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L. Csige a, M. Csatlós a, T. Faestermann, Z. Gácsi a, J. Gulyás a, D. Habs, R. Hertenberger,
A. Krasznahorkay a, R. Lutter, H.J. Maier, P.G. Thirolf, and H.-F. Wirth

a Inst. of Nucl. Res. of the Hung. Acad. of Sci., ATOMKI Debrecen/Hungary

Fission resonances caused by resonant tunneling through
the excited states developed in the third minimum appears
with measurable probability when the height of the inner
and outer barriers have similar height. According to the
predictions [1] the energy of the outer barrier is constant
for the lighter Th and U isotopes, while the inner bar-
rier decreases, which favors the γ-decay of those hyper-
deformed states. This effect can already be seen in 232U
as shown in Fig. 1, where predictions of the potential en-
ergy curve as a function of the nuclear deformation are
displayed. In these calculations Cwiok et al. [1] predicted
deep third minima for different values of the reflection-
asymmetry (the deeper minimum predicted for the more
reflection-asymmetric conguration indicated by the dashed
line in Fig. 1, while the dotted line represents the predic-
tion for the less reflection-asymmetric case.)

In our most recent experiment the fission probability of
232U was measured as a function of the excitation energy
using the 231Pa(3He,df) reaction on a 231Pa radioactive
target in order to get information about the fission bar-
riers of 232U. In the experiment 3He beam at energy of
E=38.1 MeV was used, bombarding an enriched (99.8%),
80 µg/cm2 thick target of 231Pa2O3 on a 22 µg/cm2 thick
carbon backing. The energy of the proton ejectiles was
analyzed with a Q3D magnetic spectrograph placed at
Θ = 35◦ relative to the incident beam (solid angle 10
msr). The position of the particles detected in the fo-
cal plane was measured with a light-ion, position-sensitive,
cathode-strip focal-plane detector. Fission fragments were
detected by a position sensitive avalanche detector (PSAD)
equipped with two wire planes with delay-line read-out al-
lowing for a detection of the fission fragment angular cor-
relation with respect to the recoil axis (ΘR = 33◦ − 93◦

and ΘR = 132◦ − 192◦) with a solid angle coverage of 10%
of 4π.

The experimental fission probability spectrum is shown
in Fig. 2a). In contrast to our previous results obtained
so far for 234U [2] and 236U [3] a sharp resonance struc-
ture has not been observed. This may partly be explained
by the asymmetry of the inner and outer fission barrier
heights which does not favor the occurrence of the trans-
mission resonances.

The analytical expression for the penetrability derived
in the WKB approximation [4] was fitted to the measured
fission probability in order to get the fission barrier pa-
rameters (assuming five parabolas with height E1−5 and
curvature energy ~w1−5) as the free parameters of the fit-
ting procedure (Fig. 2a). Our result on the fission barrier
with the deduced parameters is shown in Fig. 1 as the solid
curve. A good agreement with the theoretical predicitions
was found. The anisotropic interval of the measured an-
gular distribution (Fig. 2b) indicates the energy region of
subbarrier fission, while the energy where the angular dis-

tribution turns to be isotropic indicates the height of the
outer barrier, which also supports our previous results.
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Fig. 1: Potential energy curve of 232U as a function of the nuclear
deformation from [1] for different degrees of reflection-asymmetry
(dashed and dotted curve) and as determined from the present exper-
imental work (solid line). The potential barrier parameters derived
from the fit are indicated.
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Fig. 2: a) Fission probability spectrum with JWKB calculation. b)
Experimental angular distribution as a function of the excitation en-
ergy.
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