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Context

Thermal Neutron Constants (TNC) are evaluated

in the framework of the Neutron Data Standard 

group of IAEA

A.D. Carlson et al., Evaluation of the Neutron 

Data Standards, Nuclear Data Sheets 148 

(2018) 143–188 (IAEA STD 2017)
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Context

1960

After 1986

• Significant progress has been made thanks to the compilation work carried out by Axton [2],

who reports experimental TNC values with full experimental covariance matrix using the

IDC format [3] developed at JRC-Geel (AGS code/method)

Before 1960 

[1] https://doi.org/10.1016/0306-4549(84)90002-1

[2] E.J Axton, Evaluation of the thermal constants, CBNM report, Geel, Belgium, GE/PH/01/86, 1986

[3] N.M. Larson, A concise method for storing and communicating the Experimental Covariance Matrix, ORNL/TM-2008/104, 2008

New release in 2026

• A new evaluation code has been developed by G. Schnabel (gmapy)

• Axton data base has been significantly revised and extended

Continuous evaluation process of the Thermal Neutron Constants is underway since the late 1950’s

Long tradition at the IAEA (Hanna, Westcott, Lemmel)

1984

• Divadeenam and Stehn, A least-squares fit of thermal data for fissile nuclei, ANE 11 (1984) 375-404 [1]

https://doi.org/10.1016/0306-4549(84)90002-1
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Schematic evaluation process

Prior TNC 

information

from NDS 2018

Feedback from

evaluators using

CONRAD (JEFF-4) and

SAMMY (ENDF/B-VIII.1)

Feedback from

TOF data available in 

EXFOR

Feedback from

CONRAD analysis

using Axton data 

Posterior information

for gmapy such as clean 

TNC data base and 

target TNC values

Dedicated meetings 

to p(
252Cf)   

Delayed neutron 

multiplicities taken

from dedicated CRP
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Prior TNC information from NDS 2018

For the past release:

• TNC and high-energy standard cross sections were

simultaneously evaluated with the GMA code

• For the GMA fit, prior TNC values and covariances came from

Axton’s report

• No new prior TNC values established since Axton work

Compared to TNC published in 2006 (2nd row), those released in 2018 

show a systematic increase in ALL thermal fission cross sections

Needs to improve the evaluation strategy !
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Feedback from CONRAD analysis using Axton data  

Generic form of the experimental covariance matrix C in IDC format

S

GLS fit coupled to an analytic or Monte-Carlo marginalization of the uncertainties

• Non-informative prior values were introduced in the fitting

procedure (prior relative uncertainties of 100%, uniform sampling

of the priors)

• Example of reliable posterior correlation between the U235 and

Cf252 neutron multiplicities (red dot) obtained after a Monte-Carlo

data assimilation procedure.
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Schematic evaluation process

Prior TNC 

information

from NDS 2018

Feedback from

evaluators using

CONRAD (JEFF-4) and

SAMMY (ENDF/B-VIII.1)

Feedback from

TOF data available in 

EXFOR [1,2]

Feedback from
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Posterior information

for gmapy such as clean 

TNC data base and 
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Dedicated meetings 

to p(
252Cf)   

Delayed neutron 

multiplicities taken

from dedicated CRP

[1] Duran et al, NDS 193 (2024) 95

[2] Duran et al, ND2025, Madrid, submitted 
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Feedback from high-resolution TOF data available in EXFOR

I1=[20-60 meV]

• Total and fission neutron cross sections at thermal energy and ratio 

th/I1 determined from time-of-flight data available in EXFOR

• Capture cross sections and ratio th/I1 deduced from the total cross 

sections by substracting the fission and elastic scattering contributions

• Integral ratio I3/I1 for U233, U235, Pu239, 

and Pu241 also revisited thanks to EXFOR 

data

th/I1 and I3/I1 are independent of 

normalization issues

• Reference integral I3 is a useful quantity to 

normalize TOF data if thermal value not 

measured (or not precise enough)    

I3

I3 I3

I3
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Feedback from JEFF and ENDF/B participants

U233 U235

fission yield

cross section

Pu239 Pu241

JEFF-4 (= CONRAD)

Mosteller suite

« online » evaluation and integral validation 

by taking into account evolution of the TNC 

during the production of JEFF-4 and 

ENDF/B-VIII.1 libraries
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Schematic evaluation process
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*participants : Neudeker (LANL), Morgan, Croft (Lancaster University), Kelly (LANL), Bellier (CEA), Talou (LANL), Taieb (CEA)  
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to p(
252Cf)   

Delayed neutron 

multiplicities taken

from dedicated CRP
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Axton

CONRAD

Croft

2025 (CONRAD, gmapy)  0.3% by marginalizing 

standard deviation for each type of measurement 

(0.7% for Mn, 0.3% for SCI and 0.5% for B) 

2026 (CONRAD)  0.2% by updating correlated 

and uncorrelated sources of uncertainties following 

dedicated discussions chaired by D. Neudecker

14

Review t(Cf252)

Open circles : data not used by Axton

Filled circles : data used by Axton For the next release, no revision of the 

t(Cf252) experimental values 

available in the Axton data base !

New evaluated results are all close to the 

value reported by Axton in 1986

(and agree within smaller uncertanties)

New evaluation of 252Cf(sf) total multiplicity on-going led by Neudecker (LANL) in the longer term
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Delayed neutron multiplicities

Delayed neutron multiplicities are needed to derive the prompt contribution from the total neutron 

multiplicities derived from the TNC evaluation work

[1] https://www-nds.iaea.org/beta-delayed-neutron/databases/delayedn_ty.html

[2] P. Leconte et al., EPJA (2024) 60:197

IAEA 2013-2018
ALDEN program started in 2018 at ILL with

the aim of measuring d for U233, U235, Pu239

and Pu241 with the LOENIE detector

Collaboration: ILL, IRESNE, LP2I, LPSC, LPC,

IRFU, GANIL

IAEA [1] ALDEN@ILL

U233 0.667(29)% Completed

U235 1.621(50)% 1.625(10)% [2]

Pu239 0.628(38)% Completed

Pu241 1.52(11)% Completed

https://www-nds.iaea.org/beta-delayed-neutron/databases/delayedn_ty.html
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gmapy code and fitting method

High-energy part

• Fortran GMAP code (Poenitz, Pronyaev) translated to Python (gmapy), modernized and validated

• TensorFlow backend enables various evaluation strategies (GLS, ChiSquare Minimization, Maximum Likelihood, 

Bayesian Markov Chain Monte Carlo)

• Standards committee decided to continue using GLS as evaluation method but integrate other evaluation 

techniques to assess uncertainty related to evaluation method

• New code supports original database format as well as JSON format (FAIR principles)

TNC part

• AI-accelerated creation of evaluation pipeline for the reproduction of Axton 1986 evaluation

• Evaluation approach uses TensorFlow to implement GLS method

• Creation of JSON database closely following IDC format and covariance specification approach in Axton report

• Update and revision of TNC database

Upcoming integration of TNC part into gmapy

• TensorFlow graphs for high-energy and TNC part will be combined for a joint (TNC+high-energy) GLS evaluation

• In case of unresolvable tensions between TNC and high-energy part, the cut posterior approach will be applied 

(fixing TNC but rigorous uncertainty propagation to high-energy part)
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Gmapy experimental data base

• 143 datasets (out of 220) selected

• Maxwellian data excluded

• 10 outliers excluded (too scattered)

• 53 new data sets (post 1986)

• Some updates/corrections to the values 

reported by Axton

• Elastic cross sections (SCA) reviewed

+ Non-fitted constants (like T1/2) updated

Chi-sq/DoF = 0.65
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Example of new data

gmapy input: 1390 b

better interpolation 

over I1=[0.2-0.6 eV]

New Pu241(n,tot) data 

from Young (1968)
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Example of rejected Axton data

EXFOR: 1383 b (2.1%)

discarded

EXFOR: 1400 b

discarded

Axton Pu241(n,tot) data from Craig (1964) and Schwartz (1958)  Discarded
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Example of updated Axton data

EXFOR: 684 b (1.2%)

gmapy input: 692 b (1.2%)

 better interpolation 

in a broader energy region !

U235(n,tot) from 

Gerasimov (1962) 
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Focus on issues with neutron scattering cross section

Block, NSE 8, 112 (1960)  

Sjostrand (1960)

U metal
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Focus on issues with neutron scattering cross section

Block, NSE 8, 112 (1960)  

Sjostrand (1960)

Example preferred 

orientation correction in 

zircaloy-4

Scattering cross section 

for rolled metal

SCR=N s

Crystal extinction effects due to the structure and 

dynamics of the molecule in the crystal, taken into 

account in TNC evaluation

N (or equivalently s-SCR) is a free parameter

Prior s-SCR values come from Lemmel (1982)
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Focus on issues with neutron scattering cross section

Block, NSE 8, 112 (1960)  

Sjostrand (1960)

SCR is 1 or 2 barns lower than s  impact the 

capture and/or fission cross sections  

Crystal extinction effects due to the structure and 

dynamics of the molecule in the crystal, taken into 

account in TNC evaluation

ENDF/B-VIII.1 evaluation of U233(nth,n) 

incorrectly uses values from Green 

measured with a rolled metal sample (SCR)

SCR=N s
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 30 free parameters and 72 derived quantities

• Elastic cross section for rolled metallic sample (SCR)

• Total, Capture, fission, elastic cross sections

• Total neutron multiplicities 

• , , K1 values

gmapy results (round3, 24 June 2026) 
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gmapy results (round3, 24 June 2026) 

U233 U235 Pu239 Pu241 Cf252

tot

587.7(22)

590.2(14)

590(2)

588.3(13)

697.6(36)

700.4(11)

699.8(20)

698.6(10)

1027.7(48)

1028.6(13)

1029(5)

1029.6(30)

1394.3(169)

1393.6(13)

1399(2)

1392.6(60)

n

12.3(7)

12.3(5)

12.3(7)

13.3(2)

14.1(7)

14.2(5)

14.1(2)

14.1(2)

8(1)

7.8(10)

8(1)

7.5(4)

12,0(25)

11.9(15)

11,9(25)

12.0(6)

f

530.4(22)

532.6(7)

533(2)

530.4(14)

585.0(35)

586.4(24)

586.2(3)

585.4(8)

749.1(34)

750.6(19)

751(2)

750.1(18)

1018.0(133)

1018.2(25)

1024(2)

1016.7(52)



44.9(10)

45.4(17)

45(1)

44.6(8)

98.6(12)

99.8(27)

99(5)

99.1(8)

270.6(29)

270.2(25)

270(3)

272.0(24)

364.3(63)

363.6(32)

363(7)

363.9(46)

tot

2.491(5)

2.487(3)

2.491(5)

2.430(5)

2.425(10)

2.430(5)

2.882(6)

2.873(5)

2.882(5)

2.944(6)

2.940(13)

2.944(6)

3.766(5)

3.767(5)

K1

742.1(50)

742.1(33)

721.0(58)

723.4(78)

723.4(78)

1181.6(103)

1172.5(324)

1172.5(324)

1688.7(328)

1704.7(263)

From CONRAD using Axton data

From HR TOF data using EXFOR

Expected target values 

gmapy results

No suspicious results !!!
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gmapy results (round3, 24 June 2026) vs Evaluated Libraries
U233 U235 Pu239 Pu241

tot

593.0

589.7

590.3

588.3(13)

700.2

699.6

699.7

698.6(10)

1025.5

1029.5

1032.0

1029.6(30)

1386.4

1399.5

1399.5

1392.6(60)

n

11.7

12.1

12.2

13.3(2)

14.1

14.1

14.1

14.1(2)

8.1

8.1

9.9

7.5(4)

11.3

12.0

11,8

12.0(6)

f

537.8

533.5

533.0

530.4(14)

586.7

586.1

586.1

585.4(8)

747.3

751.1

750.7

750.1(18)

1012.2

1023.7

1023.7

1016.7(52)



43.5

44.1

45.2

44.6(8)

99.4

99.4

99.4

99.1(8)

270.1

270.4

271.4

272.0(24)

363.0

363.8

364.0

363.9(46)

tot

2.4845

2.4869

2.4993

2.491(5)

2.4288

2.4298

2.4367

2.430(5)

2.8742

2.8614

2.8726

2.882(5)

2.9466

2.9453

2.9410

2.944(6)

JENDL-5

ENDF/B-VIII.1

JEFF-4

gmapy results

Some deviations, but 

generally good agreement !!!
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Conclusions

❑ Full revision of the TNC data base

• Axton report taken as starting point

• Maxwellian data discarded as done for STD2017

• Total and fission cross section data revised based on consistent fits in the energy range I1=[20-60 meV] 

• Some (n,tot) data discarded due to large spread within I1

• All available scattering cross section data used with addition of new datasets for U233, U235 and Pu239

• Prior extinction corrections s-SCR taken from Lemmel (1982) as reported by Axton

• Westcott factors replaced by those of ENDF/B-VIII.1 (SAMMY, ORNL)

❑ Development of a new evaluation tool called gmapy

• New TNC values provided by gmapy are consistent with past works and confirmed the slight overestimation of the 

U235 and Pu239 fission cross sections in STD2017

• K1 integral parameters (characterizing the criticality of thermal systems) calculated using Westcott factors from 

ENDF/B-VIII.1 and new TNC are in excellent agreement with recommended values

Derived K1(235U)= 723(7) b vs. recommended by Hardy and Williams 722.7(39) b

Derived K1(239Pu)= 1172(32) b vs. recommended by Noguere (CERES program) 1170(6) b

CONSISTENT MIC-MAC data but large uncertainties !!


