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1 SEASON decay
m station and context

@ ISOL-France



SEASON'’s environment .
GANIL

e Study of heavy and super heavy nuclei

O  single particle structure
o  nuclear deformation
o  stability
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SEASON scheme m

nptool

| View of SEASON in GEANT4 |

2 DSSD
Deported station
LongT,,

Carbon foil BB7-1000
~90 nm thickness

2 HPGe detectors
EXOGAM

® Wheel
2 mm thickness
35cm @

5 DSS
393‘\:\8 Main station

simulation done by Emmanuel Rey-herme
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SEASON scheme @

nptool

| View of SEASON in GEANT4 |

2 DSSD

Deported station
LongT,,

Carbon foil
~90 nm thickness

Compact configuration for
high efficiency (e- and o) :
Most compact configuration:
Alpha efficiency = 84 %
Electron efficiency = 56 %

® Wheel
2 mm thickness
35cm @

EXOGAM

0 vV Main station

simulation done by Emmanuel Rey-herme
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2 HPGe detectors
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2 m Mounting at GANIL
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February : delivery and mounting

- 1%tweek: mounting of the tunnel and the
rest of the detectors on their copper
frames.
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- 1%tweek: mounting of the tunnel and the
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February : delivery and mounting

- 1%tweek: mounting of the tunnel and the
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frames.
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February : delivery and mounting

- 1%tweek: mounting of the tunnel and the
rest of the detectors on their copper
frames.

- 2"week: installation of the chamber on the
frame and inroom 51.

- 3 week:

- vacuum tests and installation of detectors,
cables and cooling circuit.
- first polarization.
- sewing of the sources on their support.
- connecting to the acquisition (NUMEXO2)
- 4™ week: installation of the calibration

arms

ISOL-France
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February : delivery and mounting

15t week: mounting of the tunnel and the
rest of the detectors on their copper
frames.

2" week: installation of the chamber on the
frame and inroom 51.

3 week:

- vacuum tests and installation of detectors,
cables and cooling circuit.
- first polarization.
- sewing of the sources on their support.
- connecting to the acquisition (NUMEXO2)
4t week: installation of the calibration

arms
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March : finishing the mounting and starting the acq 5 5

uisitions

5t week:
installation of the back table for HPGe, with
translation motor (but mechanical
problems).

leakage issues (partly solved - now 2*107
mbar).
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March : finishing the mounting and starting the acquisitions

- 5%Mweek:

- installation of the back table for HPGe, with
translation motor (but mechanical
problems).

- leakage issues (partly solved - now 2*107
mbar).

- 6™ week: First acquisitions with sources !

- 7™ week: First acquisitions with sources
and with timestamps (issues with GTS cards
fixed).
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3 First results of the
E Source commissioning
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First acquisitions:

No time alignment : issues with the
injection (now solved)

Missing strips : possibly due to issues in the
“éclateurs”

>
[oX
‘=
=
(2]

stripX
ISOL-France
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First acquisitions:

No time alignment : issues with the
injection (now solved)

Missing strips : possibly due to issues in the
“éclateurs”

>
[oX
‘=
=
(2]

Detector DU at 30 mm from the source:

- 1 ASIC with higher count rate
1 missing strip

stripX
ISOL-France
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First acquisitions:

[  Notime alignment : issues with the
injection (now solved)

Missing strips : possibly due to issues in the
“éclateurs”

stripY

J

Detector DU at 30 mm from the source:
- 1 ASIC with higher count rate

1 missing strip

Detector MD at 9.5 mm from the source:

- 1 ASIC with higher count rate
1 missing strip

E ISOL-France

stripX
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Calibration per ring simulations
full DSSD coupled DSSD

° First: calibration per strip Merged Rings Visualization Merged Rings Visualization

e Duetostraggling: calibration per pixel

e Dueto low statistics on the sides:
calibration per ring

n
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- Example:
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Bt Resolution vs ring number for MD
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Comparison per strip with simulation

Spectrum from simulation

MD- 9.5 mm
from source

Spectrum from acquisition

J
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Comparison per strip with simulation

Spectrum from simulation (strip per strip)

E 800— Strip 16 (FWHM: 13.80)

° = Strip 14 (FWHM: 14.04)

g 700— Strip 12 (FWHM: 14.26)

é = Strip 10 (FWHM: 15.00)

600— Strip 8 (FWHM: 14.85)

- Strip 6 (FWHM: 14.83)

500 — Strip 4 (FWHM: 15.23)

- Strip 2 (FWHM: 14.64)
400 —
300—
200—
100—

) = =L = T 1 1 | 1
5720 5820 5840

Energy (keV)
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Comparison per strip with simulation

Spectrum from simulation (strip per strip)

> E - = F
© 800— —— Strip 16 (FWHM: 13.80) 2 - ° Strip resolutions MD from simulation
o = ——— Strip 14 (FWHM: 14.04) s 22—
£ 700 — Strip 12 (FWHM: 14.26) § ~ ] Strip resolutions MD
é = —— Strip 10 (FWHM: 15.00) [ B
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4 s Schedule
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SEASON'’s schedule in 2025

February

March

April

May

June

July

August

December 2026

October November

September

Source commissioning

at GANIL

DIS intervention to solve

mechanical and vacuum issues

ISOL-France

Moving to

Finland

Experimental
campaign at
Jyvaskyla and
then moving
to S°-LEB

Online commissioning
at Jyvaskyla

Commissioning experiment :
232Th(p, xn)?33*Pa (accepted)
Spokesperson : D. Thisse

.
vJYVASKYLAN YLIOPISTO G'\N [ I—

UNIVERSITY OF JYVASKYLA
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Conclusions

e Mechanical mounting is almost over.
e AlI DSSDs are functioning, although more
acquisitions and analysis are needed.

e Whatis next:

o Mechanical and vacuum issues should be fixed soon
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SEASON

A

E ISOL-France

m Thankyou!

SEASON development team:

Thomas Bey?, Florent Bouyjou?, Sandrine
Cazaux?, Thomas Chaminade?, Olivier Cloué?
(technical project manager), Olivier Corpace?,
Philippe Daniel-Thomas?, Jules Dartois!, Antoine
Drouart®, Alexis Gaget?, Olivier Gevin!, Thomas
Goigoux® (postdoc), Jean-Christophe Guillard?,
Mariam Kebbiri®, Fabien Prunes?, Jorge
Mendes-Ribeiro?, Julien Noury?, Mathilde Ragot?
(PhD student), Yann Reinert?, Johan Relland?,
Emmanuel Rey-herme®(PhD student), Arnaud
Roger?, Barbara Sulignano?®, Christophe Theisen?,
Damien Thisse2®, Marine Vandebrouck? (scientific
project manager).

1. Irfu/DEDIP (Département d’Electronique des Détecteurs et
d’Informatique pour la Physique)

2. Irfu/DIS (Département d’Ingénierie des Systémes)

3. Irfu/DPhN (Département de Physique Nucléaire)

03/04/25
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m Back-up
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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 30



Deposing carbon foils onto the metal holders

Already tested twice in > »
experiment & survived the vacuum é 5
testin SEASON'’s chamber *

ISOL-France 03/04/25 31



Example for the MD at 9.5 mm (30 min acquisition)

Low coincidence rate since no time alignment

Merged Rings Visualization
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Analysis method for fixed gain acquisitions

Signal from FEANICS digitized by NUMEXO2

Signal amplitude

(0]
— preamplifier pulse ‘ 3 signal after trapezoidal filter ‘
— ‘S 3000[— p—
3000: £ -
- r g 2500:
2500[— | & -
C | C
2000 — L L 2000 —
1500/ 1500
— <—> 4—» C
1000i 1000 —
- 500
0: 0: ——
c ‘ ‘ Lol L0 I B - Ll L L L N R
0 1000 2000 3000 4000 5000 0 500 1000 1500 2000 2500 3000
Sampling time (ns) Sampling time (ns)
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Optimization of the trapeze parameter: for alphas

Average resolutions of front side channels Average resolutions of back side channels

G (ns)
G (ns)

o e e Lo Lo Lo e e e Lo 1y
100 150 200 250 300 350 400

ph el i @4 L4 w4 ol eu P Qs ga gl pu gy [k
150 200 250 300 350 400
L (ns) L (ns)

conclusions: sampling time = 5 ns

- Lshould be as large as possible on the front side and around 1250 ns on the back side
- Gshould be set at about 1/10 of L
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Experimental conditions : depletion voltage

Current vs Voltage Energy resolution (FWHM) vs voltage
€ goo| ¢ LAUDA-20°C (6 °CFEANICS) § 24 * average front side resolutions
B = LAUDAD G (18 CFEANICS) < * average back side resolutions
LAUDA 20 °C (28 °C FEANICS) 5 22

500 B2k
B 2 20—
C o [=: %

400 18 * T %
: C *
C 16:— *

300 — saf.
N » E * ¥ * *
| [ ] 12—

200— = E
C - ] u . 10—
B = C

100|— ' . sl
e L " & . = S b ¢ 6;_
L S S SR N S ) N Coo v v v by v b oy by by Ly
0 20 40 60 80 100 120 70 80 90 100 110 120

u(v) Voltage [V)
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Leakage current comparison

Courbe courant tension BB7 3562-1

LAUDA -20 “C (6 *C FEANICS)

I (nA)
|

600
- LAUDA 0 °C {16 °C FEANICS)

500/ *  LAUDA20°C (28°C FEANICS)

400[— A
300/— ’

- 3
200— bt

- & |

- i - =] 2} = " a
100/— o . o .

I~ L ]

= i 5 e o > B = -

e S ? RO TR VO [N (L s TN [N N SO AN SN S N (A 1., D0 O L0 |

0 20 40 60 80 100 120

T(V)
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100 — + Tunnel-Foil =2 mm
- X Tunnel-Foil = 5 mm
90— L e
E + Tu::el:Fo:l i 50 ::
80— X j(. . Temiraiomn
F oo
o + %
- +
—~ B0 x
* E o+ %
= 50 X x X +
- M IE
w - b7 +
40— x , v
= < i = »
30— X " =
= X
20— ¥
- 8 x
- X
10— X x
0 E | L | | | | |
0 20 40 60 80 100

DSSD1-Foil (mm)

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

@ ISOL-France
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50

48
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44

42

40

High efficiency for both electron and a-particle

E. Rey-herme, PhD thesis (2023)

4 Emission of 1 electron
: x
:_ + * + X Emission of 1o and 1 electron
- x X ; ¥ e Emission of 1 and 2 electrons
E -+ + i X X Emission of 1o and 3 electrons
— +
— * -} Emission of 1o and 4 electrons
- * Emission of 1o and 5 electrons
= ¥
5 ¥
= ¥
il | L 1 L | I S S NS SR SR AN SN SR S (N SO T SR NN S
2 4 6 8 10 12 14
Detector-Foil distance (mm)
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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

03/04/25
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SEASON'’s commissioning experiment

proton beam onto %3?Th target
reaction of fusion evaporation
production of actinides

Sl A

232Th(p,xn)233 XPg

Considered experiments:
232Th((1, Xn)236-xU

233u(p’ Xn)234-pr

233U(G, Xn)237-xl;)u

Coupling with mass measurement
(trap)

ISOL-France

study of ?2°Pa decay towards 2?*Ac

Layout of the IGISOL facility
ko inJyvaskyl3, Finland

_MCC-30/15

iy —OFFLINE ION
¥  SOURCE STATION

DIPOLE MAGNET

SWITCHYARD
ATOM TRAP LINE

RFQ LASER
SPECTROSCOPY

SPECTROSCOPY LINE
SEASON

223Pa

222Th

221AC

224Pa 225Pa 226Pa 227Pa 223Pa
o o « a B+

22 224Th 225Th 226Th 227Th 228Th 229Th 230Th

o o B+ a
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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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