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Abstract

It is shown that irregularities in fission cross sections in ~MeV incident neutron
energy region conkl be attributed to the interplay of few-quasiparticle excitations
in the level density of the fissioning and residual nuclei. We suggest the intrin-
sic quasiparticle state density modelling approach both at stable and saddle-point
deformations. The experimental manifestation of few-quasiparticle irregularities in
the level density depends on the fission barrier structure and internal excitation
energy at the saddle point, corresponding to the higher barrier hump. The explicit
evidence is observed in case of fissile and non-fissile target nuclides.

1 Introduction

The pair correlation effects in fission are well-known in case of even-even fissioning nuclei
[lj. Step-like structure of the K^ parameter, defining the angular anisotropy of fission
fragments was interpreted tu be due to few-quasiparticle excitations at saddle deforma-
tions. Few-quasiparticle effects which are due to pairing correlations are essential for
state density calculation at low intrinsic excitation energies. There exist also a lot of
irregularities in measured neutron-induced cross section data either for even-even, even-
odd and odd-odd target nuclei. These structures are much more sensitive to the detailed
fission level density shape, than Kj; parameter. Basically those are steps or resonance-like
structures well-above fission threshold in case uf Z—even, N—even targets or step-like
structures in case of Z—even (Z—odd), jV—odd targets [2, 3). We will demonstrate below
that observed irregularities in neutron-induced fission cross section data for actinide target
nuclei with various parity of neutrons and protons, could be attributed to the interplay
of few-quasiparticle excitations in the level density of fissioning and residual nuclei.

2 Statistical model

Average fission cross sections are treated within Hauser-Feshbach-Moldauer theory [4, 5],
coupled channel optical model and double humped fission barrier model [6]. The deformed
optical potential is employed. For even-even target nuclei we employed optical potential
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parameters, defined by fitting total cross section data, angular distributions and 3—wave
strength function for 238U [7]. The quadrupole 02 an<-^ hexadecapole /34 deformation
parameter values were obtained by fitting respective 5—wave neutron strength function
(So) values for relevant nucleus. In a double humped fission barrier model [6], neutron-
induced fission process can be viewed as a two-step process, i.e. a successive crossing over
the inner hump A and over the outer hump B. Hence, the transmission coefficient of the
fission channel Tj11 (U) can be represented as

, T

The transmission coefficient Tf?(U) is defined by the transition states and level density
pfi{c. J, 7r) of the fissioning nucleus at the inner and outer humps (i = A,B> respectively).

2.1 Level Density-
Level density is the main ingredient of statistical model calculations. In adiabatic approx-

imation the total nuclear level density p(U, J, 7r) could be represented as the factorized

contribution of quasiparticle and collective states':

p{U, J, TT) = KTOt(U, J)Kvib(U)Pqp(U, J, jr), (2)

where pqp(U, J.TT) is the quasiparticle level density at excitation energy U, spin / and
parity ir. KTot{U. J) and Kvn,(br) are factors of rotational and vibrational enhancement of
the level density ^8'. Shell and pairing effects influence mainly quasiparticle level density.
The collective contribution to the level density of deformed nucleus is defined by the
nucleaT deformation order of symmetry [9j. The actinide nuclei equilibrium deformation
is axially symmetric. The order of symmetry of nuclear shape at inner and outer saddles
we adopted from SCM calculations by Howard & Moller [10]. For axially symmetric and
axially asymmetric deformations, which are characteristic for equilibrium (outer saddle)
and inner saddle deformations of actinide nuclei factors of rotational enhancement could
be represented as [9] :

= Zexpi-K'/K!) « o\ = Fxt, (3)
K=-J

where <r± and <7|j are the angular momentum distribution parameters, K is the spin
J projection on the symmetry axis, t is the thermodynamic temperature. The mass
asymmetry at outer saddle doubles the K^{,™(ll) factor as defined by Eq. 3.

Few-quasiparticle effects are essential for state density calculation at low intrinsic
excitation energies. An evidence of few-quasiparticle effects at stable deformations in
neutron-induced reactions was revealed recently. The step-like structure in 239Pu(n,2n)
reaction cross section was shown to be a consequence of threshold excitation of two-
quasiparticle configurations in residual even-even nuclide l238Pu [11] above a pairing gap.
The same effect is pronounced in 238U(n;7) data description through (n,7n') reaction
competition |12]. The perturbations of the level density by pair correlations was directly
evidenced in statistical 7—decay spectra of even rare-earth nuclei [13, 14j.
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The estimate of quasiparticle level density pqp{U,J,it) or intrinsic quasiparticle state
density to^U), could be obtained using Bose-gas model prescriptions [11, 15, 16]. The
intrinsic state density of quasiparticle excitations ujqp(U) could be represented as a sum
of n—quasiparticle state densities 'jjnqp(U):

(«>

where g = 6aCT/7r2 is a single-particle state density at the Fermi surface, n is the number
of quasiparticles. This equation would reproduce a step-like structure of state density
at low excitation energies either for even and odd nuclei. Partial n—quasiparticle state
densities u>nqp{U) depend critically on the threshold values Un for excitation of the n-
quasiparticle configurations, n = 1,3... for odd-A nuclei and n — 2,4... for even-even
or. odd-odd nuclei. The discrete character of few-quasiparticle excitations is virtually
unimportant only in case of odd-odd nuclei. The values of Un are defined as proposed by
Pu [16]. They depend on shell correction values for saddle and stable deformations and
correlation function A !3).

Flexible semi-empirical estimate of intrinsic state density ai9p([/) could be obtained
with what we would call "modified Constant Temperature Model (CTM) approach". In
this approach the modelling of total level density

p(U) = K:TiU)K,lih{U)~^- = T-1 exp((t/ - Uo)/T) (5)

where Uo ̂  — mA, m = 0, 1, 2 for even, odd and odd-odd nuclei, respectively, looks like a
simple renormalization of quasiparticle state density ujqp(U) at excitation energies U < Uc.
Spin distribution parameter <r;| = F:]t = 6/7r2{m2)(l - 2/3e)t, where {m2} = 0.24A2/3

is the average value of the squared projection of the angular momentum of the single-
particle states, and £ is quadrupole deformation parameter. Constant temperature model
parameters were obtained for equilibrium deformations by fitting cumulative number of
low-lying levels [17j. Constant temperature model parameters for fission level density
might be adopted after following assumptions. The respective constant temperature pa-
rameters for fissioning nucleus, namely, nuclear temperature Tj and excitation energy
shift Uof, are defined at the matching energy Ucj = {/,., which is adopted to be the same
as for equilibrium deformation. That is a fair approximation because for ground state
deformations the U,. value is not very much sensitive to the a -parameter value. After
that the effects of non-axiaiity and mass asymmetry are included. At excitation energies
above Ucf the continuum part of the transition state spectrum is represented with the
GSM model [8].

The respective level density parameters for inner(outer) saddle and equilibrium de-
formations: shell correction SW, pairing correlation function A, quadrupole deformation
c, and momentum of inertia at zero temperature Fojh

2. Shell correction values at inner
and outer saddle deformations 5Wj are adopted following the comprehensive review
by Bjornholm and Lynn [181. For ground state deformations the shell corrections were
calculated as SW = M f l p - MMS, where MMS denotes liquid drop mass (LDM), calcu-
lated with Myers-Swiatecki parameters [19], and Mexp is the experimental nuclear mass.
We assume that asymptotic value of main level density parameter o is independent on
the deformation of the nucleus, i.e. we use the same values for nuclei at saddle and equi-
librium deformations. Note that shell correction is negative at ground state and positive
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at saddles, consequently a-parameter values at low excitation energies would be rather
different. The values of the main a—parameter of the model, a and a^., at high excitations
and at excitation energy U = UiT, respectively, are defined by fitting neutron resonance
spacing [17].

We will illustrate few-quasiparticle effects in level density of actinide nuclei for 239Pu
and 234U fissioning nuclides, which fit relevant measured data. We will reproduce struc-
tures in fission cross section data by modelling steps in level density with semi-empirical
CTM parameters.

3 Fission Cross Section Calculation

Approach adopted here to model level density at equilibrium and saddle deformations
was used to describe available neutron-induced fission cross section data for actinide
nuclei up to emissive fission threshold. Above ~2.5 MeV incident neutron energy fission
cross section data were fitted by slight increase of pairing correlation function value A/ .
Actually the amount of this increase depends on the ratio of a—parameters at saddle and
equilibrium deformations, which, in turn, is a function of {SWf — 5W). It might be
anticipated that value of the parameter <5 = (A/ — A) contains lumped effect of pairing
and shell effects differences at saddle and equilibrium deformations.

3.1 Z-even, N-odd fissioning nuclei

In case of Z-even, iV-even targets fission cross section data for U (A > 234), Pu (A >
238) and Cm target, nuclei exhibit almost classic threshold shape. In case of 232TJ and
236Pu target nuclides there is a non-threshold behavior in contrast with other Af-even
isotopes. SCM calculations by Howard & Moller [10] predicted axial symmetry of inner
fission barrier, while E/A < Ejg, for neutron-deficient odd uranium and plutonium nuclei
with A < 235 and A < 237, respectively. This helps to correlate this non-threshold
behavior with theoretical fission barrier parameter trends [20]. In case of other plutonium
and curium targets neutron-induced fission the step-like and resonance-like structures,
respectively, are observed above fission threshold, actually in a region traditionally called
'first plateau'. They are supposed to be due to interplay of one-quasiparticle excitations
in the level density of odd fissioning nucleus and two-quasiparticle excitation in even
residual nucleus [3j. Step, evident in 238Pu(n,f) measured data (see Fig. 1) would be used
to extract fission level density parameters for 239Pu.

In odd nuclei "blocking" of pairing by unpaired particle is roughly taken into account
by excitation energy shift. The level density of the fissioning nuclide 239Pu could be cal-
culated with equations (2,5), introducing odd-even excitation energy shift: U = U + A,
where A is the correlation function for the saddle point deformations. At lower ener-
gies the energy behavior of level density,is strongly dependent on the number of excited
quasiparticles. Pairing is weakened by excitation of few-quasiparticle states, virtually
only lowest quasiparticle number states lead to pronounced stnicture in level density of
actinide nuclei. In case of even-odd fissioning nuclide M9Pu the partial contributions
unqp{U) of n—quasiparticle states to the total intrinsic state density w^U) produce
"shoulder" below three-quasiparticle state excitation threshold. For the lowest number
of quasiparticles n —\ intrinsic state density uij ~ g, there is no explicit excitation en-
ergy dependence within Bose-gas model approximation. One-quasiparticle state density
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defines the step-like trend of fission cross section up to the incident neutron energy of
E3 = U3 + E/A - B ~1.25 MeV, where B is the neutron binding energy, EfA is the inner
saddle height, which corresponds to three-quasiparticle state excitation threshold U3 at
the inner saddle deformation. At higher incident neutron energies the three-quasiparticle
state excitations with intrinsic excitation state density UJ3 ~ g3U2 came into play. Hence,
the fission cross section starts to increase once again above three-quasiparticle state exci-
tation threshold (see Fig. 1). ,

In this excitation energy region we will model the level density as

p(U) - Tj\l + S10(U - 0.5f/3)) exp((C/3 + Af-Uo-
~ T^exP({Af-Uo)/Tf). (6)

Using this equation we could fit measured fission cross section data trend using parameters
Si = 1.25 MeV and £10 = 2 MeV. One- and three-quasiparticle states level density of even-
odd fissioning nucleus 239Pu defines the fission cross section shape at incident neutron
energies below ~2.5 MeV (see Fig. 1). For excitation energies below five-quasiparticle and
above three-quasiparticle states excitation threshold the level density is slightly increased
as compared with constant temperature model approximation:

(7)
where parameter £3 = 0.145 MeV was defined by fitting fission cross section data. Level
density of fissioning nuclide 23SPu at inner saddle, triaxiality effects being included, is
shown on Fig. 2. Calc\ilated level density is compared with constant temperature ap-
proximation and ''scaled" Bose-gas model, which also fits fission data. The arrows on
the horizontal axis of Fig. 2 indicate the excitation thresholds of odd n—quasiparticle
configurations.

Fission cross section data of 238U exhibits almost classic threshold shape, since vi-
brational resonance at ~1.15 MeV is rather weak, while "cusp" in fission cross section
around 3.3 MeV incident neutron energy [7] might be correlated with excitation of three-
quasiparticle states in fissioning nuclide 239U above 2.4 MeV. At this high energy influence
of one-quasiparticle states on calculated fission cross section starts to diminish. There are
some peculiarities in fission cross section data of 236U and ^ U below ~2 MeV inci-
dent neutron energies, besides strong vibrational resonances at ~0.93 MeV in 236U(n,f)
and 0.78 MeV in 234U(n,f). Adopted level density description allows to fit subthreshold
cross section shape of 236U(n,f) and -34U(n,f). Note that for M7U and 239U fissioning
nuclides EfA > EfB, while for 235U and 233U EJA < EJB- Incident neutron energies
E3 = f/3 4- EfA(B) — B correspondent to excitation of three-quasiparticle states are: ~
2.3 MeV for ^ U ^ n i ) , ~1.S MeV for 236U(n,f), ~1.2 MeV for 234U(n,f) and ~0.7 MeV
for 232U(n,f). Approximately at these energies abrupt changes in cross section shapes are
observed.

In this section sensitivity of calculated fission cross section to one- and three-quasiparticle
state density of fissioning nucleus was estimated by changing values of i^j and \S3\ by 0.1
MeV. Dashed and short-dashed curves on Figs. 1, 3, 4, 5, 6 show the sensitivity of calcu-
lated fission cross section to one- and three-quasiparticle excitations in fissioning nuclide.
In case of 238U(n,f) reaction above ~2.2 MeV incident neutron energy three-quasiparticle
excitations occur (see Fig. 3), but calculated fission cross section is much more sensitive
to one-quasiparticle state density variation in fissioning nuclide 239U.
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Excitation of three-quasiparticle states in fissioning nucleus is more pronounced for
neutron-induced reactions on Pu target nuclei. Dashed and dot-dashed curves of Fig. 1
show the sensitivity of calculated fission cross section to the level density of 2MPu fissioning
nuclide at excitation energies lower than three-quasiparticle excitation threshold. For
dashed curve, in fact, one-quasiparticle state density is varied, i.e. level density p{U) is
calculated with <5] = 1.35 MeV (see equation (6)), while for solid curve 6] = 1.25 MeV.
Calculated fission cross section appears to be slightly sensitive to one-quasiparticle state
density below 1 MeV incident neutron energy, while it is very sensitive above 1 MeV up
to 3 MeV.

Fission cross section of 240Pu also exhibits step-like irregularity above ~1 MeV inci-
dent neutron energy. Incident neutron energies E3 ~1.5 MeV for 24oPu(n.f). for other
plutonium targets they are: ~ 1.25 MeV for 238Pu(n,f), ~1.6 MeV for 242Pu(n,f) and
-1.7 MeV for 244?u(n,f).

Quasi-resonance structure is evident in fission cross section data by Fursov et al. [21],
Moore et al. [22] and Fomushkin et al. [23, 24] for 244Cm(n,f)!

 246Cm(n,f), 248Cm(n,f)
reaction cross sections, although there are a systematic discrepancies evident in data
sets as regards either data shapes and absolute values. Broad quasi-resonance structure
around 1.2 MeV neutron energy, evident in measured data by Moore et al. [22] and by
Fomushkin et al. [23] for 244Crn(n,f) reaction (see Fig. 4). Data by Fursov et al.[21] for
2MCm(n.f) appear to be shifted to higher values, however there is also quasi-resonance
structure around 1 MeV. These data could be described in the same manner as those for
Pu even-even target nuclei. Figure 4. 5 and 6 shows the sensitivity of calculated fission
cross section to one- and r.hree-quasiparticle state density. Fission cross section shape
up to 2.5 MeV neutron energy is controlled mainly by one-quasiparticle state density,
while three-quasiparticle state density is important in the energy range of 2-3.5 MeV.
Figure 4 shows fits of data by Fursov et al.[21], which were obtained by decreasing inner
and outer fission barrier humps by 0.1 MeV and 0.25 MeV, respectively, so that one
obtains Ef_.\ — 6.325 MeV and E!A — 5.35 MeV. other fission barrier and level density
parameters being unchanged. It seems that data by Fursov et al.[21] are incompatible
with deep-subthreshold data by Maguire et al. [25].

In case of 246Cm(n,f) reaction measured data are more compatible, than in case of
244Cm(n,f) fission data (see Fig. 5). Here, in case of even-odd fissioning nuclide 247Cm
partial contributions wnqp(U) of n—quasi-particle states to the total intrinsic state density
u}qp(U) produce "jumps" again only for n =1 and n =3 (see Fig. 5). We suppose that
242,244,24«,248(--irn f-,argej- c.xoss section magnitude are governed by the inner fission barrier,
parameters of which are fixed by fission data fit for incident neutron energy above ~10
keV. One-quasiparticle state excitation define the decreasing trend of fission cross section
above fission barrier up to the incident neutron energy of E3 = U3 + EfA — B.

In case of M8Cm(n,f) reaction there is a systematic discrepancy between data by
Fomushkin et al. [24], Moore et. al. [22] and data by Fursov et al. [21]. Structure in fission
cross section data above ~1 MeV is much less pronounced than in case of 244Cm(n,f) and
246Cm(n,f) reactions. Data by Fursov et al. [21] could be described consistently with
deep sub-threshold data by Maguire et al. [25] decreasing inner and outer fission barrier
heights and inner barrier curvature {EfA. — 5.85 MeV. E/B = 5.3 MeV, KU/A = 0.9 MeV),
as compared with those, fitting data by Fomushkin et al. [24], Moore et al. [22].

The modelling of the intrinsic state density structure of fissioning and residual nu-
clei has enabled the qualitative analysis of the quasi-resonance structure in 244Cm(n,f),
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M6Cm(n,f), M*Cm(n,f) measured data well-above fission threshold. This irregularity is the
consequence of threshold excitation of three-quasiparticle configurations. The excitation
threshold is consistent with measured data below fission threshold.

Plotting values of E/^^) + U?, — Bn, three-quasiparticle excitation threshold in neu-
tron energy scale as a function fissioning nucleus mass A, one may notice that they are
correlated with evidence of two-quasiparticle effects in U, Pu and Cm neutron-induced
fission cross sections. ,

The one-quasiparticle neutron states of even-odd fissioning nuclide, lying below the
three-quasiparticle states excitation threshold define the shape of fission cross section
below incident neutron energy of E < EfA(B) + &3 ~ Bn. At higher excitation energies
three-quasiparticle states are excited. Two-quasiparticle states in even residual nucleus
could be excited at incident neutron energies E > 11%. Relative position of U3 and Ui
excitation thresholds in fissioning and residual nuclei, respectively, might influence fission
cross section shape below ~3 MeV incident neutron energy.

Adopting structureless constant, temperature approximation of level density one could
describe the fission cross section data only above 3-4 MeV incident neutron energy and
deep below fission threshold, when fission transmission coefficient is defined mainly by
discrete fission transition states. At intermediate incident neutron energy, that is the
energy range where excitation of few-quasiparticle states at the inner saddle is of primary
importance, structureless constant temperature approximation fails.

3.2 Z-even, N-even fissioning nuclei

In case of .Z-even, iV-odd fissile targets the step-like irregularities in fission cross section
data shapes are supposed to be due to interplay of two-quasiparticle excitations in the level
density of even-even fissioning nucleus and one-quasiparticle excitation in odd residual
nucleus. The collective levels of even fissioning nuclei, lying within pairing gap. define the
fission cross section below incident neutron energy of E < £/.,I(B) + f-'-j — Bn, where EfA(B)
is the higher of the barrier humps. At excitation energies U > U2, i.e. above the pairing
gap, level density of axially symmetric fissioning nucleus is calculated as described below.
After that the effects of mass asymmetry at the outer saddle are included.

The roost, distinct evidence of pair correlation effects is observed in case of 233U(n,f)
(see Fig. 7) and Z!sU(n,f) reactions. SCM calculations by Howard & Moller ilOj predicted
that inner fission barrier for uranium nuclei with A < 236 is axially symmetric while
Ef.\ < Efs- In case of Pu and Cm nuclei addressed here the higher barrier is the inner
one. The two-quasiparticle excitations in 234U at the outer saddle deformations occur
at intrinsic excitation energy, correspondent to E > 0.1 MeV, they explain the step-like
behavior of 233U(n.f) data shape above 0.1 MeV up to 2 MeV.

3.2.1 ^ U level density

In case of even-even nuclides the partial contributions of u>nqP(U) of n—quasi-particle
states to the total intrinsic state density ui^U) produce "jumps" only for n — 2 and n =
4 configurations (see Fig. 8). The arrows on the horizontal axis of Fig. 8 indicate the
excitation thresholds of even n—quasiparticle configurations. The intrinsic state density
ti/2(f/) for the residual nuclide 234U could be represented by equation, modifying Bose-gas
approximation of ^{U) = gl{U — Vi) with a Woods-Saxon expression at excitations below
four-quasiparticle excitation threshold:
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u2(U) = g2(U4 - U2 - 0.35)(l + exp((t/2 - U + 0.1)/0.1))"1. (8)

Almost the same estimate of two-quasiparticle states u>2(U) was obtained by modelling the
structure of 238Pu intrinsic state density to interpret the step-like structure in 239Pu(n,2n)
reaction data near threshold [11]. We model here the nuclear level density p{U) in the
same manner as for 239Pu nuclide. Above the pairing gap £/2 up to the four-quasiparticle
excitation threshold U4, level density is approximated as

p(U) = p(Ut - fc)/(l + exp(C/2 -U + Sa)/6,), (9)

here 52 ~ 0.5({/4 — [72). Two-quasiparticle states level density of even-even residual nu-
clide 234U influences the fission cross section shape at incident neutron energies above ~0.1
MeV. Parameters <52

 = 0-°5 MeV, 6a = 6S = 0.1 MeV values were extracted by fitting
measured fission data shape. Calculated level density is compared with constant tem-
perature approximation and "scaled" Bose-gas model (see Fig. 8). Present and Bose-gas
approximation are consistent at low excitation energies, while they start to be discrepant
around 5 MeV excitation energy.

In this section sensitivity of calculated fission cross section to two- and four-quasiparticle
state density of fissioning nucleus was estimated by changing j£2| and |Ai| by 0.2 MeV.
Dashed and short-dashed curves on Fig. 7 show the sensitivity of calculated fission cross
section to two-and four-quasiparticle excitations in fissioning nuclide 234U. Above ~0.9
MeV incident neutron energy four-quasiparticle excitations occur (see Fig. 7), but cal-
culated fission cross section is much less sensitive to relevant state density variation. At
intrinsic excitation energies higher than four-quasiparticle excitation threshold C/4 level
density p(U) was estimated as

p(U) = I}"1 exp((r/6 - U, - 64)/T,), (10)

where UQ is six-quasiparticle excitation threshold, 64 — 0.2 MeV. Fission level density
of 234U is shown on Fig. 8. The arrows on the horizontal axis of Fig. 8 indicate the
excitation thresholds of even n—quasiparticle configurations.

In case of 235U(n.f) cross section two-quasiparticle states at outer saddle of 236U fission-
ing nuclide are excited at higher incident neutron energies, as compared with respective
excitation threshold in 233U(n,f) reaction. It corresponds to E > 0.6 MeV, here also a
step-like behavior of data shape is observed [2j. Above ~L4 MeV incident neutron energy
four-quasiparticle excitations occur, calculated fission cross section here is more sensitive
to relevant four-quasiparticle state density variation. That is due to higher fission thresh-
old of 236U as compared with fission threshold of 234U.

Values of <52 and 84 parameter values fluctuate only .slightly for various U, Pu and
Cm nuclei. Adopting structureless constant temperature approximation of fission level
density one fails to describe fission cross section of /?-even, iV-odd fissile targets exactly
in the neutron energy range up to ~2-3 MeV incident neutron energy. Evidence of few-
quasiparticle excitation depends on the fission barrier value in the neutron energy scale.
At intrinsic excitation energies U > t/6 fission level density is almost perfectly smooth.
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3.3 Z-odd, N-even fissioning nuclei 242mAm, 236Np

In case of the only available Z-odd, N-odd target 242mAm the effect of Z-odd, N-even
fissioning nucleus level density is evidenced as a step-like shape of fission cross section
data. The one-quasiparticle neutron states of odd-even 243Am fissioning nuclide define
the shape of 242mAm(n,f) fission cross section below incident neutron energy of ~1 MeV.
Specifically, the step-like shape of fission cross section around 0.1 - 0.4 MeV [15]. At
higher incident neutron energies three-quasiparticle states could be excited in fissioning
nucleus 243Am at deformations of inner fission barrier hump. They define the fission cross
section shape around 1 - 2.5 MeV incident neutron energy. There is virtually no step-
wise structure in level density of odd-odd residual nuclide 242Am. Calculated fission cross
section appears to be less sensitive to one-quasiparticle state density, than fission cross
section of Z-even, N-even targets, because of high fissility of 243Am nuclide.

4 Conclusions

The manifestation of few-quasiparticle effects in fission cross section for particular nuclide
depends on the structure of fission barrier of compound nucleus, i.e. on the relative heights
of inner E/A and outer E / B fission barrier humps. The internal excitation energy at the
saddle point corresponding to the higher barrier hump EJA(B) is important, basically the
value of (Bn + E — EJA(B)) matters. We argue that to probe fission level density at low
intrinsic excitation energy neutron-induced fission cross section data at low energies for
even-even and even-odd target nuclei, typically below ~2 MeV incident neutron energy,
are of primary value.

The sophistication of the level density model, as compared with various options of
Fermi-gas closed-form expressions, although it still remains rather crude, seems to be
unavoidable, since it is backed by a lot of experimental data. That is the shortest way to
consistent modelling of fission cross section data behavior and extracting reasonable level
density and fission barrier parameter values.
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23aPU FISSION CROSS SECTION 239'Pu, INNER SADDLE
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