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C2A Context

Resolved Resonance Range (RRR) of the neutron cross sections
Study of the Doppler effects at low and room temperatures in the first three s-wave
resonances of U238 at 6.6 eV, 20.8 eV and 36.6 eV
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= Analysis of transmission data of thin and thick UO2 samples at 23 K and 300 K
performed at JRC-Geel | PAGE 2



JRC-Geel Time-Of-Flight facilities

RRR R-Matrix theory
10 E | rorrT ML | R | T T

GELINA facility
(JRC-Geel, Belgique)

Time Of Flight technique
‘l‘ﬂ L=10 m to 400 m

U-238 capture cross section (barns)
o o
[}
T T
k-\-\-\_‘_‘—\—\_
= __

_4 L NIRRT Lo pavanl Lo v avsenl 2 1 sl Lo paaanl R |
10' 10* 10° 10°
Energy (eV)




C2QA Doppler experimental station

Principle of the measurement of the total cross section
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T(E) = [R(E,E')T,, (E")dE'
Tin(E) =exp(—no, (E))
0(E) = [ S(E. E)o (E)dE

Can be calculated with the Free Gas Model (FGM) or a Cristal Lattice Model (CLM?*)

*D. G. Nabarejnev, C. Mounier, R. Sanchez "The Influence of Crystalline Binding on Resonant Absorption and
Reaction Rates” Nucl. Sci. Eng. 131, 222 (1999)
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Doppler and resolution broadening

Effect of the Doppler and resolution broadening

The observed width is the quadratic sum
of the Doppler, Resolution and natural
width of the resonance

Fezxp zFEZ) +FR2 +Ft§t
For U238, the natural width of the
resonance is the sum of the elastic,
radiation and fission widths
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C@a Free Gas Model vs. Cristal Lattice Model

Impact of the Cristal Lattice Model at low and room temperatures calculated with the Dolling
spectrum at 6.6 eV

T=77TK T=300K
Cristal Lattice Model .
e Free Gas Model e e

Fit of S,,,, with

the Free Gas Model
(Teff=308.3 K)

6.50 6.55 6.60 6.65 6.70 645 6.50 B.55 6.60 6.65 6.70 6.75
Energy (eV) Energy (eV)

At room temperature, the Doppler contribution is well reproduced with the Free Gas Model
and an effective temperature
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C2QA Density of states of U in UO2

Previous Neutron Resonance Shape Analysis were mainly performed with the
Dolling spectrum measured at 300 K
= not suitable for low temperature

New calculated spectra at room temperature are available
= Judy Pang (Oak Ridge)
= North Caroline South University (NCSU) _‘1'

Agreement with the SNS data is improved
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Density of states of U in UO2

In this work, we use recent spectra calculated at 23 K and 300 K by Pablo Maldonado

Calculation details can be found in the following article on NpO2

l

PHYSICAL REVIEW B 93, 144301 (2016)

Crystal dynamics and thermal properties of neptunium dioxide

P. Maldonado,' L. Paolasini,” P. M. Oppeneer,' T. R. Forrest,” A. Prodi,” N. Magnani,* A. Bosak,*
G. H. Lander.* and R. Caciuffo*
! Department of Physics and Astronomy, Uppsala University, Box 516, S-75120 Uppsala, Sweden
*European Synchrotron Radiation Facility (ESRF), B.P. 220, F-38043 Grenoble, France
3Consiglio Nazionale delle Ricerche, Istituto di Struttura della Materia, Area della Ricerca Roma 1, via Salaria km 29.300, Montelibretti, Italy
4 European Commission, Joint Research Centre (JRC), Institute for Transuranium Elements (ITU), Postfach 2340,
D-76125 Karlsruhe, Germany
(Received 25 January 2016; revised manuscript received 16 March 2016; published 4 April 2016)
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Density of states of U in UO2

In this work, we use recent spectra calculated at 23 K and 300 K by Pablo Maldonado
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C2QA Density of states of U in UO2

In this work, we use recent spectra calculated at 23 K and 300 K by Pablo Maldonado
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300 K

Transmission at T

C2A Transmission at 300 K

First step : Analysis of the transmission data (thick sample) at 300 K with the CLM

Ajustement of the resonance energies and neutron widths with the SAMMY code (ORNL)

1.2 T T T T T 1.2

300 K
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Transmission at T=300 K
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Transmission at T

02 - * IRMM (1997) 1 02 F « IRMM (1997) 1 0.2 - « IRMM (1997)
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l

Comparison with the latest neutron widths established at JRC-Geel (available in JEFF-3.3)
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300 K

Transmission at T

Transmission at 300 K

1.2 T T T T T 1.2

1.2
x x
& £
0.2 - * IRMM (1997) g 0.2 | « IRMM (1997) 0.2 | * IRMM (1997)
Cristal Lattice Model (Maldonado) Cristal Lattice Model (Maldonado) Cristal Lattice Model (Maldonado)
0.0 ' ' : : : 0.0 - ' . 0.0 ' : : ' : :
6.4 6.5 6.6 6.7 6.8 6.9 7.0 205 20.7 20.9 21.1 213 36.0 36.2 36.4 36.6 36.8 37.0 372 374
Incident neutron energy (eV) Incident neutron energy (eV) Incident neutron energy (eV)
| 6sev 20.8 eV 36.7 eV
I'(JEFF-3.3) 1.49 meV 10.08 meV 33.59 meV
I (This work) 1.51 meV 10.07 meV 32.92 meV
I (This work)/T',(JEFF-3.3)-1 +1.3% - -2.0%

= Excellent agreement that remains within the limit of the experimental uncertainties



Transmission at T=23 K

1.2

Transmission at 23 K

Second step : Analysis of the transmission data (thick sample) at 23 K with the CLM

No ajustement of the neutron widths

=23 K

Transmission at T
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Good agreement with the data measured at low temperature, but ...
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C2A Transmission at 23 K

Second step : Analysis of the transmission data (thick sample) at 23 K with the CLM

Problems in the wings
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Transmission at T=23 K
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Cea

Transmission at 23 K

Second step : Analysis of the transmission data (thick sample) at 23 K with the CLM
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Further works are needed to explain the differences ...
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C2A Conclusions

It is the first time that the JRC-Geel data at 23 K were analysed with an appropriate
phonon spectrum = How to explain the observed differences ?

 New measurements at low temperature are needed

* Repeat such calculations for NpO2 data measured JRC-Geel at 77 K
» Clarify the limits of the Crystal Lattice Model implemented in SAMMY
* Add “quantum correction” from Abe

« Comparison with the REFIT and CONRAD codes

 Radiation widths should be increased
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