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Introduction

Collective enhancement of nuclear level den-
sity (CELD) has recently gained interest after
evaporation spectra showed evidence of fade-
out of CELD [1–5]. The enhancement factor
for axially deformed nuclei over the intrinsic
level density is predicted to be σ2 [6, 7] where,
σ is spin cut off factor. For nuclei in 170 a.m.u.
mass region σ2 is of the order of 100. The
enhancement vanishes with increase in energy
as the nucleus becomes spherical. First exper-
imental signature of CELD was found in the
fission fragment yield distribution [8]. In re-
cent years, fusion evaporation spectra of neu-
tron, proton, α-particle and high energy γ-ray
spectra have been used to study CELD and its
fade-out [1–5]. In the mass region of A ∼ 170,
the enhancement factor (Aen) was found to
be 10 which is significantly small compared
to the initial prediction. The critical energy
of fade-out (Ucrit) was found to be near 15
MeV. For 171Yb, a recent study showed large
enhancement, Aen = 40 [9]. In this study we
have populated 171,172Yb via fusion evapora-
tion channels and effect of CELD was studied.

Experiment

The experiment was carried out at BARC-
TIFR pelletron using 11B beam of energy in
the range of 44−53 MeV. Self-supporting tar-
get of 165Ho of thickness 1mg/cm2 was used.
Four E−∆E telescope detectors, made of sil-
icon strip detectors of thicknesses 50 and 1500
µm were placed at angle of ±160◦,100◦,120◦
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FIG. 1: ∆E vs Eres spectrum for beam energy of
46.5 MeV.

with respect to the beam direction. Four
single telescope detectors were also placed
at angles of 50◦, 60◦, 70◦, 80◦ with respect to
beam direction for obtaining the angular dis-
tribution of the evaporated charged particles.
Evaporated α-particles were taken from detec-
tors placed at ±160◦ to minimize the contam-
ination from direct reactions. Charged par-
ticles were identified using the energy losses
in thin and thick detectors. Figure 1 shows
two dimensional plot of energy loss in thin
(∆E) and thick detectors (Eres) at Ebeam =
53 MeV. As can be seen from the figure,
α-particles are clearly separable from other
charged particles. A two dimensional cut was
applied on on α-particles for further analysis.

Result and Analysis
Evaporated α-particle spectra for each

beam energy was compared with the statis-
tical model code CASCADE and fusion cross
sections were taken from CCFULL code. In
the CASCADE calculation, the value of in-
verse level density parameter k was varied



FIG. 2: Evaporated α-particle spectra for beam
energy of 47 MeV along with CASCADE predic-
tion for different k values.

FIG. 3: Bestfit k as a function of beam energy.

FIG. 4: Evaporated α-particle spectra are shown
by symbols. Solid lines show CASCADE predic-
tion (k = 10.0) without CELD. Dashed lines show
calculations with CELD.

in order to get best-fit with the experimen-
tal data. In fig. 2, experimental and calcu-
lated spectra are shown for beam energy of

47 MeV. As can be seen in the figure that
the low energy part (Eα < 17.0 MeV) of the
α-particle spectra is not reproduced by the
CASCADE prediction. This was previously
also observed for 12C+159Tb [5] and needs fur-
ther investigation. Hence, only the higher en-
ergy α-particles were considered for extract-
ing k. For other CN in this mass range,
k = 9.5 − 10.0 were found to explain evapora-
tion spectra [1, 5]. For reaction 11B+165Ho,
high energy part of the α-particles spectra
was under-estimated by k = 10.0 for all the
beam energies and higher k value was needed
as can be seen from fig.2. Best-fit k values as
a function of beam energy is shown in figure 3.
As can be seen from the figure, higher k was
needed for explaining spectra at low beam en-
ergies. Similar behaviour of k was reported
previously and was attributed to fade-out of
CELD [1, 4, 5]. The CN 176Hf populates resid-
ual nuclei 171,172Yb after nα or α evaporation.
Enhanced level density of 171,172Yb for exci-
tation energy U < 20.0 MeV results in an in-
crease in the high energy α-particles yield and
a higher k value is needed to explain the ex-
perimental spectra. When collective enhance-
ment was included in the CASCADE calcula-
tion with Aen = 5.0, Ucrit = 17.0, spectra for
all the energies could be explained with sin-
gle value of k = 10.0. Figure 4 shows exper-
imental α-particle spectra for different beam
energies. CASCADE prediction without and
with CELD are shown by solid and dashed
lines. The obtained value of Aen is signifi-
cantly lower than that obtained for 171Yb us-
ing transfer reaction [9] which needs further
investigation.
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