/// AGENCE
- . NATIONALE
JYVASKYLAN YLIOPISTO gECLI-?ERCHE
UNIVERSITY OF ]YV/"\SKYLA

Octupole deformation
& SEASON commissioning

Mathilde Ragot

Supervisors : Damien Thisse
Marine Vandebrouck
lain Moore

PHENIICS Fest - 8/06/26



1 m  Nuclear shapes
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Studying nuclear shapes

Quadrupole deformation across the nuclear chart:
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Studying nuclear shapes

Quadrupole deformation across the nuclear chart:

Proton number

Octupole deformation in the upper part of the
nuclear chart:
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Cao, Y. etal. (2020) Physical Review C, 102(2), p. 024311.
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Microscopic evidence of octupole collectivity ?

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

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

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

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

e Parity doubletsin the rotational bands
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e o-decay

gap between simple alpha decay model (Gamow) and
experimental results represented with :

HF — T1/2,ea:p

T /2,th
Typical values :

HF ~ 1-4: Favored transitions
HF ~ 10-100: Initial and final particle
state do not have favourable overlap
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Microscopic evidence of octupole collectivity ?

e Parity doubletsin the rotational bands
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AE ~ 100s keV AE ~ 10s keV

e «-decay

gap between simple alpha decay model (Gamow) and
experimental results represented with :

HF — T1/2,ea:p

T /2,th
Typical values :

HF ~ 1-4: Favored transitions
HF ~ 10-100: Initial and final particle octupole

def i
state do not have favourable overlap SfaliEiel
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2 m  SEASON decay station




SEASON scheme

SEASON at Jyvaskyla

| 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 @

0 vV Main station

simulation done by Emmanuel Rey-herme
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SEASON scheme f\

nptool

| View of SEASON in GEANT4 |

2 DSSD

Deported station
LongT,,

Carbon foil
~90 nm thickness

\ & &

2 HPGe detectors

® Wheel
EXOGAM

2 mm thickness
35cm @

0 5 DSS
3330 vV Main station
-

simulation done by Emmanuel Rey-herme
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Commissioning in
2 g Jyvaskyla, Finland

— february 20" - february 27t
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SEASON at Jyvaskyla

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

ZZSPa
222Th
221AC
ZZORa

219Fr

224Pa
223Th
222AC
221Ra

220Fr

225Pa 226Pa 227Pa -.- 231Pa ..
224Th 225Th 226Th 227Th 228Th 229Th 230Th 232Th
223AC . 225AC .....
ZZZRa 223Ra 224Ra . ZzeRa ...
221Fr .......

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
ZZSPa 224Pa 225Pa 226Pa 227Pa -.- 231Pa

222Th 223Th 224Th 225Th 226Th 227Th 228Th 229Th 230Th

ZZORa 221Ra 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
ZZSPa 224Pa 225Pa 226Pa 227Pa -.' 231Pa

222Th 223 224Th 225Th 226Th 227Th 228Th 229Th 230Th

—

SWITCHYARD

221AC 222AC 223AC 225AC

220Ra Zlea 222Ra 223Ra 224Ra 226Ra 1
‘ ‘ ‘ ‘ ‘ ‘ SPECTROSCOPY LINE

Measurement: ~ 40 hours on mass 225 using two different acquisition modes
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4 Preliminary results of the
m  online commissioning
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Mass 225

Alpha energy spectrum
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Mass 225

Alpha energy spectrum
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Mass 225

Alpha energy spectrum zoomed in on the the

Alpha energy spectrum energies of 225Pa decay
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Counts/1 keV

. 225 . . N
Mass 225 : study of ““°Pa - 5§ & & B
af T T T ‘\[I\‘\I
o
5/2- 0
225pg lu él‘
Ok
E, [keV] I, [%] HF m o AN b
7037(5)  1.7(10) 14(9)  T1/2+ NN 223.7 s N A W TE—
a7
5 2 25 8 “l
7078(2) 3.0(3)  11.5(19) 52+ LA 180:0) _ Moot R
IR =t
7109(6) 4.6(5) 9.6(16) 52+ NN 149.70  OF N el
Yy o
7168(2) 11.1(4) 6.509) 2/ g A S 915|
7229(2) 26.6(7) 4.6(6) [l 274
312 19.5 rn§
7258(2)  53.0(10) 2.9(4) e
5/2- 21A0 0 <
. 3y
E. Rey-herme PhD thesis (2023) S8
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Mass 225 : study of %*°Pa

Alpha energy spectrum: oo}
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-> few issues of time alignment and energy
resolution to be solved
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m Back-up
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Microscopic evidence of octupole collectivity ?

Coulomb
barrier height

V(R) — ZaZye?

Ameo R

Qa

Coulomb
potential

Vo

nuclear force

e (-decay

gap between Gamow alpha decay model and experimental
results represented with : T
1/2,exp
HF = ———
T2tk

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: Favorgq transitions . 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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Microscopic evidence of octupole collectivity ?

e Parity doublets in the rotational bands *  Whydowe expect parity doublets ?

Reflection asymmetry -> Parity is broken at the intrinsic level:

the intrinsic state is not an eigenstate of parity.
4 s ;A :
)_: h '—: However, going to the lab frame involves restoring the broken
pe v v symmetry of the intrinsic state by projecting onto good parity.

The intrinsic state therefore projects onto positive and negative
parity components.

Because the intrinsic state and its mirror image still have similar
configurations:
when the octupole deformation is soft, tunneling is more
probable between the two configurations. The tunneling

0 B3 B3 0

B3 strength will increase the energy splitting. => The lower the
—_— % potential barrier between the two configurations, the larger the
—_—11/2¢ =112 —]1/2" —O[2 —_— 112 i i
B o/ = 5/2 ol 715 1o splitting between the parity doublets.
—_— 72 —_— 72" — 52 —_— 702
—_ 52 —_5/2¢ —_ 52t

AE ~ 100s keV AE ~ 10s keV

@ PHENIICS Fest 2026 8/06/26 16



Conversion electrons : a tool to understand transitions

5/2- 0
225
parent Pa la
nucleus E keV] I [%] HF o —
S S
7037(5) 1.7(10) 14(9) IR+ N~ N~ N 223.7
© N O
NS
—  —  excitedstate 7078(2)  30(3)  115(19) 22 SIS 180.0
RIS
7109(6) 4.6(5) 9.6(16) S/2+ o N NN 149.7
yore
AR
— Y groundstate 7168(2) 11.1(4) 6.509) 52 IS 915
daughter
nucleus "
7229(2) 26.6(7) 4.66) I1I2- & é,” 27.4
i i Ne 7258(2)  53.0(10) 2.9(4 Rt § =
° pr— . . A 4
conversion coefficient: a = N @ (10) 29(4)  — e -
Y

Rey-herme, E. et al. (2023), Physical Review C, 108(1)
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Where is the 3/2+ state expected ?

e Similarity with 223Ac

800
’ I X o [n223Ac: 3/2+ stateis at 88.9 keV and the
|| e e 13075] 3/2-isat4.1keV
> _/>? .. Gi24)  |yl102
J[T00 [0 e In221Ac, 3/2- stateis at 19.5 keV, so the 3/2+
8 90'7/ seies ' | state would be in between 5/2- (91.5 keV) and
et / [‘? \EF - 5/2+ (149.7 keV)
o 52 223;;\0' 0 e This would be an M1 transition, highly
K =502t K =3/2: converted with very low energy (few 10s keV)
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What are the ways to study nuclear shape ?

ENERGY
SPECTRA

LEVEL SEQUENCE

_Jg+n—

E

COLLECTIVE

23

MODEL

/

g
PHOTONUCLEAR i
REACTIONS A
E
g
: DIFFRACTION
"\ PATTERNS
ELECTRON 0
SCATTERING

SCATTERING
THEORY

Qo

" \ ELECTRONIC

HYDRODYNAMICS
GLAUBER MODEL
1

centrality

RELATIVISTIC HEAVY-ION
COLLISIONS

REDUCED TRANSITION
PROBABILITIES
23 a
: LIFETIMES
KUMAR'S Q-POLE 2 =
INVARIANTS ™~ 42 COULOMB
2] EXCITATION
o
MUONIC X-RAY

WAVEFUNCTION

_LJ__U.I..IJ_ SPECTRA

e )
(F factor) " )
YL
%l
”

7.‘ » [l Al ISOTOPE SHIFT
| A . HYPERFINE

HYPERFINE STRUCTURE SPECTROSCOPY

Verney, D. History of the concept of nuclear
shape. Eur. Phys. J. A 61,82 (2025).
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Coulomb excitation : a different approach

e lons produced by spallation and sent onto secondary
targets at specific energies (few MeV/A) so that the ions
and the target interact only via Coulomb. The targets
are chosen to give different electromagnetic excitation.

x (fm)

e The gammas emitted after the excitation are detected
with germanium detectors. The obtained gamma
spectrum allows to measure the cross-sections of the
states and deduce the transition moments E1, E2, E3.

PY The intrinsic moments Q)\ can be derived from the Gaffney, L.P. et al. (2013) « Studies of pear-shaped nuclei using
matrix element <I’] ’E/” |I> assuming the vaIidity of the accelerated radioactive beams », Nature, 497(7448), p. 199-204.

rotational model.
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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
N i (i~ 300 spectroscopy
A ’ ¥ = O 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
—— || . .
- - Eeinssiiieo OMF RFQ Coupling of atomic and

e
® Photoions R =] e
T (m/Am ~ 100) buncher

nuclear approaches

Diff. pumping mRFQ
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—» 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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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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Why this reaction? #°“Th(p,xn)****Pa

5/2- 0
225Pg a > 10" =— ~Electron energy in coincidence with an alpha
i5 E = (6.9 MeV <E, <7.3MeV, 1262 experiment)
E,keV] 1, [%] HF RPN S '
&S & € [ Electron energy in coincidence with an alpha
037 1700) 149 2 X T Y 2237 3 1wk —— (6.9 MeV <E, < 7.3 MeV, Simulations)
AYSS '
7078(2) 3.0(3) 11.5(19) 52+ NN 180.0
iy ol
7109(6) 4.6(5) 9.6(16) S5/2* RN 149.7 ‘
5y w
7168(2) 11.1(4) 65(9) 3/2- SN 915
NS
7229(2) 26.6(7) 4.6(6) 12 Y é,’-’ﬂ ‘ A Trms e ] il ] :
e —5 0 20 40 60 80 100 120 140 160 180 200
7258(2)  53.0(10) 2.9(4) l ¥ . 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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Test of the *“He beam

In principle:

91Pa

90 Th

@
8
k3

88 Ra

Z (proton number)

®
-]

86 Rn

85 At

roton+Th232 residual products at E=65.0 MeV

At217 | At218 | At219 | At220
8.8e-06 8.6e-05 1.1e-04 1.1e-05
132 134 136 138 140 142

N (neutron number)

1073

1074

Cross section [mb]

Z (proton number)

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

6
92U 03
sim 0.563
Th221 Th234
El 1.3e-03 7.4e-04
.. Ac220 Ac232 Ac233
< 8.9e-04 8.1e-03/9.2¢-04
Ra228 Ra229 Ra230 Ra231 Ra232
86 Ra 2.0e-03 1.3e—04‘7.69705‘2v3e705 4.3e:06
. Fr217 |Fr218 Fr225 Fr226 Fr227
r 4.9e-06|3.6e-03 1.8e-03 2.6e-04|1.3e-05
. Rn215|Rn216 Rn221 Rn222 Rn223 Rn224
d 2.1e-06 |7.6e-04 6.6e-03 9.3e-04 |3.7e-04 1.7e-05
o i At215 At216 At217 At218 At219 At220 At221
1.16-06(2.26-05|1.9e-04 3.5¢-04 4.56-04 |1.1e-03| 2.0e-05
i P0214 P0215 Po216 Po217 Po218
o 9.5e-06 |5.5e-05|7.3e-05 |2.3e-05 | 2.0e-06
) Bi216
838l 2.6e-06
128 130 132 134 136 138 140 142 144

N (neutron number)

Figures by Emmanuel Rey-herme
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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 Efficiency in Total efficiency
in main in tunnels Main tunnels
a-particle ~20 keV ~18 keV ~36% ~20% ~56%
electron ~14 keV ~14 keV ~23% ~18% ~41%
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