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Nuclear model codes for fission product evaluation




PWR SFR
1 Xe-135 Ru-101
2 Rh-103 Rh103
3 Nd-143 Tc-99
4 Xe-134 Cs-133
5 Cs-133 Rh-105
6 Sm-149 Pd-107
7 Tc-99 Cs-135
8 Sm-152 Sm-149
9 PmM-147 Mo-97
10 Sm-151 Nd-145
1 Eu-153 Ru-102
12 Nd-145 Nd-143
13 Eu-155 Sm-151
14 Eu-154 PmM-147
15 Ag-109 Mo-95
16 Xe-131
17 Pu-104
18 Ag-109
19 Mo-98
20 Mo-100
21 Pd-106
22 Pr-141
23 Sm-147
24 Eu-153
25 Pd-108
26 Xe-132
27 Sm-152

Context

mmm) Fission products that contribute to 80% of the poisoning effect in PWR and SFR

Cross section

Among them, some short-lived nuclei are of interest for nuclear reactor
applications but their neutron capture cross-section is poorly known
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Microscopic models, which directly model the nucleus properties from
interacting nucleons, provide useful observables that can be used for
reinforcing the systematic and predictive power of the phenomenological
models.

This topic is widely studied in the literature, the objective here is to revisit the
nuclear data evaluation strategy thanks to “on the fly” HFB calculations.



Neutron cross section models
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Nuclear model code suite
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Nuclear model code suite
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Nuclear model code suite
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From optical model parameters to total neutron cross sections




Total cross section formalism
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Optical model potential

« Standard » formulation of the optical model potential with a Wood Saxon form factor

U(RE)= [V (E) + W, (E)If (r, R, @) — 4a [V,(E) + W, ()] L2220 4 [, (8) + iWg (B)] (1) 2RO

dr mgc/ T dr
Volume contribution Surface contribution spin-orbite contribution

1
1+ exp[(r —R)/a]

f(r,R,a) =

Optical Model Parameters deduced from the radial densities, central potential, imaginary parts and
spin-orbit contributions calculated with HFBr

@ *E. Rich et al., NSE 162, 76 (2009) 1



HFBr optical model

HFBr solves HFB equations in spherical symmetry using Gogny and Skyrme forces
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2 J M. Quesada et al, Computer Physics Communications 153 (2003) 97-105




Energy dependence of the HFBr optical model

Distant level parameter correction

Partial wave decomposmon of the average collision matrix to improve the energy depence of the

optical model via a shift correction Rgp;f¢

Phase shift that
depends of the
channel radius a,

B \ 1+iPL

U c = e2|¢c

Neutron strenght function

/

S.NEP,

2P,

— 7P s

1-iP,

Penetration
factor that

depends of the

channel radius a; pistant level parameter

@ 7S, EP,
2P

(scattering)

@ *E. Rich et al., NSE 162, 76 (2009)
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Energy dependence of the HFBr optical model

Time-delay correction

Energy-dependent discrepancies observed in neutron cross sections calculated using static HFB+LDA
optical model can be also corrected by introducing a finite time shift

T(E.q) = T(E) + At

The effective energy is defined as

. 1 1 At
E(_,Ef = ?’Tl..n(_',z —— 1 s 5 = ]_ — —2, T = c
1 ; E R
e )

The momentum shift induced by the time shift is

AK(E) = k(Eu) - k(E)

For the volume contribution, introducing a positive time
shift increases the effective dwell time of the neutron

inside the nucleus

For the surface contribution, introducing a negative
propagation

time shift shortens the effective

contribution
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Total cross section using Skyrme and Gogny interactions
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Focus on 133Cs+n
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From photon strength function to neutron capture cross section
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Capture cross section formalism

Below the inelastic threshold:

oy Z ETLE
T ()T, (B)

Neutron transmission coefficients T,,(E) provided by HFBr+ECIS calculations

y-ray transmission coefficients T ,(E) depend on photon strenght function (PSF). For electric dipole
transistion El, the relationship between y-ray transmission coefficient and PSF is given by:

Te(Ey)=2n fy(Ey) E}?

QRPA photon strenght function f.,(Ey) and f,,(Ey) are calculated with the panacea code using effective
Gogny-type interaction DIM and D1S and the computationnaly efficient Finite Amplitude Method (FAM)

@ IRESNE/DER/SPRC/LEPh
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QRPA-FAM photon strenght function

Photon strenght function
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Local deviation from the
experimental capture cross
section can be solved by a
Lorentzian décomposition of
the QFAM photon strenght
functions
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QRPA-FAM photon strenght function

Global model calibration to correct for systematic biases
inherent to QRPA results

Experimental data base
. https://nds.iaea.org/ CRP-photonuclear/

« Ajustment performed on 142 photon strenght functions
« Use photon strenght function at S, as constraint

4 free mass dependent parameters

AE: energy shift

N: normalisation

C: compression factor

. lorentzian broadening width
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https://nds.iaea.org/CRP-photonuclear/
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Average radiation with (eV)

10° ¢

Average radiation width

— Exp. values from RIPL-3
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L
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TALYS and FIFRELIN results obtained with a global
parametrisation of AE, N, C and ¢ as a function of the
compound nucleus mass

0 Systematic A<50

« Average radiation width not a relevant osbervable for light
elements

M Systematic A> 50

« Encouraging results but local deviation between the
experimental and theoretical average radiation widths will
induce sizeable effects on the capture cross section

- Differences between TALYS and FIFRELIN due to the level
density
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Xe126 capture cross section (b)

Xe131 capture cross section (b)
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HFBr optical model parameters in RIPL format

OMP from HFBr RIPL format
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d e

QFAM photon strenght function in FIFRELIN or TALYS-like forma

FIFRELIN of TALYS-like

Raw QRPA-FAM PSF format
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£ 150l 0.900 1.687E-02 1.479E-03 'mplement?d in the TA_LYS source
Lioe deszn divies code, allowing user fitting of the
= 1.160 2.064E-02  1.884E-03
£ 100} 1.208 2.227E-82 2.106E-83 parameters for a better
£ 1.360 2.395E-02  2.344E-03 . .
1.400 2.567E-02  2.600E-03 uncertainty propagation
S0 1.500 2.743E-02 2. 03
1.600 2.921E-02  3.183E-03
00 ! 1.700 3.156E-82 3.’ 03
0,0 5,0 150 1.800 3.334E-02  3.888E-03
Energy (MeV) 1.900 3. -02 .301E-03
2.000 3. -02 .764E-03
2.100 3.887E-02 5.289E-03
2.200 4.126E-02 5.888E-03
2.300 4.314E-02 6.577E-03
2.400  4.505E-02 .377E-03
2.500 4.699E-02 8.314E-03
2.600 4.896E-02 9.425E-03
2.700  5.119E-02 .075E-02
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Average radiation widths in ENDF format

In MF=2 MT=15], for poorly known isotope, the radiative width of each resonance is fixed to the average
radiative width

Example: 139Xe (JEFF4)

0.000000+0 0.000000+0 0 0 0 05443 1 099999 . o oy .
0.000000+0 0.000000+0 0 0 0 05443 0 0 0 130X e with average radiation width from
5.413000+4 1.287880+2 0 0 1 05443 2150 1
5.413000+4 1.000000+0 0 0 1 05443 2151 2
1.000000-5 4.000000+3 1 2 0 15443 2151 3 pG_nGCGQ_/_HFRE'_-![\! reSUItS_____ o
L IR T T ; ; o 0.000000+0 0.000000+0 0 0 0 05443 1 099999
-1.380000+1 5.000000-1 1.047110-1 4.711000-3 1.000000-1 0.00000 0.000000+0 0.000000+0 0 0 0 05443 0 0 0
230410042 5.000000-1 2.067400-1 1.538000-1_5.294000-2 0.00000 5.413000+4 1.7 8788042 0 0 1 05443 2151 1
T.038100+2]5.000000-1 1.843000-1 1.268000-1f5150000=210.00000
9.415800+25.000000-1 2.530000-1 1.955000-105.750000-20.00000 fg%ggggfg ﬁ'gggggg:g ? g % ?gﬁﬁ% S%E% %
1.114900+3)5.000000-1 1.425000-1 8.500000-2)5.750000-2 000000 L - .
1.372700+305.000000-1 2.463000-1 1.888000-1)5.750000-2 0. 00000 0.000000+0 7,028000-1 0 0 2 25443 2151 d
1.400100+3§5.000000-1 2.355000-1 1.780000-1§5.750000-200.00000 1.287880+2 7.0Z8000-1 ] 0 86 165443 2151 5
1.465200+3)5.000000-1 2.255500+0 2,1598000+005.750000-200.00000-1 380000+1 5.000000-1 4.711000-3 1. 000000=1_0,000000+0 0,000000+05443 2151 &
2.432600+35.000000-1 2.167500+0 2.110000+015.750000-210.00000 4 304100+2 5.000000-1 1.538000-1[0.05068000]0.000000+0 0.000000+05443 2151 7 .
2.614900+3)5.000000-1 4.875000-1 4.300000-1]5.750000-2J0.00000 ¢.038100+2 5.000000-1 1.268000-1§0.0506800040.000000+0 0.000000+05443 2151 5 Copture resonance Intengﬂ |0
2.648100+305.000000-1 1.727500+40 1.670000+0§5.750000-2040.00000 9.4158004+2 5.000000-1 1.955000-100.0506800080.,0000004+0 0.000000+05443 2151 )
2.980400+345.000000-1 2.407500+0 2.350000+045,750000-200.00000 1 11490043 5.000000-1 &.500000-240.05068000 J0.000000+0 0. 00000040 9 ¢
30032003 3-900000-1 2-197500+0 2. 140000+ 8- 160000212 09950 1.372700+3 5.000000-1 1.888000-10.05068000 000000040 0.000000+CNINISYSS lo (JEFF4) | Io with panacea | Ratio
3 EREG00+305.000000-1 4.687500+0 4.630000+005.750000-200. cogoo 1 .400100+3 5.000000-1 1.780000-100.0506800040,000000+0 0,000000+C (G) results (b) (b)/(d)
1.485200+3 5.000000-1 2.,198000+000., 05068000 J0, 000000+0 0.000000+C
= 2. 432800+3 5.000000-1 2.,110000+040.,05068000 0, 000000+0 0.0000004+0
Reson_qnce F’y 575 meV 2. 579600+3 5.000000-1 5.270000-140.05068000 40, 000000+0 0.0000004+C Xel24 3512 b 3245b 0.92
energies 2.014900+3 5.000000-1 4.300000-140.05068000 40, 000000+0 0.000000+C
9 764810043 5.000000-1 1.670000+0)0.050680000.00000040 0.000000+¢  X€126 373 b 324 b 0.87
2.980400+3 5.000000-1 2.350000+4040.05068000 0. 000000+0 0.000000+C
3.003200+3 5.000000-1 2.140000+000.05068000 §0.000000+0 0.000000+C Xel28 840Db 86Db 1.02
3.259200+3 5.000000-1 1.614000+000., 05068000 0, 000000+0 0.000000+C
3.566900+3 5.000000-1 4.630000+0]0.05068000]0.00000040 0.000000+C  Xe]29 253.8 b 2516 b 0.99
['y=50.68 meV Xe130 5.4 b 52 b 0.96
Xel3l 878.7b 8785 b 1.00
Xel32 1.21 b 113 b 0.93
Max differences lower than +15% < Xel34 0.47b 0.46 b 0.98

Xel36 0.15b 0.17b 1.13




Nuclear model codes for fission product evaluation

From optical model parameters to total neutron cross section
From photon strength function to neutron capture cross section
Dissemination of the results

Conclusions
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Conclusions

M « on the fly » HFBr and panacea calculations in association with TALYS

M Encouroging results obtained on the total cross section thanks to 2 free parameters (applied on the
imaginary part of the nuclear potential) for spherical nuclei + 2 deformation parameters (8, B,) for
deformed nuclei + 1 free parameter for time-delay correction (finite interaction time At or distant level

parameter shift R, ,)

¥ Encouraging results obtained for the capture cross section thanks to 4 free parameters applied on
the QFAM photon strenght function. Local deviation from the experimental capture cross section can be
alternatively solved by a Lorentzian décomposition of the QFAM photon strenght functions
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Perspectives

. . Photon Average . o .
Cotes | pmcoiliodel | Delormter | Leveldensity | strength | radiation | Fislentaier | Resonance
P function width P P
From From From Empirical
TALYS From OMP Gilbert-Cameron From GDR Hill-Wheeler— From URR
. . From FRDM . HF y-decay . .
A. Koning et al. RIPL-3 library composite models type fission option
formula .
formula barriers
From 160
HFBr code suite Skyrme forces
A. Pastore + 4 Gogny From FRDM v v v
forces
Panacea Sk Frrr%rg f]c?roces Natural From QFAM
M. Frosini, }:4 Goan outcome of v with D1S and
P. Tamagno et al. f gny the code DIM forces
orces
HFBaxial Natural From TDGCM
L. Robledo
. : outcome of (not presented
(in-house version the code in this talk)
of R. Bernard)
From
(I;IFL?tZI}Iz'; Monte-Carlo
' de-excitation
CONRAD .
C. de Saint Jean From FRDM FromR Motrlx
formalism
P. Tamagno
For JEFF-4.x ...
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