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1 m  Nuclear shapes
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e Coulomb excitation experiments:
— direct measurements of E3 transitions strength

Studying nuclear shapes

Octupole deformation in the heavy nuclei region:
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e Coulomb excitation experiments:
— direct measurements of E3 transitions strength

Studying nuclear shapes B Jpamgr R S aaE ™

Octupole deformation in the heavy nuclei region:
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e | Decay spectroscopy
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Microscopic signatures of octupole collectivity ?

e Parity doubletsin the rotational bands
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Microscopic signatures of octupole collectivity ?

e Parity doublets in the rotational bands e Example of ?Ac
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AE — 1005 keV AE _ 105 keV Rey-herme et al. (2023) PRC 108, 014304
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Microscopic signatures of octupole collectivity ?

e Parity doubletsin the rotational bands e «-decay
gap between simple alpha decay model (Gamow) and
A . h A ‘ ’—' A . '—: experimental results represented with :
1% 1% 1%
A
Tl 2.ex
yETD
T /2,th
Typical values :
' ( ! ! . HF ~ 1-4: Favored transitions
“ % & HF ~ 10-100: Initial and final particle octupole i
—_ 2 deformation
—_— 11720 = ]2 1[0 — 2" —_— 112 state do not have favourable overlap
Odd-A = 9/2¢ =™ —_— 2" —T7[2 —_— /2t
—_ 72 —_— /2" — 52 —_— 72
—_— 5/2¢ —_—5/2 —_— 5/2t

AE ~ 100s keV  AE ~ 10s keV
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2 m  SEASON decay station
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SEASON project SEASON
PrOJEEt i

e Designed for S3-Low Energy Branch (LEB) at

152.6

180.0

nuclear excitation
energies

alpha hindrance
factors

_ conversion
Spiralz /Tl ctogigeoed electron factors
. 21p6 half lives
Goals: study heavy nuclei through K =5/2 K=3/2
. Rey-herme et al. (2023) PRC 108,014304
e Detailed a, €', y -decay spectroscopy
e Counter for laser spectroscopy
Needs:
e High efficiency: HN = low production rate
e Goodresolution: HN = high density of excited
states
e Lowenergy thresholds
22/09/2026 6
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SEASON project SEASON
PrOJEEt i

e Designed for S3-Low Energy Branch (LEB) at
Spiral2

Goals: study heavy nuclei through

e Detailed a, €', y -decay spectroscopy
e Counter for laser spectroscopy

152.6

195

180.0

K =5/2*

Rey-herme et al. (2023) PRC 108,

Tonization '_|
Potential

221AC
K =3/2¢

014304

nuclear excitation
energies

alpha hindrance
factors
conversion
electron factors
half lives

mean square

Needs: 2 Ex. state charge radii
: electric
e High efficiency: HN = low production rate . ik g quadrupole
e Good resolution: HN = high density of excited N 2 moments ‘
states = et dipole magnetic
e Lowenergy thresholds gs. . m(?ments
. < spins
22/09/2026 6

@ Collogue GANIL - Mathilde Ragot



SEASON scheme @ ~ SEASON at Jyviiskyla

nbtool

| View of SEASON in GEANT4 |

2 DSSD

Deported station
Long T,,

Carbon foil
~90 nm thickness

2 HPGe detectors
EXOGAM

® Wheel
2 mm thickness
35cm @

vV Main station

simulation done by Emmanuel Rey-herme
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SEASON scheme
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TeCh nica I S EASO N pro pe rties automatic gain switch: gain changes

based on signal amplitude

S J  Front end electronics FEANICS: 2 acquisition modes fixed gain: one gain per detector

FEANICS

In conditions of the online commissioning experiment:

Acquisition | Particle Energy resolution Energy resolution Total efficiency Detection energy
mode (main DSSD) (tunnel DSSDs) thresholds
automatic a-particle ~18 keV ~15 keV 44+ 13% ~45 keV
gain switch
electron ~14 keV ~14 keV 29+4%
fixed gain a-particle / ~15 keV 24+7% ~30 keV
electron ~10 keV / 20+£3%

— from 22”Rn energy spectrum
— from mass 225 energy spectrum

In Finland : coupling to CAEN
VX2745 acquisition modules
- 8cards of 64 channels
- controlled by locally
developed DAQ system
Dakki
- JABS adaptator SAMTEK
to CAEN (IRFU made)
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Commissioning in
m Jyvaskyla, Finland

— February 20" - February 27t
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SEASON at Jyvaskyla

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

223 Pa 224P a
222Th 223Th
221AC 222AC
ZZORa 221Ra

219Fr 220Fr

224Th 225Th 226Th 227Th 228Th 229Th 230Th 232Th

K-130

Layout of the IGISOL facility

in Jyvaskyla, Finland
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SEASON at Jyvaskyla

Reaction used: 232Th(p,Xn)233-XPa Layout of the IGISOL facility

k130 inJyvaskyla, Finland

223Pa 224Pa 225Pa 226Pa 227Pa ZZBPa 229p, ZSDPa 231Pa
a a a a a B+ e- capture B+ &

P

222Th 223Th 224Th 225Th 226Th 227Th 228Th 229Th 230Th
“ “ « ‘ o o “ a “ arget chamber:

221AC 222AC 223AC 224Ac 225AC
a « a B+ a

ZZORa ZZlRa 222Ra

223Ra 224Ra 226Ra
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SEASON at Jyvaskyla

Reaction used: 232Th (p,Xn) 233_XPa Layout of the IGISOL facility

k130 inJyvaskyla, Finland
- [
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ZZSPa 224Pa 225Pa 226Pa

222Th 223Th 224Th

221AC 222AC 223AC
ZZORa 221Ra 222Ra 223Ra

219Fr 220Fr 221Fr
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SEASON at Jyvaskyla

Reaction used: 232Th (p,Xn) 233_XPa Layout of the IGISOL facility

k130 inJyvaskyla, Finland
- [

226Th 227Th 228Th 229Th 230Th

ZZSPa 224Pa 225Pa 226Pa

222Th 223 224Th 225Th

221AC 222AC % 24 |\

ZZORa Zlea 222Ra 2233 a 224Ra

—

SWITCHYARD

SPECTROSCOPY LINE
SEASON

219 r 220Fr

Also measured masses 221, 226,222, 224 & test of an alpha beam
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4 Preliminary results of the
B commissioning
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Analysis method

Noise, alpha, electron, interstrips, pile up, cross talk, saturation... — everything
(above threshold) is recorded

Ratios of real events to noise in fixed gain mode on implanted beam run:

The different steps:

PSD

time alignment

gain matching
energy calibration
event reconstruction

FG tunnels 219Rn

electrons

pile up

FG main 219Rn

electrons saturation

0,0%
noises

17,9%

noises

Examples of discrimination plots based on trace features:
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Analysis method

The different steps:

PSD

time alignment

gain matching
energy calibration
event reconstruction

Noise, alpha, electron, interstrips, pile up, cross talk, saturation... — everything

(above threshold) is recorded

Ratios of real events to noise in fixed gain mode on implanted beam run:

FG tunnels 219Rn

electrons

pile up

FG main 219Rn

electrons

saturation

0,0%
noises

17,

9%

noises

Or use of simple ML models : work of M1 intern Zineb Bahaj-Filali

PC2

.[clustering on trace features -~ %%
25 vl T | used f
i - trainil
25 ic%iﬁ -

or
g

CNN 1D, Binary

classification:
Check on pure electron

source:
99 % classified e-

@ Collogue GANIL - Mathilde Ragot

22/09/2026 15



Analysis method

The different steps:

PSD

time alignment

gain matching
energy calibration
event reconstruction

Alignment on the physics event, ie when particle is detected at the same time on

front and back sides on the detectors

Before alignement

After alignement

e-:26 ns FWHM
alpha: 6 ns FWHM

strip number

60

strip number
[ N w B a
o o o o o
TTTT [ TTTT ‘ TTTT ‘ T 1T LH‘IE‘

o

40
Adjusted time difference [ns]
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Every strip is matched in gain with the rest using a high statistic run
+ some strip shift between the runs and must be corrected

Analysis method

Energy (ADC)

The different steps:

PSD

time alignment

gain matching
energy calibration
event reconstruction

Energy (keV)

30
Strip X
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Analysis method

The different steps:

PSD

time alignment

gain matching
energy calibration
event reconstruction

Different calibrations depending on the mode and the particle.

Example with

alphas in fixed gain

mode:

Counts / 1 keV
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Mass 225

Alpha energy spectrum (in fixed gain mode)
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Mass 225

Alpha energy spectrum (in fixed gain mode)
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Mass 225

. . zoomed in on the energies of 22°Pa deca
Alpha energy spectrum (in fixed gain mode) g Y
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Mass 225 : study of ?*>Pa decay

Counts/1 keV

= = N
o al o
o o
o o

T

Comparison with previous results from Rey-herme et al. (2023) PRC 108,014304 : T T T[T T T T[T TTT[T]1
5/2- 0
225
Pa la
E,[keV] 1,[%] HF > © A
cSS
7037(5)  1.7(10) 14(9) 12+ N N ~ & 2237 N ..
© N O
NS S \
7078(2) 3.0(3)  11.5(19) 5/2* 9SS 180.0 _ BN
SRR 7
7109(6) 4.6(5) 9.6(16) 5/2+ RN =
Yy Y &
7168(2) 11.1(4) 6.509) 52 SN 915 ___ ¢ e
s R
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312- - 195 O
7258(2)  53.0(10) 2.9(4) L1 B DU s e .
5/2- 21p 0 1]
e
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&g
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Mass 225 : study of ?*>Pa decay

a - electron matrix (in fixed gain mode) a - y matrix (in automatic gain switch mode)
3 7300 - s 7300E ; =E
§ -~ é 72503 : ‘ ‘
G 7200 g =
o - 7200/
B s -
7100|— 7150 —
- 7100
7000 — =
B 7050
6900 — 7000/
: 6950
6800 (— B : e
L 1 3 7_7:L’:- |:'/7‘ 1 i 1 Il | Il 1 Il 1 \ . 7| i 1 1 J 1 1 1 | 6900_ | { R | 1 ‘ | 1 1 Il \ 1 1 IR 1 | It ) ‘| 1 ‘ | 1 1 L I 1 1
0 50 100 150 200 250 o 50 100 150 200 250 300
Electron Energy (keV) Gamma Energy (keV)
_ Ea + Efy - BK,L,M = Qa(gs to gs) - Ea + E’y = Qa(gs to gs)
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First indications of the missing state

a -y matrix (in automatic gain switch mode)

= =
Reconstructed excited level scheme : one example of £ 7180
g =
consistency with previous results g 7160
S B
7140 —
5/2- 0 2 =
. l S 7120
Fa 7100
7080
7060
oa 12 B 3R P 223 7040
7020
osa 225 RGN 180 7000 ‘ g
; 69801 :
s 42 | il 149 6960 ‘ B E o ] F e
E 0 50 100 150 200 250
i Gamma Energy (keV)
73 L2 : & @ o o1
237 U2 v i ° 27
3/2™ 19
7261 5127 l 0

221AC
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First indications of the missing state

a -y matrix (in automatic gain switch mode)

N E o,
Reconstructed excited level scheme : one example of £ 7180
>
consistency with previous results §’
w
5/2- 0 £
- @ o
225Pa l(‘ <
son T2 B 3R P 223
7080 312 SR 180
5/t i © P W 149 . . . 1
e i Py Y NI B L TN (1 IS T N T i
! 50 100 150 200 250
i Gamma Energy (keV)
' ProjectionX of biny=[2161,2180] [y=7160.0..7180.0]
173 22 ; & @ o 91 :?
7237 12” *Il i Q 27 20;
3/2- 19 = |
4 l D: ssad u b L L L |
7260 22 0 * 1 1 =0 Gamma Enorgy ()
2IAc 6472 91
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First indications of the missing state

Reconstructed excited level scheme : new state observed in the
energy range where the 3/2+ is expected

5/2- 0

225Pa
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5/2+ i @ P W 149
:
i
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(3/2+) ! W Y 129
t
i
i
|
5/2~ | & 2 91
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j
|
|
|
i
.
i
|
_ ! o
7/2 v o 27
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221}\C
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a -y matrix (in automatic gain switch mode)
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E XR
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E i | [ [ 5\U\Il |h|l Ill\IHIVIA\IM Il Illillul“ﬂ 1L Ilﬂ 1 IOI L L 1 1 20\0 1 IL 1 Al II20
109 129 Gamma Energy (keV)
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Study of ??*Ac

Mass 221 was not directly implanted before

— no intensities & HF

5/2- 0

ZZIAC q
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1 [ & & 2314
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o TR G 200.4
1
> ©
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Ll
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Alpha spectra obtained in 1308 experiment
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Conclusions

e Nuclear shapes and in particular octupole deformation in 22'Ac is
studied through decay spectroscopy.

e SEASON was successfully commissioned at the IGISOL facility in
Jyvaskyla.

e Several masses (225,221, 226,222 & 224) were measured in two
different acquisition modes.

e Beginning of the analysis is promising:
o resolutions are satisfactory

o issues regarding global noise on the detector and distances to the foil
will be worked on.

o indications of new states in the excited level scheme of 221 Ac, will be
confirmed with the measurement of the conversion electron factors.

e The next experiments also in Jyvaskyla have been submitted to the
PAC of september to pursue the study of the limits and the
magnitude of the octupole region.
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m Back-up
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Indications of a higher excited state

Reconstructed excited level scheme : new state observed in the
energy range where the 7/2+ is expected

5/2 0
225Pa
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a -y matrix (in automatic gain switch mode)
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o L ‘QIIJILJHLAIIML o] I} W\I ‘J , LALL LA Ly |
Gamma Energy (keV)
177 241249
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Alpha hindrance factors

Coulomb
barrier height

v Coulomb
potential

V(R) — ZaZye?

Ameo R

Qa

Vo

nuclear force

e (-decay

gap between Gamow alpha decay model and experimental
results represented with : T
1/2,exp
HF = —/————
T1/2 th

Assumes alpha and daughter nuclei preforma’tion inside the
parent nucleus. Disregards the structure effect ->
Underestimates the half life of nuclei.

Typical values :

HF ~ 1-4: Favored transitions
. . D octupole
HF ~ 10-100: Initial and final particle [ r——

state do not have favourable overlap

HF is computed from experimentally measured branching

ratios of the transition and total half-life of the parent nucleus

using Preston’s spin-independent equations.
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Where is the 3/2+ state expected ?

e Similarity with 223Ac

180.0
’ o 3 e In223Ac:3/2+ stateis at 88.9 keV and the
|| e e 13075] 3/2-isat4.1keV
> _/>? .. Gi24)  |yl102
. oes ] o In221Ac, 3/2-stateisat 19.5 keV, so the 3/2+
g ' state would be in between 5/2- (91.5 keV) and
5/2+ (149.7 keV)
0 0 e Thiswould be an M1 transition, highly

converted with very low energy (few 10s keV)

@ Collogue GANIL - Mathilde Ragot 22/09/2026 40



—» 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
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SEASON at Jyvaskyla

Acquisition Measurement:

modes:
e mass 225:40 hours

Gain switch +
fixed gain °

mass 221: 32 hours
e mass 226: 29 hours

mass 222: 12 hours

Gain switch

e mass 224:4.5 hours

+ testof an alphabeam

E. Rey-herme PhD thesis (2023)

5/2- 0
ZZSPa
la
E [keV] | [%] HF M o A
o NS
7037(5)  1.7(10) 14(9) T2+ N NN 223.7
© AN O
& ES
7078(2) 3.0(3)  11.5(19) 52+ < 180.0
R
N
71096) 4.6(5) 9.6(16) /512 oYY S 149.7
v o
11.1(4) 6.5(9)| 22 & 91.5
A
7229(2)  26.6(7) 4.6(6) 7/2-, & ~3L’° 27.4
2 195
7258(2)  53.0(10) 2.9(4) & ¥
5/2- 22170 0

-> characterization of SEASON properties
search of more excited states of 221Ac not
accessible before

+

5/2- 0
ZZIAC o
E, [keV] & @Q
7078(15) 5790
S @
C"J' (2
4918
73
K
7287(6) > 364.7
~N
(712 o
: Y& v 2757
7373(4) 16
7418(4) J—r
7438(4) By 200.4
<
7547(4) =958
7642(4) g ET 0

-> daughter of 22°Pa -> ambiguity on

states
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SEASON at Jyvaskyla

Measurement:

e mass 225:40 hours

Acquisition
modes:

Gain switch +
fixed gain °

mass 221: 32 hours
e mass 226:29 hours

mass 222: 12 hours

Gain switch

e mass 224: 4.5 hours

+ testof an alphabeam

— . i ENSDF
3iParas \
Q{gs)=6987 keV 10

a:74%5
6729 0.74 89

Ea 1{%) HF

137

6824 34.0 4.6

40

6864 38 5.8

o 4.95

222
89”133

ENSDF

0:5%5,2:1.35%65,u:94%5

137

40

04.9S £€:1%1, @:99%1

222
807133

-> poorly known decay scheme

-> isomer : test of t1/2 measurement
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102
TENDL-2025: proton+Th232 residual products at E=65.0 MeV/

In principle :
5 B
Acquisition Measurement: N
modes:
e mass 225:40 hours
Gain SWitCh + 107
fixedgain | @ mass 221: 32 hours
e mass226:29 hours
Gainswitch < ® mass222:12 hours
® mass224:4.5hours = £
+ test of an alpha beam N
128 130 132 134 M (netf;on numbelf)ﬁ 140 142 144

Figures by Emmanuel Rey-herme
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SEASON’s commissioning experiment

Test of two FEANICS modes:

All detectors : automatic gain switch

between o and e

§ 14000
: -
3 ~ Default : High Gain
. . c% 12000j
Al == high efficiency C
\ 10000 - <
\ . . ow Gain
Nl = noise level higher
\ — resolution o L || interstrip
slightly degraded C Suene
H 6000— threshold for
— higher energy - e
threshold P T R \
0 1000 2000 3000 4000 5000
Time (ns)
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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 at GANIL :
CANIL

e Study of heavy and super heavy nuclei

O  single particle structure
o  nuclear deformation

o  stability %
e Designed for S3-Low Energy Branch (LEB) at Spiral2 T 3 Counter for laser
A n (FriAm:-~ 109 spectroscopy
A, ’ I = a Detaileda, ey
y . Bender decay spectroscopy
\ 4 { |
m— N e Pulse up (~ 3 kV) SEASON ﬂ
ERs from S? [ Gas jet D %
(E~0.1 MeV/u) ® Neutralized ERs E_— I
— (481 ©  Photoions s ] o . .
el S-shaped RFQ (mIA'?lI!I; o) i :n':;?\er COUD Ng of atomic and
nuclear approaches

Diff. pumping mRFQ
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FEANICS

Detector + cable
capacitor

Cp

J ISmaII capacitor Cyg
-A

Large capacitor C, s

v f ]
[

/

e— EN, s N 74

FEANICS

CSA_output (1)

LG_threshold

o—

+
> Logic bloc {—
- EN,¢

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
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What's next ?

- 2 proposals will be submitted to the PAC of September at IGISOL, Jyvaskyla :

Decay spectroscopy of 223Pa produced through the
fusion-evaporation reaction 23°Th(p, xn)?3'~*Pa with
SEASON

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

Decay spectroscopy of Neptunium isotopes produced

through the fusion-evaporation reaction
233U(p, zn)?34~*Np with SEASON

D. Thisse!, E. Rey-herme!, M. Vandebrouck!, M. Ragot!, N. Abrassart', B.
Sulignano!, I. Moore?, J. Sarén?, T. Eronen®, A. Kankainen?, A. Raggio®, S.

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

— Investigate the limits of the static octupole
deformation region in the neutron deficient
actinides.

— 219Ac is expected to have vibrational
behaviour

— 229Np and 2**Np have poorly known decay
properties (at most 1 excited state known)
— Explore further the octupole region

— SEASON is expected to be sent back to GANIL at S3LEB in 2028
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