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(n, n') and (n, xn) reactions

and (n,xn) reactions

Waste

Operation, inventory

safety

Decay heat
Breeding rate

Energy

Incineration deposition

l I

Accuracy improvement of (actual or future) reactor core simulations requires :
Abetter knowledge of the neutron population evolution which is partially driven by inelastic scattering

=> accuracy issues for (n,xn) reactions

1990’s : strong demand for improvement
of the inelastic scattering XS.
NEA/WPEC-4, vol. 4, 1999.
Impact on core parameters in various future

reactor designs (Vol. 26).
NEA/WPEC-26, Vol. 26, NEA No 6410., 2008,

Entries in HPRL (reduction of uncertainty
from 20% to 5% or less).
Overestimation by about (10 + 2)%
of the JEFF-3.1.1 238U(n, n’) XS
Nucl. Data Sheet 118,118 (2014)
Experimental efforts to address the challenges

but improvements are still required.
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(n, n') and (n, xn) reactions

NUCLEUS
A- x+IZ

Y
with a lifetime [ Activation technique ]

/Prompt Y-ray spectroscopy: \

- Exclusive measurement of (n, xny) XS.

- Reaction channels clearly identified.

- Time of flight measurement possible

EXCITED NUCLELS
A-x+IZ

Partial cross sections, total XS needs to

\ be inferred. /
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(n, n') and (n, xn) reactions

@3 Inferring (n, xn) cross sections from (n, xny) ones
Powerful method which provides a lot of cross sections :

- (n, xny) |
@ I
- i/ v Ec v Jy
3 | Band
~ and®
3 l ; 7
L Bandb
(n.xn y)
cross section | Vo Voo
Bands
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(n, n') and (n, xn) reactions

5 Inferring (n, xn) cross sections from (n, xny) ones
Powerful method which provides a lot of cross sections :

- (n, xny) Level production
- level production cross section
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(n, n') and (n, xn) reactions

@3y Inferring (n, xn) cross sections from (n, xny) ones
Powerful method which provides a lot of cross sections :

-mxy) level production
- level production cross section |
- total !

%
—

(n, xny)
cross section b3

total (n, xn)
cross section

—_
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(n, n') and (n, xn) reactions

' Inferring (n,xn) cross sections from (n,xn y) ones

With the y-ray prompt spectroscopy
& A method used already since the 70’s
@ the cyclotron of KIT

XS (n,xn) by Voss et al.

238(J 56Fe, 27A]
for En<Emax @ the Linear accelerator of ORNL
by Dickens et al., Olsen et al.
Nuclear Structure "Li, 2*Mg, 285, 55Zn, 29%Pb, ...
Data % in the 90’s and 2000’s
G A wf A e @ WNR, LANL
! 7/ N / A f | : 7_ with the GEANIE spectrometer
o L EE R el by Vonach et al., Bernstein et al.,
ANl RN Younes et al., Fotiades et al.
W NS (TR | N ’ ’
=) gEn E Measured (n,xn y) XS Dashdorietal, ...

- L | SN .
g‘:f&\\_;.ﬁmﬁ EJ E\,_f.. EJ \ S C‘ U RAT Pb’ A]-’ Pt’ mo, T]-’ Sm’ U’ Pu,
::“_ai‘ o a_”i.. I S R T S m:o A E

[
-

Ef\\ ¥R J S A 4 today since ~20 years
e e @ GELINA - EC-JRC Geel

With GAINS & GRAPhEME

() A. Olacel et al., WINS2023
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GRAPhEME @ GELINA

GRAPhEME @ FP1 6/30 m European |

Commission

Neutron Time of flight facility

== GELINAGEC-IJRC(Geel)

=
4 —

Pulsed white neutron beam
10 meV - 20 MeV
Multi-users facility
10 m to 400 m
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GRAPhEME [@ GELINA: today
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GRAPhEME [@ GELINA: performances @ achievements

Ditterential Neutron Flux

GELINAG@EC-JRC(Geel)
f = 800-400 Hz

$” GRAPhEME main specificities 10°
FP16/30 m

+ 1 Fission Chamber,
N 5 HPGe Planar,

1 HPGe seg
(110°,150°)

232Th 233,235,238U
’

Flux (neutrons / s / MeV)

PRI EPEPETE EFRPETIS IRV EPEFEP IFRPITE EPEPEPE BV EEPINE EPRPA
2 4 6 ] 10 12 14 16 18 20 22
Energy (MeV)

AEn =10keV @ En =1 MeV

Beam Time 500 - 4500 hours
/ XS uncertainties / to 20% \
3t05% -En <9 MeV

Up to 20% - En > 9 MeV do (mxny) Nget (Ey)
Corre.lation ar?d covariance do. (6, En) = Nat * Pn(En) &, - t

matrices provided ]
M.Kerveno et al. PRC 87, 24609 (2013) g 2% 04-06%:0tol0 MeV

G. Henning et al. EPJ Web of Conf., 284, 01045 (2023)

M. Kerveno et al. EPN 4, 23 (2018) [-2%:10to 20 MeV /

natzr’nat,182,3,4,6w’ 57|:e’
Inprogress 23°Pu

(') G. Henninget al., WINS2023

M. Kerveno et al. PRC 104, 44605 (2021)

e

10-12/10/2023 - Troy, NY, US Matlle Kerveno



-~
.
~
A
-
.
-
-

OUTLINE

Some context

GRAPhEME @ EC-JRC-GELINA facility
last news on 232Th, 238U, 233U & 239Pu

Towards (n, 2n) and (n, 3n) reaction studies
@ GANIL/SPIRAL2/NES facility

Conclusions & Perspectives

10-12/10/2023 - Traoy, NY, US Matlle Kerveno iPHC

13



-~
L
-~
A4
-
e
-
-

232Th

10-12/10/2023 - Traoy, NY, US Matlle Kerveno

Ly



232Th

Exploitation of 232Th(n, n’y) XS (from E. Party thesis) for publication purposes

800 h beam time, sample mass : 12 g, 4 HPGe detectors and TNT2 acquisition system

1647(7)
1609(?)
1573(1,2+]
1482.2(14+) ~—1488.7(11) 460 3(10+) 1490(5+) 1553(2+)
T 1413.8(d+) i;ﬁ;}]‘
——1370(2+) . 1328.6(5") 1322(2+)
. 1258.7(8 1237.6(4- 1293(4+)
e r3+]—{ * 1218.1(4+) 1208.8(5), 2220 q}: 1.2 MeV
|| e | AL — “fﬁm}ffgimﬁﬁ' ad6( = +
1042.9(7- (6+)—L050.6+ T 1 %"‘s?q-; B 6(0+) premiers
1 960 @S m i niveatx
8838G-1)[| s7aq Bad i+l i
826.8(10+) 829.6(3 4] Y ;
T 77a.4(3- 774.1 TBE. A4 ¥ : I
714.4(1-]| || |[730-E{0H i noya4,
I [
1 556.9(8+) i i
i i
! i~ s
1 3333064) . : N e
: I ——=pp
1 1 ENSDF
1+ 162 1(4+) ' J ' De Demidav
R | = At Mucl.
_ 49.4(2:; r s (o08)
JK 0*01 Oct. :1'I'.:|1 ﬂ:ﬂ*ﬂz 1y‘:2*’21 2+22 ﬂ*ﬂa 1':|.1 3‘31 Niveaux hors bande

Bandes rotationnelles proposées par
Demidov et al. (2008)

PhD, E. Party, University of Strasbourg, 2019

X Cross section data for 81 y-transitions in 232Th,
11 y-transitions in 231Th, 7 y-transitions in 23°Th.
Very good agreement with Dave et al. data but
significant discrepancies observed with TALYS
calculations for numerous y-transitions

(even with “best files” input).

 New information (some are contradictory with
ENSDF) about branching ratios have been obtained.

10-12/10/2023 - Troy, NY, US
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232Th

Exploitation of 232Th(n, n’y) XS (from E. Party thesis) for publication purposes

Production of k by higher energy levels

X From nuclear structure and internal conversion coefficient ki o °fkby'"e'a“'°

information, it ] ¥ ol - sl

27 level production XS and total (n, n’) XS have been l

calculated. The total uncertainty is driven by the uncertainty on i e e i

the cross section of the 49 keV y-transition (2*->0%). ® Fora :e(:jl):Eof) eznergzy Ex. (va?:;r(():Ln:IOS;C_SCOﬁfmg;;c;s(;ei:):Zgw)en by:
Total (n, n') cross section in 2*2Th kT gy e Rl TR o

by k by k
a = internal conversion coefficient

¥ transitions for £, = 0.0 ke

43.4 keW (434 keW - Exb
- TLA4 ke (7144 kel -= Ei)

T304 ke [TI06 ke -> Ey)
deduced from B81.1 keW (730.6 kel -> 45.4 kev)
= 7741 kel (774.1 ke -= Eg)
TE5.3 kel (T85.3 keV -= Ey)

10%54,0 koeW {10539 ke = Byl
deduced from 1004.6 ke (1053.3 kel = 45,4 kev]
10780 keV [1077.9 ke -> Ei

1122.0 eV (11217 ke - Ec)
deduced from 1072.6 kew (11217 keW - 49.4 hev)
1303.2 keV' (1303.2 ke -> Eql
1322.3 ke [1322.3 ke - Exl

LI27.7 kel (1327.4 keV -= ;)
deduced Troem 1277.8 keW (1327.4 ke -> 49.4 kaV)
1387.2 keV (1387.1 ke -= o)
1489.3 ke [1489.4 key -> By}
1554.0 ke [1553.8 ke -=> Ex)
15614 ke [1561.4 ke -> Eql
1572.8 ke (1573.0 keV -> E;)

l 157E.3 ke (15785 keW - Eel
St

Comparison of the total (n, n') cross section in 232Th

i Comparison data
— TALYS 1.95 - <Best> parameters
—— TALYS 1.95 - Default parameters
6000 IAEA evaluation adopted by ENDF/BVIILO & |EFF.3-3
@ Experimental cross section
Experimental cross section : lower bound

L
7 % 1983 YFujita
4 1963 N.P.Glazkov
1962 AB.Smith
1 ¥ 1982 AB.Smith |

Cross section (mb)

IERE R IR R R IR I R S
Py
(=]
[=]
5

Cross section (mb)

-4+ Tatal (n, '} cross sectian @ lower bound
T T T T —§— Tatal [n, '} cross sectsan
Q 2 4 ] & 10 14

Neutron energy (MeV)

(work done by

X For the final publication, collaboration work with M. Dupuis b1 o2 O S
(TALYS) and R. Capote (EMPIRE) for theoretical comparisons.

i l

ARLN cr A9 '). I[I-IZ/I['/ZI]23 - T[‘I]V, NY, I.IS
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238” M. Kerveno et al. PRC 104, 44605 (2021)

B

: © 7 ©
£’ *a - Al 8is 4
(n, n’y) XS published with large theoretical development E : Mot b F A
Wovy In collaboration with M. Dupuis et al., CEA/DAM, T. Kawana, LANL, R. Capote, [AEA ‘ o . —"—_—
120 This work »
ol I A N oo | =
v 3000 h beam time, sample mass : 10.6 g, 4 HPGe detectors ol A4 s | aedmnm (=
T . AW Madel A (TALYS) - -
N and TNT2 acquisition system ’ » Mmm i
- . W]
H New exp. information about branching ratio Tan e
H Large uncertainties in the current modeling are related to the g‘“‘ -
knowledge of the decay scheme: poorly known branching ratios and an . .
incomplete information of the discrete states above 1.3 MeV. =il ! -
H Some of the interband transitions are shown to be very sensitive to the .
choice of prescription for discrete levels y decay that are not given in the p
RIPL3 library. . .
0] ™ E
H Microscopic modeling of the preeq. emission improved the spin distr. description lf | S o
then improve (n, n’y) transition prediction at high spin level in the GS band. A new i | 2 ( \\ o
prescription for the spin cut-off in the exciton model has been proposed for 238U. R e e
] wft @] @
M. Dupuis et al. EPJ Web of Conf., 284, 03003 (2023) g: . e |® ;1*..{;;.. St i
2 sl | : R b “\"a»w.++ {o i
H Variation of the E1 and M1 strength functions that define the y decay from IS [\/\_ B I S S— |
continuum, were shown to be of importance M. Kerveno et al., EPJ web of conf. 238, 01023 (2070) T B e B !r, Z
. . Foliades 2004 —=— O et Bk
=> more studies are required. 928 el T I ,“': By
H Another dozen (n, n’y) cross sections can be determined and some (n, 2-3ny) as well. I-l e e I

(] 15
Neuiron erergy (Me'V)

=> total neutron inelastic cross section will be inferred.
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-~
L
-~
A4
-
e
-
-

233( |

10-12/10/2023 - Traoy, NY, US

Maille Kerveno

19



233(] F. Claeys et al. EPJ Web of Conf., 284, 01014 (2023)

233U(n, n’y) XS ever measured

4500 h beam time, sample mass : 8.3 g, 5 classic & 1 segmented HPGe detectors
and TNT2 acquisition system

X Upgrade of the GRAPhEME setup with a Segmented HPGe detector 54x54 mm?,
t=20 mm, 36 pixels (6.66 x 6.66 mm?®)

to deal with the high counting rate due to radioactivity from the sample. The
excellent energy resolution allows very good separation

of y-peaks (useful to separate y coming from fission fragments).

- R(E=60 keV) = 0.724 keV Ge-Plan.
R(E=465 keV) = 1.050 keV
R(E=1 MeV) =1.317 keV
106 E—
C Ge-Seg. Q
in. q ’?l‘ 500 1000 500 2000 2500 300C
I , ‘I’ 1
Il [ A
upi‘kJu‘uw” i UJir’a 1
» Vi Y TS S
- V W/ AN I‘L\f‘\/ b ‘Uf\uﬂ“u’f 1\1 i
W
Spectre de radioactivité, E € | 170] keV vu par le détecteur HPGe segmenté,
compare avec le detecteur planaure avec la mellleure résolutlon en énergle en 2014
! \
800 1(;00 1200 1400 1600 1800 2000 2200 2400 2600 2800
Eneraie (ch)
H New data analysis methodologies and semi MC determination of the XS Made by EC-JRC Geel,
B. Henning et al. EPJ Web of Conf., 284, DI045 (2023) m = 8.3 g, thick.= 0,64 mm,

A ~ 3 GBgq.

[oriversivé [[[1] a0
14203 = || se swessours |
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233(] F. Claeys et al. EPJ Web of Conf., 284, DIDI4 (2023)
PhD. F. Claeys, University of Strasbourg, 2023

233U(n, n’y) XS ever measured
1 Cross section data for 12 y transitions in 223U (ever measured),

H Important disagreements with TALYS calculations (best files input), especially on the shape of the XS.

233 1. 1233
U(n, n'4)**3U — Bande 3 15/2 233U(n, n'4)***U — Bande 4 v3/2
15 100 G 45
() (b) (a) (b
ur g IPHC-2023 r—— (87) —= 5n* a0 e ¥ —
30 r — M 1 TALYS-1.0%C —— + + TALYS-195C — = =
L = 298815 keV s0 (U2Y) —= o2 - -
nE R * . ?38151@* 180,38 keV 35 . 3;3‘*172;?:\:' ]
-5 E, = 28058 keV _ Ey = 29881 keV E, = 380, By = 300
£ 40 = 28833 keV F30 1
£ + i g, ] £ B £ . _[—
in £ : Zas )
. £ _}+
rg : + g 0 ‘}' - ] l% %20 + P—4—< |
0 15 / 1
i ~ 3] i
10 1
0 i
S s ‘—\\_\—‘
o 0 A 0 0 o ¥ ]
o1 3 4 s 6 1 & 9 10 0 @& 2 3 4 S5 6 71 & 9 o 1 2 .3 4 5 & 7 & 9 1o
E, (MeV) E, (MeV) E, (MeV)
&0 6= . — 90 —_—— = 33 ~ . -
ich . B ()
AT —= 2
0 HIE == o g 80 + Y —- S 1 0 Y e g
Ey= 397,55 keV 50 Ey=353.78 keV : + + E, = 311.906 keV ( Ey = 2900078 ke
' ] 0 _ ] =
Ey=305.4 keV Ey=3133d eV + + + By = 211901 keV Y Ey = 340477 keV
1 E60 RN ++
Es0 g 2 +-H4
| B

Cross-Section (mb)
Cross-Section (mb)

1 Collaboration work with M. Dupuis (TALYS) and R. Capote (EMPIRE) for theoretical
comparisons/improvements.
Paper in preparation

2l

' omverse [T
ipnc @D....5
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MATAINILS

2

39Pu(n, n’y) XS : another challenging measurement

| sample mass : 2.3 g, 5 classic & 1 segmented HPGe detectors
and FASTER acquisition system

H The first challenge was to obtain a Pu sample as free as possible from 21Am.
Work done by SCK-CEN (Mol Belgium) from PuO, powder provided by EC-JRC-Geel.

Separation and purification of Am and Pu by peroxide precipitation
In y spectrum of the sample, one sees

- mainly y-lines from the decay of 23°Pu -> 23°U

- main lines from the decay of 24Am -> 23"Np

A. Moens et al. EPJ Web of Conf. 288, 04002 (2023)

H determination of accurate mass of 23°Pu : y counting
(as done for 233U)

H A new DAQ has been installed :
FASTER [https://faster.in2p3.fr/]

1 Up to now: a few weeks of beam time only.
COVID + pb with the LINAC
+ reduction of GELINA operation time (electricity costs...)

B ot

Al can + lid + PuO2

Al thickness = 0.5 mm
e

] N
\ ~|
™~
PUO2

PUO2-sample-scheme.png

close to 50.0 mm

\
Diameter «48.96 mm |  Diameter =510 mm

L/

m=23¢g

First results with new 23°Pu sample, april 2022

Green detecteur at 150°, full time window (radio + n), Part

det-vert-pu239-etot-avril-2022-a.png
(#Pu>2U)  595keV Am

N 51.62 keV 129.3 keV
38.66 keV / 94.65 keV (Ka2)
¥
0%} \

keV

56.83 keV

1173

— 106.47 keV

e 49.4 keV

@ /

T 10*H P

<

v

-

£ . d MU

8 -

= 10%F 72.75 keV 84.21 keV

E (135U9231Th) (235U9231Th)

9 al PO ST FAEYEE] SEFOSTRRP NS (N0 SO v [yl B

> 20 40 60 80 100 120 140
(keV)

Position of transitions of interest in 22°Pu from (n,n’)

@= 49,95 mm, A = 5,2 GBq
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GRAPhEME CONCLUSIONS

Overcome the weakness of the prompt y-ray spectroscopy

Acting with nuclear structure specialists

Collaboration:

v-Ball 2 induced-fission collaboration

-> New measurements of

2381J & 232Th nuclear structure

in neutron induced reaction (E_ ~1.7 MeV)

C. Chatel et al. submitted to EP.J Web of Conf.
WONDER canf. 2023 XS (n ,Xn)

for En<Emax

Proposed setup — v-Ball 2

@ALTO, LICORN

* 20 LaBrj detectors (FATIMA type)
* 15"x2" crystals, R9779 PMT

* one upstream, one downstream ring
* Efficiency 2% (v-Ball 1 ~ 0.7%)

* Half-lives accesible with fast-timing:
10 ps - 100 ns

highly converted transitions in actinides

Develop instrumentation to measure Nuclear Structure
conversion electrons : DELCO setup

Data
Cooled Si detector, 300 mm® \ s
‘ — E!/ \ a2 AN

e(Si) = 5000pm

004 = 8
1976 = £7m
]

238 sample
. 7.~ Measured (n,xn y) XS

6 " I -
it B N R I A S
il P W= R R W=
gtn i\**".; —“;..: .,\:;".;' in‘:j : :'\;‘ T ACCU RA I E
/) | "

) -
— 7

Wiy Py

’ B ) o *“ S e :‘:“'H R W

= 5 E‘:"‘ =4 -
- - ¥ i 10f B~ £ 7 .
- y : E': i I N e B r\ S
DEI.[:[I @ JR[:'EEEI Sal N of N daf %
\ I L I S}
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(n, xny) studies @ NFS with the prompt y-ray spectroscopy

Jiwied  Deutschland
.| Germany

H 1st beams in 2020,
Third beam campaign (falls 2021, 22, 23)

-]

—_—
C)

10° -

— o
o o O
W 40
L1 |

—r g ek

/-""_""-...____________———————'-_____

ENERGY x FLUX
(neutrons.cmpulse™)

— i
o o
1

Il

dae P L o M

n_TOF 185 m, 0.25 Hz

n_TOF 20 m, 0.25 Hz
LANSCE-MLNSC, 23 m, 20 Hz
GELINA 30 m, 800 Hz

e 10? - NFS, 5/20/30 m, 880/220/150 kHz -
3 6
g 10 n
x O
5810 -
CNRSAN2P3 E ..E.. 10 /\ y i
EE: 10° - /_\‘ I
102 (—'Pi © Frank Gunsmg
10° o 10" 10° 10° “ 10° 10° 100 10° 10°
NEUTRON ENEHGY (eV)
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first stage:
gsetting up
{the long-distance flight path
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NFS time of flight area

NES flight path for time of flight measurement

Beam dump

400

/ IPHC was in charge of the \
design, construction and installation
of the
neutron beam line & 2" collimator
to allow measurements
at long flight path
k (focused beam, low background). /

Z=3040 cm EErae

Neutron flux
TS _
NFS TOF hall

(vacuum pipe)

 @=133cm

1¢r collimator exit

MCNPX simulations, Ph. Dessagne

MCNPX-2.6 simulations

» NES convertor room + hall
entirely simulated

» Neutron production :
d (50 pA ; 40 MeV) + Be
» Reduced inner aperture of
the first collimator
» constraints of background
minimization, weight and
costs with the objective of
@, =6 cm @ z=2850cm

o {0-12/10/2023 - Troy, NY, US

Maélle Kerveno
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NFS time of flight area

NES flight path for time of flight measurement

BPE

Neutron beam line & second collimator with its shielding

PVL

CONC

RETE
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NFS time of flight area

2 collimator ’\
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NFS time of flight area

2nd collimator mounting 01; 05; 06/2021
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NFS time of flight area
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second stage:
A Test the prompt y-ray
aspectroscopy method
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Study of (n, 2-3n g) reaction @ASPIRALZ/NFS

Lol-9:
Check the feasibility of the prompt y-ray spectroscopy method
at 30 m from the neutron source.

Questions :

x How well defined is the beam at 30 m (after the second collimation)?
x How are the backgrounds (n & y) conditions? ‘
x How to deal with low y-flash for tof measurement in the Fission Chamber?

_ 09/2021 11/2022

Detectors 3 HPGe 3 HPGe, Fission chamber (3 238U),
1 LaBr3
Acquisition syst.  FASTER FASTER
sample natW @ 28.936 m natW @ 29.2 m
Thick. =0.2 mm, m=41.2 g  Thick.=0.2 mm, m=41.2 g
Beam d + Be ~16pA ; Ey =40 MeV, ~7.5 uA; E; =40 MeV;
F=440 ; 220 KHz F=880 ; 440; 220 kHz (Be target
fixed)
effective UT ~1 ~25 (11 parasitic mode @220 kHz)

—_

\V, ¥/ II\I'Q ’)“(\"\_’T
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Lol-9 20 preliminay results

esos T MENPX Simulation d=28.3 m ]

- Beam profile 1

1.2e+09

Beam size and alignment

] =% : » e
2 measurements : ST L, \ /E;n\ |

- Radiographic film at the W sample |
position

L N
@ =55 mm
o . ; v @ =91 mm
onclusions : 1
Beam size and halo as expected (following MCNP simulations) &
Special care has to taken when (re)mounting the second collimator ™
to guarantee the alignment O

RS T T 0-12/10/2023 - Tray, NY, LIS Matlle Kerveno




Lol-9 20 preliminay results

background conditions

HPGe spectra
X rays w Gesi enerey distribution 440kHz (1/200) Background from the tof area : no problematic source (v)
With Wnat and without target of background, acceptable level.

- - Background induced by neutron beam (run without W @

27
843.8 “’Al(n.n’ 7) . sample) : level of scattered neutron (in air) seem more
w \1014 5% Alln.n’y) important than at GELINA. We may see also some

return from the beam dump but in a range of energy
'l
238.6 212 Pb

which is not problematic

onclusion :

:
il
No major problem identified with background at this stage

295 2 214pp

of the analysis.

1 1 1 I L 1 1 I 1 1 1 L | L
200 400 vy &00Q 1000

gesi-run23-24-10-1100keV.png (keV)

3k
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Number of y detected per ¥: keV

Lol-9 20 preliminay results

Mumber of y detected per ¥z keV

~II'h of beam, B pA,

° ° _ Time of Flight
Time of flight measurements w105 Tz | | | | | |
HPGe & 238U Fission Chamber spectra ~  HPGe |
] 182w' 183\, 1:saw, 185W
szlo-" - VERY PRELIMINARY RESULTS =
o i
2 : :
- Tof spectrum from HPGe : -
£ y-tias i :
- Ey spectrum from HPGe S1x10® |- l — _ :
o . . .
186\ 184\\/ 183\ 182\ ~|I'h of beam, I6 pA, : ,JLJ k’“e"
VERY PRELIMINARY RESULTS F=A40 khz = e T
1BOW 24 -3 g5 1HEW 4+ > 2+ & 184 132w 2 W2 e N2 0 200 400 600 800 1000 1200 1400 1600
:igg E lgzg ! ! ! T bacuproune E 350 [n’ n]’! ! Time between neutron production and gamma detection [ns]
* Pl f— =
1800 g 800 }BEW(n’n-’) z 300
1600 700 186 250 |
1400 % 800 - W(n:?’n) g
1200 & se0 g 00F
1000 > 400 - > 150
800 2 300k 2
600 é 200 F E 100 ]
e 10 1 122 123 124 2 M e 2 272 213 213 a5 216 2 % 329 330 331 332 333 334
Gamma energy [keWV] Gamma energy [keV] Gamma enargy [keV]
1100 1864 (2} == 2% E 1600 I I lﬂﬁwﬂl?"-"ﬂ-‘ I I E 180W 2+ > g5, u"EIusID"s :
1000 ey D = . .
300 3 40 186\/(n,2n) 3 tof measurements possible with HPGe %,
800 = 1200 - =
700 % 1000 - | - 1 &
500 : BOO ~ L l :'.
400 5 600 - | 5
300 5 z
200 | £ 400 £ £
%0 212 214 216 218 220 T a0 171 172 173 174 175 176 = 101 102 103 104 105 106
Gamma energy [keW] Gamma energy [keV] Gamma energy [keV]
{0-12/10/2023 - Tray, NY, US Matlle Kerveno ipnc @....Crinlls 37




Lol-9 20 preliminay results

Flux measurements (fall 2022) .
' | ' | ' | ' | '

Time of flight measurements 15000 B

A HPGe & 238U Fission Chamber spectra = - US8-FC1 (233U IPHC)
= . Nflux_U235_nf_MeV (FALSTAFF)
" [ ]
© L Tof spectrum from Fission Chamber & I Nflux g_dN_dE_norm (EJ309)
N o~ calculated flux
o E 10000
2860 — HPEE‘Sl =
et y-flash Neutrgn induced eyents
sca | 2000
a0 2z 140 160 8¢ fiﬁﬁr]e (Chz)zl:'
1BOGA — 238“ F[:
12000 — no 0
1onee ] y-ﬂash Neutrof inducedievents
o E ~ onclusions :
=] . | . . . . For tof measurement with FC, special care must be taken for the calibration of the @

time spectrum. Additional work is needed to confirm the neutron flux.

ti.rjne chmD
(eh) Proposal for dedicated measurements in fall 2024.
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thil’d Stage (coming next):
AMeasurement campaigns
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Experiment EBa3 22

Why starting with 233U(n, 2-3ny) XS measurements ?

238j .

- isavery suitable case

- can be used as a benchmark measurement at NFS with actinides

(before the measurements with more difficult actinides as 23°U, 233U and 23°Pu)
8 (n, 2n) and (n, 3n) XS

are significant and fission XS is not

so high

ST D B | l‘l'l N8 ]I‘l'l'l
=

= EXFOR (exp.)data == ENDF/B-VIIL.O

1 IAIAI Lol l 11—

5 E""' r——T——T——T——T——T—  EXFOR DATA
238 237 i B 3
= JEFF-33 . . & LiN=2N 0 == ENDF/B-VIILO | & 3016 irenion
BEYNINLZEU  — & exp. data exist, measured with <15 = JEFF33 | xmacem

fy JENDL-5 S =UENDLS  q & Bliigme
o
v
v

different techniques ((n, 2n) via

Cross Section (barns)

2 8 8 gm g 1 = Ioloxiansese wan
a . . . . . A . 2010Xianggao Wang
| activation is possible and widely used), ¥, 1.0} . lesKomo
x L. A B 1 1987 Golovn!
N o o n
BBUNF) but discrepancies are present S 238(N,3N)236U | ,igg'ﬁh?‘m‘v
aut
1§ - J 1 2189 R%
| n2sumsnzeu] B we can try to perform an 0.5 7 ¢ o
T : o . i ] =i e
] activation measurement in the - 1967 hnomymors
| i + 1961 Allen
o same experiment : L sl oEakniaht
10 20 3 P 10 D 30 | i
. . 4 1956 Phill
Incident Energy (MeV) 8 Our collaboration has measured InGdentEntyay (Mey) =

some (n, n’-2-3ny) at JRC-GELINA
=> Comprehensive set of data

40
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IPHC @wm il
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Experiment EB23 22

Preparation of 238U(n, 2-3ny) XS measurement ; fall 2024

8 A combination of GRAPhEME, GAINS & IFIN-HH detectors will be used.

12 detectors at 110°, 150° and 125°, design & construction by IPHC-CNRS,
2 Fission Chambers (**°U & 238U) coupled to FASTER DAQ.

8 Station of activation measurement

For the decay of 237U
To be “designed”.

8 BEAM specifications
- d+Be; E; =40 MeV

- Intensity : 25 pA

- Frequency : 220 kHz

- Second collimator is required

-4.10%n/MeV/cm?/s

at max. (30 m)
- Possibility to work in parallel mode

=> 10 days of beam obtained

-
.
~
A
-
.
-
-

A i

T T e 10-12/10/2023 - Troy, NY, US
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Some context

GRAPhEME @ EC-JRC-GELINA facility
last news on 232Th, 238U, 233U & 239Pu

Towards (n, 2n) and (n, 3n) reaction studies
@ GANIL/SPIRAL2/NES facility

Conclusions & Perspectives

10-12/10/2023 - Traoy, NY, US Matlle Kerveno
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GRAPRKEME is a federative instrument to study, in a comprehensive way
from experiments 10 modeling,
the neutron inelastic scattering with the prompt y-ray spectroscopy method.

~

J

A part of this project has received founds from the

Euratom research and training programme 2014-

2018 under grant agreement n847a52 (SANDA)

Work also supported by

LNRS. NEEDS/NALRE £l FPT/EURATOM, LHANDY,
FUFRAT

In the frame of the [IPHC, EC-JRC-Geel, IFIN-HH experimental collaboration,
GRAPhEME®@GELINA, operated by IPHC, has produced numerous (n, n’y) cross
sections data

on 233,235,238y 232, nat,182,183,184,186Yy 57Fe, 239Py,

Theoretical developments, constrained with (n, n’y) XS obtained by
GRAPhEME, are in progress to calculate reliable neutron inelastic scattering
cross sections for actinides and W isotopes.

Instrumental developments are in progress to measure conversion electron
de-excitation in actinides .

Actions are carried out to improve the nuclear structure knowledge of nuclei
of interest.

A new experimental program is foreseen @NES dedicated to the study of
(n, 2n) reactions.

Thoank yow for your attention
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