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Context
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 Pm-147 Mo-97

10 Sm-151 Nd-145

11 Eu-153 Ru-102

12 Nd-145 Nd-143

13 Eu-155 Sm-151

14 Eu-154 Pm-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

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

Among them, some short-lived nuclei are of interest for nuclear reactor
applications but their neutron capture cross-section is poorly known

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.



Disposition : Titre et contenu

5

« Continuum »RRR

URR

R-Matrix formalism
MLBW, RM, LRF7, Brune, (n,f)

Pf(E), R for direct capture

Optical model (HFBr+ECIS, CCCP)
Statistical model (panacea+TALYS, CONRAD)

ESTIMA method SPRT method

Thermal 
Scattering law

CINEL model

Standard models
implemented in 

CONRAD

Neutron cross section models

SolidCINEL
S(,) for
Doppler

Optical model 
parameters from

HFB results

Photon strenght
functions from
QFAM results



Average
parameters

calculated with
the urr option of 

TALYS 
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Nuclear model code suite

Codes Optical Model 
Parameters

Deformation 
parameters Level density

Photon 
strength 
function

Average 
radiation 

width

Fission barrier 
parameters

Resonance 
parameters

TALYS
A. Koning et al.

From OMP 
RIPL-3 library From FRDM

From 
Gilbert-Cameron 

composite 
formula

From GDR 
models

From
HF -decay 

formula

From Empirical 
Hill–Wheeler–

type fission 
barriers

From URR 
option

HFBr code suite
A. Pastore

From 160
Skyrme forces

+ 4 Gogny
forces

From FRDM

Panacea
M. Frosini,

P. Tamagno et al.

From 160
Skyrme forces

+ 4 Gogny
forces

Nearly ready …

Natural 
outcome of 

the code

From QFAM 
with D1S and 
D1M forces

HFBaxial
L. Robledo

(in-house version 
of R. Bernard)

Natural 
outcome of 

the code

From TDGCM
(not presented 

in this talk)

FIFRELIN
O. Litaize

From
Monte-Carlo
de-excitation

CONRAD
P. Tamagno

C. de Saint Jean
From FRDM From R-Matrix 

formalism
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Nuclear model code suite

Codes Optical Model 
Parameters

Deformation 
parameters Level density

Photon 
strength 
function

Average 
radiation 

width

Fission barrier 
parameters

Resonance 
parameters

TALYS
A. Koning et al.

From OMP 
RIPL-3 library From FRDM

From 
Gilbert-Cameron 

composite 
formula

From GDR 
models

From
HF -decay 

formula

From Empirical 
Hill–Wheeler–

type fission 
barriers 

From URR 
option

HFBr code suite
A. Pastore

From 160
Skyrme forces

+ 4 Gogny
forces

From FRDM

Panacea
M. Frosini,

P. Tamagno et al.

From 160
Skyrme forces

+ 4 Gogny
forces

Nearly ready …

Natural 
outcome of 

the code

From QFAM 
with D1S and 
D1M forces

HFBaxial
L. Robledo

(in-house version 
of R. Bernard)

Natural 
outcome of 

the code

From TDGCM
(not presented 

in this talk)

FIFRELIN
O. Litaize

From
Monte-Carlo
de-excitation

CONRAD
P. Tamagno

C. de Saint Jean
From FRDM From R-Matrix 

formalism

Models routinely used for 
cross-section evaluations
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Codes Optical Model 
Parameters

Deformation 
parameters Level density

Photon 
strength 
function

Average 
radiation 

width

Fission barrier 
parameters

Resonance 
parameters

TALYS
A. Koning et al.

From OMP 
RIPL-3 library From FRDM

From 
Gilbert-Cameron 

composite 
formula

From GDR 
models

From
HF -decay 

formula

From Empirical 
Hill–Wheeler–

type fission 
barriers

From URR 
option

HFBr code suite
A. Pastore

From 160
Skyrme forces

+ 4 Gogny
forces

From FRDM

Panacea
M. Frosini,

P. Tamagno et al.

From 160
Skyrme forces

+ 4 Gogny
forces

Nearly ready …

Natural 
outcome of 

the code

From QFAM 
with D1S and 
D1M forces

HFBaxial
L. Robledo

(in-house version 
of R. Bernard)

Natural 
outcome of 

the code

From TDGCM
(not presented 

in this talk)

FIFRELIN
O. Litaize

From
Monte-Carlo
de-excitation

CONRAD
P. Tamagno

C. de Saint Jean
From FRDM From R-Matrix 

formalism

Models used in this work
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HFBr

TALYS

IRESNE/DER/SPRC/LEPh 10
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
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Bethe’s assumption

Uniform level approximation

Standard boundary conditions

Reich-Moore approximation

Lynn’s background terms

)(ERc JLM

Skyrme, Gogny

RRR URR « Continuum »

SPRT

Total cross section formalism

Collision matrix 

R-Matrix 

(RRR)

Average collision Matrix 

Average R-Matrix formalism

(URR)

S-Matrix

« continuum »

Optical 

Model
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Optical model potential

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

Volume contribution spin-orbite contributionSurface contribution

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)

U(r,E)= 𝑉𝑣 𝐸 + ⅈ𝑊𝑣 𝐸 𝑓 𝑟, 𝑅, 𝑎 − 4𝑎 𝑉𝑠 𝐸 + ⅈ𝑊𝑠 𝐸
𝑑𝑓 𝑟,𝑅,𝑎

𝑑𝑟
− 4 𝑉𝑠𝑜 𝐸 + ⅈ𝑊𝑠𝑜 𝐸

ℎ

𝑚𝜋𝑐

2 1

𝑟

𝑑𝑓 𝑟,𝑅,𝑎

𝑑𝑟
l.

𝑓 𝑟, 𝑅, 𝑎 =
1

1 + exp[(𝑟 − 𝑅)/𝑎]
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HFBr optical model





HFBr solves HFB equations in spherical symmetry using Gogny and Skyrme forces

Local Density Approximation1

1 J.L. Morana, X. Vinas, J. Phys. G. Nucl. Part. Phys. 50 (2023) 045108   
2 J.M. Quesada et al., Computer Physics Communications 153 (2003) 97–105

+    dispersive term2

Example of HFBr results at E = 1 keV from a 
selection of 130 Skyrme forces 

Force selection based on the neutron 
strength function S0

Limit of LDA:
• Diffuseness of the imaginary part of the 

surface contribution has to be increased 
by a factor 2

• Strength of the imaginary part of the 
volume contribution has to be decreased 
by at least a factor of 0.1
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Energy dependence of the HFBr optical model

loc

cL
Lc

cL
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cL
Lc
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



++−

−−+

=




0

02

2
1

2
1

Direct reaction

contribution 

(absorption)

Distant level parameter
(scattering) 

Phase shift that

depends of the 

channel radius ac

Neutron strenght function

Penetration

factor that

depends of the 

channel radius ac

𝑅𝑐
∞+𝑅𝑠ℎ𝑖𝑓𝑡∞

Distant level parameter correction

Partial wave decomposition of the average collision matrix to improve the energy depence of the
optical model via a shift correction 𝑅𝑠ℎ𝑖𝑓𝑡

∞

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

 mainly used for light elements

27Al+n
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The effective energy is defined as

The momentum shift induced by the time shift is

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 

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
time shift shortens the effective propagation
contribution

natXe+n

Energy dependence of the HFBr optical model
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Total cross section using Skyrme and Gogny interactions

95Mo+n 99Tc+n

145Nd+n 175Lu+n

101Ru+n

129Xe+n
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Focus on 133Cs+n

Not possible to reproduce the TALYS calculations (Chen, 2018)
based on a neutron strenght function of S0=0.74x10-4 (Atlas of
Neutron Resonances)

Statistical analysis of the RRR with the ESTIMA method seems to
confirm the underestimation of S0 in the Atlas of Neutron
Resonances

S0=1.01(17)x10-4

S0=0.74x10-4 

S0=0.90(28)x10-4
Missing
resonances

 HFBr results can help identify
issues in the resonance range
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Capture cross section formalism
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Below the inelastic threshold:

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

-ray transmission coefficients T,lJ(E) depend on photon strenght function (PSF). For electric dipole
transistion E1, the relationship between -ray transmission coefficient and PSF is given by:

TE1(E)=2 fE1(E)𝐸3

QRPA photon strenght function fE1(E) and fM1(E) are calculated with the panacea code using effective
Gogny-type interaction D1M and D1S and the computationnaly efficient Finite Amplitude Method (FAM)
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145Nd(n,)145Nd

146Nd 146Nd Local Lorentzian 
decomposition of the PSF

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

QRPA-FAM photon strenght function
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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 Sn as constraint

4 free mass dependent parameters

• E: energy shift
• N: normalisation
• C: compression factor
• : lorentzian broadening width

E
C



N

https://nds.iaea.org/CRP-photonuclear/
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PSF with a global model calibration 
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Average radiation width

TALYS and FIFRELIN results obtained with a global
parametrisation of E, N, C and  as a function of the
compound nucleus mass

 Systematic A<50

• Average radiation width not a relevant osbervable for light 
elements

 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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Xenon capture cross section
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HFBr optical model parameters in RIPL format 

The parameters of the HFBr optical 
model can be stored in RIPL format for 
later use via OMGET in standard TALYS 
calculations (see red solid line)

OMP from HFBr RIPL format
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QFAM photon strenght function in FIFRELIN or TALYS-like format

Raw QRPA-FAM PSF
FIFRELIN of TALYS-like 

format
• Raw QRPA-FAM photon strength 

function are stored in a FIFRELIN or 
TALYS-like format

• Default empirical corrections are 
implemented in the TALYS source 
code, allowing user fitting of the 
parameters for a better 
uncertainty propagation
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Average radiation widths in ENDF format
In MF=2 MT=151, for poorly known isotope, the radiative width of each resonance is fixed to the average
radiative width

Example: 130Xe (JEFF4)

=57.5 meV

=50.68 meV

130Xe with average radiation width from
panacea/FIFRELIN results

Isotopes I0 (JEFF4)
(a)

I0 with panacea
results (b)

Ratio 
(b)/(a)

Xe124 3512 b 3245 b 0.92

Xe126 37.3 b 32.4 b 0.87

Xe128 8.4 b 8.6 b 1.02

Xe129 253.8 b 251.6 b 0.99

Xe130 5.4 b 5.2 b 0.96

Xe131 878.7 b 878.5 b 1.00

Xe132 1.21 b 1.13 b 0.93

Xe134 0.47 b 0.46 b 0.98

Xe136 0.15 b 0.17 b 1.13

Capture resonance integral I0

Resonance
energies

Max differences lower than 15%
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Conclusions

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

 Encouraging 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 (2, 4) for
deformed nuclei + 1 free parameter for time-delay correction (finite interaction time t or distant level
parameter shift 𝑅𝑠ℎ𝑖𝑓𝑡)

 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

Codes Optical Model 
Parameters

Deformation 
parameters Level density

Photon 
strength 
function

Average 
radiation 

width

Fission barrier 
parameters

Resonance 
parameters

TALYS
A. Koning et al.

From OMP 
RIPL-3 library From FRDM

From 
Gilbert-Cameron 

composite 
formula

From GDR 
models

From
HF -decay 

formula

From Empirical 
Hill–Wheeler–

type fission 
barriers

From URR 
option

HFBr code suite
A. Pastore

From 160
Skyrme forces

+ 4 Gogny
forces

From FRDM

Panacea
M. Frosini,

P. Tamagno et al.

From 160
Skyrme forces

+ 4 Gogny
forces

Natural 
outcome of 

the code

From QFAM 
with D1S and 
D1M forces

HFBaxial
L. Robledo

(in-house version 
of R. Bernard)

Natural 
outcome of 

the code

From TDGCM
(not presented 

in this talk)

FIFRELIN
O. Litaize

From
Monte-Carlo
de-excitation

CONRAD
C. de Saint Jean

P. Tamagno
From FRDM From R-Matrix 

formalism

✓

✓

✓ ✓

For JEFF-4.x ….


