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Abstract

Average neutron resonance parameters are used for adjusting of input data for optical and
statistical model calculations. Unfortunately, the current state of existing average resonance
parameter libraries does not satisfy the accuracy requested for evaluation of nuclear reaction data.
Due to the drawbacks of the methods used, discrepancies greater than quoted errors occur
between average resonance parameter values in Beijing, Bologna, Brookhaven and Obninsk
libraries. In the present work, we developed a sophisticated and physically transparent method
for determination of average neutron resonance parameters from experimental data sets. The
main idea of it is that experimentally missed distances do not disappear, but are added to the
neighbours. New evaluation of average resonance parameters (***Th - 2°>Cf) was performed.
accounting for the missing levels caused by poor experimental energy resolution and
discrimination threshold. Obtained values of average level spacings produce a smooth
systematic of the main level density parameter.
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1. Introduction

Evaluated values of average reduced neutron widths and level spacings in resolved
resonance region used for fixing of optical and statistical model parameters are of major
concern. Virtually trivial averaging of experimental resonance parameters never gives reliable
results even for thoroughly investigated nuclei, as experimental resonance missing effects the
results. Existing methods [1-3], taking resonance missing into account, give rather discrepant
results [4-5]. The drawbacks of available methods are due to consideration of the level
missing caused by poor experimental energy resolution and discrimination threshold
separately. However both these factors are correlated. In other words two strong resonances
are usually resolved even being close to each other, while weak resonance can be shadowed
by the strong one on the sufficient distance and remains unresolved.

2. Method

Let us introduce the method, that was developed for the determination of </7,> and
<D>. We assume that reduced neutron widths and level spacings distributions are f{x) and
o) with x=gI,”/< gI,’ > and y=D/<D> accordingly. We suppose reduced neutron widths
and level spacings no correlating, hence f{x)¢()) is the distribution for resonances with the
reduced neutron width x to have neighbouring one at the distance y (this is the distance
from one side of the resonance, for the sake of definition let it be from the left).

We also introduce an experimental probability #(x,y,E) to resolve the resonance with the
reduced width x and the distance y to the neighbouring one in the vicinity of energy E.
Now we can get the f;(x) distribution of the reduced neutron widths that were not missed

during the experiment,

(x) E2
£.009=L e fotypwicy Esay
Ez_ElEI 0

where £, E are the lower and upper boundaries of experimentally covered energy region. 4 -
[s o}

the portion of resonances resolved in the experiment can be found easily as A= [ /' (x)dx.
0

Of course [-A is the portion of the experimentally missed resonances. In analogous way we
determine ¢,(y) :

Ez [0 0]
0 .(v)=-22 T dE [ fxyx,y.Ejax .
E,-E, E 0

e 0]

One can see that {¢@,(y)dy= A, hence distributions f;(x) and ¢;()) normalised in the
0

uniform correlated manner.
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Let us now consider that missing of resonances results in resolving groups instead of
isolated resonances. In our case we are taking into account grouping in doublets only, hence
A>0.5 . If energy resolution of the experiment is less than <D> unresolved groups with three
and more resonances have much lower probability. Missed level spacings distribution appears
to be ¢(y)-p:1(y). These level spacings are the distances between resonances in the unresolved
doublets. In our assumptions these level spacings do not disappear, as they have common
scale with the resolved, but are added to the neighbouring ones. As the result additional
distribution ¢:(y) is measured in experiment:

Yy
wz(y)=%(f)[¢(z)—¢l(z)/¢,(y—:)dz |

s o]
Of course [¢,(y)dy=1-A. And at last we must take into account that distribution ¢;()) of
0

the distances to which missed were added must be subtracted from experimentally measured
distribution ¢;(3). Itis:

1- 4
?(y)=9,(¥)— .
Now we can give the expected distribution of experimentally observed level spacings:
1
@ u(Y)=[0,(¥)(2-—)+0,(¥)]/ 4.

Neutron reduced widths distribution transforms in the same correlated manner, since we
consider that the area under the unresolved doublet is the sum of the areas under single
resonances of the doublet. The areas are proportional to the reduced neutron widths, so:

X
S0 =g 1S C)=1 (] (5=

=108

S (%)= [f,(x)(Z—%)+f2(x)]/ A
Now we have to define f(x), ¢(y) and wix,y, E).

For fix) we use:

(1+a )?

V2xm

Sfix)=

1 _ X a’? _ xa
\/gje"’{ 2g,(1+a)}+\/gjex”{ 2g2(1+a)“'




And for ¢(y) we use[6]:

a’ _r .2 a? Jr 1 J
p(y)= ([ﬂ+ e n{ 77 n+aﬁ}'f AT M

1 T
(]+a)3exp{—;y +a )2:l f‘{ 2 yl+a]:‘+

7t21+a
nﬂ+a) n+a) ’

where a=<DJ,>/<DJ2>, g1=(2J1+1)/2/(21+1) and g2=(2J2+1)/2/(21+1)

Both neutron reduced widths distribution and level spacings one take into account possible
existence of two systems of resonances with different spins J; and J, and <D,;>, < D, >
accordingly in the resolved resonance region. In case of even nuclei, with resonances of equal
spin, they become the well known Porter-Thomas [7] and Wigner [8] distributions.
Resonance spacings distributions involved in our approach for even and odd nuclei differ
considerably (see Fig.1). Resonances of the same spin are repulsed, hence small resonance
spacing for such resonances are improbable. In case of odd nuclei the spins of s-wave
resonances may be different and the influence of level repulsion is diminished. This may result
in much greater experimental resonance missing for odd nuclei One, applying Wigner
distribution for analysis of odd nuclei <D>, does not take into account considerable
probability for existence of small distances, that are more probably missed in experiment and
overestimates <D>.

We consider that the probability to resolve resonances in the experiment y(x,y,E) can be
modelled by:

_ I+a 1
y(xyE)= cA(E) (&)"H’

where A(E)- is experimental energy resolution; x, - is diffusive threshold of widths
discrimination; p - determines the curvature of the discrimination threshold; s - defines
correlation between weak resonance and poor resolution level missing; ¢ - a parameter,
which determines rate of the level missing when the energy resolution deteriorates; a - is
normalisation constant.

Model resolution function wrx,y,£) describes typical experimental situation. It decreases
to zero when x, y, X'y, //x, or <D>/A(E) urge towards zero, and becomes unity when x, ),
X'y, 1/xy or <D>/A(E) are growing.
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3. Results and discussion

Average resonance and resolution function parameters are found by fitting theoretically
expected neutron widths and level spacings distributions to experimental ones within
framework of the best likelihood method with the computer code created on the base of the
suggested approach. Figures 2-33 show comparison of experimental and adjusted expected
reduced neutron widths and level spacings distributions for all actinides experimental
resolved resonance parameter sets for which are measured.

Tables 1 and 2 give evaluated values of s-wave strength functions and average level
spacings for these nuclei and comparison with other evaluations. Resonance parameters used
in this evaluation were taken from BNL-325, except marked by * , which had been taken
from our evaluations [9-14].

Although our evaluated values are rather different from those in Bologna, Obninsk,
Beijing and BNL libraries, they usually coincide, at least with one of these evaluations within
quoted errors, which are usually very large, except some cases. In case of ***Cm our
<D>=17.58 eV is much lower as we took into consideration experimental shadowing of
2Cm resonances by contaminating isotopes in the sample. The reason for our *’Cm low
<D>=1.181 eV is the same. Our ***"Am <D>=0.271 eV is much lower, as based on our new
resonance parameters evaluation including additional resonances, appeared as a result of
thorough shape resonance analyse.

We claim our results seem to be more reliable, since we rely simultaneously on both
reduced neutron widths and level spacings distributions. With the proposed method we may
treat experimental data sets with up to 50% resonance missed, enlarge involved data base
and thus reduce statistical errors .

The main level density parameter a was obtained by fitting the neutron resonance
spacing <D>. The total level density is calculated with a phenomenological model by
Ignatyuk et al. [15], which takes into account shell, pairing and collective effects. The
equilibrium deformation is assumed axially symmetric. The shell corrections were calculated
with liquid-drop Myers-Swiatecki parameters and experimental nuclear masses. The A-
dependence of a/4 is shown on Fig.34. It is evident that global systematic of a over actinide
region is hardly possible. On the contrary, the isotopic dependencies of @/4 seem to be rather
smooth for Th, Pu, Am and Cm nuclei. The local systematic of &/4=a+ A could be readily
obtained.

4. Conclusions

New evaluation of average neutron resonance parameters for all actinides, experimental
resolved resonance parameters for which are available, was performed on the base of a newly
suggested approach. The main advantage of the suggested method is the possibility of
simultaneous self-consistent analysis of experimental reduced neutron widths and level
spacings distributions, changes of which due to missing are considered correlated. That
allows to enlarge the involved data base, to improve statistics and makes our evaluated
results more stable.
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7. Figure captions

Fig. 1 Comparison of level spasing distributions with the taking into account existence of
one and two spin resonance systems.

Fig. 2 Comparison of *’Th data: a-cumulative sum of levels; b-cumulative sum of reduced
neutron widths; c-reduced neutron width distribution; d-level spacing distribution.

Fig. 3 Comparison of *°Th data: a-cumulative sum of levels; b-cumulative sum of reduced
neutron widths; c-reduced neutron width distribution; d-level spacing distribution.

Fig. 4 Comparison of ***Th data: figs a-, b-, c-, d- are the same as for B0,

Fig. 5 Comparison of **'Pa data: figs a-, b-, c-, d- are the same as for 2Th.

Fig. 6 Comparison of **’Pa data: figs a-, b-, c-, d- are the same as for Th.

Fig. 7 Comparison of **?U data: figs a-, b-, c-, d- are the same as for 207,

Fig. 8 Comparison of **U data: figs a-, b-, c-, d- are the same as for **Th.

Fig. 9 Comparison of **U data: figs a-, b-, c-, d- are the same as for “*°Th.

Fig. 10 Comparison of U data: figs a-, b-, c-, d- are the same as for **’Th.

Fig.11 Comparison of *°U data: figs a-, b-, c-, d- are the same as for *Th.

Fig.12 Comparison of **’U data: figs a-,d- are the same as for *Th,

Fig.13 Comparison of 284 data: figs a-, b-, c-, d- are the same as for 207,

Fig.14 Comparison of **’Np data: figs a-, b-, c-, d- are the same as for Th.

Fig.15 Comparison of ***Pu data: figs a-, b-, c-, d- are the same as for 0T,

Fig.16 Comparison of *°Pu data: figs a-, b-, c-, d- are the same as for 2Th.

Fig.17 Comparison of **’Pu data: figs a-, b-, c-, d- are the same as for 20T,

Fig. 18 Comparison of **'Pu data: figs a-, b-, c-, d- are the same as for *Th.

Fig. 19 Comparison of ***Pu data: figs a-, b-, c-, d- are the same as for **"Th.

Fig.20 Comparison of **'Pu data: figs a-, b-, c-, d- are the same as for 07,

Fig.21 Comparison of **'Am data: figs a-, b-, c-, d- are the same as for ***Th.

Fig.22 Comparison of ***"Am data: figs a-, b-, c-, d- are the same as for *Th.

Fig.23 Comparison of **Am data: figs a-, b-, c-, d- are the same as for 297,

Fig.24 Comparison of 2**Cm data: figs a-, b-, c-, d- are the same as for *°Th.

Fig.25 Comparison of 2*Cm data: figs a-, b-, c-, d- are the same as for *Th.

Fig.26 Comparison of 2**Cm data: figs a-, b-, c-, d- are the same as for *°Th.

Fig.27 Comparison of **Cm data: figs a-, b-, c-, d- are the same as for *Th.

Fig.28 Comparison of 2**Cm data: figs a-, b-, c-, d- are the same as for °Th.

Fig.29 Comparison of 2'Cm data: figs a-, b-, c-, d- are the same as for **Th.

Fig.30 Comparison of 2**Cm data: figs a-, b-, c-, d- are the same as for **"Th.

Fig.31 Comparison of 2*Bk data: figs a-, b-, c-, d- are the same as for **Th.

Fig.32 Comparison of **’Cf data: figs a-, b-, c-, d- are the same as for *Th.

Fig.33 Comparison of *’Cf data: figs a-, d- are the same as for 20Th.

Fig.34 The a/A dependence for actinides deduced from our evaluated <D> values.
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Table 2. Neutron strength functions for actinides recommended by different
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laboratories

Isotope sex10* sex10* sex10* sex10*

BNL Obninsk Bologna PRESENT
2Th 0.6240.16 | 1.15+0.15 | 0.5110.17 }| 1.38810.687
B*Th 1.5+0.4 1.2840.15 | 1.465+0.435 || 1.47240.455
BiTh 0.8410.07 | 0.8710.07 | 0.8410.07 || 0.800+0.080
Blpg 0.81+0.10 | 0.7840.08 | 0.45+0.05 || 0.775+0.353
Bipa 0.7510.06 | 0.7510.08 | 0.3551+0.045 || 0.802+0.411
By 0.9110.20 1.410.3 0.97+0.07 || 0.88110.296
By 1.0440.07 | 1.0410.07 | 0.545+0.035 [| 1.07310.144
By 0.8610.11 { 0.8510.10 | 0.75510.105 [| 0.809+0.112
By 1.040.1 0.88+0.08 1.01340.104
By 1.040.1 1.0840.10 | 0.9740.13 |[| 1.02840.130
By 1.240.1 1.0340.08 | 0.94140.04 || 1.16940.130
®Np 1.0240.06 | 0.9740.07 | 0.315+0.095 || 0.95440.075
Bpu 1.310.3 1.310.3 1.28540.269
Bpu 1.310.1 1.2540.10 | 0.79540.015 || 1.30240.126
Hpy 0.93+0.08 | 1.05+0.10 | 0.935+0.085 || 1.06510.164
Hipy 1.0640.14 1.2310.13 | 0.56+0.50 || 1.073+0.162
“ipy 0.940.1 0.9810.08 | 0.5240.03 || 0.91240.154
Py 0.9+0.3 1.24310.522
Mam* | 0.90+0.09 | 0.88+0.06 | 0.47540.025 || 0.89610.115
HimAm* 1.440.3 1.310.2 1.040.4 1.21540.247
Am* | 0.98+0.09 | 0.9810.06 | 0.51140.04 || 0.90040.131
*Cm 0.9+0.3 0.6510.15 | 0.9840.38 |[| 0.76310.395
®Cm* | 1.3040.26 1.540.2 0.6040.04 |} 1.050+0.230
MMCm 0.9240.17 1.040.2 1.06140.272
5Cm* | 1.1840.27 | 1.0510.15 | 1.22540.075 (| 1.151+0.185
Cm* | 0.5040.16 | 0.45+0.15 0.540.1 0.91+0.34
*'Cm 0.7510.18 | 0.5510.15 | 0.35+0.01 || 0.93510.278
Cm 1.010.2 1.1040.12 1.040.2 1.013+0.238
gk 0.90+0.20 | 0.90+0.20 | 0.4840.06 || 1.095+0.300
e 1.0010.17 | 1.0040.17 0.6+0.1 1.031+0.199
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