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Context

New TSL evaluations of H2O and UO2 (ENDF\B-VIII)
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Experimental validation H2O and UO2

Microscopic and integral data base

Double-differential neutron cross sections and DOS : new experimental program 

 Light and heavy water :  IN4, IN5 and IN6 at ILL from cold to hot operating conditions 

• H20: 285 K to 540 K (P = 1- 600 bar)

 UO2 :  IN4 and IN6 from room temperature to Hot Full Power conditions

• T = 294 K to 900 K

Total cross sections: from the EXFOR data base

 Analysis of transmission measurements performed on UO2 samples at the time-of-flight 

facility GELINA of JRC-Geel

• T = 23 K and 294 K

Integral validation with CEA benchmarks 

 Analysis of the MISTRAL programs carried out in the EOLE reactor of CEA Cadarache

• T = 280 K to 354 K
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CAB model for light and heavy water

 Density of states calculated with

GROMACS

 Difusion model from Egelstaf’s

expression available in LEAPR
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IN4 ToF spectrometer IN6 ToF spectrometer

Reactor building

INSTITUTE LAUE-LANGEVIN

Double-differential neutron cross section H2O



|  PAGE 6

Problems in JEFF-3.1.1  free gas law to account the 

molecular diffusion, while CAB model uses  the 

Egelstaff expression

Incident neutron energy E0 = 14 meV ,  = 15° and T= 300 K.

Double-differential neutron cross section H2O
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Double-differential neutron cross section H2O

Source of such discrepancies between

the CAB model and the data

 non-classical behavior in the diffusion

of the water molecules ?

 molecules could diffuse in a step-like

movement.

LEAPR module deficiency?
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To compensate the deficiencies of the diffusion model, Abe et al. (ANE 83, 302, 2015) applied

a quantum correction to the scattering function. Similar work was done by J.I. Márquez

Damián (ANE 92, 107, 2016)

The nature of the discrepancies between the calculation and the ILL data seems to be the same.

Quantum correction

Gaussian 

approximation

Gaussian 

approximation

E0 = 3 meV (IN6)

 = 71 deg

Double-differential neutron cross section H2O



Two-step CONRAD calculation for producing Model Parameter Covariance Matrix

for GROMACS (CAB model)

Before the fit After the fit

prior model parameters from 

CAB MODEL

Prior and posterior model parameters

are nearly equivalent

Total cross section H2O

 Good agreement with the EXFOR data 



Mistral - 1 (UOX core)

• 750 fuel cells (3.7% in 235U)

• 17 guide tubes

• Cell pitch 1.32 cm

• Moderation ratio 1.7

• Moderator: H2O+H3BO3

• Reactivity control: [B] 

EOLE reactor (CEA Cadarache, France)

Experimental validation with integral benchmarks H2O

Δ𝜌 = 100 pcm

Mistral - 1 (UOX)

When the CAB model is used in the JEFF-3.1.1 library, 

the slope as a function of the temperature vanishes
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New TSL file from

North Caroline South University

(NCSU)

U in UO2

O in UO2

T=0 K

NCSU model for UO2
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Experimental validation DOS of UO2

Experimental phonon spectrum extracted from ILL data T=300 K

MUPHOCOR (LAMP analysis tool) provide

an experimental phonon spectrum by using

equations similar to those available in the

LEAPR formalism

Nearly similar results can be directly obtained

by using the cumulative distribution of

Ssym(q,)

Differences between ILL data and TRIPOLI4

simulations performed with the NCSU model

still not well understood

Difficult to achive a meaningfull experimental validation of the phonon spectrum
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Experimental validation DOS of UO2

Experimental phonon spectrum extracted from ILL data T=300 K

Extrapolation to q=0

A small q range 

is investigated

with the IN6 TOF 

spectrometer
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Experimental validation DOS of UO2

Experimental phonon spectrum extracted from ILL data T=300 K

The use of the cumulative distribution of Ssym(q,)

allows to get an experimental pĥonon spectrum in

reasonable agreement with data from J. Pang

(Phys. Rev. B89, 115132, 2014)

« background contribution » in the

ILL data which is not taken into

account in the TRIPOLI4 simulations
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Total cross section UO2

Doppler broadening of neutron-induced resonances using LEAPR formalism

we use recent spectra calculated at 23 K and 300 K 

by Pablo Maldonado
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Measurements were performed by 

Meister et al. (1997) at the GELINA 

facility (JRC-Geel, Belgique) with the 

Time Of Flight technique at L=30 m

Total cross section UO2

Strong assymetry observed at low

temperature (T=23 K)



Total cross section UO2

T=23.7 KT=293.7 K

At room temperature, LEAPR formalism provides an excellent agreement with the data



Total cross section UO2

At T=23.7 K, model not adapted to account for the strong coupling between the lattice

vibrations and the magnetic properties of UO2 (+Jahn-Teller distortion of the oxygen cage)

T=23.7 KT=293.7 K



Conclusions

Double-differential neutron cross sections

• Provide qualitative information

• Difficult to explain the differences between the data and the simulation

• Inter-comparaison exercises between facilities are needed

Neutron total cross section

• Provide quantitative « integrated » information in the thermal and resonance ranges

• Needs for transmission data at high temperature !

• Needs for data below 1 meV

• Difficult to get beam time on the existing cold neutron sources to do « simple » transmission 

measurements

Integral benchmarks (keff)

• Provide global trends on TSL

• Sensitivity studies are needed to investigate « compensation » effects


