taken into account by multiplying
the calculated inelastic scattering differen-
tial cross section by the following factor
q2<1'2> )

R(q) =
a) = e ( —o4
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Here we have used the experimental data on
proton scattering from ref./!3 Note that
contrary to paper/1#the differential cross
section is calculated correctly without
multiplying it by the normalization factor.
This is an argument in favor of the right
behaviour of the calculated transition den-
sities in the external region of nucleus.

5. CONCLUSION

The previous discussion tells us that ex-
periments on proton elastic and inelastic
scattering at intermediate energies are use-
ful tool for studying nuclear characteristics
such as mean square mass radii, proton and
neutron distributions in nuclei, the loca-
tion of collective motions inside the nucleus.
However, our conclusions about the possibi-
lity of the phenomenological description
of such subtle effects as the neutron or
proton skin are rather pessimistic for the
following reasons:

1) the proton component of the density
cannot reliably be separated from the ncut-
ron one; both of them contribute to the
proton and electron scattering;

2) one must not forget that the func-
tional structure of the proton and ncutron
densities can be different in microscopic
models, thus the concept of the neutron skin
becomes rather meaningless;

3) and finally, the conclusion about the
presence or absence of neutron skin depends
on the input proton density parameters,
found from the electron scattering.
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