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Abstract 

The results of an international comparison of nuclear model calculations with 
each other and with experimental results unknown at the time are presented and 
discussed. Participants from 7 laboratories calculated the secondary neutron energy 
and angular distribution from the interaction of 25.7 MeV neutrons with the nucleus 
ls4W, before these measured double-differential neutron emission cross-sections were 
made available. 

The comparison between theory and experiment essentially tests the predictive 
power of the presently used models of pre-equilibrium neutron emission in nuclear 
reactions. 

The comparison demonstrates that these models can reasonably describe the 
neutron energy spectrum except for the highest energy part, where an additional 
contribution from direct excitation of collective levels is definitely needed. The an- 
gular distributions can at present only be described adequately by phenomenological ' 

and semi-phenomenological models. 



Other nuclear model comparisons available from the 
NEA Data Bank 

0 Determination of Average Resonance Parameters; NEA Data Bank 
Newsletter No. 27, July 1982 

0 Spherical Optical and Statistical Model; NEANDC-152"An, INDC(NEA)4; 
October 1983 

0 Coupled-Channel Model; NEANDC-182"A7', INDC(NEA)3; January 1984 . , 

0 Spherical Optical Model for Charged Particles; NEANDC-198"UV, 
INDC(NEA)5; May 1985 

0 Pre-equilibrium Effects, An International Nuclear Model and Code 
Comparison; NEANDC-204"Un, INDC(NEA)G; September 1985 
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1 Introduction 

In 1985, the NEA reported on the results of an international nuclear model 
and code comparison for neutron induced reactions on 03Nb for incident 
neutron energies in the range between 10 and 25 Mev [I]. In this colnparison 
the parameters needed to determine equilibrium particle emission were fixed, 
whereas for the pre-equilibrium part the participants were only asked to fit 
the experiment a1 neutron emission spectrum at 14 MeV incident neutron 
energy. Thus one of the main aims of this exercise was to test the ability of the 
various precompound models to describe pre-equilibrium neutron emission 
over a rather wide range of incident neutron energies. The comparison had 
produced the encouraging result that most codes (using either the exciton or 
the hybrid model) were able to successfully predict the precompound neutron 
emission at  25.7 MeV after their parameters had been adjusted to fit the 14 
MeV data. 

In a further test of the predictive power of the existing precompound 
models the comparison described in this report attempts to test the accuracy 
attainable with such model calculatio~~s for nuclei where no data at  all exist 
for neutron emission. 

For this purpose, the participants were asked to  calculate the angle- 
integrated secondary neutron spectrum from the interaction of 25.7 MeV 
neutrons with le4W and also the angular distributions for the selected sec- 
ondary neutron energies at (13.5, 15.5, 18.5 and 21.5 MeV) using their best a 
priori choice of all parameters except for the optical model parameters. For 
these parameters it was recommended to use the deformed optical potential 
derived by J. P. Delaroche [2] for the studied nucleus by a fit to the recent 
measurements of the sum of the elastic scattering and first (2+) a ~ i d  second 
(4+) excited level inelastic scattering cross-section. These nleasurements 
were part of an experiment performed at Ohio University by Marcincowski 
e t  al. [14] and included neutron emission cross-sections. 

Scientists from seven laboratories participated in this comparison; most 
of them used tlie global optical potentials built into their codes instead of 
the recommended potential of reference [2]; it is however possible to  approx- 
imately convert all calculations to values which would have resulted from 
the use of the reconmlended potential (see section 3). Accordingly in this 
comparison we will study two cases: 

1. Comparison of t,he results as given by the aut,liors. This will show t>he 
predictions of the various codes using no specific information about the 
studied nucleus. 

2. Comparison of the calculated cross-sections renormalized to tlie use of 
the potential of reference [2]. This will show, which improvement, if 
any is obtained, if at least an optical potential specifically derived for 
the studied nucleus is available. 



The report is organized in the following way. Section 2 gives a survey 
of the received contributions; in sections 3-5 we discuss the total neutron 
emission cross-sections, the angle-integrated neutron emission spectrum and 
the shapes of the angular distributions and in section G some conclusions and 
recommendations are given. 

2 Received contributions 

Class A, modified Hauser-Feschbach codes unified models 

GNASH (LAS); P.G. Young [3] 

STAPRE (LLL-2); D.G. Gardner and M.A. Gardner [4] 

TNG (ORL); C.Y. Fu and D.M. Hetrick [5] 

Class B, Exciton-model codes (spin-independent) 

PRECO-D3 (DKE); C. Kalbach [6] 

PEQGM (SLO); E. BEtdk [7] 

EXIM (TRM); Chatterjee and S.K. Gupta [8] 

Class C, Hybrid and geometry dependent hybrid (GDH) codes 

ALICE GDH + evaporation model (LLL-1); M. Blann [9] 

Total neutron emission spectra (including neutrons from successive evapo- 
ration processes) were calculated by the codes GNASH, STAPRE, TNG, AL- 
ICE and PEQGM, whereas only first neutron emission is given by PRECO- 
D3 and EXIM. 

Angular distributions were calculated by 5 of the codes: GNASH, TNG, 
PRECO-D3, EXIM and ALICE. 

The classification of the codes into classes A,B,C, the assumptions and 
models underlying these classes of codes and the details of most of the codes 
used in this exercise have been discussed extensively in sections 7, 12, 13 and 
16 of reference [I]. There are only three points to be mentioned in addition 
to this discussion. 

PRECO-D3. C. Kalbach has slightly modified her code PRECO-D2 
by replacing her angular distribution systematics with an improved ver- 
sion, which uses exponentials instead of Legendre polynomials for the 
description of the angular distributions and this new version PRECO- 
~3'(otherwise identical to PRECO-D2) was used in this iatercompari- 
son. 



2. EXIM. The only new code (not described in reference [I]) in this 
exercise is the code EXIM [8] used by A. Chatterjee. It is based on the 
exciton model and uses an exact solution of the time integrated master 
equation in order to calculate the energy spectruin of the first einitted 
particle by both pre-equilibrium. and equilibrium emission. It uses the 
Williams forinula for particle-hole densities with g = A113 (MeVd1 ) 
and the Kalbach prescription [12] for internal transition rates. For the 
angular distributions the code applies the leading particle approach of 
Mantzouranis e t  al. with distinction of multistep in coliipound and 
niultistep-direct-processes [13]. It neglects angular moiilentum effects 
and y-emission and cannot describe multiple particle emission. 

3. TNG. In the TNG calculations the new partial ra~idom-Phase model 
[5] was used for the calculation of the angular distributions. This 
model allows to calculate angular distributions by means of a semi- 
phe1iomenologica1 approach using only one free parameter. 

3 Total neutron emission cross-sections 

Total neutron emission cross-sections are essentially determined by the total 
reaction cross-sections and the average neutron multiplicity. 

Table 1 shows t-he neutron total and reaction cross-sections resulting from 
the different optical potentials used by the participants. In addition to the 
reaction cross-section a, we also give the cross-section a j  = a, - (a2+ + 
a,+), the reaction cross-section available for pre-equilibrium plus equilibrium 
processes. As the table shows, there may be differences of up to 25 % in 
a j  between the results of the global optical potentials like Wilmore-Hodgson 
and potentials derived specifically for the nucleus or mass range considered; 
thus the latter should be used whenever possible. 

Table 1: Optical Model Parameters and cross-sections used b y  the participants 

Table 2 shows the angle-and energy-integrated first neutron (a,,,) and 
total neutron (a,,,) cross-sections (not including the cross sections for the 
first two discrete levels). 

Participant 

DKEIPRECO-D3 
LASIGNASH 
LLL1/ ALICE 
LLL2lSTAPRE 
ORL/TNG 
SLOIPEQGM 
TRMIEXIM 

a: = 0, - (a2+ + a4+) is the total reaction cross-section for continuum particle emission.  
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(mb) 
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PI 
[9] 
[2] 
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(mb) 

2545 

2522 
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2164 
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(mnb) 

109.8 

99.7 
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*4+ 

(mb) 
- 

13. 
- 

10.8 
9.4 

- 
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a: 
(mb) 
2253 
2427 
2167 
2414 
1920 
2430 
2164 

Optical 
Model us.ed 
Chatterjee 
Delaroche 

Delaroche 
Wilmore-Hodgson 
Delaroche 
Chatterjee 



Table 2: Total energy and angle integrated neutron emission cross-sections 

for those participants using different optical potentials. 

LASIGNASH 
LLLl/ALICE 
LLL2/STAPRE 
ORL/TNG 
SLOIPEQGM 
TRM/EXIM 

The first two columns give the values reported by the authors, in colunlns 
3 and 4 we have renornlalized these data to the reaction cross-section of the 
Delaroche potential for those participants which used other optical potentials 
and finally the average neutron multiplicity (F = anem/unn,) is also reported. 
As the table shows there is a considerable ( N  25%) spread in the reported 
a,,, and a,,, values. This spread is mainly due to the use of different 
total reaction cross-sections resulting from the different optical potentials; as 
shown by columns 3 and 4 there is a very good agreement of the total neutron 
enlission cross-sections between the results of all codes if the same total 
reaction cross-section is used in the input. Accordingly also the predictions 
of the average neutron multiplicity agree within 6% between all codes. There 
is no recognizable difference between the Hauser-Feshbach codes and the spin- 
independent codes indicating that the total neutron emission is not influenced 
much by either angular momentuin effects or y-competition. 

4 Angle-integrated total neutron emission 
spectrum 

a;,, and a;,, are the cross-sections renormalized to reaction cross-section a: of Delaroche 

2427 
2040 
2443 
1920 
2401 
2111 

The angle-integrated total neutron emission cross-sections du,,,/dEA are 
shown in figures 1-6. Figure 1 shows the calculated dane,/dE; values for 
the whole neutron energy range and measured neutron emission cross-sections 
[14]. The latter were derived from measurements of double-differential neutron- 
emission cross-sections by integration over angle. For experimental reasons 
the cross-section could only he measured for EL > 12 MeV. Figure 2 shows 
the energy region covered by the experiment (EL > 10 MeV) in more de- 
tail. In this energy region t,he total neutron emission spect.rum is practically 
identical with the first neutron emission spectrum. Therefore the result of 
all calculations, including those which neglect multiple particle emission, are 
presented. In figure 3 the low-energy parts of all calculations including mul- 
tiple particle emission are shown in more detail. Figures 4-6 show the same 
information with all calculated cross-sections renormalized to  the Delaroche 

7006 
5935 
6466 
5568 
6534 

2427 
2278 . 

2443 
2420 
2401 
2420 

7006 
6623 
6466 
7016 
6534 

2.89 
2.91 
2.65 
2.90 
2.72 



total reaction cross-sections (see disc.ussion in section 3). 

From figures 2 and 5 we can conclude the following: 

All codes based on the exciton model give a reasonable prediction of 
the absolute neutron emission cross-section (within about 25 %) in 
the neutron energy range of 12-18 MeV, but fail to describe the high 
energy part of the measured spectrum. It appears that an adequate 
description of the complete spectrum is only possible by addit,ion of a 
considerable contribution from direct excitation of collective levels up 
to an excitation energy of about 7 MeV. This situation has also been 
found by several authors [15,16] in their attempts to describe neutron 
emission spectra at 14 MeV incident energy with the exciton model and 
it has been one of the main conclusions of the recent IAEA Advisory 
Group Meeting on the use of Nuclear Theory for Fast Neutron Cross- 
section Evaluation [I71 that direct collective contributions are generally 
needed for an adequate description of neutron emission spectra. 

There is not much difference in the quality of the fit to the experimental 
data between the original and the normalized calculat~ions. This ineitns 
that the uncertainty in the precompound calculations is still so large, 
that the additional errors introduced by the use of global optical model 
parameters do not seem to have a serious impact. 

The results of the calculations with the geometry dependent hybrid 
model are in better agreement with the shape of the measured angle- 
integrated spectrum (which is reproduced in shape up to about 21 
MeV), but also with this model there is a need for an additional direct 
reaction contribution at  the highest neutron energies. The geometry- 
dependent hybrid calculations do however underestimate the absolute 
neutron emission cross-sections by about a factor of 1.8 (see table 3). 
In this connection one has to keep in mind, however, that this model 
is strictly based on free nucleon-nucleon scattering cross-sections - and 
contrary to the exciton model - does not contain any free parameter like 
the average transition matrix element in the exciton model. Perhaps a 
somewhat better fit to the data could be obtained if a small empirical 
renormalization would be used in the GDH model (by using a value 
larger than 1 for the so-called mean free-path multiplier), as it has 
been observed before that this model tends to predict somewhat too 
small absolute cross-sections [1,9], although the observed differences 
have been smaller in those cases. 

Figures 3 and 6 show that there are considerable discrepancies between 
the predictions of the different models for the shape of the evapora- 
tion spectra. Part of this spread is due to the discussed normalization 
problem as can be seen by comparison of figures 3 and 6. Most of the 



remaining discrepancies in figure 6 are probably due to small differ- 
ences in the level density parameters,used by the different participants 
and reflect the present uncertainties in these parameters. There are 
however striking differences in the relative cross-sections calculated for 
the first (0 - 0.5 MeV) and second (5 - 1.0 MeV) energy bin between 
t,lle different codes, which ca.nnot be explained by small differences'of 
level density parameters, but seen1 to indicate deficiencies of the codes, 
possibly connected with a too coarse bin structure. There is no recog- 
nizable difference between the Hauser-Feshbach codes (GNASH, TNG, 
STAPRE) and the Weisskopf-Ewing codes (ALICE, PEQGM): The 
scatter within each group is about as large as the difference between 
the averages of the two groups. 

5 Angular distributions 

The angular distributions calculated for the eaergy bins 13-14, 15-16, 18-19 
and 21-22 MeV are conlparecl to the measured double-differential neutron- 
emission cross-sections in figures 7-10. As the experinrental cross-sections 
do have rather large statistical errors we have also presented a second com- 
parison of the calculated cross-sections for the mentioned energy bins with 
experimental cross-sections averaged over 3 MeV bins centered around the 
bin used in the calculations. In this way the experimental errors are reduced 
by about a factor of 3. These comparisons are shown in figures 11-14. As the 
purpose of this comparison is to judge the shape of the calculated angular 
distributions, all calculated cross-sections were renornialized to give the same 
angle-integrated value as the experiment before plotting. The corresponding 
renormalization factors are given in table 3. 

Table 3: Normalization factors used for the comparison of calculated neutron angular 

distributions with the ezperimental results of reference [Id] 

I Calculation El, (MeV) 

From these figures we can conclude: 

1. The empirical angular distribution (original Kalbach-Mann sys temat- 
ics in GNASH and the new Kalbach systematics in PRECO-D3) fit the 



data in the angular range 30' - 140'. The same is true for the semi- 
empirical partially random phase model of Fu [5] which uses only one 
adjustable parameter to describe the angular di~tribut~ions. The differ- 
ences between these predictions are so small that the uncertainties of 
the data do not allow to make any statements on the relative merits of 
these 3 distributions. 

2. For the most forward angles there is one indication that the measured 
cross-sections may become somewhat higher t,han the prec\ictions of 
the mentioned, systematics for the highest-neutron energies. It may 
however be possible that the experimental data at the highest-neutron 
energies and smallest angles have additional systenlatic errors due to 
the vicinity of the large elastic peak. 

3. For very large backward angles there is about a factor of two difference 
between the angular distributions of Kalbach-Mann (181 and the partial 
random phase model [ 5 ] .  Unfortunately, there are only two data points 
in this angular region. These indicate a weak preference for the angular 
distribution assumed in ref. [5]. 

4. The agreement between the shape of the measured angular distribution 
and the results of GNASH, PRECO-D3 and TNG is about equally good 
for all energy bins although for the highest energy bin (21-22 MeV) the 
reaction mechanism should be different from the other bins (see discus- 
sion in section 4). The postulated direct collective contributions seem 
to have about the same angular distribution as for the precompound 
particles. 

5. The angular distributions derived from nucleon-nucleon scattering kine- 
matics in ALICE [9] and EXIM [8] are not confirmed by the data. Ex- 
perimental cross-sections are seriously underestimated at  large einission 
angles and in case of ALICE also overestimated at very small angles. 

6 Conclusions 

The "blind intercomparison" described in this report has shown that t.he 
present models of precompound emission in nuclear reactions and the codes 
based on these models are capable of predicting absolute double clifferen- 
tial neutron emission cross-sections with reasonable accuracy except for the 
high-energy end of the neutron emission spectra. The ex~it~ation energy range 
below about 5 MeV in the residual nucleus is populat,ecl much more strongly 
than predicted by the pre-equilibrium models. This fact, has also been oh- 
served in case of neutron emission spectra from various elements at  14 MeV 
incident energy and it is probably necessary to use a contribution from di- 
rect excitation of collective levels whenever a complete description of neutron 
emission spectra in neutron induced reactions is needed. The accuracy of all 



codes based on the exciton model was comparable with respect to the an- 
gle integrated neutron spectrum. The GDH calculations gave a so~newhat 
better fit to the shape of the neutron energy-spectrum but underestimated 
considerably the absolute neutron-emission cross-section values. The angu- 
lar distributions are adequately described by both the empirical prescriptions 
proposed by Kalbach and Fu [18,5]. A decision between these two relatively 
similar approaches is not possible on the basis of the experimental data used 
in this report. The angular distributions calculated on the basis of free 
nucleon-nucleon scattering definitely failed to describe the angular distribu- 
tions a t  backward and partly also at forward angles. 
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8 Figures 

1. Calculated angle-integrated total ~leubron emission cross-sections and 
experimental data from reference [14] 

2. Calculated angle-integrated total neutron emission cross-sect,ions and 
experinlental data from reference (141, higll-energy part 

3. Calculated angle-integrated total neutron emission cross-sect,ions, low- 
energy part 

4. Renormalized calculat,ed angle-integrated total neutron emission cross- 
sections and experimental data from reference [14] 

5. Renormalized calculated angle-integrated total neutron emission cross- 
sections and experiniental data from reference [14], high-energy part 

6 .  Renormalized calculatecl angle-integrated total neutron emission cross- 
sections, low-energy part 

7.  Comparison of calculated angular distribut,ions for EL = 13 - 14 MeV 
with data of reference [14]. All calc~lat~ed double-differenbial neutron 
emission cross-sections have been nor~nalised so as to give the same 
angle integrated .cross-sections as the experiment; the normalisation . 

factors are in table 3 

8. Comparison of calculated angular distribut,ions for EL = 15 - 16 MeV 
with data of reference [14]. All calculated double-differential neutron 
emission cross-sections have been nornlalised so as to  give the same 
angle integrated cross-sections as the experiment; the normalisation 
factors are in table 3 

9. Comparison of calculated angular distributions for EL = 18 - 19 MeV 
with data of reference 1141. All calculated double-differential neutron 
emission cross-sections have been nor~nalised so as to give the same 
angle integrated cross-sections as the experiment; the normalisation 
factors are in table 3 

10. Comparison of calculatecl angular distributions for E,!, = 21 - 22 MeV 
with data of reference [14]. All calculated double-differentrial neutron 
emission cross-sections have been normalised so as to give tlle same 
angle integrated cross-sections as the experiment; tlle nor~nalisation 
factors arein table 3 

11. Colnparison of calculated angular dist,ributions for EA = 13 - 14 MeV 
with experimental results for 3 MeV wide energy bin centred at  middle 
of the bin used in the calculations. Normalisation of calculated cross- 
sections as for figure 7 



12. Comparison of calculated angular distributions for EA = 15 - 16 MeV 
with experimental results for 3 MeV wide energy bin centred at middle 
of the bin used in the calculat,io~ls. Normalisation of calculated cross- 
sections as for figure 7 

13. Comparison of calculated angular distributions for EL = 18 - 19 MeV 
with experimental results for 3 MeV wide energy bin centred at middle 
of the bin used in the calculations. Normalisation of calculated cross- 
sections as for figure 7 

14. Coinparison of calculated angular distributions for EA = 21 - 22 MeV 
with experimental results for 3 MeV wide energy bin centred at middle 
of the bin used in the calculations. Normalisation of calculated cross- 
sections as for figure 7 
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Figure 1: Calculated angle-integrated total neutron emission cross-sections and experinlental 
data  fro111 reference [14] 
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Figure 2: Calculated angle-integrated total neutron emission cross-sections and experimental 
data from reference [14], high-energy part 
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Figure 3: Calculated angle-integrated total neutron einission cross-sections, low-energy part 



Figure 4: Renormalized calculated angle-integrated total neutron emission cross-sections 
and.experimenta1 data from reference [14] 
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Figure 5: Renormalized calculated angle-integrated total neutron enlissioil cross-sections 
and experime~ital data from reference [14], high-energy part 
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Figure 6: Renormalized calculated angle-integrated total neutron enlission cross-sections, 
low-energy part 



Figure 7: Conlparison of calculated angular distributions for E:, = 13 14 MeV with data of 
reference [14]. All calculated double-differential neutron emission cross-sections have been 
norinalised so as to give the saine angle integrated cross-sections as the experiment; the 
normalisatioi~ factors are in table 3 25 



Figure 8: Colnparison of calculated angular distributions for E,:& = 15 16 MeV wit11 data of 
reference [14]. All calculated double-differential neutron enlission cross-sectioas have bee11 
norrnalised so as to give the same angle integrated cross-sectio~is as the experialeat; the 
nornlalisatiol~ factors are in table 3 
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Figure 9: Co~nparison of calculated angular distributions for E:, = 18 19 MeV with data of 
reference [14]. All calculated double-differential neutron emission cross-sections have been 
normalised so as to give the same angle integrated cross-sections as the experinlent; the 
nornlalisation factors are in table 3 
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Figure 10: Coinparison of calculated angular distributions for EA = 21 22 MeV with data of 
,reference [14]. All calculated double-differential neutron einission cross-sections have been 
nornlalised so as to give the same angle integrated cross-sections as tlle experiment; tlle 
nornlalisatioil factors arein table 3 
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Figure 11: Comparison of calculated angular distributions for E:, = 13 14 MeV with 
experilnental results for 3 MeV wide energy bin centred at middle of the bin used in the 
calc.ulations. Norillalisation of calculated cross-sections as for figure 7 
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Figure 12: Coniparison of calculated angular distributions for Ei,, = 15 16 MeV with 
experinlental results for 3 MeV wide energy bin centred a t  middle of the bin used in the 
calculations. Nor~nalisation of calculated cross-sections as for figure 7 
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Figure 13: Colnparison of calculated angular distributions for E:, = 18 19 MeV with 
experimental results for 3 MeV wide energy bill centred at middle of the bin used in the 
calculations. Normalisation of calculated cross-sections as for figure 7 
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Figure 14: Comparison of calculated angular cdstributiolls for E:, = 21 22 MeV wit11 
experiniental results for 3 MeV wide energy bin centred at luicldle of the bin used in tlie 
calculations. Nornlalisation of calculated cross-sectioas as for figure 7 



9 Specifications of the comparison 

PROBLEM SPECIFICATIONS 
for 11 + ls4W at 25.7 MeV 

I. Quantities to be Calculated 

1. Integrated cross sections 

a. Total cross section (aT) 

b. (Shape) elastic cross section (ael) 

c. Reaction cross section (a,) 

d. Direct inelastic scattering cross section (a2+, a4+) 

e. First neutron emission cross section (a,,,) 

f. Total neutron emission cross section (a,,,,) 

2. Angle integrated spectra 

da,, 
a. First neutron emission: d € 

d a  b. Total neutron emission: 

These quantities should be given for energy bins f MeV wide from 0 to 
10 MeV and 1 MeV wide between 10 MeV and 26 MeV (See Table 2). 

3. Angular distributions 

a t  c = 13.5, 15.5, 18.5 and 21.5 MeV outgoing energies (mid energies 
of the 1 MeV wide bins); 

d2a  
Total neutron emission: dfds 
These quantities should be given as a function of angle in degrees be- 
tween 0" and 180" in steps of 5' (See Table 3). 

If only lSt particle emission is calculated, this must be specified. 



11. Optical potential parameters: 

1. E 5 10 MeV. (from Phys. Rev. C23 (1981) 136) 

V,, = G.OO(MeV) 

r,, = 1.26(fm) 

a,, = 0.63(fnl) 

2. 10 5 E 5 26 MeV (Priv. Comm. from J.P. Delaroche) 



111. Definition of the Optical Potential 

The deformed optical potential U (r) is defined as: 

I cl 
U(r) = -Vf(r, av, Rv) + ~X'V, ,  i. B - r -f(r, dr as,, Itso) 

d 
-iWf(r, aw, Rw) + 4 i a ~ W ~  -f(r, dr a ~ ,  RD) 

1 
with f(r, aiRi) = 

1 + exp[(r - R;)/a;] 

and Ri = r i ~ ' I 3 [ l  + &Y: + ,O;Y:J i = V, W, D. 

The Spin-orbit interaction is not deformecl. 

A Coupled channels calculation was performed with: 

,e 0+,  2+, 4+ states in a standard rotational model. 

U expanded in spherical harmonics Yx up to order A = 8. 

Deformation lengths: = ,L?;R; ( A  = 2,4) were chosen energy 
independent and such that: 

av = aw = aso; Rv = Rw = Rso. 
non relativistic kinematics were used. 



10 Participant questionnaire 

BLIND INTERCOMPARISON 

for 11 + 184W at 25.7 MeV 

To be returned by 15th October 1986, to: 
P. Nagel, NEA Data Bank, F-91191 GIF-SUR-YVETTE 

CEDEX, France 

Name : 

Establishment : 

Computer Code(s) used : 

Cornputer used : 

Conlputing time : 

1. Integrated cross sections 

Quantity 

Tot a1 

Elastic 

Reaction 

Inelastic to 2+ 

Inelastic to 4+ 

First neutron emission 

Total neutron e~nission 

Cross sect,ion (mb) 

Specify the nu~nber 
of neutron emis- 
sions included in 
the total:-. 

Comments : 



2. Angle Integrated Spectra 

Comments: 

Centre of Mass 
Energy (MeV) 

nnx 
1st einission 
(mb/MeV) 

nnem 
total emission 

(mb/MeV) 



3. Angular Distributions 

Total neutron emission (mb/sr/MeV) 
- 

18. 
Me' - 

21.5 
MeV 

Total emission: - 
First neutron emission: .- 
Comments: 
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