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7Li(n,n’g) M. Nyman et al. PRC93(2016)024610



nELBE, example of TAA experiments

n+Fe

n+D



238U(n,) in URR

Scattering radius RRR

- ENDF-B/VII.1 : R' = 9.48 fm

- REFIT : R' = 9.65 fm

Scattering radius URR

- at 0 eV : R' = 9.6 fm

S0 = 1.06 10-4

S1 = 1.64 10-4

S2 = 1.38 10-4

T,1/2+ = 6.48 10-3

T,1/2- = 6.46 10-3
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Double velocity – double energy (2v-2E) spectrometer

VERDI

full 2v-2E version operational

pre-neutron mass resolution DA ≈ 1.5 u

geometrical efficiency, O(10-2)

First Y(A*,A; n) results



VERDI 252Cf(SF) pre-neutron yield   

Comparison to high 
resolution 2E 
measurement
(Hambsch, Oberstedt, 
Nucl. Phys A617 (1997))

VERDI shows better 
resolution especially 
in symmetry (lower 
yields)



VERDI n(A)  252Cf(SF)

Very good agreement in 
shape with neutron 
detector and ionisation 
chamber measurement
(Göök et al., Phys. Rev. C90 
(2014))

VERDI post and pre-
neutron data subtraction 
needs still scaling of 
15%

To be improved in next 
step by adding a 2nd

start detector (in 
preparation)

Collaboration started with Uppsala University (PhD thesis), CEA, 
Saclay and GANIL, Caen



SCINTIA array

• Array of 12 neutron detectors

• 7 SCIONIX LS301 (Ф=13 cm, h=7 cm)

• 5 P-therphenyl (Ф=8.5 cm, h=6.8 cm)

• Twin Frisch grid ionisation chamber

• GELINA TOF 8 m station

• Double TOF setup

• Digital signal processing

Request of better n(En) and n (A) by
evaluations for 235U and 239Pu



Fission Fragment Detector

Position Sensitivity is required

Electron collector in ionization chamber 
replaced by position sensitive electrode

Charge-division readout

Orientation of fission-axis in 3D-space



Prompt neutron emission as a function of mass

• Continuation with 235U (first half 2016)

• Extension of the SCINTIA array with another 12 neutron detectors and 
digital channels (order placed)

• Resonance neutron induced fission of 239Pu 
(2nd half 2016 or towards end 2016)

Collaboration started with Uppsala University 



Prediction of -heating for design of Gen-IV reactors

about 10 % of total energy released in the core of a standard nuclear reactor by 

fission -rays

about 40 % of those due to prompt -decay of fission products

Modelling requires uncertainty not larger than 7.5 % (1)

present -ray emission data determined in early 1970’s,

underestimating -heating with 10 - 28 % for 235U and 239Pu

OECD/NEA Nuclear Data HPRL (H:3,H:4):

measurement of prompt -ray emission from 235U(n,f) and 239Pu(n,f)

Prompt -ray emission



Twin Frisch-grid ionization chamber

LaBr3 2” 2”

support by the ERINDA and CHANDA FP7 programmes

CeBr3 1” 2”CeBr3 1” 2”

Measurement method

FF Energy 

FF angle

active sample on polyimide backing

backing only 30 mg/cm2 thick

Vacuum deposition, molecular plating

232Th, 233-238U, 239,241Pu (IRMM SP group)



• Investigated fissioning systems

• Thermal n-induced fission of 241Pu, 239Pu (Nov 2015), 235U 

• Spontaneous fission of 252Cf (method development)

• Difference to evaluation (ENDF/B-VII)

• 252Cf(SF) ~ 3.5 %
• 235U(nth,f) ~ 5 %
• 241Pu(nth,f) ~ 3.4 %
• 239Pu(nth,f) to be analysed

Collaboration with IPN, Orsay on fast neutron induced fission on 
235,238U (shape data published in PRC92, spectral data on U8 
submitted) 239Pu (starting Feb. 2016)

Present situation



Prompt fission -rays 241Pu(nth,f)     TAA, Budapest

In response to an OECD/NEA high-priority 
data request

Relevant for γ heating

Data for benchmarking nuclear models

High-precision prompt γ-ray spectral data



1620 May 2016

P. Salvador Castineira et al.
Phys. Rev. C 92, 044606 (2015)
Phys. Rev. C 92, 014620 (2015)
Phys. Rev. C 88, 064611 (2013)



Inelastic scattering @ GELINA

- Reassembly of the set-up after refresh works 

in the cabin (02/2016)

- 233U measurement campaign started with the 

segmented HPGe detector

- 238U completion of analysis & theoretical 

progresses of the description of (n,n’ ) cross 

sections (tests of the influence of structure 

parameters) 

- nat,182W and 232Th analysis in progress

NFS : time of flight facility 

e- conversion measurements 

- Vacuum pipe under construction

- Design of the second collimator

Iron

Poly. boron

Lead

Poly

Concrete

beam

Activities status 

05-2016

- Bibliography and review of the technics 

have been done (IPHC) 

- Simulations (IPHC) and tests of Si 

detector with alpha source under 

vacuum are in progress (IFIN)



Towards measuring neutron-induced independent 
fission yields at IGISOL

M. Lantz, A. Mattera, V. Rakopoulos, A. Solders , A. Al Adili, S. Pomp, A. Prokofiev, and the JYFL IGISOL team

18

A. Solders et al., NDS 119 (2014) 338

A. Smirnov et al., NIM A 687 (2012) 14

A. Al Adili et al., EPJA (2015) 51:59

Goal: Obtain high quality data for better understanding of the fission process and 

for better use of resources in present and future nuclear systems.

Method: Measurements of neutron-induced independent fission yields from 

different fissile isotopes (235,238U, 239,240Pu, 241,243Am) with fast and 

thermal neutrons. 

PPAC prototype
Characterization of Be(p,xn)

neutron field with activation plates.

Simulations of mass- and energy dependence

of fission product extraction efficiencies.



Measurement of 234U(n,f) 
at sub-thermal energies at ILL

A. Al Adili1, F.-J. Hambsch2, S. Oberstedt2, A. Göök2, D. Tarrio1, S. Pomp1

1Uppsala University, Sweden 2JRC-IRMM, Belgium

19

Aim: Measure, for the first time, the fission mass yield, angular- and energy

distributions of 234U(n,f) at sub-thermal energy

Data: Obtained in 1999. Problem: large U-235 background.

Method: Frisch-Grid Ionization Chamber with CF4 as counting gas. 

Targets: U-234 target: 92.677 µg/cm2; U-234: 99.08%, U-235: 0.077%

U-235 target: 86 µg/cm2; U-238: 99.3%, U-235: 0.7%

PPAC prototype

Preliminary result for mass distribution
from U-235 target (red dots). 
Solid line: Simon et al. NIM A286 (1990) 220

Preliminary results for U-234
(background subtracted)

”Trick”: analyze U-235 as U-234 and subtract

SEE CNR15 conference proceedings, 
A. Al-Adili et al. (2016 ) - In print



Measurement of nubar(A,E) and PFNS 
for 235U and 237Np at IRMM

A. Al Adili1, A. Göök2, K. Jansson1, F.-J. Hambsch2, S. Oberstedt2, V. Rakopoulos1, A. Solders1, D. Tarrio1, S. Pomp1

1Uppsala University, Sweden 2JRC-IRMM, Belgium

20

Aim: Measure nubar and PFNS as function of energy and mass for various targets

Method: Frisch-Grid Ionization Chamber + neutron detectors from SCINTIA setup

Data: First measurements with thermalized neutrons from IRMM Van De Graaff

New run at higher energy (5.5 MeV) planned.

PPAC prototype
Setup with 
FGIC, 2 neutron 
detectors,
moderator and 
shielding

VERY preliminary result for 
Cf252 Nubar and PFNS

Drawing for FLUKA 
simulations

SEE CNR15 conference proceedings, 
A. Al-Adili et al. (2016 ) - In print



Measuring FF properties with the VERDI (2E-2v) 
spectrometer at GELINA

K. Jansson1, S. Oberstedt2 , M.-O. Fregeau2,3, A. Al Adili1, C. Gustavsson1, F.-J. Hambsch2, D. Tarrio1, S. Pomp1 , et al.
1Uppsala University, Sweden 2JRC-IRMM, Belgium 3GANIL, France

21

Aim: Develop VERDI and measure FF properties via the 2E-2v method.

Method: VERDI spectrometer at GELINA facility. 

Status: Proof of principle using both arms (individual timing information). Test case: Cf(sf).

Part of PhD project of Kaj Jansson 
(kaj.jansson@physics.uu.se)



Fission fragment angular distribution and fission cross 
section measurements relative to elastic np scattering 

with Medley@NFS

D. Tarrío, A.V. Prokofiev, S. Pomp, C. Gustavsson, K. Jansson, E. Andersson Sundén

22

K. Jansson et al., NDS 119 (2014) 395

K. Jansson et al., NIM A794 (2015) 141

The existing Medley setup is being upgraded with PPACs to allow neutron ToF 

measurements. A gas system for the chamber is operational. The targets are under 

development within the CHANDA project. The beam time at NFS is expected in 2017.

Aim: Simultaneous measurement of cross sections for H(n,n), 235U(n,f), and 238U(n,f) 

over the energy range of the future ”white” neutron beam at NFS (1–40 MeV). 

Goal: High-quality data (uncertainties below 2%)

on neutron standard cross sections.

PPAC prototype



Measuring 6Li (n,α) at IRMM with the GELINA white
spectrum neutron source

K. Jansson1, A. Al Adili1, C. Gustavsson1, F.-J. Hambsch2, S. Oberstedt2, D. Tarrio1, S. Pomp1 , et al.
1Uppsala University, Sweden 2JRC-IRMM, Belgium

Aim: Measure 6Li(n,a) cross section up to several MeV for extension of neutron standard 

Method: Twin Frisch-Grid Ionization Chamber (with P-10) at GELINA facility

using LiF targets and U-235 as reference; digital DAQ

TFGIC with U-235 and LiF target 
(common (upper) and individual (lower)
chambers

Part of the PhD project of of Kaj Jansson  
kaj.jansson@physics.uu.se

SEE CNR15 conference 
proceedings, 
K. Jansson et al. (2016 ) - In 
print
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ONGOING EXPERIMENTAL 

ACTIVITIES AT CEA

ON NUCLEAR DATA

P. Leconte (DER/SPRC)



 Samples transported from IRMM to Cadarache

 7 americium oxide in Al2O3 matrix

 10 technetium oxide (pure material)

 Oscillation measurements in MINERVE

55

AMSTRAMGRAM Program in MINERVE
Improvement of Am241 and Tc99 thermal capture cross section

CHANDA (CEA/CIEMAT) 
and 

NEEDS (CEA/CNRS)
collaborative 
frameworks



INTEGRAL TRANSMISSION EXPERIMENT ON U238 
FOR INELASTIC SCATTERING VALIDATION

EXCALIBUR: Integral transmission through large blocks of U238 (sphere and cylinder) 
using fast neutrons from the CALIBAN facility

Ongoing studies to evaluate the feasibility of such experiments in the GELINA target
hall

 



First simultaneous measurement of fission and gamma-emission 
probabilities for the understanding of the surrogate-reaction method

3He + 238U-> 4He + 237U ↔ n + 236U

Pγ surrogate
Pγ n-induced JEFF
Pf  surrogate
Pf n-induced JEFF

P

d + 238U-> p + 239U ↔ n + 239U

Fission is much less sensitive to the entrance channel than 

gamma-decay!

This result cannot be explained with the performed statistical-

model calculations, further theoretical efforts are needed!



Study of the surrogate-reaction method via the 
simultaneous measurement of gamma-emission and 

fission probabilities

Q. Ducasse, P. Marini, B. Jurado, L. Mathieu, M. Aiche, G. Barreau, S. Czajkowski,
I. Tsekhanovich, CENBG, Bordeaux, France

L. Audouin, M. Lebois, L. Tassan-Got, J. Wilson, IPN-Orsay, France

G. Boutoux, D. Denis-Petit, V. Méot, O. Roig, O. Sérot, CEA-DAM & CEA-DEN, France

S. Oberstedt, IRMM, Belgium
A. Oberstedt, Chalmers University, Sweden
M. Guttormsen, University of Oslo, Norway

G. Kessedjian, LPSC, Grenoble, France
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Fission Fragment

Si Telescope

238U
Target

Fission
Detector

Gamma  detectors
(scintillators or Ge)
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Setup for simultaneous measurement of fission 

and gamma-decay probabilities

Challenge: removal of gamma rays emitted by the fission fragments !



Setup used for experiment at the Orsay tandem in April 2015

60



Pf
238U(3He, d)

Pf + P 

P
238U(3He, d)

Preliminary results!

3He + 238U-> d + 239Np ↔ n + 238Np (2,1d)

Sn

Pf + Pγ= 1 at E* < Sn : 

Validation of analysis procedure!

Pγ

Pf

Pγ + Pf

P



238U(3He,4He)

n-induced JEFF

n-induced JENDL

n-induced ENDF

238U(3He,4He)

n-induced JEFF

n-induced JENDL

n-induced ENDF

Pγ Pf

Sn



Focus on the overlap region

Preliminary results!
3He + 238U-> 4He + 237U ↔ n + 236U

Fission is much less sensitive to the entrance channel than 

gamma-decay!

Pγ surrogate
Pγ n-induced JEFF
Pf  surrogate
Pf n-induced JEFF

P



d + 238U-> p + 239U ↔ n + 238U

Focus on the overlap region

Q. Ducasse et al., Nucl. Instrum. Meth. A 826 (2016) 60
Q. Ducasse et al., submitted to Phys. Rev. C (http://arxiv.org/abs/1512.06334)

http://arxiv.org/abs/1512.06334


Can we understand these results within the

frame of the statistical model?



238U(d,p)
Calculations performed with the Hauser-Feshbach code EVITA developped by 

the CEA/DAM
 

J  σ 

,EVITA n

f
P  1.3 1.1 

,EVITA n
P  1.5 1.2 

corr

f
P  1.4 0.8 

meas
P  4.5 1.4 

 
For the surrogate data, the spin distribution deduced 

with the gamma-emission probability is very different 
from the one deduced with the fission probability

If we use the spin distribution deduced with the gamma-decay 

probability as input of the Hauser-Feshbach calculations we obtain

the dashed curve which does not reproduce the experimental data
represented by the blue dots.



238U(3He,4He)

The calculations 

predict a strong 

sensitivity of the 

fission probability 

to angular 

momentum in 

contradiction with 

our results!

Spin distr.
from Pf

Spin distr.
from Pγ

Deduce spin distribution 
with the help of monte-
carlo Hauser Feshbach 

code EVITA
(Based on TALYS and run 

by CEA evaluator B. 
Morillon)

E*(237U) (MeV)

Sn

P

surrogate
n-induced
(JENDL) 

Pf

calculated with
spin distrib. from Pγ

and Hauser-Feshbach 
code

E*(237U) (MeV)

surrogate
n-induced
(JENDL)



Conclusions…

 First simultaneous measurement of gamma-decay and fission

probabilities for surrogate reactions

 The fission probability is much less sensitive than the gamma-

decay probability to the differences in the entrance channel.

 This finding cannot be explained by statistical model

calculations based on TALYS with the parameters of the JEFF

3.2 evaluation

… Perspectives
 Pursue theoretical efforts to understand our results

 Measurement Pf and P for even-even 240Pu

 Perform systematic studies in other regions of the chart of

nuclei, isomeric beams

Experiments in inverse kinematics inside storage rings with the

RIBs of GSI and HIE-ISOLDE


