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Evaluated nuclear data
- Cycle studies
o

« Evaluated Nuclear Data Files (ENDF) : input
parameters for nuclear reactor simulations !
 How is build an evaluated file (ENDF) ?

— models
— experimental data (Y(A), Y(A,Z), Y(TKEJA) ...) Experimental
« Why do we use models? data (cross

Models section, yields
(optical .t)
el \

— get data which cannot be measured
— reduce uncertainties

Ancillary
models (spin
distribution ...)

Evaluated data
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Evaluated nuclear data

Experimental Evaluated Nuclear reactors Cyé:lceiaﬁguridcl)es
data data simulation Safety

- How to improve the evaluation process?

— more “physical” models: improve knowledge
of the fission process

— new methods
= Better control of systematic uncertainties
= More accurate data
= Evaluation process
— complementary measurements
= Substitution reaction

= |[someric ratio
g A. Chebboubi et al, CGS17, Grenoble
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© M. Bender et al., Future of nuclear fission theory, J. Phys. G: Nucl.

Part. Phys. 47 113002 (202?A

The nuclear fission process

Nuclear forces Motion in collective space Prompt neutrons  Prompt gammas Beta decay
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FIFRELIN : generation and de-excitation of fission
fragment. Developed by DES/IRESNE V7%
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Definition of fission yields

Fission yields = production rate of fission fragment for a given mass A, nuclear charge Z, excitation energy E*, kinetic energy Ej,
angular momentum J, parity m, and isomeric state m

Y(A,Z,Ey, E*,J™) = Y(A) x P(Z|A) x P(E|A,Z) x IR(m|4, Z,E*, E})

Independent fission yields Y(4,7Z) = Y(A) X P(Z)| are used in nuclear reactor studies :
Isotopic composition

— Residual power
— Radiotoxicity of spent fuel g

Decay Heat ~ — e o m a "

- Spent fuel st , L

Y(AZ)>1%
01%<Y(AZ)<1%
0.01%<Y(AZ)<0.1%

~ et ;
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N

— Total decay heat
— - Actinide decay heat
- - FP decay heat
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Measurements of
independent fission
m product yields

L
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Experimental position 1 Selection
(straight unfocused beam) A & Ep

\ — Experimental position 2 q 4
’ (refocused beam)
/'\‘_

Refocusing
magnet

Fission target
position  Reactor core
Reactor wall

Main magnet Light water pool

Condenser
2 x 380 kV ILL reactor
Thermal neutron flux

at target ~ 5 10'* n/s/cm?

Electrostatic
deflector

Dipolar
magnet

. . . . A
selection with the mass over ionic charge .

. . . E .
and Kinetic energy over lonic charge ;" ratios

(A1,E1,q1) = (A3, Ez, q2) = (43, E3,q3)




Experimental setup

Vacuum chamber

Moveable Band

/ ’fbf

Detectors

High Purity Germanium (HPGe)

Assess fission fragment nuclear charge through
Yy measurements

— Current solution to study isotopic yields in the
heavy mass region

— Results are dependent of the knowledge of
fission fragment nuclear structure scheme

@ A. Chebboubi et al, CGS17, Grenoble
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Gamma spectra: example for mass 140
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Analysis: example 241Pu(n,,,,f) reaction

* The count rate N, is extracted using
the Program Tv

* The efficiency €, is extracted from a
Monte Carlo simulation and validated
against experimental points

* The intensity I,, is coming from nuclear
database

* The sum effect F, factor is calculated

K with the TrueCoinc software

ﬂ,/

Absolute Photopeak Efficiency [%]

MNCP simulation

Yy % =18.2 (Xjn = 22.3)
*Te ' =18.2 (xi.. = 18.5)
Bi ¥ =43 (Xjm=4.6)
Ba ¥*=0.9 (X,=7.8)

n L " L n L L n n L L
1000 1500 2000

y energy [keV]
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2500

Ngoune {Cum.) [Arbitrary Unit]

» Averaging number of decay :
* The average number of decay N; coming from fission f is
corrected from the background bkg (from the frame):
Ndf(Zt qlEk) = Nd(Z' qlEk) - Ndbkg(zr qIEk)
e Solving the Bateman equation Q to extract the production
rate T coming from fission

Julien-Lafferiére et al.,

Phys. Rev. C 102, 034602

Y(A,Z) = N(Z|A) X kq39

+ Correction of kinetic energy dependency P(E})

* Correction from target evolution BU(t)
« Sum over all ionic charge:

N(Z|A) = Xq

©(Z,q,t|Eg, A)

BU()P(Ex)

* Normalisation with A = 139:
kiso = Y(A =139)/Y,N(Z|A = 139)
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Impact of nuclear structure data on yields
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Some highlights
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Other observables of interest
to study the fission process :
B isomeric ratios

2
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N({t) {arbitrary unit)

Review of different techniques to assess
Isomeric Ratio on LOHENGRIN

N B ———————
"decav 1" "decs
"irrachation 1" e "irradiation 2" ecay 2"
25 measurement measurement
| measurement : . measurement
1 “: i
201 /) i
L 7 : i)
15 |r tape . J|
roil-out i . 1
10- : background / v
measuremen ; i
/ i
5 / : '
0f— — o
T 20 40 60 80 100
beam ON beam OFF beam ON beam OFF

Time {min)
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Difficulty : Isomeric states can
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)
20/07/2023 14



HS isomer experimental setup

@ A. Chebboubi et al, CGS17, Grenoble
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Analysis of us isomers

132Sn Coincidence spectrum

Fission
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. & £
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How to assess angular momentum using FIFRELIN

In this work, FIFRELIN (developed by CEA

Cadarache) is used only as a nuclear de-
excitation code

What is required for FIFRELIN :
« experimental level scheme (RIPL-3)

* Model of nuclear density to complete the level

scheme (CGCM)
» Model of y strength function (EGLO)
» Electron conversion coefficients (Brlcc)

g A. Chebboubi et al, CGS17, Grenoble

Fission entry
state : (E*,J™)

IR calculation
using FIFRELIN

Bayesian
comparison

experimental IR

ENT dE
N N N
E Epin—~e=eeee ===
RIPL _ — _ _ _ _ S__——_—_.
Ec'ut af f
——————————————————————— G.S
A-1

- Experimental
“ levels

&

G.S5

O. LITAIZE et al., Eur. Phys. J. A51, 177 (2015)
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How to assess angular momentum using FIFRELIN

In this work, FIFRELIN (developed by CEA
Cadarache) is used only as a nuclear de-
excitation code

Fission entry

What is required for FIFRELIN : state : (E*,J™)

« experimental level scheme (RIPL-3)

* Model of nuclear density to complete the level
scheme (CGCM)

» Model of y strength function (EGLO)

» Electron conversion coefficients (Brlcc)

IR calculation
using FIFRELIN

For comparison with experimental results
standard spin distribution:

* IRpp(E™, Jrms) = Xg 2n P(@P)IREr(E*,]™)

* P()x(2]+1) exp(—gf-—g))

Bayesian
comparison
with

cutoff experimental IR

+ P(m) =+

g A. Chebboubi et al, CGS17, Grenoble

Isomeric Ratio calculated by FIFRELIN ;55
as a function of entry state (E",J")

Sn

N |
“\ll_\\\-“lllll
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Impact of nuclear structure : 33Br case

Picture in 2014 (ENSDF)
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Example : 88Br

Isomeric Ratio calculated with FIFRELIN

2014 decay data [ E Enis s I —¢—  FIFRELIN w/ 2017 data : J o = 11.8 (A1) |
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Example : 1328n
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Isomeric Ratio

Isomeric Ratio of '*2Sn (***U Thin Target)

0.16[— —%— Experimental data Exclusion plot for Ef°" = 75 Mev
0.14— —=— FIFRELIN data 8_ s : o
0.12 — . 6:, K\k
0_1; ; ., A ey Isomeric
L () State
0.08 - =4
006: é w 5 Not considered for calculation
0.04= o
e

0.021 e %2 2 6 8 10 12 14

0 - | | | | J | ms (1)

65 70 75 80 85 90

Kinetic Energy (MeV)

IRs are compared with FIFRELIN calculations starting from
arbitrary initial nuclear state

The derived average angular momentum is dependent on the
fission fragment kinetic energy

HFB (from P. Marevic et al.) predicts 2.5 A (with 23°Pu)
 Neutron emission ?
 Thermal excitation ?

Chebboubi et al., Phys. Lett. B 775, 190-195 (2017)

J. Nicholson PhD thesis (2021) 20/07/2023 21




Conclusion
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 We measure independant yield through y spectroscopy
* Dependency to the nuclear structure level scheme
* Isomeric ratios can be measured with the LOHENGRIN spectrometer : probe for fission fragment angular
momentum
« The derived average angular momentum is dependent on the fission fragment kinetic energy
* Role of the complementary fragment ?
22
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