_ '(@//?&\\f]\\. L
Physics at DESIR o

@

J.-C. Thomas, GANIL v\g%ﬁ"

On behalf of the DESIR collaboration  © e
and project management S

»» NEWGAIN

HEW GANIL INJECTOR

http://www.cenbq.in2p3.fr/desir

J.-C. Thomas Opportunities for UK physicists at GANIL/SPIRAL2 - 10/27/2023 1



J.-C. Thomas Opportunities for UK physicists at GANIL/SPIRALZ2 - 10/27/2023



__ m DESIR construction site

March 2023

——

———

INB 113 perimeter

May 2023
2 Tl iRy

SPIRAL2

GANIL cyclotrons
facility

J.-C. Thomas Opportunities for UK physicists at GANIL/SPIRAL2 - 10/27/2023



ﬁ;DE IR DESIR in the GANIL/SPIRALZ2 context

“DESIR (2027)
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fszE IR DESIR in the GANIL/SPIRALZ2 context

DESIR™

2027 (RIBs)
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~DE%IR DESIR in the GANIL/SPIRAL2 context SAaNGE—

laboratoire commun CEA/DRF
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L.o/

DESIR
RN

« Decay, Excitation and Storage of Radioactive lons »

/ \ \ Masses

Exotic decay modes Magnetic and quadrupole moments Trap-assisted spectroscopy
High-precision -decay studies Mean-square charge radii Correlation measurements
Spins
BESTIOL L UMIERE DETRAP

= Fundamental properties of nuclei in their ground and long-lived isomeric states
= Ultra-pure samples for high-precision measurements

= Jon manipulation using traps and laser

= Complementarity with S3-LEB and other GANIL/SPIRAL2 facilities
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= DE%IR DESIR experimental equipment

* Collinear laser-spectroscopy [LUMIERE

e Laser polarisation (LiNno)

DETRAP

e Paul trap (vora)

* Penning traps (PIPERADE, MLLTrap) [BESTIOL

Dedicated workshops in 2024/25
= LOI
=» Day 1 proposals
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= DE SIR DESIR Radioactive lon Beams

Low energy (< 60 keV) 1* RIBs from SPIRAL1 and S3

P. Chauveau et al., NIM B 541 (2023) 61
“Latest improvements of the SPIRALL facility at GANIL”

P. Jardin et al., A 1055 (2023) 168332

“Sub-millisecond atom-to-ion transformation in the
TULIP ISOL system”

A~150

257Rf

S3-LEB + I
4 INEWGAIN'

, ------------'

ECR: Ne, Ar, Kr, N, O, F
Surface lonization : U, Na, K, Rb
FEBIAD: Mg, Al, P, S, €I, Fe, Cu

Courtesy of P. Delahaye

beam/target fragmentation

s
I I . . .
: S PIRAL 1 : Fusion-evaporation, (multi-nucleon) transfer
I I
1+ CYREN
L__________JI gm ) r j
’ REGLIS® ANR ;ﬁ@@? <
o
6 WO e i | s-‘nm
He _LUF e T R ?23% o
9| _ J. Romans et al., Atoms 10 (2022) 21 ! /9?
K tN_B ” First Offline Results from the S3 Low-Energy Branch” —_— "”j
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DESIR beam purification and sampling /
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= ESIR RIBs purification and handling AN

labora A/DRF (e SRl ~— CNRS/IN2P3

= Beam Cooler + High-resolution mass separator (HRS); General purpose ion buncher and cooler (GPIB);
Double Penning trap (PIPERADE)

GPIB + PIPERADE

10° ions/bunch, 2-20 Hz
M/AM = 10°

| CW injection and 50

SHIRaC + HRS
M/AM =20,000 @ 3=
mm.mrad / 60keV

P i .
smjiaE i o
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f ES’R High-resolution separator (RFQ1P/HRS1P) =A

Spiral2

HRS1P e

J. Michaud et al., NIM B 541 (2023) 161
Commissioning of the DESIR high-resolution mass separator ”

HRS

Conception: QQSQD-M-DQSQQ
Specification:
M/AM =20,000 @ 37 mm.mrad @ 60keV
Achievement:
M/AM =25,000 @ 1-2x mm.mrad @ 25 keV

Commissioning at LP2iB

SHIRaC

Emittance reduction of high intensity beams Refurbishing at LPC Caen
Transmission ~70 % @ 1pA

R. Boussaid et al., JINST 9 (2014) P07009
“Simulations of high intensity ion beam RFQ cooler for DESIR/SPIRAL 2: SHIRaC”
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Spiral2

General Purpose lon Buncher and cooler (GPIB) 2; LP2i

« 10%-107 ions/bunch, < 100 Hz
 emittance reduction

29.9 kV 27 kv

N
-H g

90° deflector

Injection optics
’ P S3-LEB — DESIR

Double Penning trap

« 10°ions/bunch, 2-20 Hz
« M/AM = 10°

M. Gerbaux et al., NIM A 1046 (2023) 167631

“The General Purpose lon Buncher: A radiofrequency quadrupole cooler-buncher for DESIR at SPIRAL2”

P. Ascher et al., NIM A 1019 (2021) 165857
“PIPERADE: A double Penning trap for mass separation and mass spectrometry at DESIR/SPIRAL2”
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~DESIR  Preparation of ultra-pure samples + mass measurements =L

la ato! mmun CEA/DRF | CNRS/IN2P3

Bordeaux

‘. - y |
PipeRapE

BE Prewes roan Ley Ba

29.95 kv

FC/MCP

NN

X 2

g

Alexander von Humboldt
Stiftung/Foundation

Commissioning at LP2iB
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s ESIR The D.sisTRAP, . facility

ing
MORA MLLTrap
P. Delahaye, GANIL, L. Hayen, LPC Caen P. Thirolf, LMU Munich — E. Minaya Ramires, 1JClab
» RFQ-CB associated with a Paul trap = 7T double Penning trap
-> B-n angular correlation coefficient -> mass measurements (DM/M~10-%) of pure samples

-> D correlation with laser polarized beams > in-trap e- and a spectroscopy

n e, " detector
Si s’m;iretielctms

E. Minaya-Ramires et al., NIM B 463 (2020) 315
P. Chauveau et al., NIMB 463 (2020) 371

i

P. Delahaye et aI!, Hypérfine Interaction 240 (2019) 63 = Nuclear StljUC'[Ul’e & Dec_ay properties

= Fundamental interaction physics " shell evolution, deformation

= exotic currents, CVC, V ,, CP-violation = (super-) heavy nuclei decay spectroscopy
Commissioning at JYFL Commissioning at ALTO (IJCLab)
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The LUMIERE facility

]

&
(0 " ]
— ] A
s commun

Spfxafzm
Laser Utilization for Measurement and Ionization of Exotic Radioactive Elements

» 2 laser lines:
» Collinear laser spectroscopy (CRIS like, ISOLDE)

-> hyperfine structure (magnetic and quadrupole moments, mean square charge radll)

1.2m
Bunched mdioactiy
b fram 1S0L lJl i plates U’U.ITIT.I-L'd lons _
50 keV Deflesctor o 193m
141 bend E plates m APIPS PIPS
— — .
— IQU*jI'UPU't Deflected |:|I
Pulsed — c:;iumhlcl The D55 LS
laser beams C:} ML[-'
! hln exchange Collimat -:DI
1y mhlr
Lh[h.ﬂ_n‘lld| C?:: r
420K pumping region T Harizontal and vertica Y\ﬁ‘f‘g}mﬂ Carbon foil
dt.thhunpleum ’fl The “windmill® system
{ or plabe

» Optical pumping line (LINO at IJCLab, D. Yordanov et al.)
-> B-NMR, B-decay study of laser polarized beams (spins)

/" L]
) Lab
Iréne Joliot-Curie
\aborsotece s
st

—> Static moments, shape evolution, nuclear structure
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J.-C. Thomas

& 19 () t 2012

#:% Nov 2014
CRIS 2012

CRIS 2014

D.T. Yordanov et al., JINST 15 (2020) P06004
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=DE SIR The BESTIOL facility

BEta decay STudies at the SPIRAL2 IsOL facilty

Beam cooling and purification using PIPERADE for (trap-assisted)
decay spectroscopy
-> High-precision measurements with ultra-pure samples using:

= 3-y decay stations (BEDQO, ...)

= total absorption spectrometers (DTAS)

= neutron detection arrays (BELEN, MONSTER, ...)

— Fundamental interaction, nuclear structure, decay properties
= CVC, V4

= lifetimes, P,

= exotic decays (B-2p, cluster emission)

= Gamow-Teller strength

COeCO

MONSTER DTAS
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DESIR project timeline
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i ES[R SPIRAL2-DESIR project: timeline = AN W

laboratoire commun CEA/DRF |

- ~
A RN
7’ N
Z \
\
. 2018 2019 2020 2021 2022 2023/ 2024 2025 2026 ' 2027 ...
/ \
/ \
: : / \
Licensing - \
MSNR (ASN et AE) INB 113 mogification reqyfest \
A A A [P ‘
Operation licensing \
ﬁ ‘
Decree
i \
; Decision !
Congtructjon permit I |
I
Building & Call for tender Cull reception I
Infrastructure ————————— - - - l I
\ Construction |
\ I
\ Partial regegtion /
\ /
\ /
rication, cgmmissioni \ /
PI’O.CeSS I N F LSS ) ] /
Beam line, Exp. \ Installation / joperation ):
Equ., Safety) \ r!!!!!!’!r.—
AN 2
N
~ 7 7
~ ~ - -~
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2DE%IR DESIR hall equipment: timeline @/ﬁ\%

laboratoire commun CEA/DRF |

Step 0 - 2026 = : GPIB commissioning

(stable beams) =mj). Step 1-2027-28 > : DETRAP (+ BESTIOL)
First physics experiments with RIBs

Step 2 - 2028-29 - : LUMIERE
LINO operation + CRIS?

Step 3 - 2030 > :
DETRAP , LUMIERE , BESTIOL operational
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+DE3IR

Thanks for your attention
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