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Estimated « target » TNC values

“Target” TNC values established from Axton data, reference 

integrals, SAMMY and CONRAD evaluations

Final TNC values will be given by GMAPY  consistent description between TNC and high energy cross sections !

Not uncertainty, but 

range of variation
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Actions listed during the last STD meeting in 2023

TNC evaluation strategy

• TNC evaluation should be considered as an independent work and not included in a fitting procedure that 

combines the full GMA database ?

• If yes, remove TNC data from the GMA database

• Identify data sets in the GMA database that cover the thermal range

Recommendation and actions for Code and Database

• Provide input data for TNC including covariance matrices to IAEA for an evaluation with GMAPY

• Include reference integral ratios I1/I3, th/I1 and th/I3 to get correlation information

• Re-evaluation of (252Cf) with updated uncertainties, especially for the Spencer and Smith data

Suggestions for possible future work

• Follow up what half live values was used in the past

• Use R-matrix to calculate integrals I1 and I3 to get correlation information

• Determine I1 and I3 directly in the evaluation procedure with GMAPY ?
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New data sets for TNC evaluation

U233

M. Bacak, Développement d'un détecteur pour la mesure simultanée et l’étude des rendements de capture et de

fission de l’uranium-233 auprès de la source de neutrons n_TOF au CERN, PhD thesis Université Paris Saclay, 2019

https://theses.hal.science/tel-02358659v1/document

 Not yet available (needed for reference integral evaluation ?)

U235

N. Patronis et al., Measurement of the fission cross-section of 243Am at EAR-1 and EAR-2 of the CERN n_TOF

 For the measurement, additional samples of 235U, 238U and 10B were used as reference for the neutron flux

determination

 Is this data available and already taken into account ?

Pu239

Adrian Sanchez-Caballero et al., Experimental setup of the 239Pu neutron capture and fission cross-section

measurements at n_TOF, WONDER2023

https://doi.org/10.1051/epjconf/202429401003

 Not yet available (needed for STD evaluation ! )

Pu241

 n_TOF measurements of the capture and fission cross sections in preparation

New/Final TNC will be delivered as soon as n_TOF data for Pu239 will be available …

https://theses.hal.science/tel-02358659v1/document
https://doi.org/10.1051/epjconf/202429401003
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New data sets for TNC evaluation

Include tof data used to established reference integral in the TNC evaluation procedure

I. Duran et al., Normalization of ToF (n,f) Measurements in Fissile Targets: Microscopic cross-section integrals, NDS

193 (2024) 95–104

Exemple : U235(n,f)

Adamchuk data not considered by Axton, not 

used in the CONRAD evaluation of RRR 

 Need for a consistent database

between TNC, reference integrals and 

RRR analysis

 See Talk of Ignacio
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New data sets for TNC evaluation

Include tof data used to established reference integral in the TNC evaluation procedure

I. Duran et al., Normalization of ToF (n,f) Measurements in Fissile Targets: Microscopic cross-section integrals, NDS

193 (2024) 95–104

Exemple : U235(n,f)

Slope of Adamchuck between 0.02 and 

0.06 eV not consistent with EXFOR 

data used in the RRR analysis
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New data sets for TNC evaluation

Include tof data used to established reference integral in the TNC evaluation procedure

I. Duran et al., Normalization of ToF (n,f) Measurements in Fissile Targets: Microscopic cross-section integrals, NDS

193 (2024) 95–104

Exemple : U235(n,f)  use unpublished fission cross section measured at JRC-Geel ?
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Axton data vs. EXFOR data

Naohiko Otuka, “Experiments in the EXFOR library for evaluation of thermal neutron constants », ND2016

Non negligible differences ranging from 1 to 4% on some «old» TNC data reported in the Axton report

 Should we replace Axton data by EXFOR data ?
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« Old » TNC data 1944-1960

History of data selection/correction made by Axton for data measured before

1960 difficult to trace

Report from Sjostrand contains usefull information (total cross sections, 

elastic cross section, uncertainties, origin of the data …) 

 But, quality of the data is questionable …

Some data reported by Sjostrand (close to the TNC-17 value) are not included in the Axton report

 Should we take them into account ?
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« Old » TNC data 1944-1960

Some data reported by Sjostrand (close to the TNC-17 value) are not included in the Axton report

 Should we take them into account ?

Scattering cross section not used by Axton

Absorption cross section not used by Axton

Taken into account by Axton, should be corrected (relative to Gold)
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« Old » TNC data 1944-1960

Some data reported by Sjostrand (close to the TNC-17 value) are not included in the Axton report

 Should we take them into account ?

Scattering cross section not used by Axton

Neutron scattering cross section at thermal energy

depends on the structure and dynamics of the molecule
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Issues with neutron scattering cross section

Total cross section of UO2 measured at the

VESUVIO facility (ISIS, UK)

Neutron scattering cross section and Bragg Edges observed in a UO2 powder sample
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Issues with neutron scattering cross section

Neutron scattering cross section depends of the material

UO2 powder

U metal

Free Gas Model used in the evaluations available in the ENDF libraries  consistency with TNC work ? 
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“Crystal extinction effects” due to the structure and dynamics of the molecule in the crystal 

Issues with neutron scattering cross section

U metal
Block, NSE 8, 112 (1960)  

« Crystal extinction effects taken into

account in the TNC evaluation

 Consistency with the work performed on the reference integrals = tot - f - n?

 The neutron scattering cross section at zero Kelvin is the common value that should be taken into

account (more complex evaluation procedure, with additional sources of uncertainties  )
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Input for TNC evaluation : Half-live values 

TNC calculations have to performed with updated half-lives, which are needed to compute some quantities

reported in the Axton’s report:

Values taken in CONRAD evaluation:

 T1/2(U233) = (1.592  0.002).105 y (ENSDF

 T1/2(U234) = (2.455  0.006).105 y (LNHB = ENSDF)

 T1/2(Pu239) = (2.4100  0.0011).104 y (LNHB)

 T1/2(Pu241) = 14.33  0.04 y (LNHB)

 Other suggestions ? Which Half-live values should we adopt?
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Input for TNC evaluation : USU on tot(Cf252)

STD meeting 2017

CONRAD

(1)

NDS 2018

A.D. Carlson et al.

(2)

Difference

(1)-(2)

tot 3.7660(70) 3.7637(158) +0.0023

Reduce USU from 0.4% to 0.25% ?

 In CONRAD, USU is taken into account via the marginalization procedure of nuisance parameters

 Which USU value should we adopt (see talk of Denise) ?



Disposition : Titre et contenu

17

Input for TNC evaluation : “Evaluator dependent biases”

Trivial sources of bias that can be taken into account  fitting strategy and data selection

For the second category of biases, we can distinguished the contribution of the sample characteristics (oxide powder

vs. rolled metal samples), “mic-mac” data, contribution of the differences between the Axton and EXFOR data …

Thermal constants

Sources of uncertainties (in %)

Total

(in %)

fitting

model

rolled

metal

mac.

data

EXFOR

data

U233

s - 0.05 0.98 - 0.98

f 0.04 0.21 0.09 0.01 0.23

 0.50 0.36 0.89 0.17 1.20

t 0.05 - 0.07 - 0.09

U235

s 1.36 3.04 2.93 0.03 4.44

f 0.16 0.51 0.11 0.01 0.55

 0.47 0.04 0.51 0.01 0.69

t 0.10 0.02 0.07 - 0.12

Pu239

s 0.04 0.22 0.06 - 0.23

f 0.05 0.19 0.18 0.01 0.27

 0.11 0.17 0.23 - 0.31

t 0.02 - 0.02 - 0.03

Pu241

s 0.19 0.10 0.96 - 0.98

f 0.34 - 0.45 - 0.56

 0.02 0.10 0.25 0.01 0.27

t 0.04 - 0.06 - 0.07

Cf252 t 0.02 - 0.02 - 0.03

Impact of these types of biases ranges from 0.5% to 4% 

depending of the TNC

 Provide a lower uncertainty limit (included in the 

CONRAD analysis) 

 Should we consider these sources of biases in 

GMAPY ?
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Input for TNC evaluation : prior uncertainties

Non-informative prior values were introduced in the fitting procedure (prior relative uncertainties of 100%, uniform

sampling of the priors)

Prior

Posterior

Example of dispersion of the Monte-

Carlo results for N=1000 iterations 

Reliable posterior correlation between the U235 and Cf252 neutron multiplicities (red dot) obtained after a Monte-

Carlo data assimilation procedure by randomly choosing the prior values (open circle).
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Number of correlated uncertainties

Uncorrelated uncertainties

« sparse » matrix

Input for TNC evaluation : AGS/IDC data format

Example GMA format

Same uncertainty format in GMA data base

DSSC T 
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Questions

• TNC evaluation should be considered as an independent work and not included in a fitting

procedure that combines the full GMA database ?

• Should we replace Axton data by EXFOR data ?

• Should we take data reported by Sjostrand which are not included in the Axton report ?

• Which Half-live values should we adopt?

• Which USU value for tot(Cf252) should we adopt?

• Should we consider “evaluator dependent biases” in GMAPY ?

• Use non-informative prior values and uncertainties in GMAPY ?

• Determine I1 and I3 directly in the evaluation procedure with GMAPY ?

• …


