NEANDC-177U
28th April, 1983

International Nuclear Model and Code Comparison

on Pre-Equilibrium Effects

H. Gruppelaar, H.A.J. Qan der Xamp
Netherlands Eneray Research Fondation,
ECN, Petten, The Netherlands
snd
P. Nagel
NEA Date Bank, Gif-sur-Yvette, France

I. Introduction

This paper gives the specification of an intercomparison of statisti-.
cal nuclesr models and codes with emphasis on pre-equilibrium effects. It
is partly based upon the conclusions of a meeting of an ad-boc working
group on this subject (see document NEANDC-A-137), on some criticism by
Prof. M. Blann, communicated:- to the NEA Data Bank by Dr. M. Uhl, and on
some suggestions of the present suthors. We are very arateful to Drs.
Betak, Blasnn, Fu, Gardner, Gmuca, CGupta, Herman, Mann, Ribansky, Seeliger,
Garg, Uhl and Young for their comments on the draft version of this docu-
ment. Most of the remarks have been included in the updated specifications
given in this paper. The present proposal deviates ggom the previousg ore
mainlygin the choice of a somewhat heavier nucleus : “’Nb instead of ““Co.

‘Using “’Nb has several advantages:

1. The pre—compound'part of the neutron emission spectrum is more pro-
nounced than that of “7Co.

2. This nucleus is quite well studied with respect to pre-equilibrium
- aspects, both experimentally and theoretically; it is often used as 8
"sample problem" .in nuclear model calculations to illustrate pre-
equilibrium effects.

3. There are experimental data for neutron emission spectra and angular
distributions not only at 14.6 MeV, but also at 25.7 MeV(1l). Further-
more, there are experimental data for o,  and 0.3, from 14.6 to 24

MeV(2). Proton-emission data including angular distributions are also
available at 15 MeV (13, 14).

It is reslised that the previous nucleus 59Co is well studied in the
statistical-model exercise and that it requires some additional effort by
the participants to change to snother nucleus. However, we think that the
sbove-mentioned arguments are convincing, in particular point 3. '




* The character of this exercise differs from the equilibrium exercise
in that the pre-equilibrium models currently in use are quite different.
Therefore it is more correct to speak about a model intercomparison rather
than a code intercomparison. Since the models differ in the modelling of
pre-equilibrium aspects, we cannot specify all the parameters.

Therefore we restrict these to:

1. Masses, Q-values,

2. Level-scheme data (discrete levels),

3. Optical-model parameters (olobal spherlcal potential),

4. Y-ray competition parameters,

5. total level-density specification.
The -parameters, specific for the precompound emission are not pre-
scribed. Instead it is required to fit the 14.6 MeV total neutron emission
spectrum do at € = 6 to 9 MeV, where precompound emission dominates. The

de .

participants should therefore specify their model and the parameters used.
To facilitate this task, a questionnaire has been included (Appendix A).

The main quantity to be calculated is the total neutron emission

spectrum do as a function of incoming energy E and outgoing energy e .
de

These angle-inteqrated spectra should be calculated at € = 10, 14.6, 20 and
25.7 MeV. Comparison with experimentsl data will be performed at the NEA
Data Bank. If possible, also the reduced lLegendre coefficients of the
angular distributions should be calculated. Other important quantities to
be calculated sre: o 1+ o . o g and their enerqy spectra
(angle-integrated). ¥ nZzn® “npy’“nay

Finally, for the more sophisticated model codes, it is requested to
calculate the total energy-integrated particle-production cross sections,
the isomeric state population from the (n,n') and (n,2n) reactions and the
total photon production cross section (at 14.6 MeV).

It-ié not necessary to include width-fluctustion corrections in the

calculations. There is also no need to calculate oy in this exercise.
However, P-ray competition should be included (if possible) to calculate
the multi-particle emission cross sections (and isomeric-state popula-

tions).

2. Masses, Q-values, ete.

~ The masses and Q-values should be taken from a recent nuclear mass
table. Some values are provided in Table 3a(18).

3. Level scheme data (discrete levels)

The level schemes of most of the residual nuclei are specified in
Table 1. These data are usually based upon recent issues of the Nuclear
Data Sheets. The.first energy of the continuum calculation, Ec, is indi-

cated in Table 3a.
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Notes: 1. For codes that calculate only continuum emission, these data are
not relevant. '
2. For other residual nuclei, the participants should perform a

continuum calculation only, assuming Ec™ C.1 MeV. .

3. for 92Nb and ?3Nb p-ray branchings are given for discret
levels.

4, Dpticai model

In this exercise, a spherical optical model is used, of which the
definition of the parameters is given in Table 2a. The selected global
optical-model parameters are given in Table 2b.

For neutrons and protons, parametrisation close to those of F.G. Perey
(e.g. (3)) have been selected. These parametrisations should work well at
energies from 0.9 to 22 MeV. Please indicate when the channel-spin depen-
dence of the transmission coefficients has been neglected (T, instead of
T;j)‘ .

For neutrons, we have checked that_the potential is in reasonably good

agreement with available experimental ““Nb data for o, and o,y from 1 to 15

For a-particles, the potential of Igo and Huizenga(4) has been selec-
ted. '

5. Gemma-ray parameters

fFor the calculation of V-ray competition the Brink-Axel ciant-dipole
model should be used to describe El transitions. For all residual nuc-
lides, the same data are prescribed, i.e.

Ep = 16.5 MeV,

I 5.0 MeV,
= 0.162 b.

=

‘Using these parameters, the following velue of the total s-wave radiation
width is obtained for the reaction 93Nb('n,y) 9“Nb at the neutron binding
energy:

<Fy(l:0)> = 165 meV.
The value <I'p>/Dobs amounts to 0.1566 x 10'“. If necessary, a normalisation
constant in the Brink-Axel formula should be used to obtain this value (the
same normalisation constant should be used in each residual nucleus). The
authors should specify their formslism used.

Note: If no P-tray competition is used, the participants should clearly
indicate this.




For Y-ray cascade calculations (isomeric state population), the M1 and

E2 electromagnetic transitions should be allowed with the strengths of Ml

and E2 set to: strength (E1/M1) = strength (M1/E2) =.10, relstive to the

Sgtal Ey rediation width for s-wave resonances of the reaction “’Nb(n,p)

Nb st the neutron binding energy (Ilp= 165 meV) (the same normalisation

constants should be used for each residual nucleus). For the energy depen-
dences of the Ml and E2 transitions the Weisskopf formula should be used.

The branching ratios for 92\b and 7°Nb levels are given in Table 1.
Use theory to obtain branchings for other residual nuclides (only needed
for calculation of total photon production).

The participant should specify the Yrast line used in the calculation
of the gemma-ray emission data.

6. Total level-density parasmeters

For the calculation of the equilibrium part - or in the unified codes,
. the combined pre-eauilibrium and equilibrium parts - it is requested to fit
the total level density (i.e. summed over all possible particle-hole combi-

nations) at two energies, so that:

1. the total number of levels equals Nc at E=E03

2. the level spacing of s-wavi: levels eauals Dobs st the neutron
binding energy B.

With these conditions, the participant should preferably use the
composite Gilbert-Cameron formula(5). When' this formula is not programmed,
the Fermi-gas formula of Dilg et al(6) or another representation could be
used (other formulas could be important in unified models, where it is
required that the sum of all particle-hole components eaquals the total
level density). :

In Table 3a, the values of the parameters reoguired to calculate M and

Dobs are specified. When the Gilbert-Cameron formula is used, the pairinag

.' ' energies P of ref. (5) are alsc prescribed (see Table 3a). Table 3b aives
the parameters a, U, and & for three possible representations:

1. Gilbert-Cameron formula with improved definition of the spin cdt-
of f parameter(7):

o? = 0.146/au A 273,

2. Gilbert-Cameron formula with original definition of the spin cut-
of f parameter(5):

o2 = 0.0888 vau A 2/3,
3. Back-shifted Fermi gas model(6) with: .
Ierf = Irigid.

The paremeter o follows from the quantity a by means of the relation:
2

8=n"g.
6




Notes:

1. The participant should clearly specify the formula used. The
preferred representation is formula 1.

- 2. At Tow ehergies the definitioh ofoz is not clear in the case of
Gilbert-Cameron. It is suagested to use a linear interpolation

2

between o - 2 ' s _
exp st £ = Ec and o (Ex) at the dividing emergy E =

Ux+P. The value of °?exp is given in Table 3a.

3. From some preliminary calculations with the Gilbert-Cameron formula
and the back-shifted Fermi gas formula, it follows that the diffe-
rences in the cross sections due to the use of different level
density formulas cannot be neaglected, . particularly at energies
above 10 MeV. This has to be regretted, but it is a basic uncer-

. tainty in our model calculations, as long as these simple level-
density formulas are used. In some codes, different level-density
formulas could be used. The participants are ‘invited to use these
options to study the effect of the different approaches. Our
preference for the Gilbert-Cemeron formula is only based upon the
fact that this formula is probably the most widely used.

7. Particle-hole state density

In most cases it is expected that the particle-hole state densities
are based upon the expression of Williams(8), possibly with corrections.
The exact formula used should be specified, both for the initial and final
state densities. When the calculations of precompound parts and compound
parts are unified, the sum over all particle-hole level densities should
satisfy the conditions given in the previous section. When the precompound
calculation is used as a correction to the compound model, one could use
the same paremeters as used in the equilibrium calculation, including ener-
gy shifts or pairing energy corrections. This would facilitate the inter-
comparison of the results. however, as it is noticed that another parame-
trisation could be more realistic for pre-equilibrium calculations, devia-
tions are allowed, provided that they are indicated clearly. In meny codes
??13 the option g = A/13 MeV™* and P=0 is allowed. This should be speci-

ied. ‘

When angular momentum is conserved in the calculation, the adopted
expression for the p—h_spin cut-off parameter should be specified.

8. Precompound parameters

In some codes there are some "free" parameters to fit the emission
spectra, such as K occurring in the expression for the average transition

matrix elements, e.q.
_|M2‘-.- K .

A3E

This, or 8 similar expression, should be indicated, together with the value
of the parameter(s). The value(s) of the free parameter(s) should be

sdjusted in order to obtain agreement with the (anale-integrated) total
neutron emission spectrum at E = 14.6 MeV and €= 6 to 9 MeV:




do (6-7 MeV) = 56.0 ¥ 6 mb/MeV,
de ‘

do (7-8 MeV) = 46.9 L 5 mb/MeV,
de

do (8-9 MeV) = 36.5 ¥ 4 mb/Mev.

de

These data are obtained from an analysis of the experimental data of
Hermsdorf et al(9), performed at ECN, Petten*. At € = 6-9 MeV, most of
the emission is due to pre-equilibrium; at higher energies the experimental
data sre quite uncertain due to direct effects or uncertaintities in the
subtraction of the elastic scattering peak.

Other parameters, such as Ror Q factors(lO,IS) should also be speci-
fied. - Gadioli et al.(11) have proposed R = n¥1, where the "+" and "-"

signs refer to neutron end proton emission, n respectively, to account
for charge conservation. For "unified" models it is desired that these
parameters approach unity at equilibrium.

The trestment of the a-channel has also to be described, e.g. accor-
ding to ref. (12). When fit-parameters sre used, such as form-factors,
they should be specified.

Parameters for the description of angular distribution are not pre-
scribed. The user should specify the formalism used.

9. Requested calculations

The incident energies for the calculaticns are E=1C, 14.6, 20 and 25.7
MeV. For the outgoing centre-of-mass energies € the energy mesh should be
appropriate to describe the data (indicste when the spectra are stored in a
histogram form). It is suggested to use st least 1 MeV bins up to 14 MeV,
if possible smaller bins up to 2 MeV and 2 MeV bins above 16 MeV. The
following aquantities need to be calculated.

9.1 Integrated cross sections at 5 incident enercies:

8) 0y Og1s Or (composite-formation cross section),

b)‘onnx, Onpx? % a x (first emission of n, p, and o respectively),

v s . A .

c) onn (inelastic scattering cross section)y opnon? %n3n? nnp® %np’
h 0SS ions are relatively sma

npn® %nan (other cr s sections are relatively small),

d) total particle (and gas-) production cross sections o nem? “npem’

‘naem’

—————————

* This snalysis was performed by fitting the coefficients of the function
A°+A1P1(Cos o)+A2p2(cos 6) through the original data of Hermsdorf et sl.

(9). The results are in agreement with .a similar analysis of Kammer-
diener's data (16) and those of Selnikov et al. 7).




Notes: 1) In cases b) to d) it is of interest to jndicate the equi-
librium component separately; also the full equilibrium
celculation (with pre-equilibrium turned off) should be
per formed (specify equilibrium definition).

2) As intermediate results the transmission coefficients T,

(everaged over j) and/or the inverse reaction cross sec-
tions should be aiven at each incident energy and for
each outaoing particle. :

9.2 Angle-integrated spectra at 14.6 and 25.7 meV

a) 9%nx, 9% 0%, do,.x (first emission of n, p and &, respectively).
- de de de
b) Total neutron emission spectra (excluding elastic scattering)
-donnem (summed over all outgoing neutrons) .
de :

9.3 Angular distributions of (total) neutron emission spectra at 14.6 and
25.7 MeV

The preferred representation is oiven by reduced centre - of - mass
Legendre coefficients f, (t=1, 2, 3) where

o = 1dgy (2i+1) fi Py (cos6);
dedQ 47 de L .

f, should be tabulated as a function of € (in c.o.m.).

9.4 ¥-ray emission at 14.6 MeV

a) Reaction cross section for the population of the isomeric states
93M\b and 2 2Nb.

b) Total photon-production cross section.

c) PY-ray emission spectrum do.
: €

The participants are kindly asked to send 211 information on their
codes and to answer the questions in the questionnaire (Appendix A).

Pleasé send your contribution and- direct any aquestions of inter-
‘pretation related to the specifications, to :

Dr. Pierre Nagel

NEA Data Bank

91191 Gif-sur-Yvette CEDEX
france ‘ .

The deadline for the solutions to reach the above address ‘is 1lst
November 1983.

W@
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Table 1

Level scheme data

LEVELS FOR B6RB , LEVELS FOR 90Y
1 c.0 -2.0 1 c.0 -2.0
2 0.4881 «+1.0 2 0.2025 -3.0
3 0.5560 -6.0 3 0.6820 +7.0
4 0.5569 -3.0 4 0.7768 +2.0
5 g.7795 -7.0 5 0.9537 +3.C
6 0.8732 -3.0 6 1.0474 +5.0
7 0.9785 -4.0 7 1.1895 +4.0
8 1.0271 +1.0 8- 1.2147 -0.0
9 1.0327 -3.C 9 1.2982 +6.0C
10 1.0925 -4.0 10 1.3710 -1.0
11 -1.1059 +2.0
12 1.1220 +1.0 ‘
13 1.1560 +0.0 LEVELS FOR 92Y
14 1.1962 -3.0 _
15 1.2472 -4.0 1 0.C =2.0
16 1.3050 +3.0 2 0.2415 +0.0
- 3 0.3100 -2.0
4 0.4306 +1.0
LEVELS FOR B9SR 5 0.4403 -3.0
6 ©.7801 -C.0
1 0.0 4+2.5 7 0.8924 +1.0
-2 1.0320 +0.5 8 0.9534 -4.0
3 1.4734 +3.5
4 1.9402 +2.5 ‘
5 2.0076 +1.5 LEVELS FOR 92ZR
6 2.0574 -1.5
7 2.0613 +4.5 1 0.0 +0.0
8 2.0790 -5.5 2 0.9345 +2.0
9 2.2801 +0.5 3 1.3828 +0.0
10 2.4516 +1.5 4 1.4954 +4.0
11 2.5701 -1.5 5 1.8473 +2.0
12 2.6710 +3.5 6 2.0667 +2.0
7 2.1500 +4.0
8 2.3397 -3.0
LEVELS FOR 93ZR 9 2.3983 +4.0
1 0.0 +2.5 .
2 0.2669 +1.5 LEVELS FOR 89Y
3 0.9471 +0.5
4 1.018 +0.5 1 0.0 -0.5
5 1.151 +0.5 2 0.9092 +4.5
6 1.222 +0.5 3 1.5074 -1.5
7 1.4255 +1.5
8 1.4356 +0.5
9 1.4504 +1.5
10 - 1.4702 +2.5
11 1.477 +3.5
12 1.597 +2.5.
1.648 +1.5

[w—
- AW




LEVELS FOR 91NB

] c.0 +.5
2 0.1045 -C.5
3 1.1868 2.5
4 1.3126 -1.5
5 1.5810 +3.5
6 1.6125 -1.5
7 1.6370 +4.5
8 1.7904 -4.5
9 1.8448 -2.5
10 1.885C +C.5
11 1.9631 +2.5
12 1.9844 -6.5
13 . 2.0345 -8.5

LEVELS FOR 92N8

- 1 -

LEVELS FOR 94NB

c.c

¢.04a10
c.0587
c.0787
0.1184
0.1404
0.3119
0.3342

+ 4
& W o

+

+

O NONN D AN
+
AV RN
.
OoOODmMMMD™

+ +
N:ﬁ'\)

P_RAY BRANCHINGS

1 0.0 +7.0
2 0.1355 +2.0
3 0.2259 -2.0 GAMMA: TO LEVEL 2. (1.0)
4 0.2956 +3.0 2 (1.0)
5 0.3574 +5.0 1 (1.0)
6 0.3898 -3.0 2 (0.03)
3 (0.96)
‘ 4 (0.01)
7 0.4802 +4.0 4 (0.76)
5 (0.24)
LEVELS FOR 93NB P-RAY BRANCHINGS
(updated)
1 0.0 +4.5
2 0.0304 -0.5
3 0.686 --1.5 GAMMA: TO LEVEL 2 (1.0)
4 - 0.7440 +3.5 1 (1.0)
5 0.8087 +2.5 1 (0.9877)
4 (0.0123)
6 0.8101 -1.5 2 (1.0)
7 0.9499 +6.5 2 (1.0)
8 0.9791 +5.5 1 (1.0)
9 1.0826 +4.5 1 (0.265)
4 (0.663)
8 (0.072)
10 1.127  +2.5 5 (1.0)
1 1.29 -1.5 3 (1.0) ?
12 1.2974 +4.5 1 (0.53)
-4 (0.3)
8 (0.17)
13 1.3156 -1.5 4 (1.0)
14 1.3351 +8.5 7

(1.0)
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Table 2a

Definition of Optical Potential

(according to Becchetti and Greenlees, Phys. Rev. 18?,‘
: 1190 (1969)

expression validity range explanation

Uopt(r) = —VRFR central real
b2 %0, d > . .
+(ﬁ,-,(-:-) —-r—(-a-; fso) o spin orbit
2ze’ (5 (32] - for r &R
ZRC Rc N e Coulomb
+
Zze2
o for r Rc
- ﬂJvfI ‘ o imaginary volume
+ iba W, (g- f.) | imaginary surface
1"srlar 1 | ginary
' -1
where fx = f(r,Rx,qk) = [1+exp(r-Rx)/ax]
Rx = rxA]/3
13 . .
Rx = rxA + " for heavier projectiles (such as alphas)
T, = Coloumb Radius

Note: Whenever a parameter is omitted, it js assumed that the corresponding

potential is not considered.
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Tsble 2b

Optical Model Parameters

Meutron Parameters

- 48.0 - 0.293E (E in MeV-Lab)

Vg =
rp = 1.27 fm ap = 0.66 fm
WSF = 9.6 MeV

ry = 1.27 fm ay = 0.47 fm

VSo = 7.2 MeV
Tgo = 1.27 fm agq = 0,656 fm
Proton Parameters (ref. 3)
Vg = 53.3 - C.55E + 0.4 2813 4 27.0 (N-2)/A (E in MeV-Lab)
rp = 1.25 fm aR{? 0.65 fm
wSF = 13.5 MeV
rI =1.25 fm ap = 0.47 fw
Vgq = 7.5C MeV
Tgg = 1.25 fm 8gg = 0.65 fm

rc (coulomb radius) = 1.25 fm

Alpha Parameters (ref. &)

Vg = 50.0 MeV

rg' = 1.17 fm  8p = 0.576 fm rg" = 1.77 fm.
Wy = 13.74 MeV

ry' =117 fm 8y = 0.576 fm " = 1.77 fm
r. = 1.17 fm

Note: IFf thé code does not allow for the second form of the radius
expression in Table 2a, an effective radius parameter has to be
calculated for each mass number (i.e. r, = 1.56 for A= 93).
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Yable 3a
Calculation of level-density parametersa)
Nucleus
(compo- Mass B NI : pc) gd) . ) Dobs
C e

site (amu) (Mev)  (target) szpb) (MeV) (MeV) N, (ev)

nucleus) :
86Rb 85.911 8.650 5/2- 7.24 c 1.309  15.5 201.4
89Sr 88.907 6.364 0+ 5.31 1.24 2.707 11.5 37438
89y 88.906 11.469 4- 6.42 0.93 1.745 2.5 140.0
9cyY © 89.907 6.857 1/2- 9.49 0 1.417 9.5 4414
92y 91.909 6.544 1/2- 3.12 e 1.030 7.5 869.5
92Zr - 91.905 8.635 . 5/2+ 6.12 1.92 2.48B6 e.5 336.6
937r 92.907 6.732 0+ 2.46 1.20 1.735 12.5 3678
91Nb 90.907 12.055 - 8+ 9.36 0.93 2.065 12.5 51.2
92Nb 91.907 7.883 9/2+ 11.6 e 0.501 6.5 267.3
93Nb 92.906 2.832 7+ 6.70 0.72 1.364 13.5 41.5
94Nb 93.907 7.230 9/2+ 12.0 0 0.396 7.5 99.6

a) The level density is chara

eneragy EC and the s-wave

energy B.

b) Spin cut-off parameter 02,

of levels up to E=Ep.

c) Pairing energy correction for Gilbert-Cameron formuls, from (5).

d) E =

first energy of continuum calculation.

e) "Average" number of levels at energy EC'

cterised by the total number of levels Nn at
level spacing Dobs st the neutron binging

derived from experimental spin distribution




- 14 -

Table 3b

Level-density parametersa)

Gilbert-Cameron 1} b)

Gilbert-Cameron 2 c)

Dilg et a1.9

Nucleus 1 1 1
a (MeV™") U (MeV) a (MeVTT) U (MeV) a (MeV™") A(Mev)

86Rb 10.01 4,998 9.278 5.060 9.214 -1.069
89Sr 9.501 3.477 8.375 3.883 8.924 C.4802
89Y 8.600 2.213 8.112 1.537 8.460 0.3116
9CY 9.318 3.792 8.39C 4.066 8.914 -0.7409
92Y 12.10 2.628 11.02 2,705 11.30 -0.5117
927r 11.83 4.047 10.92 3.995 10.43 0.7695
93Zr 12.69 4,607 11.46 4.774 10.63 -0,1563
91Nb 9.400 5.132 9.415 4,407 8.725 -0.2954
92Nb 10.30 6.400 9.762 6.259 8.923 -1.747
93Nb 12.58 4.678 12.39 4,270 11.24 -0.4636
94Nb 12.51 5.707 11.86 " 5.603 10.65 - -1.553

a) Level-density parameters calculated from the data given in Table 3a.

b) Improved Gilbert-Cameron formula, with ol = 0.146 U AZ/3 (5).

¢) Original Gilbert-Cameron formula, with ol - 0.0888 al A2/3 (7.

d) Back-shifted Fermi gas formula of Dilg et al.(6).
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Appendix A

Ouestionnéiré on Pre-equilibrium/EouilibriumvMode] Codes

1. Participant

2. Code name and references, availsbility (oive date):

3. Equilibrium—model part

[[] 3.1 Weisskopf-Ewing type (no conservation of angulér momen-
tum; no discrete levels)

[ 3.2 Hauser-Feshbach (H.F.) type

[:] 3.3>Else, or comment:

.




4, pre-equilibrium-model part

[:] 4.1 Full master equation approach (n053) [l with oor [:]
without aquantum mechanical conservation of anaqular
momentum (and parity).

D 4.2 Nevef-come back assumption (only A*_transitions starting
from n0=3)

4,3 (Geometry—dependent) hybrid—model, indicate n= [:::]

4.4 Two-component model (protons and neutrons are explicitly
distinguished as in Ref (11)).

O Od

4.5 Else, or comment:

5. Relation of equilibrium to
pre—equilihrium parts

[:] 5.1 Unified model of pre-equilibrium and equilibrium
emission_with conservation of angular momentum and
with or[:] without treatment of discrete levels.

[]. 5.2 Pre-equilibrium is treated as 38 correction to the
statistical model (indicate relation below)

[:] 5.3 Else, or comment (give definition of equilibrium and/or
pre—equilibrium,-if this is useful):




6. Options

0 ooOoo

7. Total level

6.1 Cross sections (engle and energy intearated).
6.2 Particle spectra (angie-—integrated).
6.3 Anqular distributions.

6.4 Multi-particle emission up to[:] outgoing partlcles with
[] or without [} multiple precompound decay treatment.

6.5 Else, or comment :

N
a0
O

density in equilibrium patrt

= \/ ?/3 ). .
7.1 Gilbert- Cameron(1) %a g 5288 ).

7.2 Back-shifted Fermi-gas model of Dllg et al. (2).

7.3 Modifications or comments (e.q. o2 at low E):




A

g. Particle-hole level density

[:] 8.1 Williams state density(3) [:]with or[:] without an
energy shift or pairing energy correction (if there is
an n-dependent energy shift, indicate expression below).

8.2 g = A/13 MeV-1 and no pairing enerqy correction.

»

[:] 8.3 Williams' level density with n-dependent spin distribu-
tion, indicatetr% below.

8.4 Else, or comment:

9. Discrete levels

[:] 9.1 Includéd in equilibrium calculation only.

[:] 9.2 Not considered, E_=0.1 MeV.

[:], 9.3 Else, or comment (e.g. when direct models are used or
included in the model):
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10. Internal transition rates

10.1 Average transition probability A¥=2 <M2> wfi with Juft
according to: ' ’%%'

[] williems(3)

[] oblozinsky et al.(4)

[ else, or modifications:

and <M2>.according to

] - 1 with e =[]

. Kalbach(5), indicate fit paremeters below.

2>:CA—3E-

[] else, or comment ¢

(] 10.2 Else, or comment




11. Emission rates

11.1 Use of R- or 0-factprs:

(] Cline (without renormalisation to 1 at high values of

n(6)).

H Kalbach's O-factor, normalised to 1 at high values of
n(7). : o

[] Gadioli, et 81.(8).

[] Eise, or comment :

11.2 Trestment of a -emission

[l a-particle emission rete sccording to ref. (10).

[[] Form factor used Yy = .

[] Else, or comment (give reference):

11.3 Transmission coefficients

Inverse reaction cross sections used in precompound
part. . .

Transmission coefficients used in compound and precom-
pound part, with [} or without ] j-dependence.

D flse, or comment:




12. Spectrum calculations

a

12.1 Complexity
[J] only First-emitted particles calculated.
Totel particle production spectra calculated.

Emission spectra are calculated for every reaction, and
every outgoing particle (e.g. two spectra for n,2n).

O
O
O v-rey cascade calculation possible.
3

Else, or comment:

12.2 Representstion

[(] spectrum is represented in energy bins of ] eaual or
[] verisble width. :

[:] Spectrum is given by point data at [::]' equidistant or
1 non-equidistant energies.

12.3 Else, or comment:




13. Anocular distribution calculation

[:] 13.1 Only in H.F.-part, for (in)elastic neutron scattering to -
discrete levels.

13.2 Systematics of Kalbach and Mann for angular distribu-
tions in precompound part.

13.3 Model of Mantzouranis et al.(lO), specify version below.

13.4 DWBA-type of calculation for emission from n=n only.

oon0O O

13.5 Other model, specify. below, give reference.

14. Gamma-Ray emission

[:] 14.1 No gamma-ray competition included.

E] 14.2 No gamms-ray spectrum calculation or isomeric-state
population calculation. '

(] 14.3 Specify Brink-Axel formula below.
. El-normalisation constant used for all
nuclei = .

[:] 14.4 Specify Weisskopf formula for M1 and E2 be]oﬁ.
Ml - normalisation constant used for all

nuclei = .
£2 - normalisation constant used for 3ll

~ nuclei = .

[:] 14.5 Specify expression for Yrast line below,

‘or the Augustyniak et al.(13) prescription.
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15. Additional comments: .




References to Appendix

(1)
(2)
(3)
(4)

(5)
(6)
)
(8)

(9)

(10)
(11)
(12)

(13)

A. Gilbert and A.G.W. Cameron, Can. J. of Phys. 43 (1965), 1466,
W. Dilg et al., Nucl. Phys. A217 (1973), 269.

F.C. Williams, Nucl. Phys. Al66 (1971), 231

P. Oblozinsky, 1. Ribansky and E. Betak, Nucl. Phys. A226 (1974),
347.

C. Kelbsch, Z. for Physik, A287 (1978), 319.
C.K. Cline, Nucl. Phys. A193 (1972), 417.
C. Kelbach, Z. fur Physik A283 (1977), 401.

E. Cadioli, E. Gadioli-Erba and P.G. Sona, Nucl. Phys. A217 (1973),
p.589..

L. Millazzo-Colli and G.M. Braga-Marcazzan, Nucl. Phys. A21C (1973),
p.297. .

G. Mantzouranis et sal., Phys. Lett., 57B (1975),'220.
s.K. Gupta, Z.Phys. A303 (1981) 329.

D.G. Gardner, Proc. of NEANDC/NEACRP Specialists‘ meeting on feast
neutron capture cross sections, Argonne, 19823 NEANDC(US)-214/L;

ANL-83-4 (1983) p.67; UCRL-87438 (1982).

W. Augustyniak and -A. Marcinkowski, Acta Physica Polonica 4 (1979)
357.




