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ABSTRACT

A 26-group 34-material library prepered by a modified
version of SUPﬁRTOG from the ENDL~2 evaluated data file is
presented. A brief description of fhe algorithm of Legéndre's
polynomial expension is given. This algorithm constitutes the
basis of converting the tabulated anisotiropy data of ZNDL-2
into a form suitablé for SUPERTOG processirg. The performance
of %he algorithm is discussed and.the librery formet is out-
lined. Additional datae, faciliteting the use of the library,

are agsembled in 3 tables.
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The 126P3S834 library (EWDL 26=-group up~to-r3 library pre-
pared by SUPERTOG for 34 materials) is produced from'the Evaluated
Nuclear Dzve PFile ZHNDL-2 by means of 2 modified version/T/ of the
SUPERTOG-3 coge /27,

SUPZRTOG comﬁutes the average scattering cross seciions for
given energy groups as well as the Pn-matrices_of elastic, inelastic
end (n,2n) scattering.

The use of SUPERTOG for converting the evaluated data of
ENDL into multigroup constants displays a2t least two peculisrities:

(2) The cross=section smooth and resonance parts are combined

in ENDL=-2 /3/;-thereiore, the SUPERTOG routines for
regonance processing ére skipped;

(b) The eiastic—scattering anisotropy data in ENDL-2 have

the form of tabulated values of the probability—density
function which depends on fthe scattering angle énd on
the incident energy. The stendard version of SUPERTOG-3,
hoWever, is able to compute tThe Pn-métrices of elastic
scattering if and only if this function is represented
by its expansion coefficients in'a Legendre polynomiel
series. In our modified version of the same program /1/
these coefficients are computed from the tabulated
values in a preparatory routine within a single SUPERTOG
run, before the Pn elastic-scattering matrices are
calculated.

The présent report contains a brief description of the
algorithm of Legendre's polynomial eXpansion, some obsérvations
on the performence of this algorithm, and the format specifica-

tions of the L26P3S34 library.
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1. Calculation of the expansion coefficients

To compute the Pp elastic~scattering metrices SUPERTOG
needs (&) the,éverage values of cross sections over ernergy groups
involved, and (b) scattering anisotropy data in the centre-of-mass
system. The latier are represented in the evaluated nuclear data
files of the ENDF/B format as: |
either (i). tabulated values mfp&u,f), the probability-density
function for scattering a neutron with incident'energy

E at angle cos-1/u. . In this case the LTT flag of ENDF/B

eéuals 2;
or (ii) coefficients }E(E) of the function.Pgu,E) in the form
of truncated series over Legendre's pdlynomials
Y]
28+4. )
P(/‘A,E)“ Z 7 f‘e(E)Le(/“)~, (1)

€=0
where N is the optimum order of ftruncation. Here LTT=1.

The znisotropy data in ENDL-2 corresponcd to LTT=2, while
the stendard version of SUPERTOG-3 requires data with LTT=1. Heﬁce,
- the necéssity arises of modifying SUFERTOG in a way thét input
data.wifh LTT=2 be also accepted. By means of the LTTASY paékage
the modified version of SUPERTOG./1/ solves the following problem.

At given sets |

'{f&}) 5F9&5)E)}L=Lz,”.ﬂm,
corresponding +to.a fixed energy E, find the optimum order N
(N< 30, N2 m~1) and the set of coeffic‘ient_é
i*e(E)}£=o,4,n,3N » :

which,then substituted in (1), restore the tabulated values of
jpgu,E) Withian<accuraCy-no worse than thet of the Iinput data.

The use of a specilal-class polynomizls /4’5’6/

is an
essentiel feature of the computation of {}é(E)} .

We start with the generation of & polynomiel femily

{F%Q“)% 0=04,0, T J £ 30, J£m-1, orthonormal over the ordered
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point set {/;;} (e 4.2 m with positive weights{w;} defined
y &y =)

as follows:

wy = C 9uzf/¢4)
W, = C(/K;.,,\""/“'{.-4') o, 1= 2,3, 4000 ,m=]
Wm=C (/“'m "/“m—43 )
where C ié a coefficienf whose value 1s recoversd from the unit
probability of scattering at some angle between O and
4
qSWrﬁ)#~=4.

This weight set takes into account both the grid g/ua’, non-
uniformity and the lineer iInterpolation modé; used in ENDL=-2
to compute the values of p9M,E) at inter-grid points.

Now the probabilityadénsity function is expressed as

P(/u,E) = Z:a a:}-(E) FJ?(/«-J :
where <he QﬁE)coef%%cients are celculated as scalar products

o) (E) = E;fp(/«a,f)m S (2)
and N< 30, N£m-1; the optimumn value of I is the one that
minimizes the product of A

- the value oquz per one degree of_freedom;

- the maximum relative devietion of fit from tabulated

values of PQ“JE) at grid points;

- the meximum absolute devietion of fi{ from tabulated

values of p&M,E) over the same points.
Numericel experiments convinced us that such a combined criterion
performs better than any of its individual compOnents.

Once X and{aj(E)} have been determined, the latter should
be transformed into &fe(E)}from eq. (1). This transformetion |
proves most precise and numerically stable when carried out in
‘the orthonormal basis {F%QM)} . To this end we'decompose each

Legendre's polynomial in the new basis



1
(8)
1

(&

,Le</~)= i By - (3)

where, in analogy with (2),

ch" = I Leipows f?g/m. | | | (4)
Substituting (3) and (A) in (1) we obualn
y - 2j+4 G
(EYP (M) = 2 £ (E > ¢ P,y
ngo QJ .J /“‘ J‘-Zb 2 ) k=0 /‘

which is easily reduced %o a trisngular linear algebraic system

with “espect to the unknown coefficients

Qy
f (E)= 2N+4 C;M
2 2\1"'4 (J) ]
fé(E)ailH cm[ Z }(E sy 1 = F-T,000,1,0.

v

This formula corresponds to eq. (9) in ref. where, due 10 a
2j+1 4!
JI1 . C3°

technical mistake, a§3> took the place of the correct

2. Discussion

It should be borne in mind that the L26P3S34 library was
compiled by meens of SUPERTOG from 2 micro cross—section library
where the dafa on anisotropy of elastic scattering are given in
the form of tabulated function P(/‘)E)' Yo essential cnanges
were introduced in the methods programmed in ihe standard SUPER-
T0G version. Therefore, the credibility and reliability‘of data
in L26P3S34 rest both with the quality of infgrmation'in the
files of evalusted micro cross-sections end with the accuracy
of expressing thelanisotropy in terms of spherical harmonics.

Qur experience in using the modified version of SUPERTOG-3
’generelly‘confirms~the aesessmenL already reporied In /75. Most
often and for‘the majdrity‘of materials processed the relative
error of . flt at the grld -points {/% } is nengglble (less than
' 1%‘ln many'cases) uoncurrently, the truncatlonApa”ameter N in

our fits is hlgher uhan the respective value in the ENDF/B-4
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~library, i.e. for identical energies and materials we find a
smooth approximation which suits better the local variations
of the density funciion Psu,E) .

Previous conclusions about the causes of unsatisfactory
numerical fits of pQA,E) for isolated energies and/or materials
were also confirmed. Unsatisfectory fits are obtained either
 when the grid is sperse or ii the density function Vériations
"at a fixed energy exceed 4-5 decimal orders of magnitude. In
the former case more deteiled measurements of the anisotropy
might be expectea to be a good remedy, while the latter reveals
e much deeper fault of numerical polynomial fits of any kind
and, therefore, non~polynomial fits-should be considered. This
raises a whole set of new problems which are outside the scope
of the present paper.

In addition, we observed that,unsatisfactofy pélynomial
fits are to é certain extent clustered around some materials.
Such a clustering might be interpreted as due to insufficiently
accurate data preparation within the limits of the linear Iinter-
polation model for these materials in ENDL-2.

The libréry package L26P3534 is accompanied by two examples:
the SUPERTOG printouts for Cu=-nat and 181’1‘8. nuclides with tables
of the fitting accuracy. These examples are typical for success-
ful (Cu-nat) and not-always-acceptable (181Ta) numerical fits

of p&u,E) at various velues of the energy E.

3. Format and parameters of 126P3334

L26P3834.is a 26=-group library contéining the group-tb-group
transition'matrices up to and including the PB-order. Thé 1H
data are obtained following the general method and teking into B
account the,eléStic-scattering-anisotropy.

The ANISN-formet with BOD fixed-field form is used. Each

P-part for every nuclide. covered is Preceded by aﬂcard-image



~in the format
(1%, 216, 14, 16, 1244)
which contains
NGPs, Iz, NF, ID, (TITLE(I), I=1,12),
where NGPS is the number of groups;
IH is the table length;
Nr is.zero;
ID is the P=-part index;

TITLE(I) is an alphanumérical string.
4. Appendix

Three tables are given Below to facilitate the use of
L26P35S34. Table 1 presents the 26-group structure of the library
Table 2 contains the list of nuclides covered; each nuclide is
accompanied by the appropriaite ID-identifier and by the ENDL-2
number of the respective material. In Table 3-all the materials
aré collected for which at the energies reported certain fiz
vélues of ng,E) ‘ére negetive at some grid point. Naturally,
the interprétation of results calculated for these materials

end energies should be paid special attention.



LIST OF REFERENCES

G. Voykov, V. Gadjokov, K. Ilieva. Modification of the SUPZRTOG

RoQ-

Program Applied to Libraries with Tebuleted Elastic-Scat=-
tering Anisotropy Densities, IAEA-INDC(BUL)~6/GV, Vienna,
February 1982. -

Wright, N.M. Green, J.L. Lucius, C.W. Craven Jr., SUPERTOG:
& Program to Generate Fine Group Constants and'Pn Scatter-
ing ilatrices from ENDF/B, ORNL-TM-2679, Oak Ridge, Tenn.,
September 1969.

Howerton et al. The LLL Evaluated Nuclear Data Library

(ENDL): Eveluation Techniques, Reaction Index and Des-
cription of Individuel Evaluations, UCRL=50400, vol. 15,
part A, 1 September 13975,

V. Gadjokov, N. Bogdanova. JINR-R11-12860, Dubna, 1979 (in

Russian).

V. Gadjokov, N. Bogdanove. JINR-R11=80-122, Dubna, 1980 (in

Rusgsian).

V. Gadjokov, N. Bogdanova. JINR-R11-80-781, Dubna, 1980 (in

Russian).



Table 1

26-group structure of the L26P3S34 library

Group Energy range (eV)
1 1,492 + 7% = 1.220 + 7
2 1.220 + 7 = 1.000 + 7
3 1.000 + 7 = 8.180 + 6
4 8.180 + 6 = 6.360 + 6
5 6.360 + 6 = 4.960 + 6
6 4.960 + 6 - 4.060 + 6
7 4.060 + 6 - 3.010 + 6
8 3.010 + 6 = 2,460 + 6
9 2.460 + 6 - 2.350 + 6

10 2.350 + 6 .- 1.830 + 6

11 1,830 + 6 = 1.110 + 6

12 1.110 + 6 - 5.500 + 5

13 5.500 + 5 = 1.110 + 5

14 1.110 + 5 = 3.350 + 3

15 3.350 + 3 =.5.330 + 2

16 5.330 + 2 = 1.010 + 2

17 1 1.010 + 2 - 2.000 + 1

.18 2.000 + 1~ 1.010 + 1

19 1.010 + 1 = 3.060

20 3.060 - 1.120

21 1.120 = 4.140 = 1

22 4.140 = 1 = 2.000 - 1

23 2.000 = 1 = 1.000 = 1

24 1.000 = 1~ 5.000 = 2

25 5.000 = 2 - 1.000 = 4

26 | 1.000 = 4 -

* 1.492 + 7 means 1.492 x 107



126P3534 - 1ist of

134

materials
ID identifier ZNDL=-2 . ID idenii~ ZENDL-2
ileterial of material No. ilaterial fier of material
hg ?O the PO numner .
i 2 7128 02 70 7135
Fe 6 | 7132 Ni T4 7136
Ca 10 7138 2o 78 T144
5! 14 7101 7 82 7143
c1? 1B 7112 sn 86 7150
N4 22 7113 Li° 30 7106
0'® 26 7114 Lil 94 7107
7o 30 7115 310 98 7110
g 34 7117 3! 102 7111
02 38 7119 ze 106 7105
31 42 7120 Zr 110 7141
CAr 46 7124 Ba ' 9° 114 7151
Pb 50 7162 c1 118 7123
P! 54 7121 ma 187 122 7155
§°2 58 7122 Pu”? 126 7176
- cr 62 7130 oA 130 7177
. n?? €6 7131 y23?




. laterials for which at the energies reported

certain fit values of p9u,E) are negative

atv some grid points

Table

no ifaterisl

Energy (lieV)

10.0,

1 Fe 7.0, 14.6

2 b 3.3, 14.6; 16,0

3 p? 4.8, 10.0, 120, 14.6

- Jin”°? 7.0, 11.0

5 iife) 3;5, 14.6

6 310 14.5, 20.0

7 31! 14.6, 20.0

8 Zr 4.1, 7.0

9 188 12.0, 14.0, 15.0 -

10 pu23d 10.0, 11.0, 16.0
1 pu240 10.0, 11.0, 16.0

10 | U235 |

11.0, 16.0

W



