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Abstract

Experimental data on the nBU excitation function
are compiled and analyzed. The experimental data
are compared with the evaluated data from the BNAB,
ENDF/B-IV and ENDL-78 evaluated data libraries. It
is shown that the BNAB evaluated data are in good
agreement with the existing experimental data,
including new results from recent experiments.

Nuclear data in the energy region below 1 MeV have significant

practical applications, since one third of all neutrons in the

flux of a fast reactor fall in that energy range. In this energy

range inelastic scattering contributes up to 25% to the total of

all neutron interactions in n!U. In addition, it is the only

process that contributes to the softening of the neutron energy

spectrum. As a result, this importance imposes rigorous

requirements on the knowledge of the inelastic scattering cross-

section and of the excitation functions of individual levels (the

uncertainty in the cross-section must not exceed 3%) [1].

Let us examine the current state of the experimental and

evaluated data on the excitation functions of discrete levels of

the niU(n,n') reaction. At the present time, evaluated data of

this reaction is included in the following data libraries: the

Soviet evaluated data library BNAB-MIKRO, published in 1981 [2]

(referred to hereafter simply as BNAB); the ENDL-78 evaluated

nuclear data library of the Lawrence Livermore National

Laboratory, issued in 1978 [3]; and the United States national

nuclear data library ENDF/B-IV, published in 1975 [4].

The energies of the individual levels of the 23IU nucleus as

adopted in these data libraries, and the latest published level

scheme data [5], are listed in Table I. As seen from this table,

starting with level of 680 keV, the values adopted in the data
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libraries appear to be approximations of the actual level

energies. Furthermore, excitation functions for the 307 keV, 827

keV and 966 keV levels are omitted entirely in the BNAB library,

and the region of unresolved levels begins at the excitation

energy of 1078 keV in the BNAB library, and at 2000 keV in the

ENDL-78 and ENDF/B-IV libraries.

TABLE I. "6U LEVEL ENERGIES (in keV)

BNAB j

45

148 I
!

i
680 [
732 j

i
I

9 39 j

1006

1047

1076

ENDL-78 ENDF/B-IV

45

148

308

680

732

827

930

967

1000

1041

1060

45

148

308

680

732

827

930

96 7

1000

1041

1060

Level Scheme data [5]

44.91 2*

148.41 4'

307.21 6*

517.8 8*, 680.1 1*

731.9 3*

827.1 5'

927 .0 0*, 930. 8 ( 1 )

950 (2), 965.9 7", 966.3 2*

993 0\ 998.3 (2*), 997.5 3*

1037.3 2*

1055 (4(), 1060.3 2*, 1076 5/24

Let us now examine the experimental level excitation function

data that have been published since the publication of these

libraries.

References [6] and [7] describe the time-of-flight measurements

of the level excitation cross-sections of the 45 keV and 148 keV

levels of ' eU. The energy resolution achieved in experiments

(approximately 10 keV) is considered to be good enough to

separate the inelastically scattered neutrons from a significant

elastic scattering background. In these experiments, the value

of the cross-section was obtained by integrating the measured

angular distributions of the scattered neutrons. This approach

eliminates basic procedural problems, which is an essential

condition in obtaining reliable results. The time-of-flight

measurement of the excitation function of the first two levels of
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n!U in the energy range 0.9 to 3.1 MeV is also reported in

reference [8] . The fact that t h i s experiment achieved a poorer

resolut ion (of -20 keV), and tha t the measurement was taken at

one angle only (90°), makes t h i s pa r t i cu la r experiment less

dependable. The data published in references [6-8] are compared

with evaluated data in Tables I I a and b. As can be seen, the

BNAB evaluated data agree s a t i s f a c t o r i l y with the recently

measured data for the 45 and 148 keV leve l s . I t should be noted,

however tha t the BNAB data f a l l below the experimental data for

neutron energies above 2.5 MeV. This behavior is even more

pronounced in the case of the e a r l i e r ENDF/B-IV evaluated data.

TABLE I I a . NEUTRON INELASTIC SCATTERING CROSS-SECTION FOR
THE EXCITATION OF THE 45 keV ENERGY LEVEL ( i n mb)

E, keV

82

700

1500

-

2500

-

3400

Measured data

381±21 [6]

1530±100 [7]

7001100 [7]

630+60 [8]

5101100 [7]

500+60 [8]

5701100 [7]

BNAB

530

1455

605

-

390

-

300

ENDL-78

588

1460

693

-

457

-

418

ENDF/B-IV

327

1405

285

-

200

-

165

TABLE I I b . NEUTRON INELASTIC SCATTERING CROSS-SECTION FOR
THE EXCITATION OF THE 148 keV ENERGY LEVEL ( i n mb)

E, keV

82

700

1500

-

2500

-

3400

Measured data

-

350+40 [7]

260±40 [7]

340160 [8)

130140 [7]

120+20 [8]

150+40 [7]

BNAB

-

317

313

-

120

-

70

ENDL-78

-

365

378

-

179

-

122

ENDF/B-IV

-

395

230

-

30

-

6
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The excitation functions in references [7-9] were determined by

measuring the gamma rays accompanying the neutron inelastic

scattering process. Because of the better resolution (of ~4 keV)

achieved by this method, it is possible to measure data for

higher lying levels? however, because of the increase of the

probability to populate the level under consideration as a result

of cascade transitions from higher lying levels, this can be done

only for a limited energy range. In addition, the high values of

the internal conversion coefficients for low energy gamma rays

prevents the measurement of the excitation function of the first

three levels of the 238U nucleus.

0,4

t

a

b

Ofi 1,0 I., net

Figure 1

1,0

Figure 2

NtV

Fig. 1. Excitation functions for the 680 keV (a) and 733 keV (b)
levels of "°U. Experimental data: A [9], $ [10], m [11], v [12,13],
w [14]. Evaluated data : BNAB, - . - . - ENDL-78, ENDF/B-IV.

Fig. 2. Excitation function for the first (45 keV) level of 238U.
Experimental data: 4 [6], 0 [7], 0 [8], A [15], 0 [16], A [17],
$ [18], 0 [19], 0 [20], 0 [21], 0 [22], v [23], x [24], * [25].
Evaluated data: BNAB, - . - . - ENDF/B-IV, ENDL-78.

The data from references [9-11] for the 680 and 732 keV energy

levels are compared with evaluated data in Fig. 1. The same

figure also shows the results of measurements [12,13] of the same

energy levels that were performed by using the gamma-ray

detection method as well as the scattered neutron detection

method. The agreement between the results of these two methods

substantiates the reliability of the resulting excitation

function. As seen from Fig. 1, the evaluated data are in

satisfactory agreement with the results of the more recent
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experiments. A comparison of the experimental and evaluated data

for other niU levels shows a certain ambiguity as to which

pseudo-level the level under consideration refers to.

Let us examine the excitation function of the first (45 keV)

level of the 23IU nucleus in the 150-500 keV energy range in more

detail. The accuracy with which this quantity can be predicted

determines the accuracy of calculations of a number of fast

neutron characteristics. As seen in Fig. 2, the scatter of the

experimental and evaluated data in this energy range is

considerable. However, as shown by the analysis of the latest

experiments, there are no new experimental data other than those

included in the BNAB library. In view of this situation, we

undertook a critical analysis of all experimental data in the

150-500 keV energy range.

In the process of examining the data of each experiment, two

factors which can give rise to significant errors in the measured

data, must be given special consideration: inadequate energy

resolution, and neglect of angular anisotropy of the scattered

neutrons. On the basis of information gleaned from the available

published literature, of all of the experiments described in

references [15-25] there were only two [17 and 21] in which the

energy resolution was adequate (i.e., 10-20 keV). As seen from

Fig. 2, the results of these two experiments are in good

agreement with each other, and yield the lowest cross-section

values in the 150-500 keV energy range.

On the basis of this analysis, it can be concluded that the best

description of the excitation function for the 45 keV level, from

threshold to 0.5 MeV is given by the ENDF/B-IV or the BNAB

libraries. This conclusion can also be substantiated by data

from macroscopic experiments [2] or by results of theoretical

calculations [26] which predict values for the cross-section in

this energy range which correspond to the lower boundary of the

scattered microscopic data. It is evident, however, that a

definitive determination of the excitation function for the first

level of the niU nucleus in the region of its maximum, and an

agreement between experimental and theoretical results can only

be achieved with the aid of new measurements.
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As a result of this comparison and analysis of the experimental

and evaluated data describing the excitation functions of

separate levels of the ngU nucleus in the (n,n') reaction, it can

be concluded that in general, the BNAB evaluation gives a

satisfactory representation of the experimental results,

including the results of measurements performed in the last few

years.

While this experiment was being conducted, a group at the Lowell

Univerity (USA) reported the results of a measurement of the
niU(n,n') reaction [14], using the scattered neutron detection

method [12,13], including the results on the excitation function

for the 680-1080 keV levels for neutron energies up to 2.2 MeV.

As can be seen from the data plotted in Fig. 1. new results

confirm earlier experimental data [9] and evaluations. The

experimental results for the high excited states of 23IU reported

in reference [14], for which there are hardly any experimental

data, are in good agreement with the evaluated data given in the

BNAB data library.
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