Collective enhancement in nuclear level density near 160
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Nuclear level density (NLD) governs the
statistical decay of an excited nucleus. It
plays a crucial role in understanding the el-
emental synthesis in stars. NLD depends on
various parameters of atomic nuclei like mass
number (A), excitation energy(E*), angular
momentum(.J), shell structure and isospin etc.
Response of an excited nucleus is highly sen-
sitive to the characteristics of NLD, depend-
ing on how these are populated either by
single-particle or collective excitations. Both
mechanisms may contribute simultaneously
for a given nuclei [1]. Collective contribu-
tion Keo(E*) can be counted on top of
the single particle NLD p;,:(E*) for obtain-
ing the total NLD ps:(E*) using the re-
lation:  piot (E*)=Keoi(E*) pint(E*).  Here,
Keonn=K, ot %Ky, where K,.o; and K, are the
rotational and vibrational enhancement fac-
tor, respectively. For highly deformed nuclei,
several phenomenological and microscopic cal-
culations estimated K,,; ~100 and K,; ~
2 — 10 [1, 2]. This enhancement is however
expected to fade-out beyond a critical excita-
tion energy E7,., which in turns reduces the
NLD [2].

Several experimental attempts were made
to determine K.o; and E}.. High energy -
ray measurement reported £, ~ 8 — 10 MeV
and Ko =~ 10 for A ~ 170 [3]. Recent mea-
surement on transfer induced fusion reaction
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obtained the similar E%. but K., value was
found to be higher, which is 40 for '"'YDb [4].
These studies revealed that the experimen-
tal K., values are much lower compared to
the theoretical predictions for 170 mass re-
gion [1, 2]. Therefore, further investigation
in different mass region are required.

In the present work, we consider '*2Ho to
study the NLD and its dependence on de-
formation. A reference nucleus '*7Gd in the
nearby mass region is also considered to make
a comparison. These nuclei can be produced
in fusion-evaporation reaction using *He beam
of energy ~26 MeV. Experiment was per-
formed in K130 Cyclotron using “He beam of
energy in the range 26-42 MeV. A *4Sm,03
target sandwiched between two Myler foils
and a self supporting '59Tb targets were used.
Emitted neutrons were detected using eight
liquid scintillator (BC501A) based neutron de-
tectors placed in the range of 45°-150° and at
a distance of 150 cm from the target center.
The neutron energy spectra was measured us-
ing the time-of-flight (TOF) technique. Here,
we report only the lowest energy data mea-
sured at backward angle (150°). Backward
angle data is chosen as it will least affected
by the pre-equilibrium emission.

Statistical model (SM) analysis using
TALYS-v1.96 was performed on these reac-
tion. This requires NLD, which was estimated
using the Back-shifted Fermi-gas (BSFG)
model. Here, an isospin dependent prescrip-
tion of NLD parameter was used [5]. Mea-
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FIG. 1: Measured neutron energy spectra for *He
+ 159Tb and *4Sm are shown in symbols. Solid
and dashed lines are the statistical model (SM)
calculations.

sured spectra were compared with the SM cal-
culation by tuning the inverse NLD parameter
k, which are shown in Fig. 1. Optimum value
was chosen by plotting x? as a function of k-
value. For *He + '59Tb, k-value is found to be
8.440.2 MeV, whereas for 4He + 44Sm, it is
12+0.4 MeV. This large change in the k-value
for nuclei having similar excitation energy and
mass may be due to the difference in deforma-
tions among the major residues produced.

To investigate further, NLDs were deter-
mined for the two major residues formed in
these reaction e.g. '%2Ho and 7Gd using the
following relation [6],

* * (dO’/dEn)exp
exp(B) = p(E —_
P p( ) p( )BSFG (do'/dEn)BSFG

Extracted NLDs for '62Ho and '7Gd are
shown in Fig. 2. NLDs were normalized at
neutron separation energy S, and are com-
pared with same obtained from known energy
levels. A large change in NLD observed for
the two nuclei in the similar excitation energy
region. This large change in NLD values are
indication of different excitation mechanism in
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FIG. 2: Symbol represents the measured NLDs
for %2Ho and *"Gd. Measured data are normal-
ized at the neutron separation energy (S,). His-
tograms are the NLDs obtained from known dis-
crete energy levels. Lines are the estimated NLDs
using BSFG model.

two nuclei having different deformation.
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