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SEASON scheme @

nptool o
For now minimum
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| View of SEASON in GEANT4 |
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SEASON at Jyvaskyla

| View of SEASON in GEANT4 |
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SEASON at Jyvaskyla

| View of SEASON in GEANT4 |
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k130 facility in Jyvaskyla, Finland
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simulation done by Emmanuel Rey-herme
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SEASON at Jyvaskyla
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Mounting in Jyvaskyla
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2 Commissioning in
m Jyvaskyla

— february 20t - february 27t
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SEASON’s commissioning experiment

Test of two FEANICS modes:

All detectors : automatic gain switch
between a and e

== high efficiency

\ B noise level higher
: “\ — resolution
slightly degraded
— higher energy
threshold
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SEASON’s commissioning experiment

Test of two FEANICS modes:

All detectors : automatic gain switch Fixed gain:
between a and e Main detector in a high gain mode,

Tunnel detectors in alow gain mode

== high efficiency o= less noisy
— better
\ == Noise level higher resolution
— resolution — lower energy
slightly degraded threshold
— higher energy
threshold mm |ower efficiency
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SEASON'’s commissioning experiment

Reactionused : 2>2Th (p,xn) 233Xpg

Beam time use:

- mass 225 :40 hours

ISOL-France
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SEASON'’s commissioning experiment

Reactionused : 2>2Th (p,xn) 233Xpg

Beam time use:

- mass 225 :40 hours
- mass 221: 32 hours
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SEASON'’s commissioning experiment

Reactionused : 2>2Th (p,xn) 233Xpg

Beam time use:

223Pa 224Pa 225Pa 226Pa 227Pa . 231Pa ..
- mass 225 :40 hours

- mass 2 21 . 32 h ours 222ThH 223ThH 224 225Th | 26Th | 227Th  228Th 22°Th 230Th 232Th

= Mass 226 . 29 hOLII'S 21N | 2220 | 223A¢ 225\ ....

220 221Ra 222Ra 223Ra 224Ra 226Ra
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SEASON'’s commissioning experiment

Reactionused : 2>2Th (p,xn) 233Xpg

Beam time use:

- mass 225 :40 hours
- mass 221 : 32 hours
- mass 226:29 hours
- mass 222 :12 hours
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SEASON'’s commissioning experiment

Reactionused : 2>2Th (p,xn) 233Xpg

Beam time use:

- mass 225 :40 hours
- mass 221 : 32 hours
- mass 226:29 hours
- mass 222 :12 hours
- mass 224 :4.5 hours

ISOL-France
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SEASON'’s commissioning experiment

Reactionused : 2>2Th (p,xn) 233Xpg

Beam time use:

- mass 225 :40 hours

- mass 221:32hours / L L
- Mass 226 . 29 hOUI’S 2LIAC 220 223\c

- mass 222:12 hours

ZZORa 221Ra 222Ra 223Ra
- mass 224 :4.5 hours “ ‘

. 219Fr 220Fr 221Fr
Alsotied He bear - [ o
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Test of the *“He beam

In principle:
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Test of the *“He beam

In principle:
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ENDL-2025: alpha+Th232 residual products at E=110.0 MeV
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Test of the *“He beam

In principle:
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025: alpha+Th232 residual products at E=110.0 MeV
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WA

3 Preliminary results of the
m online commissioning
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Technical SEASON properties

In automatic gain switch mode :

In conditions of the online commissioning experiment

Energy resolution | Energy resolution Efficiency on
in main in tunnels Main
a-particle ~20 keV ~18 keV ~36%
electron ~14 keV ~14 keV ~23%

@ ISOL-France

Efficiency in Total efficiency
tunnels
~20% ~56%
~18% ~41%
17/03/26 12



Mass 225

Alpha energy spectrum Alpha energy spectrum
~ 16000 ~ 10000
[} — Q
= - = — Tunnels
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Mass 225

2 3 838 83388 8
5/2- 0 O‘HHT HT\HTH\TH\T\HTHHT\ = O‘ o
225 i
Pa a \‘% z 4
g 2 3
E,kev] 1 [%] HF & o & 3
S S r @
70375)  17(10) 14(@) IR+ N S 5 & 2237 ,
© N O
/\ .
NN SIS
O L O D
7078(2) 3.0(3)  11.5(19) 52+ Lo 180.0 _
VNS S S
N N3
7109(6) 4.6(5) 9.6(16) 52+ o S 149.7
Yy o
7168(2) 11.1(4) 6.509) 2/ g A S 915
N 0
7229(2) 26.6(7) 4.6(6) 12 N of 274
32- — 105
7258(2)  53.0(10) 2.9(4) ¥ _
5/2- 21A0 0
E. Rey-herme PhD thesis (2023)
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Mass 225 : study of %*°Pa

Alpha energy spectrum
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-> few issues of time alignment and
energy resolution to be solved
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Alpha electron coincidence matrix
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Mass 225 : study of %*°Pa

Alpha gamma coincidence matrix

Alpha Energy (keV)

- o R A \‘11 Sl IRTE L Cle e L b
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SEASON'’s schedule in 2026 - 2027

- 2 proposals have been submitted to the PAC of March at Jyvaskyla:

Decay spectroscopy of Neptunium isotopes produced
through the fusion-evaporation reaction

233U(p, zn)?4~*Np with SEASON

D. Thisse!, E. Rey-herme', M. Vandebrouck!, M. Ragot!, N. Abrassart', B.

Sulignano!, I. Moore?, J. Sareén?, T. Eronen?, A. Kankainen?, A. Raggio®, S.

Pineda?, D. Renisch®®, C. Diillmann®%7, S. Lecanuet®, the IGISOL group?,
and the SEASON collaboration'

Decay spectroscopy of 22%Pa produced through the
fusion-evaporation reaction *Th(p, xn)**1~*Pa with

SEASON

E. Rey-herme!, D. Thisse', M. Vandebrouck!, M. Ragot!, N. Abrassart!, 1.
Moore?, Ch. E. Diillmann®*®, T. Eronen?, A. Kankainen?, S. Lecanuet®, S.
Pineda’, A. Raggio®, D. Renisch®?, J. Sarén?, B. Sulignano!, et al.?, the
IGISOL group?, and the SEASON collaboration!

- From september : SEASON will be available for anybody to propose an

experiment at the PAC

@ ISOL-France
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Zhuang Ge, Anu Kankainen,
Brian Koote, lain Moore,
Prince Parvez, Simon Rausch,
Mikael Reponen, Alexandre
Roger, Jan Saren
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Sebastian Raeder

Matthieu Lebois

Samuel Lecanuet

Thank you!

LPC Caen
Skyy Pineda

GANIL

Margarida Paulino

KU Leuven
Andrea Raggio
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Damien Thisse, Léonard Jost, Emmanuel
Rey-herme, Kilian Ronxin, Barbara
Sulignano, Marine Vandebrouck

SEASON development team:
Project Managers:

O. Cloué (technic)

D. Thisse (scientific)
Mechanical conception :

S. Cazaux, P. Daniel-Thomas
Detection/Acquisition :

F. Bouyjou, T. Chaminade, Jules Dartois
Control & Command :

A. Gaget, J. Relland, A. Roger, S.
Tzvetkov, T. Joannem
Electrical engineering :

J.Noury, Y. Reinert, J. Mendes Ribeiro
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m Back-up
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SEASON’s at GANIL :
CANIL

e Study of heavy and super heavy nuclei

O  single particle structure
o  nuclear deformation

o stability %
e Designed for S*-Low Energy Branch (LEB) at Spiral2 MR ToF MS 3 Counter for laser
N " (miAm ~ 107 spectroscopy
iy 2 e = d Detailedq, ey
s decay spectroscopy
;g 4 i Pulse up (~ 3 kV) SEASON ﬂ
Gas jet 4
= —— = Coupling of atomic and
; i S-shaped RFQ (mIAgTioo) b:n':;?,er OUp |ng or atomic an
nuclear approaches

Diff. pumping mRFQ

E ISOL-France 17/03/26 32



E ISOL-France

beam direction
deported station
wheel

main station

calibration arms and its HMI that manages:
- the control of the sources storage
- the different calibration step
& provides safety features to avoid detector damage.
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motor to rotate the wheel

Upstream system: motorised to slide the tunnel part of
the main station and one of the two detectors in the
deported station

ISOL-France 03/04/25 34



High effici for both elect d a-particl
E. Rey-herme, PhD thesis (2023)
100 = 1_ 1:::::;::t::: 56 + Emission of 1 electron
90— | Tunnel-Foil = 10 mm - X *
= % ot s 54— + F + X Emission of 1o and 1 electron
80 X 4+ X Tunnel-Foil = 75 mm E
= s Lt Fol =100 mm E ox X ; + Emission of 1o and 2 electrons
E o+ : + 52— A ¥
70 ; X — + + X X Emission of 1o and 3 electrons
R ‘ 50— + N
;\? g 5 n ;\'c\ " :_ * -} Emission of 1o and 4 electrons
‘-; 50 = : X >‘< i \:) - * Emission of 1o and 5 electrons
TS | " ¥ + +
o C
= X - X
30— X 44— 25
= 1 x -
20 = X x g 42 :—
“E “E *
ol \ L | Il ISR ST B I N S S S ST A
0 20 40 60 80 100 2 4 6 8 10 12 14
DSSD1-Foil (mm) Detector-Foil distance (mm)

Most compact configuration:
Alpha efficiency = 84 %
Electron efficiency = 56 %
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FEANICS

Detector + cable
capacitor

®
Cp

ISOL-France

J ISmaII capacitor Cyg
-A

Large capacitor C, s

ENys /F ! l
[

/

e— EN, N 7

FEANICS

CSA_output (1)

LG_threshold

o—

+
> Logic bloc f—
- ENyg

Front End Adaptive gaiN Integrated CircuitS:
- double gain preamplifier with
automatic gain switch
- CSA floor noise (no detector): ~2.3 keV
variable threshold for gain switch
- canalso be set to fixed gain

-> Directly connected to the detector to limit
the noise

-> Outputs a differential signal to be sent to
the digitizer

17/03/26
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Why this reaction? #°“Th(p,xn)****Pa

5/2- 0
25pg " > 100 ~Electron energy in coincidence with an alpha
3 = (6.9 MeV <E, <7.3MeV, 1262 experiment)
Eu[keV] Iu[%] HF - (\? (;o (:)\ 3 t ; " : i
’ "' [ Electron energy in coincidence with an alpha
70375)  1700) 14(9) M2 N T 9 223.7 § 100 —— (6.9MeV <E, < 7.3 MeV, Simulations)
NS S ’
7078(2) 3.0(3) 11.5(19) 52+ NN 180.0
R o
7100(6) 4.6(5) 9.6(16) 5/2* DN 149.7 ‘
5y w
7168(2) 11.1(4) 6.5(9) S/ SN 91.5
NS
7229(2) 26.6(7) 4.6(6) 2 N é,’-’ﬂ | e :
= —5 0 20 40 60 80 100 120 140 160 180 200
7258(2)  53.0(10) 2.9(4) l i ) E, (keV)
5/2- 21p¢ 0
E. Rey-herme, PhD thesis (2023)
e Use previous experimental results as a e Improved efficiency => look for new
benchmark to characterize SEASON transitions that were not visible

before
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