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Context and motivation

Waste

Operation, inventory

The development and study of Nuclear ey
application projects rely on numerical

simulations, themselves making use of

evaluated data bases to model microscopic

processes. Breete

Top contributors to the k uncertainty by isotope and reaction in SFR

Decay heat

:abeut

OUdAIDY I

1000 Energy
900 deposition
800
700
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500 H H
200 But, current evaluation do not provide accurate
300 « .
200 enough data to reach the target precision for
100 . .
0 future reactor applications.
Reaction Quantity Energy
04  Type Target - ¥ Min Max ¥ Last update
(bQ) &2 g 95Am241  (ng)Am-242gm BR 02ev  15eV 2023-Jun-06
q’ @12! o B-0-16 (nxa) DE 20 MeV 200 MeV 2023-May-20
@#119 17-CH35 (np) sI6 100keV  5MeV 2022-Apr-17
&8 D 68-Er-167 (ng) SIGRP 001ev  100eV 2021-Aug-30
@117 30 (dx)H3 SIGTTY SMeV 40 MeV 2021-May-31
H ENDF/B-VII.1 ®ENDF/B-VIII.0O ®JEFF-3.3 ®JENDL-5.0 & @D i (8e? 6 oMY 4D MoV 2021 May1
@115 04-Pu239  (ntot) SIG Thermal SeV 2019-Apr-08
Oscar Cabellos, et al., EPJ Web of Conf., 294 (2024) 05003 &1 @D 8381209 (nglBi2iogm BR 5006V 300keV 2018N0v09
FAEN = ] 69-Tm-169  (n2n) SIG/SPA 239Puinf) 2018-Jun-06
@12 ) € shz (nz2n) SIG/SPA 239Pu(n/f) 2018-Jun-06
Hence, world wide effort in providing new data, improve LI X o o S
. & 39-7-89 (n2n) SIG/SPA 239Pu(nf) 2018-Jun06
models and better evaluations. A e
#107 o m 2B-NI-58 {n2n) SIG/SPA 239Puinf) 2018-Jun-06
@#10c D €€ 27co5 (n2n) SIG/SPA 239Pu(n/f) 2018-Jun-06
@105 B 25Mn-55 {n2n) SIG/SPA 239Pu(nf) 3 Work in progress 2018-Jun06
@#104 €D € oF19 (n2n) SIG/SPA 239Pu(n,f) 3 Work in progress 2018-Jun06

HPRL Nuclear Energy Agency
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Context and motivation

recoil
Inelastic neutron scattering (n, n’) and (n, xn)

has some special interest: it modify the neutron nucleus
energy spectrum, and, when x=2, their number,
and create new isotope. O

S —— - Y
ID§ Type Target (ninl) -~ ¥ Min Max Accurac! y (%) ¥ Lastupdate
@42 @ 82Pb207 (njin)) sIG 0.5MeV 6 MeV 3-9 Pending new evaluation or validation 2008-Sep-15

¢
én o 82-Pb-206 (n,inl) SIG 0.5MeV  6MeV 3-9 Pending new evaluation or validation 2008-Sep-15
@40 o 14-5i-28 (n,inl) SIG 1T.4MeV 6 MeV 3-8 Archived 2008-Sep-15
@34 @P 26Fe56  (ninl) SIG 0.5MeV 20 MeV 2-13 Work in progress 2008-Sep-12 O e m |tte d
@29 o 11-Na-23  (n,inl) SIG 0.5MeV 1.3 MeV 4-10  Archived 2008-Sep-12 t
@18 o 92-U-238  (n,inl) SIG 65 keV 20 MeV 2-12 Work in progress 2008-Sep-11 n e u ro n S

HPRL Nuclear Energy Agency

92-U-238(H, IHL)92-U-238 . .
s w15 These reaction have a strong impact on reactor
——— JEFF-4.0: U-238(H, IHL)U-238 A .
—— JmL_5: uzcn -2 ] integral parameters (k. ¢, power map, ...)
3| EHDF~B-UIII.1: U-238(H, IHLYU-2 3
5 o 1975 Teang ; computation.
£ 4 1963 Glazkov |
E % 1961 Allen 1
E 2 # 1956 Batchelor 12 Lack of measurements is, in part, responsible for
w ' evaluation uncertainties
§ 1 ] 1
A |
U 1 L L L L 1 L ! L L 1 U
5 10 15
Incident Energy (Mel)
EXFOR
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(n, xn) experimental study

recoil Detecting activated residual
« | Onlyifthe (n, Xn) reaction
nucleus produces an unstable nucleus.
* & Veryclearsignal.
O E@D M’\r\,\ e &= Only possible in some cases.

neutron \
O O emltted
neutrons
Detecting y rays emitted in the reaction

Detecting scattered neutrons « ¢ Clearsignal

* & Direct measurement of the « &= Only a partial view of the process
process of interest.

* &= hard to identify the neutrons from the
(n, xn) reactions from other channels.

a la SCONE, Chi-nu
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(n, xn) experimental study

recoil

nucleus

reutron @ %""‘%,Y
R
O

O emitted Detecting y rays emitted in the reaction
neutrons * ( Clearsignal
* & Only a partial view of the process

® y spectroscopy measurements :
® (n, n’) channel at Gelina/JRC-Geel.
® (n, 2n) and (n, 3n) channels at NFS.

® Comparison with theoretical predictions to deduce
total cross sections, improve models and
evaluations.
@ Collaboration with CEA/DAM on reaction models,

® And with CEA/DES for the choice of nuclei of interest and
evaluat|0nSS. https://hal.science/EEDIN
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The GRAPhEME setup

= |nstalled at the Gelina facility (JRC-Geel),
- Designed for Actinides study
- Upto 800 Hzbeam pulse

- 30 mflight path.

HPGe detectors

pulsed neutron
beam |
—>
—_—
—
—

J_H 7 sam ple

fission
chambers

i

JRC via Youtube

= Fission Chamber to measure incoming neutron flux.

= 6 planar HPGe, high efficiency and resolution at low
E,.

= Large sample (diameter ~ 55 mm), Active targets
prepared by JRC-Geel Target lab.

= Digital acquisition.

= Measured: 235U, 232Th, nat,182,183,184,186W, 238U’ natzr,
233U, S’Fe, 2%9Pu, ...

"GRAPhEME : a setup to measure (n, xn y) reaction cross sections." Greg Henning, et al.. Adv. in Nuc. Instr. Meas. Met. and App., 2015.
Jean-Claude Thiry, "Mesure de sections efficaces des réactions (n,xny)..", Thése, Univ. de Strasbourg, 2010
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The GRAPhEME setup: Analysis method

= The intensity of the y line is determined for different time
intervals / Neutron energy windows.
= The ratio to the flux (from fission chambers) gives the

s ] production angular cross section.

E% 10

5 do (E..v:6) :Ny(En,y; 8) 1 0 sy, (En)ecr
©da ¥ E(Ey) Niarget Ncr(En)

J 1000 """'21900 - ma[nd?' ~20%0 5000 | - The angle integrated cross section is obtained by linear
ime of Flight [ns . .
combinations of the angular one.
E. [MeV] : : : '
2o 5 1 0.5 0.2 J J
_y flash 0] (0
R Ototal = 4T |Wy X == (01) + W, X == (02)
,‘,‘,:\ (n,2n)
A (n,n') With w, = 0,3479, w, = 0,6521
iR — ’ C8 gns, i 1 193 009 a0 o
g = Special care for the sources of uncertainty and bias to
w% . . .
E S N S A B provide the most precise measurement possible (5-15 %)

Time of Flight [ns]

= Full Monte Carlo Analysis to produce uncertainties and
covariance matrices (since 2024)

"How to produce accurate inelastic cross sections from an indirect measurement method?"
M. Kerveno et al., EPJ Nuclear Sci. Technol. 4, 23 (2018)
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The GRAPhEME setup: Measuring (n, xn) cross sections

= QOur method is indirect, gives only a partial view of the process

= Experimentally, not all the y are visible (intensity, electronic
conversion, detection efficiency, ...).

= The precise o, experimentally measured are compared to model
predictions and used to constraint the reaction models and
codes.

Reaction models
Calculation codes

(input: structure, optical potential, ..

Total (n, xn) cross section computed with
models constrained by our measures.

)

Nuclear Reaction Mechanisms  Particle Spectra
'

Lower bound on the total

(n, xn) cross section. &= These methods
Weights summing N presents a dependency

- method (onlyinput:  “(man) = _ZS (nany) X (L + @) on structure data.

high-E tail (P) Structure) Y=g

discrete peaks (D))

Precise experimental (n, xn y) cross sections

O-’Yi%f X O-(n: xn)%idirect + O-(n, 3311)\1(2

"How to produce accurate inelastic cross sections from an indirect measurement method?" M. Kerveno et al., EPJ Nuclear Sci. Technol. 4, 23 (2018)
Nicolas Dari Bako, et al. EPJ Web of Conferences, 2023, 284
Greg Henning, et al. 16th Nuclear Data for Science and Technology Conference, 2025
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Experimental results : 238U

5 140 250
= 18 (n, n’y) cross section extracted from the g 7~ 120 e 200 g’%
100 - H
= ] DA oot v/, SRV
data it | f
= The first state (2%) to ground state transition, o Ermskev | g P e B ]
. (&) N : T ‘-,\‘0."’?"»‘1‘ )
44.9 keV carries about 90% of the total cross 20 .
. . . 0% 5 10 15 20 %0 5 10 15 20 °8 5
section, but is highly converted (IcC=610), . =" N
. . . . . 1S WOrl .
making it difficult to extract a precise cross 2 100 : Fotiades 2004 - - 30 0o
. = Ay 8t 6] ] Voss 1976 — 25 PG E =775.90 keV -
section. 2 80 o E,=518.10 keV Olsen 1979 20 ] \ E,=257.8keV
g 60 P E,=210.6 keV/ Hutcheson 2009 —=— 15 ]
See talks from 1st 2 40 VAR | Model A (TALYS) - o
; 5 7 o Model B (CoH) —— ‘Y
day morning S ol . 3&.%1 CELo 5 .
g™ 5 10 15 20 0§
Neutron energy (MeV) Neutron energy (MeV) Neutron energy (MeV)
. . . 05 L L I L L L B T T T T
= Microscopic modeling of the - Exc.5=024 (TALYS) ===~ :
librium emissi oaf meSSBILG T (A ramin 7 5 /%)
preeqwllbrlum emission N — | - |
improves the description of £ 031 1
. . . . © - o _ B |
the spin distributions of the § o2 Ein=10 MeV, g =5 MeV
o
residual nucleus o1l i 1 -| 780k
Ty s T | 106102 -
0 IS A B LT Y e, LT S| .:--'\'T_' LDEL01 I
0 2 4 6 8 10 12 14 16 18 20 pdyes
. . | 0.10
Spin (h unit) gﬁi I 1
FIG. 10. (a) Spin distribution for the incident energy 10 MeV L0z-L01 Jk
and an excitation energy of 5 MeV. Average spin as a function of o

the excitation energy for the two incident energies 10 MeV (b) and AT i
2y g (b) & PP HEEL S y-transition

S AT AN AN AN P

O DT Y

= Studied the impact of structure: Uncertainties on Branching ratio impacts
calculated cross section with up to 4% uncertainty from structure data alone.  Figure7. (color online) Sensitivity matrix for y-production cross

sections to Branching Ratios in >**U. L; is the number of the level

= Prompted an experiment collaboration with the nu-Ball collaboration to in TALYS.
perform new spectroscopy of 238U.

"Measurement of 238U(n,n’'y) cross section data and their impact on reaction models" M. Kerveno, M. Dupuis, et al. Phys. Rev. C 104, 044605 (2021
Carole Chatel, et al. 16th International Workshop On Nuclear Data Evaluation for Reactor applications, 2024
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Experimental results : 182-186\\/

- Measured with natural W target, And isotopically enriched 82W, 183W, 18\W and "8W. From K.H. Guber (Oak
Ridge National Lab)

- The comparison of isotopic vs. natural targets allow a cross check on (n, xn y) cross section.
- Analysis using a Full Monte Carlo approach to produce uncertainties.

- ~20 transitions per even-even isotopes, 6 8W(n, n’y) and 4 '83W(n, 2nvy), 6 in 8W(n,2ny)

3000 3000
—— Kunieda (2007) 30004 —— Kunieda (2007)

----- Delaroche (1981)

Kunieda (2007)
----- Delaroche (1981)

----- Delaroche (1981)
—=—- Capote (2008)

2500 A —=- Capote (2008) 2500 1 —-—- Capote {2008)
H + 1 25004
Experimental 2*>g.s. cross section == Young (1980) == Young (1980) == Yaung (1980)
-  Exp. -  Exp. - Exp.

2000 4

overestimated by model calculations. 2000

20004

. . . o) ISZW' 2+_0+ =) ] IMW, 2+_0+ =) IEEW' 2+_0+
Possible sources of bias, uncertainty, E 1500] E~0100MeV | £ 1s00] E~0111Mev | E 1500] E,=0.123 MeV
. . . 5 5
...have been investigated without (b) °
. . 10004 1000 1000 1
finding any element that could
account for the discrepancy. 500 5001 s 500 ]
0 0 ‘5 1‘0 ll5 2‘0 2‘5 3r0 0 0 _;) er 1‘5 2‘0 2‘5 30 0 0 _Ir) ].IU 1.5 Z'U 2r5 30
E (MeV) E (MeV) E (MeV)
BW(N, N’Y268 ev) 18W(N, 2nY 14 ev)'*W 18IW(n, 2N Yagokey)
0.16 — o s — . 0.25{ — Grapheme A
A a, Uncert. E.=100.1 keV o, Uncert Talys (Micro) 4/ V.
0.14 — Talys (default) v= . o~ - — Talys (default — Talys (Default) /2 |
182 + vs ( ) / \
I \ == Talys (phenom.) 0.4 W: 2+t-07 —  Talys (phenom.) 0.20 ," \
0.12 = Talys (micro.) . = Talys (micro.) ! '|| .
—_ _ w ) 3
Fow|  I/\\ gomsikev | Fos 2 s .\ Overlapping channels
3 BW: 112 -7/27 | 8 8 it \ . . 182
8 oos g £ Fae and information for 182,
S g 0.2 ~0.10 | \
; =\ 183 gnd 184VY
0.04 III A
_ 0.1 ~ . 0.05 - S
0.02 - "
- #
——————— !
0.0073 5 o 15 20 2 3 %0 5 10 15 20 25 30 0.007 3 0 15 -0 75
Incident neutron energy [MeV] Incident neutron energy [MeV]

Neutron energy [MeV]
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Experimental results: 232Th, 233U

- 232Th: 81 (n, n’y) cross section extracted from recorded
data.

- Extension of available data at higher neutron energy
compared to previous data (Dave, et al. 1985)

I[2+ (49 ke“e"} -> 0+ (0.0 keV))

233U: Disentangle the y-rays from (n, xn) from
fission product background thanks to a highly
pixelated planar HPGe

12 exper|mental233U (n, n v cross sections

a0

14 IPHC - (n,n'} 49 keV . g 1
5 12 TALYS default —_ - £ =} -Pi}% an — o' -
= - 25 -
= 10 # o TALYS JLM-QRPA E + E, = 288 kev
) 8 F o 201 N
= @
E B \ é 5r This work —e— ]|
2 4 C or TALYS-1.95 —— ]
¥ h
& 2 . 51 i
— —1 0 1 1 I I | ]
i . . . | . 0 2 4 6 8 10 12 14
2 4 6 8 10 12 14 16 18 20
70 T T T T ®
Energie du neutien (Malfh Eliot Party, Thesis, 60 L i
Université de Strasbourg, 2019. = +
E so0f (5/2) — 5127
. H ’ H g af
- Tentative reconstruction of the total (n, n’) cross section L Ey = 298 keV
v 30 + .
from o, .., (lower bound) g 5l 1
(n,n’y) S
10 |- e
0 1 1 1 1 1 1
6000 - 0 2 4 6 8 10 12 14
~4- 49.4 keV (49.4 keV -> Ey)
- Total (n, n") cross section : lower bound 30 T T T T
5000 - —$— Total (n, n'} cross section _ sl + © |
: 2o gk
-g = 20t H Uy —=72F A
£ 4000 £ sl i
S @ Ey =280 keV
'g 2 10 4
O E e
$ 3000 S .| |
0
0 1 1 L 1 1 1
7, 0
) 2000 0 2 4 6 8 10 12 14
o Energy [MeV ]
1000 ""1':3. 5 Figure 3. (color online) Experimental 23U(n, n’y) reaction cross
sections (black dots) for a selection of characteristic analysed ¥
0- transitions compared to TALYS-1.95 calculations (red lines).
o z 4 ! ) 10 2 g:sobz; Eircioﬁilgeize:}..ngl 284, Frangois Claeys, et al.. EPJ Web of Conferences, 2023
Neutron energy (MeV) Frangois Claeys. Thesis, Université de Strasbourg, 2023.
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New Data from NFS

*Production of neutrons by reaction of light
ions accelerated by the Spiral2 Linac.

*Neutron energies higher than at Gelina and
better suited to the study of (n, 2n) and
(n, 3n) reactions.

W : '\. ) - .\'..:A..vi'."'
: Converter =
\ cave ‘ i
A N _d
>

*Use of the long flight path (~30 meters).

*Design and construction of the neutron line
and second collimator at IPHC. 1648 1| NFS : 40 MeV d + Be

—_—5m

1E47 - ---20m

WNR : Los Alamos
n-TOF 2 : CERN
1846 1] ,-TOF 1 : CERN
GELINA : Geel

*In October/November 2024: Measurement
of inelastic neutron scattering cross
sections on 238U, using a support frame
designed at IPHC, bringing together
detectors from Grapheme, JRC-Geel, and
IFIN-HH (Bucharest) to form the MAELS
setup (Multi germanium Array for inelastic
Scattering)

1E+5 4

E dO/dE (cm™?.s™)

1E+4 4

1E+3

1E+2 T T T T 1
0,001 0,01 01 1 10 100

Enerav {Me\)
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New Data from NFS

* |In2024
* Using prompty spectroscopy and activation
(?%’U decay activity measurement for integrated

O(n, 2m)

* 12 HPGe.

« 238 fission chamber (IPHC) for neutron flux
measurement.

* Depleted 238U targets provided by JRC-Geel
2 weeks in-beam, 16 days of decay observation. |

—_— Talys—1.96 (default) 238y(n, 2n)?37U Activation measurement

40 <+ This work 2000 mma 208 keV —+—
—_ EE gammsa JEFF ':3‘ ——
E 3 JENDL-4" p—=—
£ E, = 155 keV B e
E * E 317 k V J Talys (micro)
E P = e . . !
= | * Preliminaryresults are
o Ef =162 keV =
£ 20 . <
2 encouraging
2 <
=] . . . =
510 * Detailed analysisin |

PRELIMINARY rogress
238 237
0 U (n, 2n y) »37U* prog soo |
0 10 20 30 40
Neutron energy [MeV] . . . F F F F
¢ o 100000 200000 300000 400000 500000 600000 700000 80000(

238)(n, xng) measurements at the new SPIRAL2/NFS Time after beam stop [sec]

facility Maélle Kerveno. 16th Nuclear Data for . -

Science and Technology Conference, 2025 G. Henning, S Ouafiki, 2025
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Perspectives for the next decade: Future measurements

239Py(n, n’y) cross sections with Grapheme

Cross Section (harns)
=

= Currently recording data
= High radioactivity (Am) background requires
long data taking
= Data analysis 2026-2028

94-PU-239(H, IHL)94-PU-239, ,5IG
5 10 15 20

T T EADF/BuIf1. 1 Pu-230ch, IND) PU-230
—— JEFF-4.0: PU-239(H, IHL)PL-239
JEHDL-5: PU-239(H, IHLYPU-239

<7 1996 Yue

1+ 1982 Haouat

4 1982 Haouat

== 1959 Cranherg 11
1969 Batchelor

R
AN

5 10 15 20

. Incident Energy (Mel)
Partial o

Al can + lid + PuO2

i u
PUO2

m=23g
@=49,95 mm, A =5,2 GBq

First results with new 2*?Pu sample, april 2022

Green detecteur at 150°, full time window (radio + n), Part 1  Results with first 2°Pu sample in december 2019
'det- -vert-pu23g-etot-avrik-2022-2.png

- et i gt
(39py > 15y ) 59.5 keV Am Nao| 59-5kev from Am e s
N ‘ 51.62 keV 129.3 keV \ Mem 751
RMS %16
38.66 keV / 94.65 keV (Ka2) 26.3 keV
4 \‘ > E
b’ ‘ % | '3:' > B 33.2 ke X rays from U and Pu
_& 56.83 keV \ X 5
o
m S 129.3 keV from Pu
| l I ]
" il
3 \‘ ‘ Pu,
F
: \ Ll I \]
& // “ A u
3 Vi il 'w U |
T 1
& ‘l
g 72.75 keV 34 S Y \1‘ \
B (B5U > 2iTh) (B MTh)
E,(keV)
Position of transitions of interest in **Pu from (n,n’) * - = E(keV)
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Perspectives for the next decade: Future measurements

At NFS, next step is 232Th(n, 2ny) and (n, 3ny) (5/2- (185 keV) -> 52+ (0 keV)) (6:+ (356 keV) -> 4+ (174 keV))
700 IFHC(ICT)F:S:m:gm 182 kev - 00 IFHC(ICT)F:S:mgm 185 kev -
600 TALYS JeM-QRPA. TALYS JoM-QRPA.
. 2 s00 . g 400
= GRAPhEME data set studied 11 (n, 2nY) § o s £ 0o e
& 300 - i 5 =
and 7 (n, 3ny). i . -
. 7 - 1 . —f—
= Evolution of the MAELS setup : T B E
O™ % 10 12 1¢ 16 18 20 °; 0 15 20 25
= Adding shielding to protect the
detectors from Scattered neutronS. Eliot Party. Etude des réactions (n, xn) pour les noyaux fertiles / fissiles du

cycle du combustible innovant au Thorium. Université de Strasbourg, 2019.

= Use of 23°U fission chamber in addition
to the 238U ones.

= Also with an activation measurement for
232Th(n, 2n) (T, = 25 hours) to perform
integral (n, 2n) cross section measurement.

7000 T T T T T T T
6000
5000
4000
3000
2000
1000
0 1 1 1 1 1

0 200000 400000 600000 800000 1x108 1.2x10° 1.4x106 1.6x10

Time from start of experiment (seconds)

Further down the road, we hope to perform measurements on 23°Pu, 233U.
Requires to accommodate radioprotection rules, and scale up our own data recording capability.

Simulation of 231Th activity production
for 10 days of irradiation, and the
subsequent activity decay

231Th decay per seconds
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Perspectives for the next decade: Future experimental tools

Electron conversion Detector setup DELCO (Détecteur d’ELectrons de COnversions)

= |n 2381, 232Th, the transitions from the 15t l ’
excited state to the ground state carries e s U o I
~90% of the total (n, n’) cross section, N | / g ° 215 0f
but is highly converted, leading to large I \\m ,MWU\, l”\ | f \ g 2 E::ﬁ’_zzkzv 1
uncertainties in y measurements with e Vol “‘“JV'@""WWL‘U S 1 R
GRAPhEME el sl b ol 0 -
E(keV) 0 5 10 15 20

Neutron Energy (MeV)

* We are developing a Conversion electron spectrometer.
* Currently at the « proof of concept » stage, following
successful 228U « radioactivity » (y, X, e-) tests in 2022

| » Sidetecteur in Vaccum chamber
¢ *  Coupled to HPGe,
Lo ©  Infront of a 238U target

Markus Nyman, et al.. New equipment for neutron scattering cross-
section measurements at GELINA. EPJ Web Conf., 239 (2020) 17003

Feb 2022, 8
(Fairuaty SSE2 AU 3 3 vy (4T S p)
10.6 keV (Pb XL, Laty) Test8 Si
s 16, 16.7 keV (Pa XL, LB,)

o Ey = 63.29 keV (234Th)
19.57, 20.17 keV
/ (Pa XLY] U XLYl) Ee=71.27,71.7 —AE keV (234Th)

&

il Ol
3000

Tests under beam to come in 2026.
Design and building of a prototype/setup will
follow depending on the results.

ol b b
500 1000 1500

L L |
2000

L L | LWy
2500

3500 ?Doc\
o 2§ 4z 729+ 1+ I24—1 Ee = 87.01. 90.99 —AE keV
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Past works and results

5 122y, 2404 5 8y, 2.0 5 16y, 2407
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Summary and conclusions

/‘\ We chose a unified approach, performing experiments and closely collaborating with
‘___‘ theoreticians and evaluators to understand the full lifecycle of the nuclear data.

Key achievements with GRAPhEME:

233

Provided high-spin transitions in >*®U, the first-ever (n, n’y) data for ?**U, a large and consistent

data set on 8218\ and more (?3°U, 232Th, "aZr, 5/Fe, ...)
Challenged models on spin distributions, level densities, y strength functions

Highlighted the impact of structure information, leading to new collaboration (v-Ball)

NFS Potential:

(n, 2ny) and (n, 3ny) measurements will fill critical gaps for fast reactors.

3 Designed and assembled a dedicate setup MAELS

238 data to analyze prompt (n, 2-3n y) and activation for integral (n, 2n) cross section study
Future experiment 232Th, and & 233U, 239py

Future Tools:

DELCO (conversion electrons) to complete our study of (n, n’y) cross sections £

E a Continuing our strong collaborations (theoretical advances, evaluation), and making our

findings easier to find and use, via a more open distribution of results, codes, ...
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