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Project overview

N Experiment context and organization
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On 24Py
g"" Challenging measurement

243
9sPu

® No Pu (241) enrichment since 70s
= m capture / fission of isotopes in sample
m Short Ty, : fast production of 2! Am

m increasing o activity
= high O capture

Neutron Capture and Fission Cross Sections
of Plutonium-241

m (very) fissile

L. W. Weston and J. H. Todd

= Produced in uranium reactors W we
Oak Ridge National Laboratory, P.0. Box X
Oak Ridge, Tennessee 37830
m Only 1 capture measurement Receved iy 20,1977
Accepted September 19, 1977

(Weston&Todd, 1978) W & Todd. in Nuclear Sai S Encineert
. eston 0ad, In Nuclear science an ngineerin
m 14 years half'“fe, ,B— to 241 Am 65.3 (1978), p. 454-463. g &
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Measurement project

Nuclear Energy Agency (OECD) = material isolated at JRC-Geel

"High Priority Requests” on 24'Pu = few 10 mg of enriched Pu
Incident neutron data / JEFF-3.3/ Pu241/  Cross section + Std. deviation m rare Sample (pOSSIbly Iast In Europe)

238 Pu 239 Pu 240 Pu 241 Pu 242 Pu
0.09% | 6.0% | 23% | 54% | 17%

Putotal 10.9mg o activity 29.6 MBq
2Py 5.9mg  Bactivity 22.6 GBq

EraT ows oo
Incident energy (keV)

5. FEramn Capture-to-fission ratio :
NEA“ ey [ 1. n_TOF EART1 (fission-tagging)
I B A " —! AL Fission cross-section (wrt 23°U) :
SR R S 1. n_TOF EAR1&2
2. GELINA
— postdoc M. SPELTA
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2025 241Py campaign
on EAR1

Setup, summary of the (long) campaign, some numbers
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n_TOF Total Absorption Calorimeter (TAC)

® 40 BaF; crystals, close to 47 coverage
® on n_TOF EAR1 (flight path ~ 185 m)

Detectors characteristics

.
n_TOF Total Absorption Calorimeter 241 Pu fission Chamber (FCPU)

The*Pu fission chamber

m 8 pairs cathode (Pu on Al) - anode (plain Al)
m 1 preamplifier (CEA/DAM) for each pair
® 3 mm Ar+CF4 at 300 mbar / voltage 77 V

Fission-tagging principle

— coinciding TAC+CaF signals = fission

z \ — TAC signal alone = capture (+ bkg..S.g06 - .




Data taking
Individual detectors :
oo o B ® 40 BaF2 crystals 2 FCU5 channels
oW L o SF 8 FCPU channels 6 LMFC channels

i - 1 PKUP
Instal.
eigruns A A APUA A A e -

Calib. BRI

|
1 |

At CERN from Jul. 22 to Sept 18, 2025

Pu + beam main data

Dummy + beam scattering by FiCh
Au + beam beam interception factor (BIF)
12C + beam scattering by samples

beam off Pu FiCh+TAC background

beam off Dummy TAC ambient background
calibrations every week (few % drift in TAC)

Data : ~2 PB raw (2 TB pre-
processed)
@ QZ,\ 30/06/2026 9/24
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Data processing - TAC

1. Calibrate (high drift)
. TAC detector gain over " 'Pu campaign
2. Synchronize between crystals i S
3. Synchronize with PKUP 3
4. Separate o and noise £ ot
. £ E
5. Clusterize (pulses — events) § oo
soo;
det17_122601_Pu ssob-
5 é )‘ é é |Io 1IzTable index
Pu runs 122539-122544 (mean 713.12 ns)
g 3000 syncPKUP-183708023...
225007 Entries. 636480
noi Scattered gammas 7| ‘ .

725 73
PKUP-syncTflash (ns)

= N 30/06/2026 12/24




Data processing - FCPU & tagging

FCPU#6-TAC possible coincidences

1. Separate alphas / FF S 16 — -
. ° [ ) - /
2. Synchronize FCPU - TAC = | Prometfissien i /L
> 14— gammas w10E J;’ !
S - ! "
3. Tag <y events §12: | e ]
S 12— Lor .
FCPU signals in channel 2 E L L . \ i ‘M el 10
% ) 8 1 0:_ '3 = s Y
e |
£ 8- :
6l
4= 3 7 1
= Gaps due to
2 [ o pulse clustering
L o { a\g(ﬁﬂthm - Random coincidence
1000 2000 3000 4000 5000 5000 7000 ¥ i iopiege bagkground

o e 00 10 -100 50 0 50
TAC arrives later 4——  —— TAC arrives sooner FCPU - TAC#1 delay (ns)

30/06/2026 13/24

19
@
1>



PuGamma events not in coincidence (multiplicity > 2)

~

6.53 MeV

6.31 MeV

total E, (MeV)
o
o [3)]

ol
[

5.24 MeV

)]

5.03 MeV

10

2 3
approximatiJg neutron enewwﬂp 14724



N -
PuGamma events not in coincidence (multiplicity > 2) %

10 10° 10°
approximative neutron energy (eV)

X projection bins 396 . 451]

s
approximative neutron energy (e\})0

3
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total E, (MeV)
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VAT NARIRIRIN
PuGamma events not in coincidence (multiplicity > 2) X

7
Fission-dominated resonance :
6.5 » capture/fission ~ 1/3
239 241 -
6 o Pu /“" Pu in capture ~ 1/5 10°

o
(3

4.5
3.5
3

1

2 3
1%pproximative n!e?]tron energy (e\))0
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¥ projection bins [360 .. 369]

241
Pu 6.31M
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total E, (MeV)

PuGamma events not in coincidence (multiplicity > 2)
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Capture resonance of Pu
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T PuGamma events not in coincidence (multiplicity > 2) /
~ < 7
()
241 . 26 5
Pu eV E} ’ (Slightly) capture-dominated
jw g 6 resonance : 10°
] « capture ~ fission
—a 55
—- 10°
—= 45
— 10
— 35
EEREEEEEEN 1 10 10? o
approximative ne?]tron energy (e\))
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¥ projection bins [469 .. 473]

total E, (MeV)

PuGamma events not in coincidence (multiplicity > 2) %

7
6.5 it 8 s
Fission-dominated
6 resonance : 10°

| capture / fission ~ 1/3

o
(3

2 3
1%pproximative n!e?]tron energy (e\))0
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Fission-tagging efficiency (very preliminary values)

Full Pu+beam statistics : Week 2 :

Percentage of fission-tagged events among total counts above thresholds

%

‘Sum energy threshold (MeV)

Sum energy threshold (MeV)

©
o

12

oty proshos
88

Week
~92-93 %

©
@
‘Sum energy threshold (MeV)

I T ST [ S I
2 13 14
multiplicity threshold

Efficiency : 92.5 + 0.5 % (to be confirmed).
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Further steps in the analysis

TAC signals (arbitrary scaling on

dummy and ambiant)

Everything
Ambient
~25 eV, 135Ba resonance | Beam off (coincidences)
' Beam off (anti-coincidence)

Dummy
Pu (coincidence)
Pu (anticoincidence)

TAC efficiency

m comparison to simulations
background substraction
other Pu capture

Counts / 1e16 protons / bin (500 bpd)
3

!HHW \HHHI‘ T HHI‘ \!IHHI‘ TTT

|

Ll L A
C Uts . Approximallje: neutron energy (e\}P3
E n e r g y 2 . 5 < Esum g 7 M e V Capture cross sections scaled to TIMS 2023 data (recalculated in 2025 after Am-Np purification)
Multiplicity 3 < My <7

Scaled cross-sections
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m experiment on a rarely measured isotope
m successful data taking campaign in S2 2025

m analysis of capture-to-fission ratio ongoing
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Thank you for listening !
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About the 24'Pu samples from JRC-Geel

Recovered from legacy material

m complex chemical procedures
m diverging estimations of isotopic content
= very active material

From (mass + a + ) spectrometry, concluded
Aug. 8™, 2025 (3 week on EAR1) :

238 Pu 239 Pu 240 Pu 241 Pu 242 Pu
0.09% | 6.0% | 23% | 54% | 17%

Fission chamber : 8 samples
— content and activity
Putotal +510.9mg « activity 29.6 MBq
2Py 9:359mg B activity 22.6 GBq

Probably from the one and only (large and accessible) 24’ Pu known stock :
m enriched in the 70s (ORNL), characterized in 1974
= used by WESTON&TODD in the only existing measurement of o capuure(2*'Pu) (ORNL)

m few g bought by JRC in 1985
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Planning
S
S OF 5 )
10’)?’ 10’)?) N 101& ,),016 ‘\.191& \\)\"L \ \)\.’LO’L Q\_"LQ’)’ ,)p’f) C"LQ’L(’
o W Wv NSNS W \I/ 70 1° o~ o
1 1 I | 1 1 1 | 1
1 - ! 1
I ‘g‘f’i':;';?ilc JBE G E:E L‘sample : :::::tli:: 1 +3 months : +6 months
21Am charact. 237\ 1 sprod. = ech : ~1% %1Am 1 ~2% %1Am
removal renlmval : 1 1 I I I
: ! [ 1 : .
design & fabrication  electronics neutron ! transfer | n_TOFEARL | "-TOF . .
gas & electric tests & 7:';‘2:;;"‘3 bi:::r to CERN (capture) e s GEUNII\ (fission)
CEA CERN I
1
others .
I
S
&

2023-2024 Fission chamber design and prototyping, TAC simulations
2025 Experiment preparation and data taking
2025-2027 Data analysis (— « ratio)
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