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THE FIFRELIN CODE
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FIssion FRagment Evaporation Leading to an 
Investigation of Nuclear data (FIFRELIN)

• Developed at CEA Cadarache
(LEPh)

• Modeling of fission process

• Reactor Application and 
Nuclear Data Evaluations

• The latter part of fission can be
used to model the de-excitation
of every nucleus (decay mode)

• Accurate de-excitation modeling
is important for various applications
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O. Litaize et al. EPJ. A 51 177 (2015)



THE FIFRELIN CODE
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Nuclear de-excitation modeling using FIFRELIN

• Nucleus in excited state 
(e.g. after a capture reaction)

• Gamma de-excitation (+conversion electrons)
• Problem: Level schemes are not fully known
• Low-energy part from RIPL3 database

(evaluated levels from data)

• Theoretical models are used for the higher 
energy

H. Almazán et al. (STEREO Collaboration)
EPJ. A 55 183 (2019)
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Focus on missing ingredients: 
⚫ Updates on nuclear data
⚫ Accurate description of the directions

of the emitted particles



NUCLEAR DATABASES
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RIPL-3 (Nuclear Reactions)

ENSDF (Nuclear Structure)

EGAF (Neutron capture)



READING DATA FROM ENSDF

Page 5Page 5DRF (Saclay), DES (Cadarache) 

Development of ENSDF functionality for FIFRELIN

⚫ Not all nuclear data are implemented 
in RIPL-3  (e.g. multipolarity mixing 
ratios)

⚫ Need for access ENSDF database and 
extract the relevant information

⚫ Complicated format but a lot of 
useful information can be extracted

Part of ENSDF file for 235U
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READING DATA FROM ENSDF
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Comparison ENSDF-RIPL3 

• Tests on the de-excitation of 158Gd using only experimental levels
• Minor differences between databases but may be needed to be taken into account

Gamma and electron spectra using ENSDF and RIPL3-2021
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NUCLEAR DATABASES
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• RIPL-3 for discrete part

• EGAF for primary transitions

• Theoretical models for the continuous part of the spectrum

Merging RIPL-3 and EGAF



NUCLEAR DATABASES
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Example on de-excitation of 156Gd after neutron capture
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Improved description on the high energy part of 
the spectrum



DIRECTIONS OF GAMMA-RAYS

(ANGULAR CORRELATIONS)
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Gamma directional correlations-Physics description

4+

2+

0+

γ1

γ2

• The second is emitted anisotropically
with respect to the first

• Reason: unequal population of the m-
substates

θrel

• W(0→ 1)=W(0→ -1) ~ ½ (1+cos2(θ))
• W(0→ 0) ~ sin2(θ)

• The transition m
0
=0→m

i
=0 gives zero 

probability in the direction of the first 
gamma

• Anisotropic emission of the second 
gamma with respect to the first

𝑊 𝜃𝑟𝑒𝑙 = 1 + 𝑎2𝑃2 𝑐𝑜𝑠𝜃𝑟𝑒𝑙 + 𝑎4𝑃4 𝑐𝑜𝑠𝜃𝑟𝑒𝑙
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DIRECTIONS OF GAMMA-RAYS

(ANGULAR CORRELATIONS)
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Gamma-directional correlations – Physics description

• The effect does not concern only 
two consecutive gamma-rays 

• There are higher order angular 
correlations (triple correlations)

• There are correlations between two 
non-consecutive gamma rays
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L. C. Biedenharn and M. E. Rose Rev. Mod. Phys. 25, 729 (1953)

R. Steffen, K. Adler, W. Hamilton (Ed.), The electromagnetic interaction

in nuclear spectroscopy, North-Holland, Amsterdam (1975)

A. Chalil et al., EPJ A 58 30 (2022) and references therein
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Statistical tensor
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Angular 
correlation 
coefficient
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Wigner D-matrix

L. C. Biedenharn and M. E. Rose Rev. Mod. Phys. 25, 729 (1953)

R. Steffen, K. Adler, W. Hamilton (Ed.), The electromagnetic interaction

in nuclear spectroscopy, North-Holland, Amsterdam (1975)
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Gamma-directional correlations - Results

• This method was applied to the de-
excitation of 156,158Gd

• All angular correlations are 
reproduced in a complex level scheme
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FIFRELIN IN NEUTRINO STUDIES
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The STEREO Detector

Cut view of the  STEREO detector

• Organic liquid scintillator 3 x 1.5 x 1.5 m
• 6 cells – Gd loaded
• Neutrino detection via Inverse Beta Decay (IBD)

N. Allemandou et al. (STEREO Collaboration)
JINST 13 P07009 (2018)• The positron e+ interacts with the electrons of 

the detector → prompt signal
• The neutron diffuses and thermalizes in the 

detector and after ~10 μs, a second signal 
(delayed signal) is produced from the reaction: 
n+natGd

• The coincidence of the two signals is an 
experimental signature of the detection of the  
anti-neutrino

The precise modeling of the de-excitation of Gd is 
important for the determination of the detector 
response
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Talk by Rudolph Rogly (STEREO)



STEREO RESULTS
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Results for the STEREO experiment

• Updated FIFRELIN cascades 156,158Gd used in the latest version of STEREO simulation
• Comparison with experimental data (AmBe)
• Improved Data/MC agreement
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Top of detector cell Center of detector cell



STEREO RESULTS
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Results for the STEREO experiment

• Impact on the border of the detector when adding EGAF transitions
• Angular correlations have negligible impact
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REPOSITORY FOR GD ISOTOPES
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Updated Repository
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• ~10 million of cascades are distributed to the community via an updated 
repository: DOI: 10.5281/zenodo.6861341

• Possibility to be used for Super-Kamiokande (?)

arXiv:2207.10918 [hep-ex]



H. Sagawa, Lectures in Istanbul, 2008

WHAT ABOUT TIMING IN FIFRELIN?
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• If a lifetime of a state is known, FIFRELIN 
considers the experimental value from 
RIPL3 database

• If not, Weisskopf estimates

• Weisskopf estimates → Not good 
approximation for most transitions
(assume the transitions comes only from 
a single nucleon)

• Use of Nuclear Models depending on the 
isotope of interest
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TIMING AND CRAB
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• Calibration by Recoils for Accurate 
Bolometry

• Method for calibrating bolometers –
important for dark matter, neutrino 
studies

• Timing sensitivity can be important in 
certain elements
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t(collision) < t(gamma) 

Talk by Gabrielle Soum

t(collision) > t(gamma) 

L. Thulliez et al 2021 JINST 16 P07032



SHELL MODEL CALCULATIONS
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• Shell model calculations for isotopes Si, Al (usdb interaction) and Ge (jun45 interaction)
• Calculations were performed with the KShell code 

- Comp. Phys. Comm. 244, 372 (2019)
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CONCLUSIONS AND FUTURE PRESPECTIVES
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• Implementation of different databases (EGAF + RIPL3)
• Implementation of γ-angular correlations
• ENSDF implementation under works
• Results for the STEREO experiment with improved the Data/MC 

agreement
• Timing improvements under works
• Updated repository of ~ 10 million of cascades for Gd

doi: 10.5281/zenodo.6861341
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A. Sitenko, Lectures on the Theory of Nucleus, 

Pergamon Press 1975

WHAT ABOUT TIMING IN FIFRELIN?
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• If a lifetime of a state is known, FIFRELIN 
considers the experimental value from 
RIPL3 database

• If not, Weisskopf estimates

• Weisskopf estimates → Not always 
accurate 
(assume the transitions comes only from 
a single nucleon)

• Use of Nuclear Models depending on the 
isotope of interest
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Single-particle states (Nuclear shell model)


