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• 𝒀𝑪𝒂𝒍 𝑨 = σ𝒁,𝑰𝒀
𝒆𝒗𝒂𝒍(𝑨, 𝒁, 𝑰)

• 𝝈𝒆𝒙𝒑 𝒀 𝑨 < 𝝈𝒄𝒂𝒍 𝒀 𝑨
Incompatibility due to lack 

of correlation matrix

• 𝑪 = 𝑸 ∙ 𝒀
• 𝝈 𝑪𝒊 ≠ 𝝈 𝑸𝒀𝒊

→ Incompatibility

→ inconsistency

→ Lack of correlations

Context of new FY evaluation
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235U(nth,f)

235U(nth,f) FY evaluation : JEFF-4T3 proposal → Mixed CEA-NNL Eval. method

𝑌 𝐴, 𝑍, 𝐸𝐾 , 𝐼 |𝐸𝑛 = 𝑌 𝐴, 𝑍 . 𝑃 𝐸𝐾 𝐴, 𝑍 . 𝑃(𝐼|𝐴, 𝑍, 𝐸𝑘)



Disposition : Titre et contenu

G. Kessedjian et al. - Nacre - Janv. 2024 4

CEA_Strict CEA_Cons.

GEF

235U(nth,f) Y(A) evaluation : JEFF-4T3 proposal → Mixed CEA-NNL Eval. method
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CEA & NNL mixed method : Cov. from Conservation laws 

235U(nth,f) FY evaluation : JEFF-4T3 proposal → Mixed CEA-NNL Eval. method

Chain yields 

 

Corr CEA Y(A)

=
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239Pu(nth,f)

239Pu(nth,f) FY evaluation : JEFF-4T3 proposal → Mixed CEA-NNL Eval. method



Disposition : Titre et contenu

G. Kessedjian et al. - Nacre - Janv. 2024 7

239Pu(nth,f) FY evaluation : JEFF-4T3 proposal → Mixed CEA-NNL Eval. method
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correlation

Impact of Fission Yields on the Kinf :  UOX pin-cell calculations

APOLLO 2 Calculations with JEFF-3.3 library (without correlation) + JEFF-4TX or 235U(n,f) FY

Supercell (moderation ratio = assembly moderation ratio), 4 rings in the fuel, natB: 500ppm

Doppler for some isotopes (all actinides and some PF)

Space dependent mutual shielding at BOC (Livolant-JeanPierre U5,U8,P9+P0)

Pij integral transport equation, B1 homogeneous critical leakage
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Impact of Fission Yields on the Reactivity Loss :  UOX pin-cell calculations

JEFF-3.1.1 (XS+FY) Total

JEFF-3.1.1 (XS+FY) due to FY

Impact JEFF-4T2/FY_
235

Uth 

Impact CONS-2023/FY_
235

Uth

Impact CONS-2023/FY_
239

Puth

Impact CONS-2023/FY_
235

Uth+CONS-2023/
239

Puth

Impact STRICT-2023/FY_235Uth 

Impact STRICT-2023/FY_239Puth 

Impact STRICT-2023/FY_235Uth+STRICT-2023/239Puth

-22

-5

-6

-11

-33904

-7301

-37486

-10695

-32

-68

-23

-91

-48

-4

-52

Dr [50-0] GWd/t [pcm] Dr [50-1.5] GWd/t [pcm]

4

4

-26

Apollo2 + TMC on FY JEFF-4T2 using covariance matrix → M&C2023 & NSE submitted   

𝜎[Δ𝜌]~ 24 pcm with JEFF-4T2

𝜎[Δ𝜌]~ 60 pcm with CEA-Cons-2022 
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Impact of Fission Yields on the Reactivity Loss :  Contributions per nucleus

235U
239Pu

239Pu

239Pu

239Pu
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Impact of Fission Yields on νd calculations : 235U(nth,f)
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Impact of Fission Yields on νd calculations : 239Pu(nth,f)

→ ENDF s JEFF Decay Data present contradictory effects in the νd calculations      

→ nuclear charge distributions per mass is questioned for 235U(nth,f)
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EXFOR

Exp. 
A priori 

Correlations

Isomeric Ratio data 

Isotopic Rates: 
Data ranking method

Mass Rates: 
Data ranking Method

Models
FIFRELIN

Prior Models 
FIFRELIN, GEF

Prior Model
Brosa, FRLDM, HFB, …

R(A) 
Free of model analysis

Post-n Y(A) 
Local normalization

Post-n P(Z|A) 
Local normalization

Post-n P(I|A,Z) 
Local normalization

achieved

ongoing

To do

Phenomenological models
Wahl, DZp, GEF…

IR (A,Z,m)
Free of model analysis                   

Neutron emission 
Data ranking method

Pre-n Y(A* |En)
(A*)
P(Z|A*) 
Y(A*,Z |En)

?

Pre-neutron Yields Post-neutron Yields Applications

R(Z|A) 
Model dependent 
Analysis 

Post-n Y(A, Z, m) 
Absolute normalization

Cumulative 
Yields 

C(A, Z, m) 

R(A) 
Model dependent Analysis 

P(J | A*,Z, E*)

Test of fission models 

Decay Data

Experimental data

Goal → 235U(nth,f) & 239U(nth,f) complete and consistent evaluation 
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235U(nth,f) Y(A*) available experimental data on EXFOR/JANIS

Biases : - Mass resolution of experimental data

- Saw-tooth dependency of exp. results 



Disposition : Titre et contenu

G. Kessedjian et al. - Nacre - Janv. 2024 17

235U(nth,f) Y(A*) available experimental data on EXFOR/JANIS

Mass (A*)

Y
(A

*)
 (

%
)

- 2E2V & 2E1V experimental data

- Without saw-tooth assumption 

- Mass resolution 

Data Year Method Obs. P-val *

Geltenbort * 1985 2E-1v Y(A*), Ek 1

Derengowsky 1970 2E-1v Y(A*) 3E-11

Hambsch 1989 2E Y(A*), Ek, σ𝐸𝑘 0

Al-Adili 2020 2E Y(A*), Ek, σ𝐸𝑘 0

Pleasonton 1972 2E Y(A*) 0

Romano 2007 2E Y(A*) 0,9

Zeynalov_1 2017 2E Y(A*) 0

Zeynalov_2 2017 2E Y(A*) 0

Zeynalov 1998 2E Y(A*), Ek 0

Simon 1989 2E Y(A*), Ek 0

Ajitanand_1 1978 2E Y(A*) 0

Ajitanand_2 1978 2E Y(A*) 0

Ajitanand 1983 2E Y(A*), Ek 1,4E-8

PhD thesis 2024-2027

A. Regonesi et al.
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235U(nth,f) Y(A*) available experimental data on EXFOR/JANIS
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PhD thesis 2024-2027

A. Regonesi et al.
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Brosa model Vs JEFF3.1.1 : 5% unc. on Y(A) 

Unpredictive estimator of neutron emission

Exp. 𝜈(𝐴∗) : Mass resolution of 2-3 u dependency

FIFRELIN

Model using input data

𝑌 𝐴∗ ; 𝐸𝑘(𝐴
∗) ; σ𝐸𝐾 𝐴∗ ; 𝑃(𝑍|𝐴∗)

Adjusted only on ҧ𝜈

→ Provide 𝑃(𝜈|𝐴∗)

235U(nth,f) υ(A*) available approaches and data

Terranova’s approach

G.Kessedjian et al. - Séminaire CODONU , 2-3 mars 2023
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Perspectives 

 Thermal neutron induced Evaluation 235U(nth,f) Y(A*)| Y(A)

• Coupled analysis of pre-neutron 𝑌(𝐴∗) and P 𝜈 𝐴∗ is requested to connect pre-N and Post-N fission yields
• KE distribution are requested to determine P 𝜈 𝐴∗

• Major Pre-neutron data are dependent to a Saw-Tooth 𝜈(𝐴∗) dataset
Multivariate analysis involved to use only the 2E2V method (1 dataset) or 2E1V method (1 dataset)

→ A complete dataset of {Y(A*) ; Y(A) ; C(A)} 
allowing the determination of Brosa Modes or ???

→ Consistent evaluation of fission yields from 
pre-neutron yields up to chain yields 

→ connected to spectroscopy of KE dist. of mass

 Fast neutron induced 235U(nr ,f) Y(A*)| Y(A) 

• Only partial datasets of fission rates
• Model Inputs are requested to developed evaluation of 

fast neutron induced fission yields
• 235U is the most complete fissionning system to test this new approach

→ C(A; En) exp. Data  available 

 PhD thesis (2024-27) on Fast neutron induced fission : U5, U8, Pu9

Independant
yields

Cumulatve
Yields

Fission 
fragment 
properties

FIFRELIN

Decay data

Applications

Apollo

𝑌 𝐴∗, 𝐸𝐾 = 𝑌 𝐴∗ . 𝑃 𝐸𝐾 𝐴∗
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