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ABSTRACT

THE ASIND-MEPhI LIBRARY OF INDEPENDENT ACTINIDE FISSION
PRODUCT YIELDS. This database of independent fission product yields has been set up
at the Moscow Engineering Physics Institute on the basis of theoretical calculations within
the framework of the super-nonequilibrium thermodynamic model. The database consists
of independent yield sets for 1163 fission products in the wide range of fissile nuclides
from thorium-229 to fermium-257 with excitation energies up to 20 MeV. The use of the
theoretical model made it possible to raise the accuracy of prediction for poorly explored
fission reactions. The number of yield sets is larger than in the ENDF/B. For example,
photofission product yields are included in the ASIND-MEPhI database as virtual sets.

Fission product yields are among the most important nuclear constants. Without

them it is impossible to calculate such nuclear physics characteristics as, for example,

energy generation and the activity of a fission product mixture. Modern engineering

designs in the area of reactor physics require knowledge of approximately 1000 yield

values for each reaction. These so-called complete sets of yield data are used in protection-

and safety-related calculations in the study of radioactive waste transmutation, and there are

certain applications for measurement purposes. The reliability of the calculations depends

on the quality and authenticity of the data. Such calculations, carried out on a computer,

require accessible databases in the form of files stored on magnetic carriers. The

requirements for databases on fission product yields may be summarized as follows:
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(1) Accessibility;

(2) Authenticity and reliability of the data;

(3) Large number of data sets covering the most important fission reactions;

(4) Completeness of those data sets.

The most authentic source of data on independent fission product yields is

experiment. However, the volume of information required exceeds several times over the

quantity of experimental data available, besides the fact that in many cases these data

contradict each other. Thus, there is an increasingly acute awareness of the need for

theoretical models and calculations which would be capable of distinguishing among

experimental data and completing them in the area inaccessible to experiment and in cases

where experiment is unreliable. The traditional models of nuclear processes long ago

reached their limit and have been unable to cope with this task for several decades. The

thermodynamic approach is the most productive and flexible one for investigations into

nuclear processes. However, many nuclear processes happen very quickly, and doubts

have frequently been expressed about the applicability of normal (equilibrium)

thermodynamics. The most important basic features of the new thermodynamic approach

are [1]:

Account is taken of non-equilibrium;

There is a new concept of temperature as a characteristic of transition

energy.

The new approach has led to a substantial change in the results of calculations,

whose reliability and accuracy have increased. The calculation method that has been
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devised is based on the most general statistical concepts and a programming language that

applies diagrammatic techniques. It is thus proving applicable to a wide range of nuclear

physics phenomena and makes it possible to use a single method for calculating low- and

high-temperature processes [2-5], ensuring precise results for certain nuclear reactions.

Two highly authoritative libraries of fission product yields currently exist: the

ENDF/B file distributed and maintained by Brookhaven National Laboratory, and the

Japanese JENDL library. Both libraries have a fundamental deficiency - the method used

for predicting yields is incomplete and unsubstantiated and produces significant systematic

errors, especially in the little-explored range.

The ASIND-MEPhI library of fission product yields was established in 1986 [6] as

an alternative to ENDF/B and JENDL, from which it differed mainly in its method of

predicting yields. The ASIND-MEPhI library was the first to use a theoretical model [7] to

calculate yields, which made possible a much more comprehensive list of yield data and

more accurate values for the yields of many products, in particular those far from the

isobaric distribution peaks. In the beginning, the library contained 30 data sets covering

fission induced by thermal and reactor neutrons, by 14 MeV neutrons, and spontaneous

fission. Later, the library was constantly updated through the inclusion of new data

sets [8]. The ASIND-MEPhI data file has been transferred to the Russian Federation

Nuclear Data Centre (Institute of Physics and Power Engineering, Obninsk) and the IAEA

for storage and distribution [9].

In contrast to the other libraries, the use of a new and original method of predicting

fission product yields enables us to offer users data on yields for photofission reactions [10]
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(they may be obtained on request from MEPhI) and for high energy particle induced fission

reactions [11, 12]. The latter, in particular, are of interest in studying the problems

associated with the transmutation of long-lived radionuclides.

Organization of the database on fission product yields

The ASIND-MEPhI database containing independent fission product yields was set

up in accordance with a fully realized conceptual approach [13]. The main organizing

principle of the database is that priority is given to experimental data. However, since

these are relatively scarce they have been complemented by calculated yield values obtained

using a thermodynamic fission model. The completed yield sets were normalized to the

condition ^ ^ ] Y(A,Z) = 200%. The THERMO software package was used to calculate
A Z

the theoretical yields (creating one yield file takes 5 min on an IBM PC). As new

experimental information is received the data sets will be regularly replaced and amended.

Besides the running version, a file will be kept containing only theoretical values (version

ASIND-MEPhI-0).

The database is organized in such a way that in addition to the real data sets physically

stored on magnetic carriers, it also contains virtual sets which are generated when required

by the THERMO software, which was initially installed on an ES computer, but

subsequently transferred from the PL/1 operating environment of the ES to an Si PC

system. This allows more economical use of the information equipment storage, thus

extending considerably the list of data sets. From the technical point of view, establishing

a real data set is justifiable either when experimental information is available and there is a

need for renormalization and substitution of theoretical yields by experimental ones, or
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when data have great practical value and are used frequently. In the running version of

ASIND-MEPhI 50 sets have been selected for storage in real format (see Table 1). Each

set contains independent yields for fission products with mass numbers between 70

and 170. For each mass chain, the independent yields of 10 isobars are given. Including

isomers, each set contains some 1150 independent yield values with error indications. The

data are stored on the magnetic carriers in two ways: in the conventional ENDF/B format

(in this case the yields are normalized to 2) and in a master format.

In the latter case, each record consists of an identifier for the fission product

followed by its independent yield, the error in the yield, and the isomeric ratio. There are

1010 records, each 16 bytes long. The records are arranged in order of increasing A, and

where A is the same, by increasing charge of all the product. The isomeric ratios are

calculated by the IZOT program and the yield errors by the YLER program. For this

purpose, the parameters of the model which define fission fragment deformation at the

point of disruption were determined by comparison with a large volume of experimental

data on thermal neutron-induced fission of 235U. As a result, values with an error

A — 0.1 were found for these parameters. Uranium-235 was chosen because more

experimentally measured yields are available for it than for any other nuclide, allowing the

model parameters to be determined with the greatest accuracy. The errors for the

independent yields were obtained by a standard error transfer method. The experimental

values are given in the file with the errors indicated by the authors.
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Technical characteristics

The database and accompanying description are available from the Nuclear Data

Section of the IAEA, the Russian Federation Nuclear Data Centre, and the Moscow

Engineering Physics Institute, on magnetic tape or diskette. The volume of working

memory is 420 K, and the volume of memory on floppy disk is 1 MB for the THERMO

program and 17 MB for the database. The system runs on an IBM PC/AT using MS-DOS

3.30 and higher. The first version was installed on an IBM-360 and compatible computers

of the ES series. The system is factographic, there are 7 output options, the data source is

experimental data from the literature and the results of calculations based on our own

methods, and the data are recorded in the international format used for the ENDF/B file.

Comparison with the ENDF/B file

The main argument in favour of one file or another is its predictive accuracy. It is

thus interesting to compare data from the ENDF/B and ASIND-MEPhI files with any fairly

complete set of experimental yields obtained after the files were created. This can be done

with the set of data on thermal neutron-induced fission product yields for 239Pu [6]. The

set contains 109 independent fission product yields ranging in mass from 86 to 109 and in

charge from 33 to 45. The criterion selected for comparison was the mean-square

deviation from the experimental values of the values of Zp and crz from each of the two

files.

5>Y(A,Z)
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1/2

ZY(A,Z)
(2)

For both files, the mean deviation of the positions of the isobaric distribution peaks

from the experimental values is roughly the same:

However, the mean deviation of the isobaric distribution widths

( " 1 V 2

(4)

for the ASIND-MEPhI file is half that for ENDF/B. The more accurate widths in our file

should have a particularly strong effect far from the most probable charges, where for the

time being there are no experimental data. For example, the value of the independent yield

for wNb in our file is two orders of magnitude greater than in the ENDF/B file.

A convenient criterion to use in comparing the files is the quantity

S = ± £ S(A,Z); s(A,Z) = I^Y^^-^ 'CA.Z) / YENDF/B(A,Z))| (5)

which indicates by how many times on average the yield values from one file differ from

those of the other. Table 2 gives the results of such a comparison for 21 data sets, for

yield values greater than 10"7. The ENDF/B file was made available to us by the Russian

Federation Nuclear Data Centre.

As an example, let us consider in greater detail the sets for thermal neutron-induced

fission of uranium-235. In the range of yield values greater than 10"2%, the data from the

two files practically coincide; above 10*5% they differ in 70% of cases by less than a factor
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of 3. The greatest difference (by over a thousand times) occurs in the case of 86Ge, for

which the independent yield value in our file is 3.99±0.94 x 10"*, whereas that in ENDF/B

is 6.29±1.00 x 10"1. The latter value is evidently erroneous, as it produces an unlikely

jump in the independent yield curve for Z = 32 (Fig. 1). The previous version of the

ENDF/B file gave a yield value of 8.64 x 10 for Ge, which is more likely. In the

Japanese JENDL library [14], the corresponding value is 8.27 x W4. The situation is

similar with 100Rb: our value is 4.22±1.43 x 10"5, the value in ENDF/B is

3.48±2.22 x 10~2, and JENDL has 8.26 x 10"6. We could continue with similar examples.

It would seem that in those cases where our data differ greatly from ENDF/B (last two

columns of the table), a mistake has probably occurred in the ENDF/B file owing to poor

testing.

The mass and charge distributions of fission products are similar for the ASIND-

MEPhl and ENDF/B files (Figs 3-17). The only exception is (n^f) fission of 232U. In this

case, the ENDF/B data demonstrate a broadening of the mass distribution which is

completely out of keeping with low energy fission (Fig. 2) and in our opinion incorrect.

It should be mentioned that we owe the significant progress we have managed to

achieve in predicting fission product yields to the development of the thermodynamic

fission model. This model's proven applicability to a wide range of nuclear physics

phenomena has enabled us to perfect our calculation methods.
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Table 1

Data on independent yields given in the running version
of the ASIND-MEPhI file

Nuclide

Th-229
Th-232
U-232
U-233
U-234
U-235
U-236
U-237
U-238
U-239
Np-236
Np-237
Np-238
Np-239
Pu-236
Pu-238
Pu-239

' Type of -
fission*

T
FH
TF

TFH
F

TFH
F

TF
FH
F
F
F

TF
F

TF
F

TFH

Nuclide

Pu-240
Pu-241
Pu-242
Pu-243
Am-241
Am-242
Am-243
Cm-243
Cm-244
Om-245
Cm-247
Cf-249
Cf-251
Cf-252
Fm-254
Fm-256

1 Type of
fission

F
TF
F

TF
F

TF
F
T
S

TF
TF
T
T
S
S

s

T, F, H and S denote thermal, fast and high-energy (~ 14 MeV) neutron-induced
fission and spontaneous fission, respectively.
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Values of the parameter S describing the deviation of data
from the ASIND-MEPhI and ENDF/B** files for

certain data sets

Reaction

^UOith . f )

;237Np(m,f)
^Npdif.f)

^Puta.f)
24OPu(iy,f>

^Pudifc.f)
2«Pa(iw,f)

24lAm(nth,f)
^Amfofc.f)

349Gm(ntfl,f)
:2pCt(sf)

S

0,56
0.44
0,43
0.40
0,43
0,46
0,43
0,43
0,47
0,43
0,44
0,34
0,38
0,40
0,37
0,44.
0,53
0.45
0,43
0,29
0,55

Number of points in the range

s<0,5
296
307
338
343
306

.308
327
314
300
339
333
372
392
378
340
347
325
348
364
488
289

0,5<s<]
85
98
76
80
77
89
90
96
129
98
78
74
76
82 •
78
101
86
112
114
88
141

l<s<2
93
45
44
42
46
53
50
47
45

. 45
59
43
41
41
37
52
63
59
46
20 '
78

2<s<3
9
3
9
7
9
6
3
6
6
3
3
3
6 .
6
3
4
18
5
6

• o
H

• s>3
0
0
0
0
1
1
0
0
0
0
0
0
0
1
0
0
0
2
0
0
1

* • The ENDF/B file was made available by the Nuclear Data Centre (Institute of
Physics and Power Engineering).
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Fig. 1. Independent yields of germanium isotopes
for thermal neutron-induced fission of235U
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Fig. 2a. Mass yields of thermal neutron- Fig. 2b. Charge yields of thermal neutron-
232

induced fission products for U. 232,induced fission products for U.
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Fig. 3a, Mass yields of fast neutron- Fig. 3b. Charge yields o^Jast neutron-
induced fission products foi• U. induced fission products for U.
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Fig. 4a. Mass yields of fast neutron- Fig. 4b. Charge yields of fast neutron-
induced fission products for 2 U. induced fission products for U.

U235<Nth.F) U235(Nth.F)
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Fig. 5a. Mass yields of thermal neutron- Fig. 5b. Charge yields of thermal neutron-
induced fission products for U. induced fission products for 235U.
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Fig. 6a. Mass yields of fast neutron- Fig. 6b. Charge yields of fast neutron-
induced fission products for ™U. induced fission products for **V.
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Fig. 7a. Mass yields of fast neutron- Fig. 7b. Charge yields of fast neutron-
induced fission products for " U. induced fission products for U.
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Fig. 8a. Mass yields of fast neutron- Fig. 8b. Charge yields of fast neutron-
induced fission products for 3 U. induced fission products for 3 U.
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Fig. 9a. Mass yields of fast neutron- Fig. 9b. Charge yields of fast neutron-
~23fTinduced fission products for U. induced fission products for U.
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Fig. 10a. Mass yields of fast neutron- Fig. Wb. Charge yields of fast neutron-
induced fission products for 3 Np. induced fission products for23 Np.

Np238(Nf.F) Np238(Nf.F)

Fig. lla. Mass yields of fast neutron- Fig. lib. Charge yields of fast neutron-
238*,induced fission products for Np. 238 xr

induced fission products for Np.

Pu2J9(Nth/) Pu239(Nth/)
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Fig. 12a. Mass yields of thermal neutron- Fig. 12b. Charge yields of thermal
induced fission products for 239Pu. neutron-induced fission products for Pu.
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Fig. 13a. Mass yields of fast neutron- Fig. 13b. Charge yields of fast neutron-
induced fission products for s Pu. induced fission products for 239Pu.

- CMDF/B

70 eb 90 100 lit) 170 13O'i4O'i50'ifc'

Fig. 14a. Mass yields of thermal neutron- Fig. 14b. Charge yields of thermal
241induced fission products for Pu. 241,neutron-induced fission products for Pu.
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Fig. 15a. Mass yields of fast neutron- Fig. 15b. Charge yields of fast neutron-
induced fission products for UfPu. induced fission products for U2Pu.
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Fig. 16a. Mass yields of fast neutron- Fig. 16b. Charge yields o^fast neutron-
induced fission products for Am. induced fission products for Am.
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Fig. 17a. Mass yields of thermal neutron- Fig. 17b.
induced fission products for 245Ku.

Charge yields of thermal
neutron-induced fission products for 245Ku.
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