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IAEA/NEA studies and recommendations

OECD/NEA WPEC Subgroup 26 Final Report: "Uncertainty and
Target Accuracy Assessment for Innovative Systems Using Recent
Covariance Data Evaluations”, M Salvatores (coordinator), R.
Jacquemin (monitor), Tech. Rep. NEA No. 6410 (2008)

The request for improved cross sections and emission spectra and
their accuracies for neutron induced reactions on 238U is an
important issue that emerges in several of cases studied. High
accuracy requirements were placed on inelastic cross-sections
238U(n,inl) in the whole energy range up to 20 MeV.

+ Benchmark sensitivity to elastic and inelastic cross sections, and
corresponding angular distributions = Optlcal Model
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IAEA/NEA studies and recommendations
¢ ALY
v INDC(NDS)-0597
N VY IAEA ) Distr. J+NM
- £ International Atomic Energy Agency

INDC International Nuclear Data Committee

Summary Report
Technical Meeting on
Inelastic Scattering and Capture Cross-section Data of
Major Actinides in the Fast Neutron Region
IAEA Headquarters

Vienna. Austria
6 — 9 September 2011

Prepared by A.Plompen, T.Kawano, and R.Capote
Available at -
http://www-nds.iaea.org/publications/indc/indc-nds-0597.pdf ]jg';“

José Manuel Quesada Molina WONDER 2012


http://www-nds.iaea.org/publications/indc/indc-nds-0597.pdf

Dispersive Optical Model Potential with Full Lane consistency (Capote, Soukhovitskii, Quesada, Chiba)
°0

Historical remarks

Content

@ Dispersive Optical Model Potential with Full Lane consistency
(Capote, Soukhovitskii, Quesada, Chiba)
@ Historical remarks

José Manuel Quesada Molina WONDER 2012



Dispersive Optical Model Potential with Full Lane consistency (Capote, Soukhovitskii, Quesada, Chiba)
oe

Historical remarks

Dispersive OMPs

o Dispersive OMPs Spherical magic nuclei, “°Ca, “6Ca, %°Zr,
208pp, .,

o R. Lipperheide. Z. Phys. 202, 58 (1967); G. Passatore, Nucl. Phys.
A95 (1967) 694

o R. Lipperheide and A.K. Schmidt, Nucl. Phys. A112 (1968) 65

o C. Mahaux and co-workers : 1984-

o W. Tornow et al (TUNL):1993-

o A. Molina, R.Capote, J. M. Quesada and M. Lozano, PRC 65 (2002)
034616
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Historical remarks

Dispersive OMPs

o Dispersive OMPs Spherical magic nuclei, *°Ca, *3Ca, %°Zr,
208pp, ..
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o A. Molina, R.Capote, J. M. Quesada and M. Lozano, PRC 65 (2002)
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o A.C. Merchant, P.E. Hodgson and H.R. Schelin. Nucl. Sc. Eng. 111
(1992) 132

o P. Romain and J.P. Delaroche. Proceedings of the Meeting on
Nucleon-Nucleus Optical Model up to 200 MeV, Bruyres-le-Chtel,
p.167 (OECD, Paris, 1997)

o A.B. Smith . Ann. Nucl. Energy 28 (2001); 29 (2002); 31 (2004)

- E. Sh. Soukhovitskii, R. Capote, J. M. Quesada and S. Chiba,
Phys. Rev. C 72 (2005) 024604

- R. Capote, E. Sh. Soukhovitskii, J. M. Quesada and S. Chiba,
Phys. Rev. C 72 (2005) 064610

- J. M. Quesada, R. Capote, E. Sh. Soukhovitskii, S. Chiba,
Phys. Rev. C 76 (2007) 057602

R. Capote, S. Chiba, E. Sh. Soukhovitskii, J. M. Quesada and E. Bauge,
Jou. Nucl. Sci. Tech. 45 (2008) 333-340;

- R.Capote et al, "RIPL ..", Nucl. Data Sheets 110 (2009) 3107-3214;
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AIP Conf. Proc.1235 (2010) 43-49 u’h _':

José Manuel Quesada Molina WONDER 2012



Dispersive Optical Model Potential with Full Lane consistency (Capote, Soukhovitskii, Quesada, Chiba)
©00000000000000000

Formalism

Content

@ Dispersive Optical Model Potential with Full Lane consistency
(Capote, Soukhovitskii, Quesada, Chiba)

@ Formalism

José Manuel Quesada Molina WONDER 2012



Dispersive Optical Model Potential with Full Lane consistency (Capote, Soukhovitskii, Quesada, Chiba)
0@0000000000000000

Formalism

Nucleon-nucleus dispersive OMP

Key ingredient: dispersion relation

00 !
AV(r,E):g [ %dE’

V(r,R(#,¢'), E*) =
—VHE(E*)fs(r, Rup (9, ¢"))
— [AV(E*) + iW, (E)] fips(r, R, )
—[AVS(E®) + iWs(E)] gs(r, Rs(8', ¢))

h ’ / ld AN Y4 IS
+ (m—”c) [Vao(E) + AVao(E) + iWao(E)] X ——-fis(r, Reo(8.¢))(1 - 6)
+VCoul(r7 RC(G/, L;/))

V4y4
E*= E— Coou2Zl

Coupled 5 levels of the ground state band within the rigid rotor e
model +.. L
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Formalism

1 Coiss N—Z
Vir(E) = Ane exp(— A, (E — E)) e = Vo |1+ (-1 1 e 2

0
(E—EF)? Cuiso N — Z

WS(E)=Ay ——MMM L — E — E _ Z'+1 “wiso
(E) = As E_E 1 (B exp(— G| Fl) As = Wy {1+(—1) WOT}

(E — EF)?
W, (E) = A,

(E — EF)? +(B,)?
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Formalism

Lane consistency

Key ingredient: Isospin simmetry

Viop = Vo + o Vi
Van = Vo = =7V
N—-Z
Ver= o M

Couplings GS band <— IAS band

v; I (residual)|V (1, F)|m; I (target) >
< v|T|m >< I(residual )| V4 (F)(|IT (target) >

N—-Z
Q < I (residual)| Vi (F)|I* (target) >

A

..+ 2 IAS states =
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Formalism

GS <— IAS coupling in (p,n) reactions (*32Th)

ey I (residual)|V (7, P)|m: I (target)
v|T |z »< 7 (residual)|V l“"l:'l[.l"![ [ (target)

A < I (residual)| VI (#)| T (target)

8+ ——

24

P < w I (residual)|V (7, 7)|m; IF (target) H
: :
f= < u|T|r > I (vesidual)|VE U (7)(| T (target) > 8
. VIN=2) ; e, .
fo MU %) o P residual)|[VE ()| T (target) > o
- 0 -
s

14—

A =1.444Z/A"3 -1.13 MeV
A ~20 MeV for actinides

Ground state ‘g‘“
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Formalism

Dispersive and Lane consistent OMP (1)

T T r T r
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Dispersive and Lane consistent OMP (2)
RIPL 2400 RIPL 2409
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Formalism
Dispersive and Lane consistent OMP (3)
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Formalism
Dispersive and Lane consistent OMP (4)
RIPL 5409
RIPL 5409
") L W31 TRU(pp), lovel & (1454 eV)
16 . ; @ R,
10 |- % §y, ]
% 20.0 Mev (0% 1w Sy 20NV KD 3
10° ]
1 ]
10 |, 26,0 MeV (x10°)] 26,0 MaV (109
162
B 150 0
) 2
Ig 35,0 MeV x10) 5 1 5.0 MeV (x10)
i ;
10
ot -
o Hansan, Ex20 eV LAl Hersen, E =20 MeY 85.0 MeV E
00E| o Hameen, E =26 NaV o Hangen, =26 MoV
& King, E =35 MsV 104 | o King, E =26 MV
100 || v Takeuchl E.=65 MoV s Takouohl, E,=65 MaV/
- Ll ‘T‘lm‘mr 1 | 1 3
107 ‘ . ‘ : : 30 ) % 1 130 o)
W 0 w1 10 160 in) l’OI
Oldeg. Jeg

José Manuel Quesada Molina WONDER 2012




Dispersive Optical Model Potential with Full Lane consistency (Capote, Soukhovitskii, Quesada
000000000800000000

Formalism

Dispersive and Lane consistent OMP (5)
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2381 low lying nuclear levels

Dispersive Optical Model Potential with Full Lane consistency (Capote, Soukhovitskii, Quesada, Chiba)
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Formalism

Expanded coupling scheme

@ Vibrational-rotational model
o D.W.Chan et al, PRC26 (1982) 841, PRC26 (1982) 861
o E.Sheldon. L.E.Beghian, D.W.Chan et al, J.Phys.G:Nucl. Phys. 12, 443 (1986)
o T. Kawano, N. Fujikawa and Y. Kanda, INDC(JPN)-169 (1993) JENDL-3.2

o Soft (non-axial) rotor
Yu.V.Porodzinkij and E. Soukhovitdkii, Phys. At. Nuclei 59 (1996) 228-237

RO, ¢") = Ro {1 + B2 {cosvyzo(m + \% siny [Y22(8', ') + Ya—2(¥', W’)ﬂ

1
+ Z BroYao(0') + B3 {60577\@0(9’) + —=sinn [Ys(¢',¢') + Y372(9'7€0')]}
A=46.... V2
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2381 as soft rotor with octupole deformations
Yu.V.Porodzinkij and E. Soukhovitdkii, Phys. At. Nuclei 59 (1996) 228

12* [ 10765 | 12| 1066.0

2 | 10603 | 2" | .1073.3
(49 | 1055.0 | 41 1059.0 ng=ny=ng=0

2 10373 2*| 1037.7 K=2,t=2

0 | 993.0 0* [ 988.1

2" | 9663 21 969.4 np=1

7 | 9659 ny= ng=0 T 110162

> [ 9500 K=0, t=1

0" [ 9270 0" 9307

5 | 8264 =l 5 | 8504

10° [ 7757 | 10°| 770, ny=ne=0 .

3 [7313 K=0, =1 3| 71332

I 679.8 " 667.3

8 | 5172 | 8 | 5152 hay = 09881 MeV, 7=0.1437 ng=n,= ng=0

6 | 3072 | 6 [ 3062 Hp =0.2135 T = 0.0746 K=0, 1=I

4 [T1484 | 4* [1480 My = 0.2882 8, = 0.7030

| 449 | 2| «s He = 0.1402 1=0.0032

o | 00 |o | 00 o

ng=n=ng=0 05 =00020 €, =00259  5,=14.88 =
K=0, 1=1 Us -
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Soft rotor model in (rigid) actinides

8.0 J

75 J
=)
c o A
5 ¢
= 7.0 4
3 4
B

238
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g e
[
&} — Capote et al. RIPL 2408
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Nuclear shape description

o Soft (non-axial) rotor: all deformations (8's,~,n) are considered as dynamic
quantities

:‘?(9/7 Lp/) =Ry {1 + B I:COS’YYQU(GI) + % siny [ng(e/, Lp/) + YQ,Q(Q/, 4,9/)@

+ > BruoYaol®)+ Bs [Cosﬂysow/) + Lgin n[Ya(0',¢') + Ys-o0, 80’)}] }
A=dp... V2
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Formalism

Nuclear shape description

o Soft (non-axial) rotor: all deformations (8's,~,n) are considered as dynamic
quantities

:‘?(9/7 Lp/) =Ry {1 + B I:COS’YYQU(GI) + % siny [ng(e/, Lp/) + YQ,Q(Q/, 4,9/)@

+ > BruoYaol®)+ Bs [Cosﬂysow/) + Lgin n[Ya(0',¢') + Ys-o0, 80’)}] }
A=dp... V2

o Our approach: 3, = 89 + 63>
Rigid rotor axial (static 33 ~ f) +
and non-axial (082sin~, 83sinn) dynamic corrections

R(0',¢") = Ry {1 + ZJAOYAO(‘)/)}

A=2,46....
1
+Ro { + /3872 sin-y |:Y22(0’, L,O/) + YQ,Q(QI. g&’)}
1 ;
+ B3 [ + —zsinn [Ya(0, ¢') + Ya_a(¢, 99’)}} } Sty
V2 %
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Formalism

Expanding around the equilibrium axially simmetric shape:

0
V0E) = V0 o pgam oo+ [V (0] x
[ } 682=0,3siny=0,33=0 OR 532:015351-"”/’:0,63:0

v

+ B3 {cosnYm(ﬁ’) + %sinn [Ya2(0,¢') + Ys_2(0, LP/)]} }

1 .
{ 562 Ya0(0') + —2/33 siny [Yo2 (0, ') + Yoo(0, ¢')]

Which can be expanded in multipoles:

V(0. ¢) = S v Yao®) + 3 vP()Yao(®) x
A A

{ 5B2Yxr0(0') + \%BQW [YVa2(0,¢') + Ya—a(0,¢']

+ B {cosn\@o(@’) + \%sinn [Y32(9/799/) + Y3—2(9/7‘P,)]} }
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Formalism

< V(R0 >=< (i Kl S VP {D%-YA} (77 ), K > +
Aeven)
< (K182 Y T (Db ] 1051 K> +
A=2,4.6,..
< m KBy Y W) (03 +025) | 05T K>+
2. V2L '
< (WawKlgscosn Y v (Db Va| 1051w K > +
A=35.7,.
< (il K|Bssing > W) [(Dé + DiQ) : YA} (171 mas K>
A=35.7,.
< W KIgy Y2 = [(D3+ Do) Va7, K =
e V2R ‘ '
1
A P15 AD) B8 < /KHﬁ (D*z + D;{2) WK >
where these reduced matrix elements can be easily calculated, as for instance:
<10l [DA+DXo] 12> = VATFTxVax [</A2-2)i0> Ll‘rr
-]
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Formalism

238 §

First 8, 7, octupole and non-axial bands are now included
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New OMP results:

RIPL 2408 \2(%fU) = 2.05

Table 2 Dispersive coupled-channe]l OMP parameters for actinides

VOLUME SURFACE COULOMB
Real depth Vo = 48.62 Cowt = 1.62
MeV] Agp = 0.01037 dispersive AV A
Coizo = 10.0 + dispersive AVso
+ dispersive AVy
Imaginary depth A, = 12.53 Wo = 17.73 Wi = —3.1
MeV) B, = 80.94 B, =1156 B,, = 160
E, = 350 €, =0.01328
ot = 285
Geometry rup = 1.2516 4 0.001367 (238 — A)  r, = 11808 i = 11214 re=1.2174
[fm] app = 0.636 — 0.002 (235 — A) ay = 0.603 — 0.0005 (238 —A)  a,, = 0.59 a = 0.551
r, =1.253

a, = 0680 — 0.00033 (238 — A)

New OMP 19 CC y?(*%®U) = 1.80 p

4%..
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New OMP results:

|IAS angular distributions

—— 1AS “U(p,n), new OMP
T [Ommg — =IAS “*Th(p,n), new OMP
E. T e o Hansen et al, ““Th(p,n)
5 14 m  Hansen et al, mLJ(p,n)
Nés DN ik - o Schery et al, ““Th{p,n)
New OMP 2
V., =20.9 MeV @
W,=29.2 MeV £
O
0.14
PRC 72 (2005) 064610
RIPL 2408/5408
V.., =10.0 MeV —— IAS 0+ contribution **U(p,n)
W. =23.5 MeV —— IAS 2+ contribution **U(p,n)
. ~26 MeV proton beam
0.01 —TT T T

- . ——
0 20 40 60 80 100 120 140 160 180+ .

B~

CM angle [deg] u@,
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New OMP results:

n+238U total cross section

——RIPL 2408 (5CC) |
—— EMPIRE 2412 (19 CC)
- Peterson 1960 ]
Abfalterer 2001
Grigoriev 1991
Harvey 1988
Poenitz 1981
100k ; - Foster 1971 T

Total cross section [mb]

) N ]
5.0k - 238U(n,t0t) \~ Fa

LR | LA T B L S B LR [ |
0.01 01 1 10 100 | s
Energy [MeV] ‘gk
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New OMP results:

DCC OMP low energy observables

238U nucleus 232Th nucleus
RIPL new OMP RIPL new OMP
2408 19 CC 2408 19 CC
S, 0.92 1.04 0.85 0.85
RIPL-3 (1] 1.03 (.08) 0.84(.07)
Porodzinskij 2! 1.03 (.13) 0.84 (.08)
S, 172 | 163 172 | 184
RIPL-3 11l 1.6(2) 1.5(.3)
R (fm) | 964 | 951 968 | 968
CSEWG 1991 9.6(.1) 9.65 (.3)

(1) R. Capote et al, Nucl. Data Sheets 110 (2009) 3107-3214,
online at http://www-nds.iaea.org/RIPL-3 -
(2) Yu.V. Porodzinskij, E.Sh. Sukhovitskij and V.M. Maslov, u‘g
INDC(BLR)-012, IAEA, 1998
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New OMP results:

238J: OMP observables intercomparison

Figure of merit

« Abfalterer et al data
=== RIPL 2601 (TALYS) Soukhovitkii ef al
—— Semim. OMP, Bauge et al §
—— RIPL 2408 OMP, R.C. et al
- EMPIRE 2412 DCC OMP (19 CC)

0.03 1

e

=)

[
1

[0,(U-238) - o, (Th-232)] /
{[o,,(U-238) + o, (Th-232)}/2}

2

10 Energy [MeV] 100
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New OMP results:
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2381J: OMP observables intercomparison
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New OMP results:

2381J: OMP observables intercomparison

n+23U nonelastic cross section: EMPIRE 2412 OMP
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New OMP results:

2381J: OMP observables intercomparison
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New OMP results:

2381J: OMP observables intercomparison
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New OMP results:

Dispersive OMP with improved structure model based on
soft rotor description

o New OMP derived for nucleon scattering on 23U and 232Th
nuclei
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Dispersive OMP with improved structure model based on
soft rotor description

o New OMP derived for nucleon scattering on 23U and 232Th
nuclei
@ The use of proton and neutron scattering data (including
quasielastic (p,n)) simultaneously made it possible to reduce
the uncertainty of estimated optical potential parameters.
@ OMP highlights:
o Based on dispersive relations and Lane consistent
o Least-squares fit of OMP parameters from (n,n),(p,p) &
(p,n)IAS
@ CC couplings based on rigid rotor with soft rotor corrections
(all discrete levels incl. octupole, beta, gamma, non-axial and
2 IAS)
o Energy independent geometry. &
e Deformations close to those predicted by Nix and Moller u‘?g‘
(FRDM)
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238J: OMP observables intercomparison

Direct inelastic cross sections

Direct inelastic cross sections
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Very last results fo

Table: DCC OMP parameters for 233U, EMPIRE 2412,

full coupling.
VOLUME SURFACE SPIN-ORBIT - COULOMB
Real depth Vo =51.13 Veo = 5.94 Ccow = 1.10
[MeV] AurF = 0.00976 dispersive AVs Aso = 0.005
Ciiso = 20.9 + dispersive AVso
+ dispersive AVy
Imaginary depth A, =11.91 W, = 17.85 W, = —3.1
[MeV] B, = 81.69 B, = 10.95 Bs, = 160
E, =52 a=0375 C =0.01334
Cuiso = 29.2
Geometry e = 1.2500 re = 1.1701 I = 1.1214 e =1.1974
[fm] apr = 0.638 a; = 0.612 as, = 0.59 ac = 0.400
r, = 1.2619
a, = 0.693

#8Y: STATIC: B = 0.23; 84 = 0.06; S5 = —0.0064 DYNAMIC: 5g"
gre':gn—axr'a/ =0.02

=0.008 ; B = 0.055; B¢ == 0.010;

us
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Couplings GS band <— IAS band

< ;1T (residual)|V (7, F)|m; I (target) >
= <v|T|r >< l+(residual)|Vfiag(F)(\lJr(target) >
(N

—7 ,
= 2A) < I (residual)| V{8 ()| I (target) >

< wv; 1 (residual)|V (7, F)|m; I (target) >
= < u|T|x >< I (residual)| VP (7) (|1 (target) >
(N-2)

= —oa < I (residual)| VoUP (7)| I (target) >

'p
s
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