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The problem specifications are given in the document NEANDC 128 U
and concern the calculation of inelastic cross sections and neutron
angutar distributions for low energy neutrons exciting the lowest
ievels of U-238.

1. Comparison of different JUPITDOR versions

In general the submitted results, calculated with different versions
of JUPITOR, are in good agreement with each other,

The results are identified in Tablie I. by name of contributor.

= M. Unhl ang B. Strohmaier, IRK Vienna, Austria used an extensiocn
of the Karlsruhe version, which ingcludes angle integrated cross
gections and transmission coefficients /3/.

- 5. Igarasi, JAERI, Tokai-mura, Japan used a JUPIYOR version con-
taining the following modifications over the ariginal code /f7/:

- it calcuiates the integrated elastic and inelastic scattering
cross sections by Weddle’s mathod ( seven points Newton-Cotes
method)

- 1t gives correct values for O and 180 degrees of the diffe-
rential cross sections { correction of the associated Legendre
poiynomial routine);

-~ one important difference in the calculation of the matching
radius: in most versiens it is given by

Rm=rA**{1/3) + 10a (energy indeperdent)

lgarasi takes as the matching radius the point whaere the po-
tential tail is smaller than 1.0E-4*E {(E is the smallest
energy of the outgoing particlej. Thus the matching radius is

Rm=ra**(1/3) + 9.2a + a 1g(V/E)

In fact for the n + U-238 problem the matching radius given

by the original formula is toc small around energies of 1 keVv

tt 18 14.1 fm - {n Igarasi’s formula it s 20.4 fm. Thae Tirst
value would correspond to an energy of about 20 MeV in Igarasi’s
version. This accounts for an 18% discrepancy of the shape
elastic and 4.6% discrepancy of the reaction cross section

at 1 keV when compared with the others.

- E. Sartori, NEA-DB Saclay, France used the ENEA-Bologna version
adaptec to CDC computers. This version provides numericalily
angie-integrated cross sections (simpie trapezcitdal method).

- D. G. Madiand, LANL Los Alamos, USA has used the in-house 7-2

version, which is Tamura's version pr:or to any moaifications
othar than corrections of known errors /f1/,/2/,./9/7.

- 4. Prince, BNL Brookhaven, USA used two Jdifferent versions:

JPX , A version in which the radial step lengths used 1o solve
the coupled equations must be the same: XMESi=XMES2=0.( fm
this modification was introduced in order to speed up the
calculations /B/.

JUPITR, a PDOP-10 chain version of the original JUPITOR.

In this version XMES{=0.0125 fm and XMES2=0.1 fm for a typical
calcuiation /B/.

-~ R, P. Kesavan Nair, adapted the original IBM varsion to CRC.

Ng modifications were introduced other than known errors /i3/.
The results are not shown in the table as they are practicaily
jdantigal to those of Madland and Sartori.
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Teble 1. and the graphs show that the dirferent coantributions
are in good agreement for energies of 0.5, 1.0, 2.5 MeV both for
elastic, reaction and inelastic cross-sections.

For lower encrgies the results are more discrepant, due to the dif-
ferent choice ¢f the matching radius.

in general a better agreement is observed for the angular distri-
butions than for the integrated values.

An analysis of the integration methods was carried out and the
foliowing was observed:

- No integrated values were given for inelastic and shape elastic
cross sections in the original version. The different versions
achieve the tntegration in different ways:
some integrate the angular distributions numerically by
trapezoidal rules or the seven point Newton-Cotes method;
surprisingly enough ho version carries out an analytical in-
tegration by using matrix elements.

- some versions integrate only between the two angle boundaries
given in the input, In this specific case some gava integrated
values from 2 to 178 degrees. This is the case of the NEA-DB
version.

Different Integration schemata lead to discrepant results.

The integration over a reduced angular range leads for instance
to the fact that the partial cross sections do not sum up exactly
to the total c¢ross sectton. In this specific case the missing
fraction varies with enargy from ©.0% to 0.2 %.

If the integration is carried out over the full angular interval
the giscrepancies for the integratec elastic and inelastic cross-
section reduce approximately to half.

in order to compare the integration methods al! the angular distri-
butions provided on magnetic tape were re-integrated by using the
same method. A cubic spline function passing through all the values
has been constructed angd integrated. This method gives an equivalent
precision to thne seven point Newton-Cotes formula.

When using the same integration schema the discrepancies raduce
even further.

It is recommended that a versioh of JUPITDR is prepared in which
the angle integrated velues are computed analytically from the
matrix elements.

The exercise specificaticon does not give the atomic masses.
in Table 1. the results for exact atomic masses are presented.

A. Prince has provided Table V. in which the sensitivity of atomic
masses on the rasults are studied. These results show clearly that
exact masses should be used.

The maximum aliowed incoming orbital angular momentum was specified
as 1{max}=5. The comparison of different coupled channel programs
may be difficuit in gcircumstances of coupling to &6+ states.

For physical applications more than & partial waves should be used
at E=1.0 and 2.5 MaV.

Table 1I. compares the results for different values of 1(max}.

The cut-off criterion of JUPITOR is determined only by the maximum
allowed incoming orbital angular momentum 1{max). If it is set too
low, JUPITOR can give inaccurate results, if it 15 set too high
computing time increases and a waste of unnecessary terms in the
matrices may be considered.

Table [I. shows also the results of ECIS-7% for 1{max)=20 as reference.
The ECIS-73 cut-off criterion is not oniy based on 1{max) but also
on the importance of the different mairix elements: matrix elements
smaller than a given amount are disregarded. This criterion makes
sure that unnecessary terms are not taken into actount /14/.



2. Comparison of JUPITOR, CGCRDY/VIB, ECIS-78

The results of the angle-integrated cross secticns for JUPITOR.

CCROT/VIB and £CIS-79 are shown ih Table IIT.

- The JUPITOR results of M, Uhl and B. Strohmaier are taken as
refarence values from Table 1. /6/.

= CCROT/VIE is a coupted channel program developed at F.E. 1.
Obninsk, USSR /10/.

=~ ECIS-79 wes developed by Jacques Raynal, CEN Saclay, France
12/, f1a/.

Both CCRDT/VIE and ECIS- 78 compute angle integrated cross-sections
analytically from the matrix elements.

Jacques Raynal has provided two solutions: in the first one the
program was modified in order to simulate the JUPTITOR cut-off
criterion and thus make a consistent comparissn possible. In the
second solution the unmodified code was usad with 1(max)=20.
Results of CCROT/VIE were provided for twe energies; l1{max) was
set to 4 which is adeguate for the two considered energies.

A good agreement can be observed betwean these codes

3. Comparison of JUPITOR with ADAPE

This comparison had to be made separatly because integer masses
ware used,

In Teble IV. two JUPITOR results are shown:

= those of the NEA DB JUPITOR varsion written for a CDC computer
- and those of the JUPITOR version of BARC, India written for a
DEC=-10 computer. This version does nat provide angle integrated
elastic and inelastic cross-sections /5/.

The table shows also the results of ADAPE written for a BESM-6
computer /f4/.

The results of JUPITOR and ADAPE differ in that for JUPITOR the
non-adiabatic coupled channel model was used while for ADAPE the
adiabatic model.

The adiabatic approximation (s generally used when the incident
energy of the projectile 18 much higher than the excitation
snergies of the rotational states. Thus the cross sections calcu-
lated at lower energies by making use of this approximaticn skhoulg
be less accurate. ADAPE adopts the same radius and diffuseness
parameters for the spin orbit potential as given for the real
Saxon-Woods potential.

When comparing the angular distributions calculated with JUPITOR
and ADAPE increasing deviatioms are observec for increasing
scattering anglas /5/.

4. PResults of the program CHUCK

The couplad-channel program CHUCK was developed by F. D. Kunz,
University of Colorado, USA.

Two solutions derived from two differant varsion were provided.
when comparing these results discrepancies ware observed which
were apparsently due to a differeant tnterpretation of 1{max)
(maximum allowed incoming angular momentum or number of partial
waves) .

These results could not be compared with those of the othar
coupted channel codes because the channe! coupl ings used did not
conform with the problem specification.

The correct coupling was tried out at the NEA DR, but both avail-
able versions allow a maximum number of eight coupling eguations.
While this 18 an adequata number for low anergies it 1s not suf-
ficiant for energies of 1.0 and 2.5 MeV. These results heve there-
for been omitted from this report

5. Conclusion

The different coupled-channel programs studied in this comparison
exercise show good agreemant in the angular distributions for
those cases where the same model was used. The discrepancies in
the angle-integrated values are dua to different integration
methods. The use of analytical integrations 1% recommended.
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Table I. -5~
Comparison of angte-integrated cross sections computed with

different versions of JUPITOR for U-238

Sigma Tota)l {mbarn)

Energy Uht Igarasi Sartori Madland Prince-1 Prince-2

(Mev) (1) (2} {3) (43 (5) (&)
001 22794 .2 21410.4 22822 .t 22822 .1 22655 .8 22821.2
.01 14822 .2 14876.7 14637 .§ 14637.7 14516 .3 14623 3
1 11112 .4 11118.6 11120.0 111187 11069 .1 11116, 7
.5 a710.5 8710.53 B8712.93 8711.58 8711.83 8712.03
1. 7002.04 7000.63 7001.58 7000 .83 7011.10 7001.24
2.5 728036 7279.37 7278.89 7279.69 7273.60 7278.56

Sigma Reaction (mbarn)

Energy uni Igarasi Sartori Madland Prince-1 Prince-2

{Mev) (1} (2) 13} (4) (5) (6)
.00t 11983 .4 12532,2 12001.5 12001.5 11928.0 12016.0
.0t 4158.87 4180.48 4164 .42 4164.5 4131.00 4164 .38
-1 2348 .99 2351.99 2380.27 2348.73 2349. 11 2352 .44
.5 3217.09 3317.85 3316.51 3315.28 333C.90 3318.80
1. 3352.06 3350.75 3349.47 3348.7 3365.97 3351.31%
2.5 3727.72 3726 .47 3726.22 3725.85 3732.35 A726.€7

Sigma (n,n} O+ Shape-elastic (mbarn)

Energy unl Igarasi Sartori Madland Prince-1 Primce-2
(Mev) (1) (2 (3) (4) (5) (&)
. 001 10B1C.8 8878.21 10814.0 10B13.9 10727.8 10BGS .2
Re)] 10464 .1 10416.2 10467.0 10466 .7 10385.2 10458.9
A} B763.1¢ B76€3.62 8764 .2 a7e4,2 8719.85 8764.22
.5 5383.41 5392.69 5391.4 538C.3 ‘5380.93 5392. 14
1. 3649 .98 3€49.89 3€45.8 3645.3 3845.13 3649 .93
2.5 3552.64 3552.88 3540.4 3536.2 3540.25 3554.89

Sigma (n,n’) 24 (mbarn) 0.044 May

Energy unl Igarasi Sartort Madiand Primce-t Prince-2
(MeV) (1) (2} (3) (4) (5} (s)
-1 36,8251 36.7991 36 .884 36.812 36 .89862 36.8B06
-5 268.746 268.838 268 .55 268 .49 269.932 268.773
1. 352.348 352.386 351. 34 351.89 3%4.510 352.22z2
2.5 466 .887 466 . 608 466 .44 468 .44 467,181 466 .498

Sigma (n,n’) 4+ (mbarn) $.148 Mev

Energy Unl Igarasi Sartori Maalang Frince-1 Prince-2
(Mav) 1) (2) (3) (4) (5) (&}
5 3.56444 3.57505 3.5408 3.5404 3.64621 3.57404
1. 2%.7775 25.7942 25,82 25.623 26.3003 25.7749
2.8 85.6B79 86.6264 BE.455 86.474 87.2484 B8 .5790

Sigma (n,n‘) 6+ {(mbarn) 0.308 Mev

Energy Uh1 Igarasi Sartort Madiand Prince-1 Prince-2
(Mev) {1 (2} (3) (4) (8) {6}
.5 01363 .01363 . 01368 01358 (013624 . 013648
1. 1.7672% 1.76942 1.781 1.7615 1.76410 1.77032

2.5 19.0185 13. 0541 18.8988 18, 98¢ 19,1340 18.0644

Table II.

Comparison of angle-integrated cross sections computed with

JUPITOR for 1(max)= 5, 6,

Energy
{Mev)

1.
2.

Energy
{MeV)

1.
2.

Energy
(MeV)

1.
2.

Energy
{MeV)

1.
.5

2

Enargy
{MeV)

Al
2.

Energy
(MeV)

1.
-5

2

)

5

3

5

Sigma Total

JUPITOR
Tmax=5

7001.58
7278.89

7, 10 and with ECIS-79 1({max)=20

JUPITOR
Tmax=7

7071.92
7449 .57

{mbarn)

JUPITOR
Tmax=8

7256.02
752%.17

ECIS-78
Tmax=20

7251 .GB
7390 89

Sigma Reaction (mbarn)

JUPITGR
Tmax=5

3349 .47
3726.22

JUPITOR
imax=7

3422 46
3781.7¢C

JUPITOR
Tmax=8

3440 .83
3787 .27

ECIS-79
Tmax=20

3438 .91
3813.90

Sigma (n,n) O+ Shape-eiastic (mbarn)

JUPITOR
Tmax=5

3646.8
3540. 4

Sigma

JUPITOR
Tmax=5

351.84
466 . 44

Sigma

JUPITOR
Tmax=5

25.620
86 .455

Sigma

JUPITOR
imax=5

1.7610
18.988

JUPITOR
imax=7

3645.46
3667.84

(n.n') 2+

JUPITOR
Tmax=7

344 .552
427 .906

(n,n’) 4+

JUPITOR
Tmax=7

28.506%5
76.7826

{n.n’) &+

JUPITOR
Tmax=7

1.82225
19.8645

JUPITOR
Tmax=8

23809.5
3724.6

ECIS-79
Ttax=20

3812.77
3I577.09

(mbarn)} 0.044 MeV

JUPITOR
Tmax=8

354.77
451.22

{mbarn)

JUPITOR
Tmax=8

25.645
76.474

{mbarn)

JUPITCR
Tmax=8

2.2047
19.445

ECIS-78
Tmax=20

354 . 869
418 .102

0,148 Mev

ECIS-78
Tmax=20

25.4330
72.9508

0.308 MeV

ECIS-79
Tmax=20

2.25810
18.8024

-5



Table III. -7~ Takble Iv

Comparison of angle-integrated cross sections computed with Compar i1si- o* angle 1nieg ated cross sections computed with
JUPITOR, ECIS-79, CCROT/GCVIR the codes JUPITOR anc ADAPE using integer masses.
Sigma Tota) (mbarn) Sigma Tota! (mbarn)

Energy JUPITOR CCROT/VIB ECIS-79 ECIS~T9 Energy JUPITOR JUPITOR ADAPE

(Mev}) Uhit Manokhin Raynal-1 Raynal-2 {MeV) NEA DB BARC BARC

.00 22784.2 22781.5 228032.3 22803.3 .00 23576.5% 23976 .5

el 14622.9 14618.9 14605 .3 .01 15228.6 15228.8 15899 .7

A 11112 .1 11115, 2 11117.2 11117 .1 1 11420.8 11420.8 12511.4

.5 B710.5 8711.72 63905.56 .5 876C.94 8799.8B5 B8708.66

1. . 7002.04 7001.03 7251.68 1. 6§872.00 68971.57 7028 .62

2.5 T280.38 7278.70 7380.99 2.5 7253.04 7253 .92 7441.70

Sigma Reaction (mbarn) Sigma Reaction {mbarn)

Enargy JUPITCR CCROT/VIE ECIS-79 ECIS-72 Energy JUPITOR JUPTITOR ADAPE

(Mev) Ukl Marokhin Raynai-{ Raynai-2 {Mev) NEA DB BARC BARC

. 001 11983.4 11884 .14 12007.8 12007.9 .01 1278E8.8 12788.9

.01 4158 .87 4161.67 4156.34 .01 4415.56 4415.74 5238.56

.1 2348 .99 2348.14 2352,37 2352.36 M | 2405 .91 2405.74 3649 .24

.5 3317.09 3318.37 3412.77 .5 3274 .34 3273.31 3289.2%

1. 3352.06 3350.85 3438 .91 1, 324C.66 3239.96 333C.55

2.5 3727.72 3726.51 3813.90 2.5 3654 .64 3654 .36 3685,36

Sigma (n,n) 0+ Shape-elastic (mbarn) Stgma (n,n} 0+ Shape-elastic (mbarn)

Energy JUPITOR CCROYT/VIB EC1S-79 ECIS-79 Energy JUPITOR JUPITOR ADAPE
(Mev) uni Manokhin Raynal-1 Raynal-2 (MaV) NEA DB BARC BARC

-0 10810 .8 107897 .5 10795.5 10785.5 .01 10806 . 10661.2

-01 10464 .1 10457 .2 10449.0 A 008 . 1 BBE2.20

1 8763.18 8767.04 8764.78 8764.73 n- 5481 .4 5409.41

.5 5383.41 $393.34 54082 .79 1. ar26.0 3698 .07

1. 3649 .98 365C.08 3812.77 2.5 3586.2 3756.34

2.5 3552.64 3552.19 3577.08

Sigma (n.n‘) 2+ (mbarn) 0.044 Mev
Sigma (n,n) 2+ (mbarn) 0.044 MeVv

Energy JUPITOR CCROT/VIB ECIS-T79 ECIS-79
(Mev) um Manckhin Raynal-1 Raynal-2 Enargy JUPITOR JUPITOR ADAPE
(Mav} NEA DB BARC BARC

A 36.8251 36.80BO  36.B457 36.8455
.5 268,746 268.B40  263.811 . 1 37.682 : E1.665
t. 352,348 352,351 354 .869 .5 261.28 241.68
2.5 466 .887 466 . 600 418,102 1. 338 .89 306 .55
2.5 456 .80 408 .69

Sigma (n,n’') 4+ (mbarn) ©.148 Mev
Sigma (n,n) 4+ (mbarn) 0.148 MeVv

Enargy JUPITOR CCROT/VIB ECIS-79 ECIS-79
(Mav) - unl Marokhin  Raynal-1 Raynal-2 Energy JUPITOR GJUPITOR ADAPE
(Mav) NEA DB BARC BARC
-5 3.56444 3.56989 3.87435
1. 25.7778 25.7625 25.4330 .5 2.8763 8.184
2.5 86.6879 B6.5808 72,8508 1. 21,038 35.778
2.5 79.857 70.179

Sigma (n.n’) &+ (mbarn) 0©.308 Mev

. Sigma (n,n) &+ (mbarn) ©.308 MeVv
Enargy JUPITOR CCROT/VIB ECIS-79 EC15-79 :

(Mav} unht Manokhin Raynal=1 Raynal-2 Energy JUPITOCR  JUPITOR ADAPE
(Mev) NEA DE BARC BARC

.5 L1363 Q13610 01577C
1. 1.76725 1.7678% 2.25810 .5 0.01270 0.81
2.5 18.0185 19.0384 18.8024 1. 1.6214 1.793

2.5 18.575 16.83

T
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Shape elastic cross section at 10 keV

Fig. 5
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16

INTERNATIONAL NUCLEAR MODEL CODES COMPARISON STUDY

Comparison for:
Coupled channel calculations

Name of code: ....cscvasccscennas

thsical process:
n + U-238
with U-238 states: 0 (ground st.),2"(0.044),47(0.148),6% (0.308) energy

levels (MeV) and with neutron energles En = 0.001,0.04,0.1,0.5,1.0 and
2.5 MaV.

Quantities to be ccmpared:

a., Total cross section.
+ b b
b, Integratad croas section for 0 ,2 ,4 ,6 .
¢. Reactinn cross section
L o -1 o
d. Angular distribution for 0 ,2 ,4 ,6 (from 2~ to 178 in stepa of 27).
e. Scattering cosfficients (C-patzrix) for each partial wave.

f. Transmission coafficients (if possible).

Eel speclification:

Non-adiabatic coupled channel (relevant for JUPITOR).
Including recorisntation (self-coupling}).

Rotational model of deformed target nucleus,

Woods-Saxon interaction with spin-orbit (optical model).

Numerical method:

Legendre polynomial expansion of the c¢oupled potential ( to A = 4},
Complex radial form factors,

Deformation for both real and imaginary potential {(neglect it for
spin-orhit).

Numerical parameters:

First mesh size: 00,0128 F (zelevant for JUPITCR).

Second mesh size: C.100 F.

Maeching radius: normally automatically chosen by code [~ 16 F}.
Numker of partial waves: 6

y

L8



9.

1qQ.

Model parameters:

V_=46.2 - 0,3 E (Lab) r = 1.26 F a = 0,63 F
R r r

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

s i
VSL- 6.2 r’ = 1,12 P a = 0.47 F
(E in MeV)

B, = 0.198, g, = 0.057

2
parametars are dafined by:

- £ - ida W _ .ﬂ.zvﬂ' d .12
V{r) Ve e Vs =/ 2 _ z | " ar s |t

4

whers

=[1+ il -la.ndR = 31/314-23 T (@)
X xR a x © x ll A0

Gases to run:

for E_ = 0.001,0.01 and 0.1 MeV include only the 0" and 2" states

for E = 0.5,1.0 and 2.5 MeV  include 0%,2%,4%,6"

Ragources:

Coaputer:
Optimization during compilation:
CPU time needed for the calculation:

Comments:
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