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Abstract: The analysis of (p,n)-reaction neutron evaporation spectra

and neutron resonance density in the range A=110-~-125 using & genera-

lized superfluid model results in a gtrong dependence of the ground

state correlation functiorLAo and the asymptotic level density para-

meter @ on nucleon composition. Its origin is associated with the ef-~
fect of the spherical proton shell Z=50 on AO, and the deformed

neutron shell N®66 on a.

(nuclear level density, neutron spectra, shell correction)

The advance in the description of
excited level density is rather slow re-
gardless of its esgsential role in prac-~
tical application of the statistical nu~
clear reactions theory. The status of
this problem is ascertained by major
problems in the theory and difficulties
in obtaining experimental data on level
density. A wide-~spread occurrence of em-
pirical and semi-empirical systematics
/1=3/ whose parameters are devoid of any
definite physicel sense is inherent for
it. The implementation of more realistic
approaches to the level density descrip-~
tion for the experimental data analysis
is vital in this connection. Thisg can be
done with a use of generalized superflu-
id model (GSM) /4/, consistently taking
into account pairing correlations of nu-
cleons and phenomenologically collective
growth of level density and shell ef-
fects. The model was tested in the desc-
ription of neutron resonance density and
nuclear fission probability in the range
A>150 /4,5/, and even a greater number
of characteristics in the region A=50
/6/. This paper is focused on the analy-
sis of experimental data on neutron eva-
poration spectra (NES) and neutron resgo-
nance density (NRD) in the range of nuc-
lei with the average atomic weight
A=110-125,

Within the GSM the level density as
e function of excitation energy U and

angular moment J of the nucleus is
expressed by ratio
QUL =P, (U, 3D Ko (U Ky (U, (1)
where ?in(U,J) is a density of inner
(guasiparticle) excitations described by
the superfluid model with the level den-
sity parameter

B(A)(1+48W(2Z,A) £(U-E,)/(U=E,))

a(U,Z2,4A)= for WU,
a(U,,2,A)  for UCU_, (2)
CB(A)=d A+d 4%/3, (3)
£(U-E,)=1-exp(~¥(U-E,)), ) (4)
E,=0.152a,85, U_=0.4728 A5 , (5)
AO=12A“1/2. (6)

Krot(U) and Kvib(U) are the coefficients
of rotating and vibrating increase of
level density. In ratios (2)=-(6) B is an
asymptotic value of a(U) (at large U),
corresponding to the drop model, &W is a
shell correction for the nuclear defor-
mation energy (mass) /7/, f(U—Ec) is a
phenomenologically determined function
teking into account reconstruction of
shells with energy, dv=0.073, ds=0.115,
J=0.064 MevV™! are the parameters obtai-
ned through adjustment of (1) to the ob-
served values of NRD in the region A>150
/4/, E,, U, are a condensation energy
and e critical energy of phase transiti-
on from the superfluid state (U;Uc) to
the normal one (U>Uc) for even-even nu-
clei, Ay is & correlation function of
the ground state,
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For the level density description
within the GSM a rotating coefficient
Krot
tial, which abruptly changes in the adi-
abatic approximation at the transition
t_1 to axial-
symmetrlc deformed ones Krot"df _41
where il is a perpendicular moment of

dependence on deformation is essen-

from sphericeael nuclei K

inertia, t is a nuclear temperature, The
effect of vibrating coefficient Kvib on
the level density is less essential /4/.
The systematic anelysis of NES with-
in GSM was initiated in /8/. The present
work is based on Weigskopf's approxima=-
tion (like in /8/)
N(E )= const E 6 (En,U)

- Q(E*-B,-E_,0) (7
and the experimental data on neutron
spectra N(E ) of (p,n)=reaction /9,10/.
In (7) 6 (E ,U) is a reverse reaction
cross-sectlon taken equal to the compo-
und nucleus formation crogs-section
6,10,

(A+1,2+1) excitation energy at the abso-

* 03
E is a compound nucleus

rption of a proton with the energy Ep by
the target nucleus (A,Z), U=E*-Bn-En is
a residual nucleus (4,2Z2+1) excitation
energy. The subject of analysis was 1le-
vel densities p(U,O) congtructed accord-
ing to (7) using the data on N(E_,E )
for Ep=6-10 MeV /9/, Ej=T-14 MeV /10/.
When describing the energy dependen-
ces P(U,O), whose examples are given in
Fig.1, the values A, and & were applied
as free parameters. A comparison of the
recovered level densgity with an indepen-
dent source of information with the
known values of NRD also shown in Fig.1
in the form Q(Bn,o) served as a test.
The values A, and % are defined for 11
residual nuclei: 21Co, 24wb, 10721094,
115Sn, 116-119'1‘22Sb, 181W. The depende-
nces of the values AOA1/2 and &/A as
functions of magss number A are shown in
Fig.2., All the nuclei except the heavi-
est one 181W suggested to be spherical
according to the available data on the
low-lying levels spectra. The curves
corresponding to the GSM systematics,
i.e., ratios (3) and (6), are shown in

p(v,0), Mev™

10-1 1 L 1 RS OO B | i

0 2 4 6 8 U, Mev

Fig.1. Energy dependence of absolute le-
vel density Q(U,O) for nuclei J%wb-1%2s,
The dots stand for experimental level
dengities reconstructed from (p,n)-reac-
tion neutron spectra. The solid curves
for Q(U,O) calculation with the parame-
ters & and A, obtained from anelysis of
experimental level densities. The circ-
les for?(Bn,O) level densities correspo-
nding to the data on neutron resonances.

Fig.2 with dash-dotted lines. The values
obtained from the NES for °'(Co, J*Nb and
181W are in a satisfactory agreement
with (3) and (6), but at the section A=
110-125 they systematically deviate from
them. This result is not surprising for
the parameter AO. The formula (6) giv-
ing a global description of a very great
amount of data /11/ does not claim the
details associated with individual fea-
tures of nuclei, e.g. their shell struc-
ture, The minimum AO(A) can be seen to
be formed by the nuclei close to the
filled proton shell Z=50 on the basgis of
the comparison with solid and dashed
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Fig.2. Parameters AOA1/ 2 and 8/A as fun-
ctions of the mass number A. The dots
gtand for eveporation neutron gpectra
analysis of (p,n)=-reaction within the
GSM. The dagh~dotted curves for behavi-
our of the parameters AOA1/2 and &/A to
be found according to systematics /4/.
The solid (even neutron number), dashed
(0dd) curves for the results of calcula-
tions A, (8) with A,y and Ay, from /13/.
The numbers denote the changes of nuclei
under question.

curves in Fig.2 calculated according to
/12/
5=@5y+ 82,02/ V3 /(142 3. (8)
The values Aoy and AOZ have been calcu=
lated with & microscopic theory /13/.
The origin of meximuma(A) in Fig.2
ig more difficult to understand, prime-
rily due to essential deviations from
(3) (or roughly from a/A=const) being
completely incompatible with the very
notion of the agymptotic liquid-drop pa-
remeter &. In particular, it cannot be
related to the incorrect account of
shell effects in (2), as far as ¥|§W(2,
A) 1 and 3= a in the mentioned nuclear
range. The maximum &/A observed is dete-
cted by diverse data and all the known
gystematics of the level density parame-
ter, i.e. undependently on the experime-
ntal data gource and the employed model.
Fige3 illustrates this, representing the
a/A parameter values obtained from the
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Fig.3. Dependence of a/A on A according
to standard Fermi-gas model (a), back=-
shift Fermi-gas model (b) and data obta-
ined from fission neutron gpectra (c).
0,0- the results of (p,n)-reaction neut-
ron spectra analysis in /10/ and /9/,
regpectively.

data on the NRD and NES with & use of a
gtandard Fermi-gas model /2/ and a back-
shift Fermi-gas model /3/ as well as
from the fission neutron spectrs /14/.
It is evident that the reason should be
sought in the incompleteness of the ap-
plied description of level density com-
mon for all the models including the GSM
Fig.4 shows one of the trends of the
gsearch in the discussed anomaly &(A) in-
terpretation, illustrating the values
/A shown against the number of neutrons
N obtained with the GSM both from NRD
and NES and a portion of the contour map
of the neutron shell correction W(f,N)
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Fig.4. Parameter /A for isotope-chains
in region Z=50 ag a function of neutron

number N and contour map of the neutron
shell correction W(B,N) /15/. The valu-
es for nuclei 48Cd«9—-e», 503n«3——<j,
515h(6—a) are obtained from the data on
the observed neutron resonance densgity,
®- the results of (p,n)-reaction neutron
spectra analysis.

from /15/, where ﬁ is a parameter of qu~
adrupole deformation. The &/A maximum
position can be geen to correspond to a
ruther deep minimum W(ﬁ,N) with N=66
and f=0.57. This feature W(R,N) can re~-
sult in the formation of the second de-
formation energy minimum (the first one
corresponds to{ =0) or to such its vari-
ation, that the contribution of deformed
states will be predominant with the
growth of U (due to the difference in

value Krot as compared to the spherical
ones). In the analysis performed at a
fixed deformation q3=0) this effect wo-
uld result in the growth of parameter B.

The occurrence of "excited deformed
shells" and their enhancement as the ro-
le of pairing decreases with energy were
first discussed by V.M.Strutinsky /16/.
The evaluations of the effect on the ba-
sis of a particular calculation for
116Sn nucleus in /17/ improve confidence
in the suggested interpretation.
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