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Superheavy nuclei

How to study superheavy nuclei in more details ?

Increase production yield

Remove background

Higher beam intensity

Higher transmission & rejection
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S3 at SPIRAL2  GANiL

» Designed for fusion-evaporation
« Study rare isotopes down to picobarns

* Use high beam currents from SPIRAL 2 and

Two stage spectrometer : NEWGAIN

* Unique combination of Mass resolution and high

1. Beam rejection transmission

2. Mass separator

B s oy mm & T veme 9

NORMANDIE
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S3 at GANIL/SPIRAL2

« SPIRAL2 LINAC :

Up to 14.5 MeV/u heavy ions
beams

Phenix ECR source

A/Q = 3 RFQ injector
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Super Separator Spectrometer GANIL

Target point

Convergent mode
Primary beam dump

¥{mm) - ¥ {mm)

v High Beam intensity
> High power target : > 1ppA (= 6.10"°p/s)  secondary beam dump /

=>» High transmission : up to 60% - Multiple charge states in A/Q
=>»High Selectivity : > 103 rejection

||||‘|||||i||||i||||
-100 -50 0 50 1

Mass Resolution mode

X(mm) - Y(mm)

v Versatility
=> 2 extreme optical modes defined

1. Convergent : Simplest mode for 1%t expt (Ay,/,=20%, Ap=90mrad, A,=140mrad)
2. High mass res.: M/AM = 505 (A4,/,=16%, Ap=45mrad, A,=140mrad)

6 TASCA 2026 - GSI - Julien Piot 21/05/2026



S3 at SPIRAL2  GANiL

» Designed for fusion-evaporation

« Study rare isotopes down to picobarns

beam injector1  [*NEWGAIN (injector2) * Use high beam currents from SPIRAL 2 and
intensities 2023 2028 > 2030 NEWGAIN
Intensity (ppA) fintensity (ppA) | Intensity (ppA)
2 reve | | e « Unique combination of Mass resolution and high
180 80 * 375 transmission
9F >15 >40 >40
36Ar 16 70 45
4O0Ar 3.6 70 45
36g 2.3 * *
40Ca 2.9 10 20
48Ca 1.2 10 20
[ 1.1 4 8
84Kr 0.1 10 20
'¥Xe 0.001 7 >10
[ *®u <0001 | 01 6
Measured Estimated—l * -> no estimation
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» Designed for fusion-evaporation

* Use high beam currents from SPIRAL 2 and
NEWGAIN

B

* Unique combination of Mass resolution and high
Complementary setups to study transmission

superheavy nuclei : Study rare isotopes down to picobarns

« SIRIUS/SHEXI for Identification & Spectroscopy

« S3-LEB for Mean charge radii, Electric and
Magnetic moments PILGRIM for mass
measurement & identification

« SEASON for low background spectroscopy &
improved electron spectroscopy

« LRC for ion mobility
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Status of S° GANiL
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3 Super Separator Spectrometer

N

CANIL
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* High selectivity > 10'3 - High efficiency 50 % - In flight mass separation = 500
* Versatility & unigue instrumentation (SIRIUS — LEB)
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Status of S3 GANiL

Y'F3A Senis Hall probe
Resolution: 0.03x0.005x0.03mm?*

».|

All Equipement installed except Beamdumps

Nov 2024 : Control of accelerator by target
validated.

May 25 : Electrical Diole conditionned at +/- 200kV : A 0| |AB L
Voltage sufficient for the Commissioning. | = B.,

. e —
o

= g
[LabVIEW program

Leak repaired on SMT P2
New Helium probe installed on SMT P4

HTS Current lead were successfully replaced on
SMT P3 and P4

Field mapping done on 2 SMT - Alignement of cold
mass in the dewar done
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- All the SMT have been placed at final position

- SMT P2 : ADI successfully repaired

- Complete Cool down (SMT P1-7) started in august — Stopped
because of leaks

- Leaks detected on SMT P1, P2, P4 and P7

- ASNR shutdown of Helium Cold Box end 2025
- Processing ongoing, 1 year delay expected
—> Derogation file sent to ASNR end April

In the meantime :

* Solve the leaks on LTS of SMTs P1, P2, P4 and P7

* Install the new Helium probes on all SMTs

* Replace corroded HTS on all SMTs

* Finish construction and installation of Beam Dump & fingers

TASCA 2026 - GSI - Julien Piot 21/05/2026



13

.3 oduperconducting Multipole Triplet

N GANIL
As soon as the cold box can be used :
- SMT 2-3-4 to be retested pair with their own PSS (final position in the spectro line — All PSS ready)
- Coil mass alignment of SMT1-2-3-4-6-7 (difficult task as various alignment tools are required)
(SMT1 aligned in September 2025 with the thin mapper)
3D mapper Thin mapper External mapper (GANIL/Irfu)

& encoder #2

{ron yokes |
@l .bVIEW roram

il S
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~g J6Xx : commissioning milestones

[

LINAC

TASCA 2026 - GSI - Julien Piot
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CANIL

16/ = Accelerator & beam line tuning up to the target
Done in Nov 2024
J6p === Spectrometer optical commissioning with direct beam
Expected end 2027
JgCc ===  Scientific commissioning, reactions at the target
=> Measure and optimise the rejection (case by case)

=> Estimate transmission
Detection systems : LEB / SIRIUS

romatic point
Mass

Target position
e separator

Momentum

achromat

21/05/2026
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SS] Spectrometer optical commissioning

 Direct and stripped beam up to the focal plane
* Progressive tuning of the elements (MA+ MS)

* Tools : diagnostics along the spectrometer + additional diagnostics at

the focal plane (SIRIUS & LEB can be connected but not used)
= Beam %%Ar ; E =0.73 - 5 MeV/u and intensity of 30 W

Achromatic point

F2 (Slits X,Y)
(Diagnostics X,Y,1)

Target point

Final focal plane

FO
(Diagnostics Primary beam dump F4
Xy, F1 (Slits, fingers) (Diagnostics X.Y,E, )
(Diagnostics X,Y)
Secondary beam dump -
(slit X) ‘
Energy dispersive plane
(slits X) -
(Diagnostics X,Y,E)

Prerequisites

Beam on target : commissioning de of LHE-S3
with validation of the beam characteristics at
the target point (Done J6A)

Commissioning  of  individual elements
(magnets, power supplies, control-command,
diagnostics...)

Alignments of magnets, slits and diagnostics
Safety systems must be operational

TASCA 2026 - GSI - Julien Piot
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CANIL

Spectroscopy &
Identification of

Rare Isotopes
Using S3

Decay Spectroscopy of Superheavy
nuclei with SIRIUS




Tracker Tunnel

SIRIUS =8

Study the nuclear structure through decay spectroscopy

DSSD
=

CANIL

* a-decay measurement for indentification and

spectroscopy
« Conversion electron spectroscopie
« y-ray and X-ray spectroscopy HPGe

« TKE for fission fragments

21/0%5/2026
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US — Si Box GANIL

Alpha energy resolution : Conversion electron resolution :
17,4 keV FWHM 11 keV FWHM
~ ) Calibrated  *™Bi CE source
§ . - T T T T T J mg 480.47 keV (K)
:E/k JLFWHM £ 17,4 keV E
1200 . g —]le—— ~ 10 keV (FWHM)
- § T
™ g ,Em;_
o : : : h K. Hauschild™ R S
Full trace storage for DSSD s+
Gain switching Silicon detectors preamplifiers : _
- High gain for Conversion Electrons & Alpha decay azoof- - N
- Low gain for Implantation & Fission fragments s
Sample No.

TASCA 2026 - GSI - Julien Piot 21/0%5/2026




Tracker Tunnel DSSD

SIRIUS

lon Tracking for mass resolution between Tracker & DSSD

Sub millimeter resolution

Time Flight resolution : 2.83 ns FWHM

Tracker X (cm)
DSSD X (cm)

P
100
Distance

21/0%5/2026
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CANIL

S3-Low Energy Branch

Select & study ions through in gas resonance lonization Laser spectrocsopy

22 TASCA 2026 - GSI - Julien Piot 21/05/2026



Beam-production and experimental CANG!
methods of S3-LEB =

Gas jet laser probing

O Laser spectroscopy in a supersonic jet at

Gas cell laser probing S (Gascelaser system) . ) .
B — = W)Cus intermediate resolution (200 MHz)
ecoupling of laser axis from A IeieJolotCarie
B o etor axis s a Masg and decay spectroscopy measurements
— AR QO Possible transport towards DESIR
Supersonic jet T
CANiL
_ LAR]SSA M
Extraction by gas flow only """'U‘RHGVUEEE“\‘T%?‘?&T
("a"::::;:r;":'::l;‘;;s”‘ ‘OF JYVASKYLA
~ Stopping, thermalization EE
‘ and neutralization (decaystation)
] | g »
o Buffer gas at 100-500 mbar
- | Thin window{ é !
T £} Laser system
Ce[er
Gas cell
‘ Mass filter
PR o oy : ‘Ca $%beam ! i T W el =S
. e X ""-;. L ¥ v I%U S-RFQ miniRI;Q Cooler-
2= g TR buncher
J. Romans, et al., Atoms 10, 21 (2022) T DE IR

J. Romans et al., NIMB 539, 102-107 (2023) Ar: 200 - 500 mbar

A. Ajayakumar et al., NIMB 539, 102-107 (2023) Courtesy : Vladimir Manea

TASCA 2026 - GSI - Julien Piot v 21/05/2026



Status of the setup: S3-LEB GANIL

Connexion to
still fo be built

A & e Sy ;
O Setup fully installed and connected to S3

U Laser transport and safety implemented
U Tests ongoing

IESE A0 T

Courtesy : Vladimir Manea

TASCA 2026 - GSI - Julien Piot : ’ i v 21/05/2026



Status of the setup: S3-LEB GAN

Q S3Ti:Sa laser room ready for sending beams to S3-LEB SEASON

S £
.
4 b d
e

0 Windmill decay station
Q a, FF, CE, vy

Q0 Developed by IRFU

0 Commisioned at IGISOL

U Tape-based decay station
A& D p’ B+1 X’ Y
Courtesy : Vladimir Manea QO Under construction at IJCLab

TASCA 2026 - GSI - Julien Piot 21/05/2026




Status of the setup: PILGRIM tuning GAN

— MagneTOF PILGRIM

Tests of S3-LEB restarted in 2025 with alkali ions ('33Cs*)
Reoptimization of transport efficiency through PILGRIM
Tests of the new quad bender
Improvement of the bunch quality
First laser ionization coming soon

ooooo

PDT = 1116 V
Laps = 1000

TOF = 77382.8 ns
FWHM = 121.2 ns

Cce i P .
1 000/0 600/0 (3IZ"'/atI°n I'Z\ MagneTOFl 76;00 77600 77;00 73500 TB;DO
lon source 60% ) | MCP3 ~60% Time (ns)
|
i ~60%

Gascell L
E 0=

- SRFQ  miniRFa Cooler-
f

O Optimization of PILGRIM:
[ bunch FWHM after 1000 laps = 120 ns
(R=120000)

buncher

Ar: 200 - 500 mbar Courtesy : Vladimir Manea

TASCA 2026 - GSI - Julien Piot{+ - , : ‘ , 341 O 21/06/2026



Laser Resonance Chromatography

Project goals:
» Explore the atomic structure of SHEs, starting with 2>%2>>Lr*
» Conduct HFS on neutron-deficient 298-211Ac*

Pl: Mustapha LAATIAOUI /
(CNRS UAR 3266 — GANIL) :

Project milestones:
» Develop decay-assisted Laser Resonance Chromatography /a

» Commission LRC behind the S3-LEB deflector

» Operate LRC at the focal plane of S3 / . i___i }g e

Achievements: ’, -,,-- Py

v" Project moved to GANIL & integrated in the S3 collaboration ciy;;c;;;;&jbe

v Supported by the GANIL Scientific Council k

v’ Startup package for the PI B
* 1xPhD student (T. Stefan) Online LRC ~ Rra /
« 1x Postdoc (H. Dinesan) s ces w% buncher [/
. . s S3 beam - ' PR pitensc. oS

150 k€ initial buc.JIget :> al: Nmmvas% i )//{g
v ANR proposal (submitted) 0 S-shapeRFQ | inigrq OMF e
v" Drawings for the workshop (ongoing) .;;"1 g helds

TASCA 2026 - GSI - Julien Piofs 1Y ., 2 oy 211052026



CANIL

S3 designed to study low cross-section isotopes with mass identification
Construction ongoing : All elements except Beamdump installed

A lot of experience on Superconducting magnets (hard) earned
Administrative hurdles to be overcome

S3-LEB commissioning ongoing

SIRIUS ready for operation

LRC under construction



Thank you for your attentlon GANIL

S3 Collaboration - Letters of intent proposed by 18 laboratories: -—
ANL (U.S.A.), CENBG, IJCLab, JINR-FLNR, (Russia), GANIL, GSI (Germany), INEN Legnaro *\_H
(Italy), IPHC, IPNL, Irfu CEA Saclay, JYFL (Finland), K.U. Leuven (Belgium), University of
Liverpool (U.K.), LNS (Italy), LPSC, MSU (U.S.A.), LMU (Germany), Nanjing University
(China), Northern lllinois University (U.S.A.), SAS Bratislava, (Slovaquia), IFJ PAN Cracovie
(Poland), Smoluchowski Institute (Poland), CEA-DAM, SUBATECH, TAMU (U.S.A.), University
of Mainz (Germany), University of York (U.K.), Vinca Institute (Serbia)

Construction partners :
GANIL, Irfu, 1JClab, ANL, KU LEUVEN, IPHC, INSP/UPMC, CIMAP, University of Mainz,
University of Jyvaskyla, University of JENA, GSI

. AN
[G’\Ni'- @imj (IPHC  %)Coon @C reoe®  amse, B ! J

© o1 =W -% K
o
QD7 junon européenns NORMANDIE  REPUBLIQUE FRANGAISE  \alie =+ Seine
7

53 has been funded by the French Research Ministry, National Research Agency (ANR), through the EQUIPEX (EQU/Pment of EXcellence) reference ANR-10EQPX- 46, the FEDER (Fonds
Européen de Développement Economique et Régional), the CPER (Contrat Plan Etat Région), and supported by the U.S. Department of Energy, Office of Nuclear Physics, under contract No.
DE-AC02-06CH11357 and by the E.C.FP7-INFRASTRUCTURES 2007, SPIRAL2 Preparatory Phase, Grant agreement No.: 212692.

SIRIUS has been funded by the CPIER "Vallée de Seine", and by the Région Normadie & FEDER through the SoSIRIUS RIN tremplin Grant

S3LEB has received funding from the French Research Ministry through the National Research Agency under contract number ANR-13-BS05-0013, from the Research Foundation-Flanders
(FWO) under the International Research Infrastructure program number 1002219N, from the Research Coordination Office — KU Leuven (C14/22/104), from the European Research
Council under contract number ERC-2011-AdG-291561-HELIOS, from the FWO and F.R.S.-FNRS under the Excellence of Science (EOS) programme (40007501), from the European Union’s
Horizon 2020 research and innovation program under grant agreement number 654002—ENSAR2-H2020-INFRAIA-2014-2015 and under grant agreement number 861198-LISA—H20 20-
MSCA-ITN-2019 and from IN2P3-DSM/CEA and GSI under the French-German collaboration agreement number PN1064.
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