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e DESIR at GANIL
~DESIR

/DESI\R

«‘D/ecay , Excitation and Storage of Radioactive lons »

Exotic decay modes Shape, size, structure of the nucleus Mass, correlations

A new GANIL users facility

Study of the fundamental properties of atomic nuclei and underlying forces

With a high precision using ultra-pure samples of radioactive ions manipulated at very low energy
= Taking advantage of the various RIBs production methods

= |n complementarity to S3(-LEB) and other GANIL installations




¢ o DESIR at GANIL

Building delivery: mid-2025
Commissioning (stable beams): 2027
Day 1 experiments (RIBs): 2028
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Fragmentation




® ® DESIR physics programme

* Collinear laser-spectroscopy LUMIERE “ (SUP:JL:faVv

* Correlations in 3 decay (MORA)
DETRAP i
* Mass meas. (PIPERADE, MLLTrap) v Size & Shape

v Deformation

* (Trap-assisted) decay spectroscopy | BESTIOL

v Exotic decay modes

v Nuclear structure

é )

v Fundamental
interactions
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ECR: Ne, Ar, Kr, N, O, F %4
Surface lonization : Li, Na, K, Rb x N=20
FEBIAD: Mg, Al, P, 5, €I, Fe, Cu

Courtesy of P. Delahaye =8
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Beam production



® o SPIRAL1 beams

FEBIAD

S - for condensables
- 0 surface i‘ MonoNaKe
for alkalines
IIII.I!IEIIS& EEE Ocr
BE wowsannssBEE IR .
for gases
Fragmentation (and fus-eva) of heavy primary beams
Limitations:
e primary beam power TULIP _
* fragmentation cross sections :‘so;tzt::son-rlch

» diffusion/effusions times (refractory elements, short half-lives)
* jonisation efficiency
* operational issues (stability, resilience etc.)

Courtesy P. Chauveau 6



® S3-LEB beams

Gas jet laser probing

Gas cell laser probing

Decoupling of laser axis from
spectrometer axis

S3 nuclei

E< 1 MeV/u
- Stopping, thermalization
: and neutralization
= :
= | | i Buffer gas at 100-500 mbar
1

R. Ferrer, Nature Comm. 8 14520 (2017)

GANIL ®Cus

Supersonic jet

@é

O Critical performance criteria :
» Stopping efficiency
» Extraction efficiency and time
» Chemical survival/neutralization efficiency

S3-LEB
(Low Energy Branch)

DE%IR

Courtesy V. Manea 7



® S3-LEB beams: FRIENDSS3

o Reduce extraction time
o Improve neutralization efficiency
o ldeally both at the same time

Construction of test bench Simulations

Test bench

]

"% SIMION

Mass analysing RFQ

L ANR JCJC project FRIENDS? aimed at improving the S3-LEB gas cell:

Beta source

Low-IP elements

A m
Heated fllament \/
—> " . ~

Electron source

yvvy

Neutralization
00 ot
o Y oo |:>

L Test-bench design study finalized,
constructed in 2024

Q0 Will be installed at GANIL for laser
access

L Exploration of direct ion extraction by
electrical field

Courtesy V. Manea



® ® DESIR beams: S1 & S3 (& S2)

D
el DESIR beams:
g R Y ) .
. L i S1: fragmentation

Sy $3: fusion-
e evaporation

S2: fission

Multi-nucleon
transfer reactions




Beam transport
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® ® Transport beam lines

1+ ions, < 60 keV, < 80 t.mm.mrad - fully electrostatic
Test bench

Ph. Alfaurt, LP2iB

= Junction beam lines from SPIRAL1 and S3-LEB to the DESIR Hall: ¥100 m
= |nstallation starting by the end of 2025

er part

Insertion Pole assembly

Internal part ‘

% Example: 45° deflector assembly Upp

M e SPIRALI1 ‘ |
L. Perrot et al., [IJCLab " 11



® Transport beam lines

24 V- c

Courtesy V. Watt-Morel, GANIL

SPIRAL -> DESIR section

- Ongoing installation (mechanical assembly, supply integration tests, ...)
- Operation tests scheduled middle of 2025
- LP2IB/GANIL: process supplies, remote control systems...

RFQ1P (LPCC)

P [ Distribution lines

Junction S3-
LEB / DESIR

First DESIR
(electrostatic)

section Integration tests

SPIRAL1
(magnetic sect

12



Beam preparation and purification
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® ® Beam preparation and purification

RFQ Cooler
High Resolution
Separator HRS RFQ-Cooler
5w T Buncher
GPIB

Double Penning Trap

Mass separation/beam purification:

M
[ RFQ+HRS ] . ﬁ = ~20 000

MR-ToF |. Mo _ _
o T 200 000

Lop.

MR-ToF

l Piperade l My 5
15t trap ® m <10
| Piperade I. My 6 ”

Beam preparation:

GPIB | « Cooling and bunching
Piperade | , .
[ 2nd trap ] Accumulation trap

Mass measurements:

[ Piperade

2nd trap ] * Mass precision: 10%-107




® Beam purification

L —

“RFQ + HRS
M/AM =20,00
37 mm.mrad /

GPIB + PIP
10° ions/bunch, 2-20 H
29.9 kv 27 kv 29.95 kv

EC/MCP
e

Installation and commissioning: 2026-2027

= MR-ToF-MS for mass measurements and beam purification: 2026-2028

Refurbishment
at LPC Caen

15



® ® Beam purification: RFQ SHIRaC
Y 4 SHIRaC : Construction and test @ LPC Caen

'J- --J:‘h__,_n.— Ll

SHIRaC

RF: 2.1-4.9 MHz; Vpp: 8kV
Emittence: “37 mm.mrad
AE ~eV

Transmission ~70 % for 1epA beam

%

HT platform 60 kV
RF Electrical Field: 500V/m

...presently refurbished at LPC
(according to RFQ cooler of SPES)16

R. Boussaid et al., PRCST 18 (2015) 072802



® ® Beam purification: Ion source, GPIB, PIPERADE and HRS at LP2i Bordeaux

High Resolution Separator JE==SS i .. : o [ : RFQ-Cooler Buncher

17



® ® Beam purification: High-resolution separator HRS

image focal plane —

M/AM =20 000 @ 37 mm.mrad / 30keV

. ]
LP2i
Bordeaux

T. Kurtukian Nieto et al., NIMB 317 (2013) 284 J. Michaud et al., LP2iB & IJCLab 18
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® Beam purification: High-resolution separator HRS * LP2i

Bordeaux

| @22 || pczzvo || F22 | | pr2z | | Q23 | | k31 |

=N

| DC11-HO | lan | | a3 |

1330S1+

ions source

o #H

| Q12 | | PR21 | |_CF21 || Q21 || DC21-VE | |_crzz | | H21 |
D31
- —
@ Magnetic Electrostatic = Electrostatic Electrostatic | |
dipole deflector sl quadrupole sextupole
Electrostatic
multipole
Beam profiler Faraday cup Adjustable slits Vaccum valve ||
D32
| CF42 | | PR42 || Q42 | | CF41 | | PR41 || DC41-VE | | Q41 |
(X=X
- ' B
Pep.perpot type . 1 —l— —
emittance-meter ) l
| F42 | | Q43 | | F41 | | DC41-HO || H41 |

J. Michaud et al., LP2iB & IJCLab 19



J. Michaud et al., NIMB 541 (2023) 161

- - . ° .
® e High-resolution separator 2" order correction measurements LP2i
Bordeaux
—— Corrected .
133Cs: Imm x 1mm i No corrections | > Shifted left -0,2G Beam can be scanned with
100 - —— OverC d hifted right +0, .
. o sramecied | > Shifted right +0,26 the dipoles through end
orrecte ) ) )
slits to obtain a precise
B0 1 A beam profile
I
ﬂ b
E 60- f IEI-
z Not corrected [ ] Overcorrected
e oo
E [
40 Ik
}I I POWER POWER QUADRUPOLE SEXTUPOLE OCTUPOLE DECAPOLE
-ﬁI t R:”:‘“'z"o':‘l —gc‘w_lé‘” Tl‘"m ,m_‘é""g‘éo ,grél”‘
) | st o T ————
A \ :
o \
n{ =
3074.0 0742 074.4 074.6 3074.8 075.0 3075.2
B field (G}
48-rod
multipole

J. Michaud et al., LP2iB & IJCLab
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¢ o High-resolution separator HRS: emittance meter (' Z'

Pepperpot

emittance-meter

o)

)

@.
O & o v o
e o o o

Q

Front view:
tantal mask

—

Side view: Front view:
Phosphore screen + MCP CCD camera

J. Michaud et al., LP2iB & IJCLab

LP2i

Bordeaux

21



Bordeaux

® High-resolution separator HRS: emittance figures C'Z. LP2i

CHE® Transverse hor. emittance

£ (10) = n¥13.97 mm.mrad

Experimental measurements correspond to simulations

divergence (mrad)

X' (mrad)
Lo

o X (mm) )
Pasition {mim) KX' .
Transverse hor. emittance
B £ {1g) = 1*11.64 mm.mrad
16-
- 15
2"d order aberrations can be observed with the o al
B = 10 -
. E i o
emittance-meter - g 5 .__-_'I
o A= =
=>» Order 3: Not by eye, but a computer could 3, x F'
0- 0-
=>» Image analysis software under development 2
4- =5 -
(A. Balana) :g:l 1 I 1 I I 1 1 1 1 Iu i ql. IE é
-4 -3 -2 -1 0 1 2 3 4 5 ¥ (IT'II'I'I]

Pasition {mm)

J. Michaud et al., NIMB 541 (2023) 161 J. Michaud et al., LP2iB & IJCLab 22



K (mrad)

® o High-resolution separator 2"d order correction measurements

<

> Shifted left -0,2G
> Shifted right +0,2G

Beam (1mm x 1mm) can be
scanned with the dipoles
through exit slits to obtain
a precise beam profile

133 . —— Correctad
CS. 1mm X 1mm Mo corrections
100 ~ —— OwerCorrected
Corrected
50 1 A
I
_ b
E'L B0 - f Ili-
z Not corrected [ ] Overcorrected
T . I
E f I
40 - [ |r|
}' |
[
4 '
20 4 fl !I:
y
. ‘.',_.-"' \
0 ——
3074.0 0742 074.4 0746 0748 075.0 30752
B field (G)
_ 51 -
E o E
< ] x
-10 1 -10 A i
T -15 T T T T T T -15 T T T
-6 -4 -2 0 2 4 & -6 -4 -2 0 2 4 -6 —4 -2 0 2 4
X (mm)

Pepperpot emittance figures

J. Michaud et al., LP2iB & IJCLab

LP2i

Bordeaux
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Bordeaux

® e High-resolution separator 34 order correction measurements (' !' LP2i

133Cs: Imm x 1mm

Hexa + Oct correct

500 -

Hexa Correc |‘I 1
|

S
2

Beam (1mm x 1mm) can be
scanned with the dipoles
through exit slits to obtain
a precise beam profile

Mo Correc

200 -

Intensity (pA)
S
=

100 |

27442 27444 27446 2744.8 2745.0 2745.2 27454 2745.6
B field (G)

20 4

__—— Hardtoseea
change, but a
computer should

X' (mrad)

J. Michaud et al., LP2iB & IJCLab 24



® ® High-resolution separator HRS: arbitrary waveform generator

_av
P
Arbitrar =
| Y lon source HRS
*o—o e | o— @ © I
HV supply waveform lon source L L+ © B i
+20000 +Custom | accel. HV-PS | +5000 eamline
Volts generator Volts Volts Acceleration of ions

Energyviorar = 25000eV + custom distribution (£5eV)

. Ref beam : AE 1
" - = 400 ———
AV = 2.5V st E -
o Period = 5 | Create custom z J5kev }
: L beam contaminants i I
AV =0V g f
. = 200
| Period=1 | e AE o
& 50 F
= [ i i @ 100 AE_ 1 . + ,
. | - AV =-5V £~ 5000 A
- Period = 0.2 () [ T e
3076.8 3077.0 3077.2 3077.4 3077.6

B

i
o « in £ xn @ or s »r " o
prer ] ik Als E . T e A " [

The HRS can be commissioned in almost real operating conditions, with no radioactive beam and (relatively) high intensities

Dipoles magnetic field (Gauss)

J. Michaud et al., NIMB 541 (2023) 243 J. Michaud et al., LP2iB & IJCLab 25



® ® High-resolution separator HRS: arbitrary waveform generator

Arbitrary

HV supply &—@® waveform
PPl +20000 wav

Volts generator

\

|

R ES e
f o
‘. . @
; .
%; @ o
m® * @
&l Ure
@

e

Yol &
i

lon source lon source
e——@© o —— ¢
+Custom | accel. HV-PS | +5000
Volts Volts

av
dx'x

o o L

Acceleration of ions

Energyviorar = 25000eV + custom distribution (£5eV)

All particies
COSY aM ) mmm Ref particles
luh!n: 605
w 101
o
>
o
V]
=2
100511 :1
10° 1|
-1 0 1 2 3 p
X (mm)

100G /100|n separation:
simulation and measurement

J. Michaud et al., NIMB 541 (2023) 243

Beam Current (pA)

1200

1000

800

600

5]
=]

200

L]

»
>

HRS
Beamline

—— Single Gaussian fit Fa
Double Gaussian fit L‘, \
T=ll t
.5'; i
III‘ r
i
\..\.
“."*%_?_L.
0.1 0.2 03 0.4 05 06
Dipoles magnetic field (Gauss) +3.077e3

J. Michaud et al., LP2iB & IJCLab
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® High-resolution separator HRS: arbitrary waveform generator

_av
"o X
Arbitrar =
Y lon source HRS
HV supply ¢ ——® waveform &——® ®——®|on source :
+20000 +Custom | accel. HV-PS | +5000 Beamline
Volts generator Volts Volts Acceleration of ions

= —
@l

o) e | R
i B Y

&J_ To-do list:
'— + shaping of exit (1% dipole) and entrance (2" dipole) poles
= fixed hexapole corrections

 optimising of 3'4 and higher orders

* implementation of automatic higher-order corrections
* NMR measurement reliability improvement
g 10° = f
£ 100G /100|n separation: é e =
simulation and measurement ¢ \
100 | Slnrl: i '.‘ -
- 0 xl(mm) ? ’ ¢ o D?b%les magﬁetic fielgi'ctGause‘.)0.5 +3-077%g

J. Michaud et al., NIMB 541 (2023) 243 J. Michaud et al., LP2iB & IJCLab



!

_ To-do list:

g Magnetof for energy dispersion (avoid efficiency issues)
| - Transverse emittance measurements in bunching mode

- Bunching mode to be investigated in detail (energy vs time dispersion)

- Do e e Limems Mo mem s ion buncher G

===

- RF phase dependence for the bunches

- Space charge effects
- coupling to HRS ?

Energy and time dispersion:

Energy dispersion measurement currently limited by detection
system (< 6 eV) = Magnetof
Minimum time dispersion currently down to = 250 ns (FWHM) at 3 keV

long-term reproducibility
short-term fluctuation

| Ibeam = 300 pA

| lbeam = 2 NA

AN AN
Qyquxfnxﬁ'} N
\\d\\\\"l‘ 1
T
]

AN
N
1

\

1700 1800 1900
Retarding grid potential (V)

1500 1600 2000 2100 2200

M. Gerbaux, C. Roumegou et al., LP2iB
M. Gerbaux et al., NIMA 1046 (2023) 167631



® ® Beam purification: PIPERADE, 1st trap

— : First trap:

=]
o

(=)}
=

39K

& 5 8

Pd
(=]

® °
2 LP2i

MAX-PLANCK-INSTITUT
\\\\ FUR KERNPHYSIK
@ €O M HEIDELBERG

e

Number of counts per bunch

-
=

=

-200 -150 -100 -50 O 50 100 150 200
Excitation frequency - 2752664 (Hz)

Resolving power:

Ve

m
x — ~ 2x10°

accumulation & Avc Am

measurement trap

purificatidn tra_p

P. Ascher, M. Flayol, D. Atanasov,
E. Rey-herme, G. Guignard et al., LP2iB 29

P. Ascher et al.,, NIMA1019 (2021) 165857



® ® Beam purification: PIPERADE, 2" trap
40ms ToF-ICR
....... o =
3-g uncertainty band
Am -
accuracy: ~9.5x 10710
.. om -
_ precision: ~3x10°
w
e
70+
65 1
. o
LP2i u
Bordeaux g 14 P
:g 0 xsc:k:( ¥ "‘mAx - f*.**** Y*A’(!{Y*I* N
R n —1- ; i i ; i ‘ ; ;
gy b —60 -40 -20 0 20 40 60 80
-0\\-‘ HEIDELBERG Vrf— vc [HZ]
¢+ 2nn_ qB
14 PIICR 16 | °°€ 271t 2Tm
12 c?ntre | 14 p
E10 X 12 §
E | § Am
= 8 10 o accuracy: — * 5
Re; 6 | — m
= - 8 w©
0 reduced : °
o . *magnetron .. om
§ R 2 4 cyclotron 6 5 precision: —- 40
purification trap accumulation & 2 4
measurement trap 0 2
12-10 -8 6 -4 -2 0 2 P. Ascher, M. Flayol, D. Atanasov,
P. Ascher et al., NIMA1019 (2021) 165857 X position [mm] E. Rey-herme, G. Guignard et al., LP2iB 30



® PIPERADE: Mass measurement of 41K with ToF-ICR

Mass exces-AME (in keV)

L5 4 —— Mesaurement deviation = 37+/-127 eV
' B measured masses
[ ]
1.0 1
[ ]
0.5 - N L 1
]
| | ] [ | I
N | | I
0.0
[ ] "
n . h
[ ]
: *
N \
\
N
\
1.0 1
T T T T T T T T
0.0 2.5 5.0 1.5 10.0 12.5 15.0 17.5 20.0

Measurement number

measured with 3°K as reference
ToF-ICR of 1 s

Frequency - 2745383.68 [Hz]

1 — sestfit
3-g uncertainty band

-2 -1 0 1 2 3 4
Frequency - 2611462.03 [Hz]

4 — Bestfit

3-0 uncertainty band

-4

-3

-2 -1 0 1 2 3 4
Frequency - 2745383.71 [Hz]

qB
21T

P. Ascher, M. Flayol, D. Atanasov,
E. Rey-herme, G. Guignard et al., LP2iB 31



e o PIPERADE: PI-ICR

position-
sensitive
MCP
__ et 2nn _ qB
- 21t 2T
0 or
 2mt 2mrtVN
, e . ) _a _
Précision ;m ~ 1078 310710

&N\

Va
clotron réduit
r
A RA
=)
Pc L~ X
Centre

agnétror

32



® PIPERADE: PI-ICR
To-do list:

» January 2025: diaphragm change for a smaller diameter hole
(reduction of gas leaking from PT to MT)
» before moving to DESIR:
= gsystematic studies of ToF-ICR, impact of field imperfections
(anharmonicities of E-field and fluctuations of B-field) on mass precision,
mass-dependent errors, ion-ion interaction
" PI-ICR mass measurement and systematic studies
(imperfections E/B fields + image distortion + extraction optimisation)
" PI-ICR cleaning: installation of an iris to select the ion of interest
= Buffer gas cooling technique: limits in terms of trapping times and
investigation vs number of ions
> if AC not OK at DESIR: pressure/temp stabilisation system to implement
» commissioning at DESIR: all systematics to study again



Installation of experimental equipment

34



® o Experimental equipment: time line
S2 - 2026: GPIB + PIPERADE + fluorescence laser line (LINO)

Id. 2 LP2i
Sta t ion Bordeaux

35



® o Experimental equipment: time line
S1-2027: MIORA cooler-buncher (RFQ)

e RFQ
"‘LEC/Q“(MORA)

Id. 2 LP2i
station Bordeaux




® o Experimental equipment: time line
2028: MIORA completed, MR-ToF-MS, decay stations

028: RIBs available

Id. 2 LP2i
Station e

' Iﬂ Decay

station

Decay
station




® o Experimental equipment: time line
2029: collinear laser spectroscopy (LASAGN) completed, MLLTrap

Id. /Decay
Station

station

Decay
station

MLLTRAF &,
W

38



® ® The DE_, TRAP,,,

MORA

P. Delahaye, GANIL, L. Hayen, X. Fléchard, LPC Caen

facility

sir

= RFQ-CB associated with a Paul trap
-> B-v angular correlation coefficient

P. Delahaye et al., Hyperfine Interaction 240 (2019) 63
— Fundamental interaction physics
= exotic currents, CVC, V ,, CP-violation

Commissioning at JYFL

MLLTrap

P. Thirolf, LMU Munich — E. Minaya Ramirez, 1JClab

* Double Penning trap
-> high precision mass measurements
-> in-trap decay

1.5 mm|

«, || detector

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

= Nuclear structure & Decay properties
= shell evolution, deformation
» (super-) heavy nuclei decay spectroscopy

Commissioning at ALTO (IJCLab)

20



® The facility
Laser Utilization for Measurement and Ionization of Exotic Radioactive Elements

LASAGN (L. Lalanne, IPHC)
= Collinear laser spectroscopy (CRIS like)
-> hyperfine structure (magnetic and quadrupole moments, mean square charge radii)

= LINO commissioned at ALTO, IJCLab, D. Yordanov ef al.

=

| gentmsp1B = 25900

1.
F
L S o CRIS . .
7 . [ e
& 4 E.'t‘ :r!"“ﬂ =] 3 ]_ﬂ-.]'
2 4 %- = = Al b=
F b H 8 = g s
=t % L:-:}D_,r-'r o0 Ly Ny = "\‘ E
— o o a - . 3
ﬁl_ﬁ ' : I u W T ) I
x| d = & m - a2 o ]
2 a j{'t' g 0 e [N o e 5 oo
E O% % g Y RN N g N\ Y
s R W = -y s o ' e
S ‘% -, E & B = A0 J G,
— o = ;
Ta L “w 3 Jd g b i
v & : 1060 o Fo @
. . sa/Q 0 iy :
o g 4 |k > ¥
AN U
' "E“'?'I: 'rf i I....|....|.h.;. i ; X
q - | it )
> + JET : :
b e - 5 8 1850 , |\ Q0 05 1850
Bl 0 : ~ AT 5 i = 5 e
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® The BESTIOL facility
BEta decay STudies at the SPTRAL2 IsOL facilty

Beam cooling and purification using PIPERADE for (trap-assisted)

decay spectroscopy

-> High-precision measurements with ultra-pure samples for
fundamental interaction, nuclear structure, nuclear astrophysics etc

» B+ decay stations (BEDO, ...)

= total absorption spectrometers (DTAS)
= neutron detection arrays (BELEN, MONSTER, ...)

= electron and proton detection (COeCO, SiCube, b-STILED
» recoil detection (ASGARD)

for

= CVC,V,

beta shapes

lifetimes, P,

exotic decays (B-2p, cluster emission)
Gamow-Teller strength

capfil Yads

MONSTER

b-STILED

LP2i

Bordeaux

= °
I Caetr

lec Su

41



e e DESIRC/C

PBS PROcédé Support Exploitation

DE % IR pro-sE
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L. Daudin et al.



= Building delivery: September 2025

= October 2025 to September 2026: Beam line & experiment installation
= June 2026 to January 2027: Cabling

= October 2026 to June 2027: Technical commissioning

= March to October 2027: Stable beam commissioning

= November 2027: Facility ready for radioactive beams 23



® o DESIR construction

HRS room DESIR hall

>

Thermal isolation of roof Soil refilling




® DESIR time line

.. 2018

Autorisations
administratives
MSNR (ASN et AE)

Procédés (PRO-F,
-E, -SE,
-SYS, -SNC)

2019

T A g

2020

r//////l#

DAM

2021

Autorisation de

Conceptign, fabrication et qualifi

2022

ration techn

2023

modification INB 113

&
Enquéte Publique  |mm—

ique

I T F AL F R FAT

Non-conformité Bati

Réception

nstallation / mise en service

| Dépdt DMES

Décision ASN

C

2024 2025 2026 2027 ...
|
o
‘”IIIII}I* Autorisation de mise en service
sossssiras s s,

4 Décision ASN

ment

écision ASN

Moyens communs
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Thanks for your attention

Iréne Joliot-Curie

NA)’SPL,&NCKJNSTITUT
NN LM MANCHESTER
b 1824

GANIL ‘2 'tP2i %)Cu
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