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1. Intrﬁductimn

Several intercomparisons /1/,/2/ of computer codes used to caloulate nu-
clear cross sections show general sgreement but significant differences in
detail. Since these codss embody the same mathematival functions snd the
intercomparisons use the wame input parameters one would expesct if the
codes are indeed identical, that the results would be the same to a high
degree of sccuracy, limited only by the rounding srrors of the computer
used, For most practicsl purposes the differsnces between the codes tested
in previous intercompsrisons are not important. It is however degirable to
identify snd, whers negcessary, correct the sources aof these differences
becsuse they may well csuse significant effects when the prograw is used in
other domaing of psrameter spsce or when the code iz ussd as & subroutine
in a more extended calculstion. - '

" This report is concernsd with simple optical model calculstions but it is
nlanned to extend it to other calculstions. In Section 2 we summarizs the
preliminary intercomparison and tabulate the results of calculations of
srokton and alphs-particle elastic scattering made with several diffarent
rodes.  Section 3 summarizes the possible ressons for the discrepancies
that are found, and 5 on & presents ths results of selected intercom-
parisons in which the codes are asltered to bring them into close confor-
mity. These results can therefore serve as z standsrd. :

The agtiéai ﬁdéel Formelism is gi?en by Hodgson /3/.

2, Preliminary Intercomparison

4 series of test ealculstions for protons and slpha-particles scatfered 8t
5, 10, 15 end 20 MeV from carbon 12, cobslt 53 and lead Z0B was specified
a5 described in &ppendix 1 to this report. This specifiecation was asent to
several users of spherical opticsl model codes and the results obtained for
the peaction cross sections are given in Tables I snd 1I. Some cheracter-
istips af the codes used are given in fppendix 2.




Examination of these tahlss shows, ss expected, that all the codes used are
essentially correct and their accurscy is more than adequate for nractics]
purposes. Closer examination, howsver, shows significant differences and
thaSé;are the'smbje¢t,af the present report. In particular it is notsble
that thevresuiﬁa»a&iaiﬁadfwith»31& snd 5CAT-2 are nearly alwaye in accord
to three decimal places, and often to four. Uther codes show quite marked
deviations from the average resulte, such as ABACUS-2 far 5 Me¥ protons on
carbon 12, 3MOG for 5 Mey protonsg on AT for 5 MsV protons on
cobalt 59, On the whole the consistency is better for the heavy nuclei than
for the light snd better for the alpha-partic then for protons: this is
expected because these interactions are more do sted by the Coulomb field
and hence lese sensitive tg the nuclear'ﬁot&htial, thig is satisfactory
confirmetion that the routines calculating the Coulomb Functions are essen.
tislly correct., o :

3. Reasons for the Discrepancies

There are seversl passible causes for the discrepancies bstween the codes
and these may conveniently be divided into twe clesses: (8) mathematical
and (b} numerical: L : :

(a) ﬁath&ﬁaéiﬁﬁlﬁDiscrepanciss

maticsl parameters thet control the numerical
integration of the radial wave equation, in particular (i) the step
length (i1} the number of partisl waves and (111} the matching
radius., These parameters are ysually set automastically within the
code to values that are more than adequate to ensure the required
accuracy. The step length may be chosen to correspond ta about ter
steps per unit of kr, the number of pa 1 waves so thet the contri-
butions of the iagt two waves included > celculation contributs

3 to the seattering m element and the matching

Thers are sevesral mathe

less than & = 107 atr !
- radius to execeed B + na where n is asbout 10. The valuss of thess
paramelers in the progrems studied in thiz exercise are given in
Table I1I. Tests showed that in 8ll cases these values were adeqguatse,
and zc the obssrved discrepancies cannot  be attributed to these

choices.
Numerical Discrepancies

-Thsrevarﬁ'twa'cﬁmbinatians of fundamental constants that enter the
calculation, namely those used to obtain the wave number and the
Coulomb parsmeter, and these are zlso included in Table III. The
parameters specifying the potentisl must obviously be the same, but
aven here there is one possible source of discrepancy, namely round
ing errors evalusting the potential depths from the formulae givarn;
this applies only to the proton caloulations. ‘

4. Precision Calculstions

ihe calculstions were rerun with three vodes sltered so ss o have exactly
the same numerical snd autput parameters: the results sre compared in Table
1¥. In Table ¥ we slso present the results of exactly similar calculations
to those in Table IV but with the charge of the incident particle set to
zera, This can serve as s standard io check neutron optics] model raleula-

tions,
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For the precision caleulations the Ffollowing paramelers were used For 74

W

no e g

10 1.8 0.0 5.3 ol
15 50. 05 81 ol
20 .7 6.8  0.51

?hekathar pérametefskare grergy and mass imég#énﬁeﬁt and are given below:
= 1.17 fm  Wave number = 0.218732
=0.75fm  Coulomb parameter = 0.157484
i,32 i . v  Iotal number of séaps = 122
z 6.2 Me¥ | ?artial wave cut-off criterion = lﬁné
1.01 fm Matohing radius # ~ 18 |
0.5 fm | |

1.25 fn

in addition, the SMDG p*agram'waa cun bn two different computers using the
same word length {32 bits) for storing data, namely IBM and VAX. These two
computers store dats internglly in 8 different way. The results oblained

from these cslcoulations are also shown in Tables Ivs, IVb, Ve and Vb. The

: caaervea ézscreeanzzss g*»e an indication cf the max;mum agreement ong can
aris daubie :

an bc*h camput&rs and the: , ime

results obtained on YAX in si E'ﬁfﬂcl$lﬁn appaareé te he more accurata

than those obtasined with ISM,_?abia ¥l shows the asverage fractional devia-

tipn of the results shbtained with an 18M sz compared to VAX beth in single

and double precision for the proton sas 1nc1ﬁent par%zcla,

5. Donciusion

The comparisons msde in this repﬁrt shaw the accuracy thet isg praaeﬂu1¥
attainable with optical nmodel calrulations, They alse provide benchmarks

that can be used to check sny optical model pvagram before it is used to
analyse experimental dats. . .
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Table Io - Incident Pacticle : Proton: Tarpet €

?a}erizations
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£{lsb) = 20 Mey

5 sl C.0345 £.035 P.035T 0.0361
C.1266 C[LI993 - 0,185 - 0,879 0.1%11
¢.2911 0.2706 D.278 2748 0.2811
D.5547 C.4673 pLE3D 0,632 0.6851
L.5427 03807 0376 DS £.3786




~Teble Il - Incident Farticle : &ipha

ction Cross Section {m barn)

SMOG

504,58 505.03  504.B> 0 5D4,57 0 504,85 505,00
- B20.7% §721.2% 21,40 0 B21.13 821,15  R21.19
84,75 827,19 BR7.25 886,33  BB7.15 887.14
207,18 908,21 Ses, 28 907,91 9ng. 1y 208, 21

Lo~

c.pa3b . poriex oo gis £.0210 C.016
757.55 248,59 48,57  24B.L3 268,58
BAT.31  £4B,94 48,76 B&B.4E B4E,57

1144,65  1145,7  1145.5  1145.158  1145.8P

£.0811  C.0P 0.0508
B4, 704 -




Table III - Values of Parameters of Codes

Parameter
Code

Total Number |

of Steps

Partial Wave

= ?utfaff .

Matching
Radius n

Waye
Number

Coulpmb
Parameter

SCAT

ABACUS-2

ELIESE-3

SMOG
L )

318

5CAT-2

Qarying with

varying
150

122

gnergy < 500

”varyiﬂg»with
&

yarying

: 3{3“‘&

1

-6

energy 1077 - 1877

w3

“?1 i iépmt;
= 10
w0
= 13

= 13;

0.21799

parameter gliven

0.21873427

0.21687342
0.2187347
0.218732

B.21873427

0.1576840

8.1574882

gt

0.1574882
0.157484

B.157488C




Table I¥a - Incident Particles Proton; Target b2

Shape Elastic Differsntial Cross Section {m bacn/sterad)

Reaction Cross Section (m barn)

S

SR

Angle
Begrees
(‘Co?‘ix}

LIBM-YVAX )

Double P.

SMDG

(YAX)
- Bingle P,

IR

Single P.

- JIB

- {¥aX)

SCAT-2
{£oc)

811.14

E{lab)
Bil. 14

w5 ﬂe‘e’ .

811,33

811.18

33809,
85.8%
- 5.400
15.65

=

338D,
. g5.83
5,400
15.85
22.52

33802,
§5.70

5,388
15.64
22.48

22805,

5.578

15.68

22.52

£(lab)

49,862

= 10 MeV
749,80

749.59

748,47

7635,
51.32

- 1%.45
B,657
5.609

7619, |
51,29

B.se2 |
5,626

7634,

21.51

15.44
B.633
5605

7836,
31.42
15.40

B.578
3.458

679.83

£(1lab) = 15 MeV

£79.83

684, 01

578.50

£78.98

3269,
41.91
18,05

2.762

%.555%

3268,
41.91
18,05

2.762
4.555

3287,

41,90

 1B.06
2.767 |
4556

3283,
42.0%

17.89

2.732
4.576

3285,
41.98
17.89

2.743
4.547

606,19

E{lab}

604,19

= 20 MeV
604.23

501,79

s831.78

1960,

35.55

12’69
- 1.044

1840,

. 2285
12,69
- 1.D44

o 4.136

1959,
35,55
12,49

1.046
2.139

1944,
35,43
12.51

3.99%

1945,
3543
12.52

1.01¢
2,208




L : . . 5
Table I¥h - Incident Particle: Protons Targei 51*

Polarization

 Angle i . e .
legrees C{IBM-VBX) (VYAX) LIBM; ]
(C.H.) Double P. Single P. Single P, |

E{lab) = §Vﬁa?:r

g.0008 g.0008 g.0008 § 0 D.OGGB §.0008
0. 04884 G.0688 2 - D.045% 1 - U.0468 0.0475
B.215% - B.3I58 £8.5147 ¢ (.514% 0.5223
0.339% 0,3395 3.2380 4 8.3385 : 3. 2455
8.1151 0.11%1 8,11%1 0.1148 v B.117s

 E(lab) = 1D Mev

4.0028 0.0028 0.0028 | 0.0028 0.0029
0.2%43 $.2349 - 0,236 | 0.2347 0.23%5
0.2621 0. 2621 0.2638 | 0.2620 . D.2693
0.0R21 0.0831 - 0.0848 (.0835 : {0, 0826
0.4103 : 0.4103 D.4096 ¢ D,ap96 0 | 0.47212

£(lab) = 15 MeV

0.0173 0.0173 0.0173 | p.0178 . 0.0178
0.2518 0.2516 - 0.2506 0.2496 0.2543
0.28688  0.2888  0.2903 . 0.2898 0.296%
0.0710 0710~ 0.0718 D.O7B0 | - D.0748
£.3456 0.3 g.3441 0.3620 | DB.3460

E(lab) = 20 MeV

0.0349 . 0.0369 D039 | 0.o3sn 0.0361
¢.1880 - D.188D 087z | -0a8n | 0.1908
0.2725 0.2725 0.2739 | D.2758 0.2613
D.5M0 0.6340  D.8332 | D.E338 01,6450
0.3813 0.3812 p.3828 | 0.3747 D.3776




Teble Va - iéciﬁant Particles Neutfan; Target Clz

Shape £lastic Differentisl Cross Section {m barn/sterad)

Renction Cross Section (m harn)

Angle | . swc - JIB
Degrees {IBM=-YAX ) (V8X) CIBM) {YAXD
{C.M.] Double P, Single F, Single P. |

5256.8C
| 1pB2.32

£{lab} = 5 MeV

526.00
1082.32

- 525.78

1082.82

525.88
1082, 25

1081.55

31%9.48
60,20
S5.747
14.31
25.73

318.4
&80.20
S.746
4.2
25.73

319.2

sD.18
5.736

14.30

25.78

218.2
60.18

5.760

14,32
25 .68

31B.%2

28,43 T S

50,18
5.745%

i4.3¢8

676.15
871.56

E(lab = 10 Mey

676,15
#71.%6

676,00
871.65

&77.2%
- B71.47

8731.68

BE3.4
48.87
23.06

8,781
11.90

63,4
40,67
23.88

8,781
e

- 583.3
40.68
23.07

8.765 |
11.99 |

564.2
40.88

- 23.08

B, 763
11.88

563.9
40,78

- 23.03
8.813
11.72

859,24
F4B.53

E(lab) = 15 MeV

859.28

748,53

859.15%
788,532

g85.2

885,72

- BE8S,1

50 42.77 82.77 42.77 42.84 42,79
90 22.37 22.37 22.37 22.19 22.21
130 3.251 3.251 3. 3.203 3.217
170 5.386 £.387 6.381 6.420 ;. 370

E{lab) = 20 MeV
s 950,19 950,18 950,27 - 940,21
oF §45.57 645,57 645.53 563,30 643.26
10 1182, 11572, 1152, 1136. 1135,
50 43.18 43.18 43.17 42.82 42.85
90 14.29 16.29 14.29 16.13 14,13
130 1.741 1.741 1,741 1.695 1.707
170 2.124 2,124 2.127 2.199 199
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Table Vb - Incident Farticle: Neulron: Tsrget C

Polarizetion

§ Angle ' . SMOG
Degqrees {1BM-YAX, . (YAX) {1BM)
{C.M.) Bouble F. Single F, Single P,

E{lsb) = 5 MeV

- 00,0083 - = §.D089 - 0,009 - 0.0088 0.00%1
8.0881 0.0681 ~ 0,081 | 0.0688 2.085%
D.1423 {,1823 0.1400 1§ 8,182 8.1487
{,161% 0.1619 £.1614 - 0.1sD8 8.1643
0.1782 - B.1783 g.177: { - D.1780 : (.1825

E{lsb) = 10 Mev

- 3.0028 p.ogzs - D3.0832 0.0028 g.0C20
0.2473 8.2473 ~ B.2477 - B.2470 ~ 0.2528
g.2013 g.2012 04,2000 0.2013 " - 8.2084
0.1421 - B.1491 -~ (.31493 -~ (.14%¢ - £.1598
0.3526 D.3526 8.3534 t 0.3521 8.3602

E(1ab) = 15 Mev

D.0113 - 0.0115 | - 0.011 D.0114
- 0.2197 - D.2197 0.2186 - 0.2230
0.2011 0.2010 1 0.2019 0. 2085
0.1932 0.1941 D.1876 . D.1956
0.3700 0.3705 - 0.3669 | D.3728

E{lab) = 20 MeV

g.0101 0 - 0.0103 1 ~ 3.00%95 - 0.0087
- 0.1176 - 0,1378 ¢~ 0.1195 8.1212
8.2190 - D.2194 | §.2215 02268
- 0.6878  0.6BBS | 0.6831 0.695%
0.4429 0.4408 | D.4353 0.4382
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 Appendix 1

&efin;t;an of gﬁtzcal Pctent*al

(acccrﬁxrg to Becchetti & Greenlees, Phys, Rev. 182 1190 (1969}

Expression Validity ﬁanqg  Explanation

é%pﬁ?? ==Y £ . . . o c:an.t‘zrall resl

spin orbit

imsginary volume

®  miean meginery rfes
where fé = flr,Ry,a0) 2;{1 *vexﬁif“gx}féngﬂg
1/3
&x r A

. Coulomb redius

Note: MWhemever a parameter is omitted, it is sssumed that the cerrespond-
ing potential is not considersg. ' *




Proton Porsmet ters Secchett; & Qreaﬂleea, P%ys« Rev. 132 1150 €l969}

Vg = 54.0 - 032 « 0. &Zfalfz . 26.00N - Z}/A MeV.
.- 1.17 fm
0.75 in
0,228 - 2,7 or zero, whinha?er ié greater
Mgp = 11.8 - 0.25€ + 12.0(N - 2)/A MeV or 2ero, whichever is greates
r, o= 132 Fm -
a; = 0.51 + 0.7(N - Z)/A fm
i ‘}SQE Mey
£, =101 fn
aéc'm.ﬁ.75_fm:

Parameters: MeFadden & Sate%l&r, Nucl.,?hys. 8&, 1?? {1968)

184,.7 Me¥
= 1.4482 fm
0.520, fu
22.4 May
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temputer Cades Used

Reference/Author

W.R. Smith, Comp, Phys. Cnmm. - .

1/1?89f186 “Nuplear Penatrabzlxty
and Phase Shift Subreou tme" '

£.H, Auerbach, BNL-6597 {196&)

{1972}
3nn ef the
%ucdear Srcss“aea*xsn

 Loeal and Non-Lo ,l'Bytzcgl %nda?sv

and Statistical Model®

F. Fabbri, CEC/63-41-50-04 fzssz; :

Un Programma per 11 Calcolo dei
Nucleo con il ﬁcéalia Qttxca”
FeG. ?erey

Oak Ridge %atxnnal Labcratary
Dak Ridge, USA

D. Bersillon, CEA-N-2227 (1981)
“Un programme de maé&ia cptzque‘

_ spherzque“_
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- M. Herman
iB83, Waraaw, ?aiané
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