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fNTERNATIONAL NUCLEAR MODEL CODES COMPARISON STUDY 

Following the  d i s t r i bu t ion  of the document "Nuclear Model Code Inter-  
comparison" (NEANDC 118 "L") ,  many questionnaires were returned t o  the  
NEA Data Bank showing considerable i n t e r e s t  i n  this exercise  by both 
Nuclear Phys ic i s t s  and Evaluators.- 

The following a reas  of i n t e r e s t  emerged from the  rep l ies :  

- Coupled channel theory 
- Optical  model - S t a t i s t i c a l  model 
- Pre-equilibrium and p a r t i c l e  emission spectra  
- Fiss ion channel 

i - - Semi-direct capture mechanism 

The f i r s t  two, exercises  were suggested and prepared by D r .  Augustus 
Pr ince of BNL/NNDC and a r e  the' following: 

1. Coupled Channel Exercise: Low energy neutrons exc i t ing  t he  lowest 
l eve l s  of U-238. Calculation of i n e l a s t i c  cross  sec t ions  and 
neutron angular d i s t r i bu t ions .  

2. Spherical  Opt ical  Model and S t a t i s t i c a l  Model Exercise: 
Calculation of a l l  poss ib le  neutron-induced react ions  f o r  E& 20 
MeV on CO-59. 
Depending on the  energy of the  inc iden t  neutron, severa l  modes 
(with and without width f luc tua t ions ,  with and without pre-equilibrium) 
may be used. 

Exercies on pre-equilibrium model and emitted p a r t i c l e  spec t ra ,  and on 
t h e  fission-channel w i l l  be prepared during 1981. 

~ t t a c h e d  with t h i s  document you w i l l  f i nd  the  de t a i l ed  problem spec i f i ca t i on  
f o r  t he  Coupled Channel Exercise. 

From the  responses t o  our previous questionnaire,  w e  expect t h e  following 
computer codes w i l l  be used; so lu t ions  from o ther  codes a r e  a l s o  welcome: 

- CCROT/CCVIB (FE1 Obninsk, USSR) - CHUCK (Kunz, Universi ty of Colorado, USA) - ECIS (Raynal, CEA/CEN Saclay, France) 
- JUPITOR (several  versions) (Tamura, ORNL, USA) 

I n  order  t o  b e t t e r  i den t i fy  the  version of your program, espec ia l ly  i f  
you have made changes t o  the  o r ig ina l  version,  we would l i k e  you t o  add 
a q u a l i f i e r  t o  the  program name i n  po in t  1. 

Rep l i e s . t o  po in t  9 w i l l  he lp  us t o  gather  information on the  speed and 
performance of the  program you a re  using. 



In  point 10 we would l ike  t o  gather information on part icular  problems 
you ran in to  when using the specified input parameters and other com- 
ments tha t  might help during the analysis of any dfscrepancies. 

We would l i ke  t o  receive the solution as a computer l i s t i ng  o r  as printed 
tables.  When sending computer print-outs please explain abbreviations 
and/or symbols tha t  appear i n  the l i s t ing .  I f  possible we would l i ke  a 
copy of the l i s t i ng  on magnetic tape so t ha t  we could then eas i ly  re- 
cover information for  analysis. 

. . 

. The solutions submitted w i l l  be analysed, comparative p lo ts  w i l l  be 
prepared, and conclusions given i n  the form of a report t o  be distr ibu- 
ted  t o  the participants,  and t o  members of NEANDC. 

In  the event of large discrepancies for  par t icular  solutions, we w i l l  
contact the participant t o  bet ter  understand the problem, and t o  help 
correct  obvious mistakes. 

. . In. order tha t  the experience w i t k i '  t h i s  f i r s t  comparison can be presented 
t o  NEANDC a t  the i r  21st meeting i n  April 1981, solutions should be 
submitted as  soon as possible, preferably before 

- "February 15, 1981 

Solutions should be returned to: 

D r .  E. Sartori  
NEA Data Bank 
F-91191 G I F  SUR YVETTE 
France 

The specifications fo r  the Spherical Optical Model and S t a t i s t i c a l  Model 
Exercise w i l l  be.distr ibuted shortly. 



INTERNATIONAL NUCLEAR MODEL CODES COMPARISON STUDY 

1. Comparison for :  

Coupled channel ca lcu la t ions  

Name of code: .................... 
2. Physical process: 

n + U-238 
+ + + + 

with U-238 s t a t e s :  0 (ground st. ) , 2  (0.044) ,4 (0.148) ,6  (0.308) energy 

l eve l s  (MeV) and with neutron energies E = 0.001,0.01,0,1,0.5,1.0 and 
n 

2.5 MeV. 

3, Quant i t ies  t o  be compared: 

'a. Total  cross sect ion.  
+ + + +  

b. Integrated cross  sec t ion  f o r  0 ,2 ,4 ,6 . 
c, Reaction cross sec t ion  

+ + + + 
d, Angular d i s t r i bu t ion  f o r  0 ,2 ,4 ,6 (from 2O t o  178O i n  s t eps  of 2O). 

e. Scat te r ing  coe f f i c i en t s  (C-matrix) f o r  each p a r t i a l  wave. 

f. Transmission coe f f i c i en t s  ( i f  poss ib le ) .  

4. Model specif icat ion:  

Non-adiabatic coupled channel ( re levant  f o r  JUPITOR) . ' 
Including reor ien ta t ion  (self-coupling).  

Rotational model of deformed t a r g e t  nucleus, 

Woods-Saxon in t e r ac t i on  with spin-orbi t  ( op t i ca l  model). 

'5. Numerical method: 

Legendre polynomial expansion of the  coupled po t en t i a l  ( t o  X = ' 4 ) .  

Complex r a d i a l  form fac tors .  

Deformation f o r  both r e a l  and imaginaiy p o t e n t i a l  (neglect  it f o r  

spin-orbi t )  . 
6. Numerical parameters: 

F i r s t  mesh s ize:  0.0125 F ( re levant  f o r  JUPITOR). 

Second mesh s ize:  0.100 F. 

Matching radius:  normally automatically chosen by code (-16 F) .  

Number of p a r t i a l  waves: 6 



7. Model parameters: 

v~ = 46.2 - 0.3 E (Lab) rr = 1.26 F a = 0.63 F 
r 

W, = 3.6 + 0.4 E (Lab) ri = 1.26 F ai = 0.52 F 

parameters a r e  defined by: 

- where 
- 1 

£.=[l + e x p ( ~ ) ]  and R X = r X 

8. Cases t o  run: 

+ + 
f o r  E = 0.001,0.01 and 0.1 MeV include only t he  0 and 2 s t a t e s  

n + + + +  
f o r  E = 0.5,1.0 and 2.5 MeV include 0 ,2 ,4  ,6 n 

9. Resources : 

Computer : 

. Optimization during compilation: 

CPU time needed f o r  t he  calculat ion:  

10. Comments: 


