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ANDES 

3 19 May 2014 

Accurate nuclear data for nuclear 
energy sustainability 

Coordinator: Enrique Gonzalez 
Measurements, evaluation, validation 

3 M€ EC contribution, ~6M€ total effort 
20 partners, 2010-2013 

Inspired by HPRL, SG26, SG25, 
MANREAD, EUROTRANS-NUDATRA, 
CANDIDE 



ANDES WP1 
 

19 May 2014 

238U(n,n’g) 
Bacquias et al. 
IPHC 

Covariances 
Negret et al. 
IFIN-HH Na,Zr,Mo(n,n’g) 

C. Rouki, N. Nyman et al. 
IRMM 



Publications 

235U(n,n’g) M. Kerveno et al. (IPHC) PRC 87 (2013) 024609 
28Si(n,n’g)  A. Negret et al. (IFIN-HH) PRC 88 (2013) 034604 
23Na(n,n’g) C. Rouki et al.  (IRMM) NIM A 672 (2012) 82 
23Na(n,n’g) P. Archier et al. (CEA/Cad) NDS in print (eval.) 
 
JEFF-3.2: 23Na evaluation based on new data 
EXFOR:  data sent 

5 19 May 2014 



ANDES WP1 
241Am(n,g) 

19 May 2014 
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Publications 

241Am(n,g+tot) C. Lampoudis et al. EPJ+ 128 (2013) 86 (IRMM) 
241Am(n,g) K. Fraval et al. PRC 89 (2014) 044609 
  (CERN n_TOF, C6D6) 
 
 
JEFF-3.2: 241Am evaluation based on new data IRMM 
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ANDES WP1 
 

19 May 2014 

238U(n,g) 
Wright et al. 
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Status 238U RR 

See summary Schillebeeckx SG-40 CIELO 

9 19 May 2014 



ANDES WP1 
240,242Pu(n,f) 

 

N_TOF: A. Tsinganis et al. 

IRMM: P. Salvador et al. 

CENBG: M. Aïche et al. 



Status 

Ongoing work: 
 check normalization vs 237Np(n,f) 
 data analysis remaining measurements IRMM, n_TOF, CENBG 
 
Salvador-Castiñeira et al., Highly accurate measurements of the 
spontaneous fission half-life of 240,242Pu, PRC 88 (2013) 064611 

11 19 May 2014 



ANDES WP1 
241,243Am,245Cm(n,f) 

 

Calviani et al.: 245Cm(n,f), PRC85(2012)034616 

Belloni et al., 241Am(n,f) EPJA49(2013)2 

Belloni et al., 243Am(n,f) EPJA47(2011)160 

243Am 

245Cm 

245Cm 

241Am 



ANDES WP1 
Surrogatia 

 

B. Jurado, S. Czajkowski et al. 

F. Farget, 
X, Derckx, 
C. Rodriguez Tajez 
et al. 



ANDES WP1 
Decay data 

 

FWHM = 6.3 Hz 
MRP = 177 000 

A = 96 

H. Penttilä, A. Algora, J Tain 
et al. 

A.R. Garcia, D. Cano Ott et al. 



ERINDA 

15 19 May 2014 

European research infrastructures 
for nuclear data applications 

Coordinator: Arnd Junghans 
Transnational access to facilities 

1 M€ EC contribution, >2x total effort 
16 partners, 2010-2013 

Objectives: waste transmutation and 
Gen-IV 

31 experiments, 3200 beam hours 
HPRL as reference 



16 19 May 2014 
Grosse, HZDR @ NDW 2013, NEA 



17 19 May 2014 
Grosse, HZDR @ NDW 2013, NEA 



18 19 May 2014 

Oberstedt et al. Phys. Rev. C 87, 
(2013) 051602(R) 235U(nth,f) 
 
Billnert et al. Phys. Rev. C 87, 
(2013) 024601 252Cf(sf) 
 
Oberstedt et al., submitted, 
241Pu(nth,f) 
 
239Pu(nth,f) planned 
 

Grosse, HZDR @ NDW 2013, NEA 

235U(nth,f) 



19 19 May 2014 
Grosse, HZDR @ NDW 2013, NEA 



Results compared with MCNP & ENDF/B-VII 
ERINDA, HZDR (IRMM) 2H(n,n)2H 



Scattering n+d, 
PC PTB, Nolte, Plompen et al. 
ERINDA workshop, NDS in print 

21 19 May 2014 

Angular distribution 
not isotropic in COM 
from 146 keV up 
 
Good agreement 
with ENDF/B-VII 
and JENDL-4 
(except 500 keV) 
 
En 145, 201, 248, 
297, 498 keV 



CHANDA 

22 19 May 2014 

Challenges in nuclear data for the 
safety of European nuclear facilities 

Coordinator: Enrique Gonzalez 
Infrastructure coord. & development 

5.4 M€ EC contribution, ≈10M€ total 

36 partners, 2013-2017 

New neutron beams, new experimental 
equipment, new evaluation methods, 
Myrrha safety case, access to validation 
experiments, transnational access 

CIEMAT, ANSALDO, CCFE, CEA, 
CERN, CNRS, CSIC, ENEA, GANIL, 
GSI, HZDR, IFIN-HH, INFN, IST-ID, 
JRC, JSI, JYU, KFKI, NNL, NPI, NPL, 
NRG, NTUA, PSI, PTB, SCK, TUW, 
UB, UFrank, UMainz, UMan, UPC, 
UPM, USC, UU, UOslo 



Nuclear Data Week, fall 2013 
JEFF meeting spring 2014 
 
NEEDS program, France 
JEFF contributions 



24 19 May 2014 

93Nb(n,3n)91mNb 



ENEA Frascati 
M. Angelone et al. 

Design of a copper benchmark 
experiment at the Frascati 
Neutron Generator. 

25 19 May 2014 



Experimental 
Fission yields 
at GANIL 

238U+12C 
6.14 MeV/u fission 
Spider dE-E, 
VAMOS, EXOGAM 
 
 



27 19 May 2014 

240,241Pu 

240,241Pu 



Fission yields 
at GSI 

Studies of fission with Aladin 
Coulex-induced fission of relativistic 
projectiles (A<238), 
600 MeV/u 238U(,f) 
Full A and Z resolution both fragments 
First runs: applications 50% of beam 
time 
Under development 
 
 
 



SOFIA 

29 19 May 2014 



Lohengrin, 
Serot et al. 

30 19 May 2014 



31 19 May 2014 

92Rb, pandemonium case 
Large contribution to neutrino spectrum 6-8 MeV 

 Low-efficiency high 
resolution detectors vs high-
efficiency low resolution 
detectors. 

 Summing calculations of 
known transitions do not 
give the correct sum. 



Total Absorption Spectrometry 
A. Algora et al. 

32 19 May 2014 



33 19 May 2014 



34 19 May 2014 

232Th 



35 19 May 2014 



36 19 May 2014 

Pierre Leconte et al. DEN/DER/SPRC 

Step up in quality of experiments by improved 
characterisation and modeling: Example MAESTRO project 



n_TOF 

F. Gunsing et al. 
Two measurement campaigns 
 2002-2004 
 2009-2012 
Many recent publications and 
ongoing measurement and 
analysis campaigns 
 
 

EXFOR compilation ongoing 
 
Phase 2: 
235U(n,g)+(n,f) simult. 
87Sr(n,g) spins 
63Ni, 197Au, 241Am(n,g) 
240,242Pu(n,f) 
        (n,a) 



19/05/2014 38 
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Publications n_TOF 

C. Lederer, n_TOF, Ni62(n,g) and Ni63(n,g) cross sections measured at the 
n-TOF facility at CERN, Physical Review C 89, 025810 (2014). 
 
P. Zugec, n_TOF, Experimental neutron capture data of 58Ni from the CERN 
n-TOF facility Physical Review C 89, 014605 (2014). 
 
G. Tagliente, n_TOF, The 93Zr(n,g) reaction up to 8 keV neutron energy 
Physical Review C, 87, 014622 (2013). 
 
C. Lederer, n_TOF, Neutron capture cross section of unstable Ni63: 
Implications for stellar nucleosynthesis, Phys. Rev. Lett., 110 022501 (2013) 
 
K. Fraval et al., n_TOF, Measurement and analysis of the Am241(n,g) cross 
section with liquid scintillator detectors using time-of-flight spectroscopy at 
the n_TOF facility at CERN, Phys. Rev. C 89, 044609 (2014) 
 
 41 19 May 2014 



Cross section of neutron induced 
reactions on 197Au (Becker, NEMEA-7) 

Standard cross section 197Au(n,γ) 
oThermal (0.0253 eV) 
o200 keV and 2.5 MeV 

HPRL: 197Au for neutron induced reactions between 4 keV and 200 keV 
 
Reference cross section for astrophysical calculations 
 
Test-case for many nuclear reaction model codes 

o I. Sirakov et al., "Results of total cross section measurements for 197Au in 
the neutron energy region from 4 to 108 keV at GELINA", 

 Eur. Phys. J. A 49 (2013) 144 

o C. Massimi et al., "Neutron capture cross section measurements for 197Au 
from 4 to 80 keV at GELINA", in preparation 
 

42 



197Au(n,tot) & 197Au(n,) cross section 

43 
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LSDS measurements 

Simulation of a LSDS measurement 
from LPSC IN2P3: 

oMCNP simulation 
oCross section data preparation 
with NJOY 
oSimulation includes resolution of 
the spectrometer 
 

Independent of the measurements to 
deduce the cross section. 
 
Challenging method for capture. 

0.1 1 10 100

1.0

1.5

2.0

2.5

3.0

 

 

1250 m

R
e

s
p

o
n

s
e

Average neutron energy / keV

 LSDS

 ENDF/B-VII.1

 JEFF-32T2 (b3)

 JEFF-3.2 (new)

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

0

1

2

3

4

5

 

 

1250 m

R
e
s
p
o
n
s
e

Average neutron energy / MeV

 LSDS

 ENDF/B-VII.1



Background 
0n2b experiments 

206Pb, 56Fe, 28Si, 24Mg, 12C  Shielding or construction materials 
A. Negret, C. Borcea, and A. J. M. Plompen, Phys. Rev. C 88 (2013) 027601 

45 19 May 2014 

Qbb(76Ge) 2039 keV Qbb(130Te) 2528 keV 
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7Li(n,n’g) 
A possible -standard? 



7Li(n,n’g) 
A possible -standard? 



HZDR  

NPA paper Beyer et al. 56Fe(n,n’g) appeared 2014. 
Of interest to CIELO. 
Contact A. Junghans or R. Schwengner of HZDR. 
Data appear to be in good agreement with IRMM data. 

48 19 May 2014 



Summary 

• Broad range of experimental activities in EU 
• National programs (main source of funding) 
• European coordination (ANDES, ERINDA, EUFRAT all ended) 
• CHANDA aims at new capabilities: method development, new 

facilities 
• Nuclear Data Weeks at OECD-NEA connect JEFF evaluation work 

and experimental efforts aimed at application (role EWG) 

49 19 May 2014 


