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ABSTRACT

The present comparison concerns Hauser-Feshbach calculations with
and without the width fluctuation correction.

Participants were invited to calculate the elastic and inelastic
scattering of neutrons from a fictitious nucleus Co60 (Z=27, N=33) at inci-
dent laboratory energies of 0.2, 0.5, 1 and 2 MeV. The optical potential was
specified. The differential shape elastic, compound elastic and inelastic
cross-sections were tabulated.

Among the twenty-five sets of results, twelve were sufficiently
consistent with each other to be accepted as benchmark values. These fell
into twvo sets, corresponding to calculations with and without the width
fluctuation correction. The differences between the results corresponding to
different forms of the width fluctuation correction were less than 2
percent.



1. Introduction

Several intercomparisons [1],[2] of computer codes used to calculate
nuclear cross sections show general agreement but significant differences in
detail. Since these codes embody the same mathematical functions and the
intercomparisons use the same input parameters one would expect, if the
codes are indeed identical, that the results would be the same to a high
degree of accuracy, limited only by the rounding errors of the computer
used. The motivation for the present study is to remove these uncertainties
by providing reliable benchmarks for such calculations.

A previous report [3] contained the results of an intercomparison of
nuclear optical model codes for charged and uncharged particles. The present
study is devoted to Hauser-Feshbach calculations. In section 2 the specifi-
cations of the test calculations are given, and section 2 gives and dicusses
the calculated results.

2. Specification of the Calculations

The Hauser-Feshbach theory enables the cross-sections of compound
nucleus reactions to discrete final states to be calculated from a knowledge
of the transmission coefficients in all channels and the energies and total
angular momenta of the states of the residual nuclei.

Since the purpose of this intercomparison is to compare the computer
codes, we calculate only inelastic neutron scattering from a fictitious
nucleus Co60 iZ=2?, N=33) with states at the following energies (MeV) : 0¥,
0; 2% 0.1; 47, 0.3; 0%, 1.0. The calculations vere made at the following
incident (lab) energies : 0.2, 0.5, 1, 2 MeV and the differential shape
elastic, compound elastic and inelastic scattering cross-sections wvere
tabulated at 10° intervals in the CM system.

The transmission coefficients were calculated from optical
potentials specified for all channels by

V(r) = Ufu(r) + iWg(r)

-1
vhere fu(r) = [ 1 + exp { (r ~ ruA1/3)/au }]

dfw(r)
g(r) = -4a, —g——

with U=50 MeV, W=10 MeV, r =rw=1.2 fm; au=au=0.6 fm. As in the optical model
intercomparison, the wave number parameter was 0.218732. For consistency
reasons, integer masses wvere used.

Hauser-Feshbach calculations may differ in several respects, in
particular concerning the method used to take account of the correlation
between the incident channel and the outgoing compound elastic channel. This
correlation affects the compounds elastic cross-section at low energies, and
consequently the non-elastic channels open at these energies. Its magnitude
can be calculated in two ways: (i) by the Moldauer width fluctuation correc-
tion (WFC) and (ii) by the HRTVW formalism [5]. The Moldauer WFC regquires the
evaluation of an integral and the HRTV formalism in its simpler form
requires an iteration calculation. Since earlier codes have the Moldauer WFC
and later codes the HRTW method, calculations were made with whatever
options were available. The specific WFC options used are as follows:



The Vidth Fluctuation Correction (WFC)

There are several ways of making the WFC:

1. Moldauer

_ 123,968(1961)
V as integral Phys. Rev'{lBS,Bﬁs’oZ(l%é)}

2. Moldauer (M)

1,212

v, = 1.78c(11%1%.0.78)e™ % #28FTc  nucl. Phys. A344,185(1980)

Then Ua =1 + Z/va

3. Tepel-Hofmann-Weidenmiiller (THW)

2
Ua = 1+ W Phys. Lett. 9_9_3_,1(1976)

4. Hofmann-Richert-Tepel-Weidenmiiller (HRTV)

0y - 1L er [T (22
1+Ta cC C cC ¢
= 2 Z2.Physik A297,153(1980)
L= g Tc /g Tc - Ann.Phys.(NY) 90,403(1975)
4T Ta 3T
F = 1+ /f (1+ J
[g Tc] [ é Tc] g Tc

Iterative method.

It is worth noting that the previous statistical model intercom-
parison exercise did not include differential cross-sections, and in some of
the outgoing channels the cross-sections differed by quite large factors. It
therefore remained desirable to make a precise intercomparison of statisti-
cal model codes so as to establish the correct values, and this is the
principal motivation of the present study.

3. Results and Comments

Ten participants presented twenty-five solutions to this benchmark
obtained with thirteen different codes (4nnex). Most of the results received
shoved consistency within each of the two classes, (Table A) without the
width fluctuation correction (WFC), (Table B) including the WFC in either
the Moldauer [4) or the HRTW [5] form. The results are tabulated in this

report, and we recommend them as benchmark values.

Some other calculations, howvever, showed marked differences from
these standards, and are excluded from this report.

All the calculations summarised here have total reaction
cross-sections within 1 percent of each other, indicating that the optical
model caleculations are consistent.



Table A:

Hauser-Feshbach Calculations

(without width fluctuation correction)

Total Reaction Cross-~Section (m barn)

Code Energy (lab.) MeV

(Participant) 0.2 0.5 1.0 2.0
OPSTAT 3016 2272 2154 2007
(Finlay)

HELENE* 3003 2260 2143 1999
(Finlay)

POLIFEMO 2995 2265 2153 2000
(Merchant)

HAUSER-5 3000 2269 2156 2002
(Birata)
2. Total Compound Elastic Cross-Section (m barn)

Code Energy (lab.) MeV
(Participant) 0.2 0.9 1.0 2.0
OPSTAT 2586 1372 816.9 422.0
(Finlay)

HELENE* 2625 1379 817.4 418.8
(Finlay)

POLIFEMO 2605 1366 810.3 414.7
(Merchant)

HAUSER-5 2608 1367 811.0 414.8

‘(Hirata)




3. Total Inelastic Cross Section (m barn)

Code Energy (lab.) MeV
(Participant) 0.2 Uia 1.0 2:0
OPSTAT 430 900 1337 1585
(Finlay)

HELENE* 378 881 1326 1580
{Finlay)

POLIFEMO 390 899 1343 1585
(Merchant)

HAUSER-5 392 902 1345 1587
(Hirata)

* The results from WILMORE-6 (Chadwick) are omitted here as

they are identical to the ones of HELENE (same

tines).

subrou-
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Table B: Hauser-Feshbach Calculations
(including width fluctuation correction)

1. Total Reaction Cross Section (m barn)

Code Energy (lab.) MeV
(Participant) 0.2 0.5 1.0 2.0
WILMORE-6 (HRTW) 3004 2260 2143 1999
(Chadwick) .

OPSTAT (M) 3016 2272 2154 2007
(Finlay)

POLIFEMO (M) 2995 2265 2153 2000
(Merchant)

COMNUC (M) 2990 2270 2153 1994
(Young)

MAURINA (M) 3000 2269 2157 2002
(Uhl)

COMNUC (M) 2990 2269 2133 1994
(Gardner)

RELGA (THW) 3014 2262 2192 1997
(Veil)

HELGA (HRTWV) 3014 2262 2152 1997

(Veil)
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2. Total Compound Elastic Cross-Section (m barn)

Code Energy (lab.) MeV
(Participant) 0.2 0.5 1.0 2.0
WILMORE-6 (HRTW) 2743 1635 1162 699
(Chadwick)

OPSTAT (M) 2726 1630 1160 718
(Finlay)

POLIFEMO (M) 2728 1619 1146 722
(Merchant)

COMNUC (M) 2713 1601 1128 689
(Young)

MAURINA (M) 2734 1621 1149 703
(Uhl)

COMNUC (M) 2715 1600 1128 690
(Gardner)

HELGA (THW) 2733 1596 1121 689
(Veil)

HELGA (HRTV) 2745 1633 1150 694

(Weil)




w2 e

3. Total Inelastic Cross-Section (m barn)

Code "Energy (lab.) MeV
(Participant) 0.2 0.5 1.0 2.0
WILMORE-6 (HRTV) 261 625 981 1300

(Chadwick)

OPSTAT (M) 230 642 994 1287
(Finlay)

POLIFEMO (M) 267 646 1007 1278
(Merchant)

COMNUC (M) 275 669 1025 1304
(Young)

MAURINA (M) 266 648 1008 1299
(Uhl)

COMNUC (M) 275 669 1025 1304
(Gardner)

HELGA (TBW) 281 666 1031 1308
(Veil)

HELGA (HRTV) 269 629 1002 1303

(Weil)
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ANNEX

Statistical Model Participants and Contributions

Participant Computer Code Comments
Avrigeanu, Rumania STAPRE M-no ang. dist.
Chadwick, UK VILMOREG BF, M, HRTW
Gardner, USA COMNUC M
Finlay, USA OPSTAT HF, M, THV, HRTV
Finlay, USA HELENE BF, M
Hirata, Brazil HAUSERS HF, HRTW
Merchant, Brazil POLIFEMO BF, M
Sheldon, USA CINDY BF, M
Sheldon, USA JACQUI HF, M-no ang. dist.
Sheldon, USA NANCY HRTV
Uhl, Austria MAURINA M
Weil, USA HELGA THV, HRTV
Weil, USA HBFCODE THV-no ang. dist.
Young, USA COMNUC M
HF: Bauser-Feshbach calculations without WFC
M: Moldauer WFC
THV: Tepel-Hofmann-Weidenmiiller WFC

HRTV: Hofmann-Richert-Tepel-Weidenmiiller WFC





