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Neutron resonance spacing data for actinides (Th-Cf) are analyzed to obtain level density parameters.
Cumulative plots of low-lying levels are fitted with a constant temperature model. Systematic trends
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1 Introduction

Level density is one of the main ingredients of statistical model calculations.
Level density of relevant compound, residual and fissioning nuclei define trans-
mission coefficients of radiative decay, neutron scattering and fission channels.
Evaluated values of average reduced neutron widths and level spacings in re-
‘solved resonance region are usually used for fixing optical and statistical model
parameters. Rather sophisticated methods are used as an alternative to averag-
ing of experimental resolved resonance parameter values. However, such methods
which take into account resonance missing may give rather discrepant results.
Main drawback of these methods is due to consideration of the level missing due
to poor energy resolution and discrimination threshold separately, while both
factors seem to be correlated [1]. In other words, two strong resonances are usu-
ally resolved even being closely spaced, while a weak resonance, if shadowed by
the strong one, always remains unresolved. Actually actinide neutron resonance
spacing data are available only for 32 nuclei from Th up to Cf, so it is highly
desirable to obtain extra knowledge on level density of other actinide nuclei based
on this rather scarce data base.

2 Neutron Resonance Spacing Estimation

The present method of average resonance parameter evaluation is described
in detail elsewhere [2]. Below are given the main points of the model. In case of
even target nuclei we deal with one system of s—wave resonances with spin values
of 1/2, the well known Porter-Thomas [3] formula for reduced neutron width
distribution and the Wigner [4] formula for level spacing distribution are valid.
In case of odd and odd-odd target nuclei we deal with two systems of s—wave
resonances with spin values of I+1/2, I being the target nucleus spin. Resonance
level spacing distributions involved in our approach for even and odd nuclei differ
considerably (see Fig.1). Level spacing distribution as well as neutron reduced
width distribution assume possible coexistence of two systems of resonances with
different spins. Resonances with the same spin are repulsed, which means that
small resonance spacing are of low probability. In case of odd nuclei the spins
of closely spaced levels might be different and the influence of level repulsion is
diminished. This results in much greater resonance missing for odd target nuclei,
as compared with even ones. The probability to resolve neutron resonances in
the experiment Y (z,y, ') was modelled as
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(1+a)
o+ eon(Gsns) | [(2)" +1]

(zsy<D> T

Y(z,y,E) =

(1)

where A(F) - is experimental energy resolution; z, - is diffusive threshold of
resonance width discrimination; p— defines the curvature of the discrimination
threshold; s - defines correlation between resonance missing due to it’s weak-
ness and poor resolution; ¢ - parameter, which determines rate of the level
missing when the energy resolution diminishes; a - is normalization constant;
z = gI'?/(gT'?), y = D/(D), I'? is reduced neutron width, D is neutron reso-
nance spacing, g = 5(22"1—1%, J and I are compound and target nucleus spin values,
respectively. Function Y(z,y, E) has the following asymptotic behavior: it de-
creases to zero when z, y, 2%y, 1/, or (D)/A(E) go to zero, and becomes unity
when z, y, 2%y, 1/z, or (D)/A(FE) increase.

Average resonance and resolution function parameters are defined by fitting
experimental neutron widths and level spacings distributions with theoretically
expected distributions using maximum likelihood method. Evaluated values of
average level spacings and s—wave strength functions are compared with other
evaluations in Table 1, where note that compound nuclei mass numbers are in-
dicated. Resonance parameters in this evaluation were taken from BNL-325,
except those marked with asterisk, which had been taken from original evalua-
tions [5, 6]. We claim greater reliability of our results, since we fit both reduced
neutron widths and level spacings distributions. For example, in case of thor-
oughly investigated *®U target nuclide various estimates almost coincide, while
in less favorable cases the discrepancies might appear. For example, neutron res-
onance spacing (D) = 2.973 eV for 237U target nuclide was obtained, which is
much lower than other estimates, although it is still compatible with them within
attributed error estimates. Figures 2 and 3 show the cumulative sum of resolved
resonance levels for 28U and 237U target nuclides as dependent on the neutron
energy F,. Solid line shows estimated number of resonances for spacing values
(D), obtained by fitting resonance spacing distribution. Dashed lines above and
below the solid line demonstrate the dependence of the estimated number of reso-
nances on the statistical error of neutron resonance spacing (D). Statistical error
of the neutron resonance spacing (D) depends on the number of resonances N
roughly as ~ 1/v/N [4]. The missing of levels is evident at much lower energies
in case of 27U, than in case of 238U target nuclide. Figures 4 and 5 show the
comparison of expected and observed distributions for neutron resonance spac-
ings. The expected distributions shown on Figs. 4, 5 demonstrate the effect of
resonance missing. We used also quantile representation of expected resonance
distribution, which is shown in Figs. 4 and 5 as solid line histogram. Intervals for
D/(D) values divide the whole range of y = D /(D) so that areas under expected
distribution over each interval are equal. Typical number of intervals is from 5 to
10, it depends on the number of observed resonances. There is evidence that the
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expected distributions are consistent with the experimental data within statisti-
cal errors. That is the reason to consider the estimates of average spacing (D)
reliable. With the proposed method we may treat experimental data sets with
up to ~50% levels missing.

Table 1 Average level spacings and neutron strength functions of
S—wave resonances

Nuclide | (D), eV [9] | (D), eV [10] | (D) , eV S,x10% [9] | S,x10%
230 53+.15 .62+.12 .455+.069 .62+.16 1.388+0.687
BITh 9.6+1.3 9.6+1.5 12.3864+1.338 | 1.540.4 1.47240.455
233Th 16.8+1.0 16.610.6 17.380+0.600 | .84+.07 .800+.080
232pg 45+.05 45+.05 4444 .059 81+.10 775+.353
24Py, .59+.09 70+.10 .503+.095 .75+.06 .802+.411
238y 4.640.7 4.6+0.7 4.717+0.381 | .91+.20 .881+.296
B34y 55+.05 55+.05 0.508+0.025 | 1.0440.07 | 1.073+0.144
3By 10.6+0.5 12.0+0.8 11.488+0.551 | .86+.11 .809+.112
2367y 44+ .06 43+.01 .488+.018 1.0+0.1 1.0134+0.104
27y 14.7+0.8 15+1 16 15.261+0.687 | 1.0+0.1 1.028+0.130
238y 3.5+0.8 3.5+0.8 2.973+0.386

239y 20.94+1.1 20.8+0.3 20.761+0.799 | 1.2+0.1 1.169+0.130
28N 52+4.04 .57+.03 .553+.022 1.02+0.06 | .954+.075
23¥py 9.04+0.7 8+1 8.301+0.598 | 1.3+0.3 1.285+0.269
20py 2.340.1 2.20+0.05 2.308+0.076 | 1.34+0.1 1.302+0.126
Alpy 13.6+0.7 12.440.7 13.440+0.720 | .93+.08 1.065+0.164
242py 9+.1 .73+.08 1.070+0.056 | 1.06+0.14 | 1.073+0.162
43Py 15.54+1.7 13.5+1.5 13.5264+0.812 | .9+.1 912+4.154
245py 1743 18.9924+2.868 | .9+.3 1.24340.522
“LAm* | 55+.05 .58+.04 551+.034 .90+.09 .896+.115
283mAm* | 404.08 .40+.08 .2714+.024 1.440.3 1.215+0.247
2MAm * | .60+.06 .73+.06 .621+.042 .984.09 .900+.131
28Cm 2548 14+3 10.082+1.976 | .9+.3 763+.395
240m* | 1.1£0.2 75+.15 .809+.078 1.30+0.26 | 1.050+0.230
255Cm 12+1 11.8+1.2 11.571+1.041 | .92+.17 1.061+0.272
26Cm* | 1.440.1 1.3+0.2 1.006+0.056 | 1.184+0.27 | 1.151+0.185
ATCm* | 34+7 30+5 17.58+4.0 .50+.16 91+.34
28Cm 1.440.1 1.840.3 1.1814+0.164 | .75+.18 .935+.278
29Cm 3345 28+5 38.478+3.578 | 1.04+0.2 1.013+0.238
250Bk 1.04+0.1 1.040.1 1.1954+0.136 | .90+.20 1.09540.300
X0Cf 741 T+.1 1.094+0.078 | 1.00+0.17 | 1.031+0.199
BICE 2743 27+4 26.747+2.407
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2.1 Level Density

Neutron resonance spacing data for Th - Cf nuclei exhibit grouping for even
target nuclei and for odd and odd-odd targets (see Fig. 6). Neutron resonance
spacings from fourth column of Table 1 will be used for definition of level den-
sity model parameters. Neutron resonance spacings were calculated with a phe-
nomenological model by Ignatyuk et al. [7], which takes into account shell, pairing
and collective effects in a consistent way:

p(U, J,m) = K (U, J)Kvib(U)pqp(Ua J, ), (2)

where pg,(U, J, 7) is the quasiparticle level density, K,o(U, J) and K, (U) are fac-
tors of rotational and vibrational enhancement of the level density. The relation
(2) holds in an adiabatic approximation, when collective and intrinsic excitation
contributions to the total level density p(U, J, ) are factorized. The quasiparticle
level density pgp(U, J, 7) is defined as follows

@I+ wpU) I+
pult. ) = (2 exp( AL ) 3)

Intrinsic state density wg,(U) is defined as

exp(S)

wep(U) = Zrp DI (4)

where S is the entropy and D is the determinant, composed of the second order
partial derivatives of the statistical sum [7]. Spin distribution parameter is given
by (fﬁ = Fj t, where ¢ is thermodynamic temperature. The momentum of inertia

F is defined as

F=6/m* <m®> (1 -2/3e), (5)

where (m?) = 0.24A4%2 is the average value of the squared projection of the
angular momentum of the single-particle states on the symmetry axis and ¢ is
quadrupole deformation parameter. The shell correction dependence of the main
level density a—parameter is defined using the following equation [7]:

o(U) = { a(14 W f(U = Eeong)/(U = Eoong))y U > Ugr = 0.47a A% —nA
a(Uer) = Qer U < Uy =0.47a,A? —nA,
(6)
where n = 0, 1, 2 denotes even-even, odd-A and odd-odd nuclei, respectively;
f(z) = 1 — exp(—~yz), is the dimensionless function, defining the shell effects
dumping; the condensation energy is defined as E.ong = 0.152a,,A%2—nA, with the
correlation function A; a is the asymptotic a-parameter value at high excitation
energies, while a, is a—parameter value at critical excitation energy U... At
excitations U > U,,, the equation of state is written as U = at?+ F,,,4. The main
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parameter of the level density a was obtained by fitting the neutron resonance
spacing (D).

The collective contribution of the level density of deformed nuclei is defined
by the nuclear deformation order of symmetry. The actinide nuclei at equilibrium
deformation are axially symmetric. For a deformed axially symmetric nucleus,
the factor of rotational enhancement is expressed as

K=J _ K2 ,
K,ot(U) = KZ:Jexp ( 7 ) ~ o] =Fit, (7)
(7'2(7'2
K2= 1= 8
A= o7 (8)

where o2 is the spin cutoff parameter, F| is the nuclear momentum of inertia
(perpendicular to the symmetry axis), which equals the rigid-body value at high
excitation energies, where the pairing correlations are destroyed,

Fi = 0.4mr2A53(1 +1/3¢), (9)

with m, as the nucleon mass and r, = 1.24 fm, and takes an experimental value
F, at zero temperature and is interpolated in between, using the pairing model .
Factor of vibrational level density enhancement 7] K,:;(U) is defined as

47TO'LD

2/3
Ky(U) = exp [1.7 (M) t4/3] , (10)

where o;p denotes the surface tension coefficient in a liquid drop model, nor-
malized as 47r2opp = 18 MeV. The closed-form expressions for thermodynamic
temperature and other relevant equations which one needs to calculate p(U, J, )
are provided by Ignatyuk et al. [7]

"~ The parameters of the level density model for equilibrium deformations are:
shell correction §W, pairing correlation function A at equilibrium deformations,
quadrupole deformation £ and momentum of inertia at zero temperature F,/h>.
For ground state deformations the shell corrections were calculated as éW =
Me=P — MMS where MM denotes liquid drop mass (LDM), calculated with
Myers-Swiatecki parameters (8], and M®? is the experimental nuclear mass.
As regards the other parameter values, we assume A = 12/ VA, € = 0.24 and
E,/h* =1T3.

The obtained dependence of a/A on the compound nucleus mass number A is
shown in Fig. 7. It is evident that global systematics of a—parameter values over
actinide region is hardly possible. On the contrary, the isotopic dependences of
a/A values seem to be rather smooth. The local systematics of G—parameter as

a/A = a+ BA, (11)
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where o and [ are parameters, could be readily obtained. For Th nuclei we get

a/A = —1.1320 + 0.00536 4; (12)
for Pa nuclei
a/A = —0.90677 + 0.0043194; (13)
for U nuclei
a/A = —0.1798 + 0.0012A4; (14)

for Np nuclei there is only one value for 2"Np target nuclide, so

a/A = 0.0888 (15)
is assumed; for Pu nuclei
a/A = —0.723427 + 0.003413 4; (16)
for Am nuclei
a/A = —0.00414 + 0.00038 A4, (17)
for Cm nuclei
a/A = —0.0285652 + 0.000476 A; (18)

for odd Bk nuclei, like in case of Np nuclei, there is only one value for 24°Bk
nuclide, so we assume

/A = 0.0834A; (19)

for Cf nuclei

a/A = —71316485 + 0.003180374 4; (20)

For justified statistical theory calculations it is requested that level density
description should reproduce both the average neutron resonance spacing and the
observed cumulative number of levels N**P(U). Rather severe problem which one
usually deals with in case of actinide nuclei is the fair description of the cumulative
number of levels N**P(U) with the N**°"(U). Unfortunately, pairing model [7]
fails to describe the cumulative number of low-lying levels without introducing
additional shift of the excitation energy ésu:5:. To calculate the level density at
the low excitation energy, i.e. just above the last discrete level excitation energy
where N**P(U) ~ N™er([J) could be achieved, we employ a Gilbert-Cameron-
type constant temperature approach. The constant temperature approximation
of level density
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p(U) =dN(U)/dU =T~  exp((U — U,)/T) (21)

is extrapolated up to the matching point U, to a phenomenological model by
Ignatyuk et al.[7] with the condition

U, = U, — Tin(Tp(U,)). (22)

Calculated cumulative number of levels is represented as

N(U) = exp(=U,/T) [exp(U/T) — 1] (23)

Note, that N(U = 0) = 0 is the boundary condition at zero excitation energy.
In this approach U, ~ —n/\,, where A\, is the pairing correlation function, A,
= 12/v/A, A is the mass number, i.e., U, has the meaning of the odd-even energy
shift (see definition of condensation F..,4 and excitation U energies above). The
value of nuclear temperature parameter 7' is obtained by the matching conditions
at the excitation energy U..

In current approach the modelling of total level density

wgp(U)
Voo

in Gilbert-Cameron-type approximation looks like a simple renormalization of
quasiparticle state density wg,(U) at excitation energies U < U..

Figures 8 - 58 demonstrate the description of cumulative plots of low-lying
levels for Th, Pa, U, Np, Pu, Am, Cm, Bk and Cf nuclei within current approach.
Histogram plots were obtained using ENSDF data, straight solid lines are model
fits. :

Cumulative plots for even Th nuclei 2*Th, ?*Th and 32Th look very similar
to each other, while those for 226Th and 23*Th seem to be rather incomplete. Using
matching energy U, = 4.4 MeV, defined for 2°Th, also for 222Th and 232Th we
could fit relevant cumulative plots, main level density parameter a being defined
by systematics. Cumulative plots for 22Th and #**Th seem to reveal missing of
levels at very low excitation energies, so U, = 4.4 MeV should be used.

Cumulative plots for odd Th nuclei 2 Th and 2*3Th look very similar to each
other, they are fitted assuming matching energy U, = 3.6 MeV. Cumulative plot
for 22Th is much more steeper, so using U,= 3.6 MeV also for ***Th we would
strongly underestimate the observed number of levels. To fit cumulative plot of
229Th nuclide, value of U, should be increased up to 4.8 MeV, main level density
parameter @ being defined by systematics.

Cumulative plots for even U nuclides #3%U, 24U, 26U and 23*U look very
similar to each other. They could be fitted with U.= 4.4 MeV, except for 28U
where U.= 4.0 MeV is assumed. In case of 232U, a value of U,= 4.4 MeV is
accepted, main level density parameter @ being defined by systematics.

p(U) = Krot(U)Kyin(U) =T ' exp((U - U,)/T) (24)
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In case of odd U nuclei steepest cumulative plot is observed for 25U nuclide.
For 33U and ?"U nuclides difference is only slight, so values of U, = 2.8 MeV
U, = 2.6 MeV, respectively, are used . However, for 235U nuclide we should
increase U, up to 3.8 MeV. For #3°U nuclide missing of levels starts at rather low
excitation energy U ~ 0.25 MeV, which is predicted if value of U, = 2.8 MeV is
accepted.

Among even Pu nuclides, the cumulative plot for ?4°Pu seems to be the steep-
est, value of U, = 4.0 MeV is estimated. For ?*Pu nuclide U, = 3.6 MeV is
obtained. For ?*Pu we assume U, = 3.6 MeV, that means missing of levels starts
at excitations as low as ~ 0.6 MeV. In case of ?*®Pu nuclide U, = 3.6 MeV is
accepted, main level density parameter a being defined by systematics.

Among odd Pu nuclides, the cumulative plot for 24! Pu seems to be the steep-
est, value of U, = 2.8 MeV is assumed, for other Pu nuclei U, value decreases
from 2.4 MeV for °Pu down to 1.6 MeV for ?*°Pu, as cumulative plot goes less
steep. It is difficult to conclude whether it is a real effect or just a consequence
of level missing. In case of 3"Pu nuclide U, = 2.8 MeV is accepted, main level
density parameter a being defined by systematics.

Low-lying level schemes of even Cm nuclides seem to be rather incomplete,
consequently cumulative plots generally can not be used for constant tempera-
ture parameter definition. The only exception is ?*Cm. However, even in that
case low-lying level scheme should be complemented with additional levels of
quadrupole and octupole vibrational bands [12]. Then, a value of matching en-
ergy U. = 3.4 MeV is extracted, for other even nuclides this value of matching
energy predicts severe missing of levels at excitation as low as 0.6 MeV. The same
is the case for °Cf nuclide, when U, = 3.4 MeV.

In case of odd Cm nuclei constant temperature parameters are also correlated
with cumulative plot trends. For 243Cm there is a distinct anomaly as compared
with other Cm nuclei, matching energy U, being estimated as 4.4 MeV. The
number of levels is defined mainly by odd-even energy shift U,, absolute value of
which increases with matching energy U, increase. If not for the **Cm, U, would
increase smoothly from U, = 2.2 MeV for >Cm, U, = 2.8 MeV for 4’Cm up to
U. = 3.2 MeV for ?°Cm. As regards nuclear temperature parameter 7' values,
there is a correlated slightly-increasing trend. For odd ?4°Cf U, = 2.8 MeV, while
for 251Cf nuclide U, = 3.2 MeV could be used.

For Z—odd Pa, Np, Am and Bk nuclei situation is more complex than in
case of Z— even nuclei. Specifically, neutron resonance spacings are available
mostly for odd-odd compound nuclei, which cumulative plots seem to be rather
incomplete. On the other hand, for Z—odd, N —even compound nuclei cumulative
plots look reasonable, while level density parameters could be estimated only
based on systematic trends, except 23Am compound nuclide. Namely, cumulative
plots for #!'Pa and #3Pa nuclides could be described assuming U, = 4.4 MeV.
Cumulative plots for ?*>Np, 2"Np and 2*Np are described assuming U, = 3.6
MeV. Cumulative plots for 23°Am, 2! Am, #*Am and ?**Am could be described
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assuming U, = 3.6 MeV, and for ?**Am description seems to be the best. The
same value of U, = 3.6 MeV is used for ?*Bk nuclide. For Z—odd, N—odd nuclei
situation is unsatisfactory. Cumulative plots of 28Np, 26Np, 22Am, 2**Am, *Bk
and 29Bk cannot be fitted with current approach, mainly because we define odd-
even excitation energy correction as 2/\,. Figure 44 for **2Am shows that fitting
of cumulative plot is impossible even decreasing U, value from 2.4 MeV down to

0.8 MeV.
Table 2 Constant temperature model parameters

AX U, MeV]|U,, MeV | T,MeV| 4X [U, MeV |U, MeV | T, MeV
26T 4.4 -.15693 | 0.41725 | %4Pu 4.0 0.09992 | 0.38691
28T 4.4 -.17373 | 0.40806 | **Pu 2.8 -.75741 | 0.37538
29T 4.8 -1.2239 | 0.37599 | %%?Pu 3.6 0.01559 | 0.37200
230 4.4 -.1700 | 0.39709 | ?%Pu 2.0 -.48771 | 0.33801
21T 3.6 -.94750 | 0.39020 | ?**Pu 3.6 0.47551 | 0.35942
232Th 4.4 -.15538 | 0.38606 | **Pu 1.6 -.34261 | 0.31498
23T 3.6 -.92613 | 0.37977 | *9Am 3.6 -.96889 | 0.40732
24T 4.4 -0.13581 | 0.37542 | 2%°Am 2.4 -1.6480 | 0.39682
231py, 4.4 -1.1698 | 0.42322 | *1Am 3.6 -.97413 | 0.40495
233pg, 4.4 -1.1911 | 0.41522 | 2Am* 2.4 -1.6457 | 0.39345
232 4.4 -.18277 | 0.39966 | *Am* 3.6 -.97830 | 0.40274
233y 2.8 -73554 | 0.37578 | 2 Am * 2.4 -1.6425 | 0.39028
81y 4.4 -.19143 | 0.40018 | 2*Am 3.6 -.98497 | 0.39835
=y 3.8 -1.0275 | 0.40314 | ?3Cm 4.4 -1.1659 | 0.41572
2367y 4.4 -.19024 | 0.39320 | **4Cm* 3.4 0.03342 | 0.37599
27y 2.6 -.68059 | 0.36704 | ***Cm 2.2 -.61989 | 0.36197
238y 4.0 -.06227 | .37575 | **Cm* 3.4 0.03277 | 0.37307
2397y 2.8 -.71107 | 0.36291 | **"Cm* 2.8 -.77480 | 0.37599
Z5Np 3.6 -.97315 | 0.40661 | **Cm 3.4 0.03185 | 0.37035
236N p 2.4 -1.6508 | 0.39572 | 2*°Cm 3.2 -.88400 | 0.38488
2"Np 3.6 -.97572 | 0.40480 | ***Bk 2.4 -1.6367 | 0.39377
28¥Np 2.4 -1.6483 | 0.39394 | **Bk 3.6 -.97173 | 0.40172
239Np 3.6 -.97862 | 0.40252 | 250Bk 2.4 -1.6375 | 0.38985
237Py 2.8 -77813 | 0.38776 | 24°Cf 2.8 -.69672 | 0.35037
238pu 3.6 00022 | 0.38454 | *0Cf 3.4 0.00141 | 0.37941
239py 2.4 -.65665 | 0.36847 | *ICf 3.2 -.76588 | 0.34349

Figures 59, 60 and 61 show evident systematic trends for constant temperature
model parameters U,, U, and T. Generally, there is a grouping of matching energy
U, values for even-even, odd and odd-odd nuclei (see Fig. 59), although there
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are distinct fluctuations for nuclei with relatively steep (2**Cm) or flat (?4°Pu)
cumulative plots. In latter case it might be due to severe missing of levels. Odd-
even energy shift U, values have pronounced grouping with particularly noticeable
irregularity for odd Pu nuclei (see Fig. 60). Nuclear temperature parameter T°
exhibits the correlated fluctuations with those of U,, but there is no as distinct
odd-even grouping of values (see Fig. 61). Instead, there is a smooth decreasing
trend of temperature T values for isotopes with increase of the number of neutrons
N.

Figure 62 demonstrates the ratio of calculated neutron resonance spacing
Dy to the estimated from measured data neutron resonance spacing Dey,. In
general, the discrepancy is quite comparable with attributed errors of Dey,. That
means a—parameter systematics could be used for neutron resonance spacing
estimates and subsequent description of low-lying number of levels.

Current values of constant temperature model parameters U., U, and T are
generally discrepant with recent estimates [13] made based solely on cumulative
plot fits. Producing fits of cumulative plots, these parameters might lead to in-
correct estimates of the cut-off energy, above which appreciable missing of levels
starts. Another obvious consequence is incorrect extrapolation of level density
shape even in a few-MeV excitation energy range, since nuclear temperature T'
values fluctuate wildly. In present approach constant temperature model pa-
rameter T is strictly correlated with level density shape, extrapolated from the
excitation energy equal to the binding energy of the neutron to the matching
point U.. Another constant temperature model parameter U, is not much dif-
ferent from the odd-even correction to the excitation energy, used in the level
density model. Smooth trends revealed in this parameter values make them par-
ticularly suitable for extrapolations to lower and higher mass nuclides. However,
one should be cautious, since fluctuations are still possible.

3 Concluding Remarks

Neutron resonance spacing data measured for actinides were analyzed to ob-
tain the level density parameters for Th - Cf. The level density is represented by
constant temperature and Fermi gas models. The systematics of the d@ parame-
ters was obtained for each element. The parameters for the constant temperature
model revealed some systematic trend. The parameters and systemtics obtained
are useful for nuclear data evaluation for actinides. :
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