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SPIRAL2 layout

'SPIRAL2 Phase 1
\ v" High intensity stable beams
s v High intensity neutron beams




High Intensity Stable beams @ SPIRAL2 E AN

Reference project < 105 pps, p-Ni, 0.75 MeV/n — 14.5 MeV/n
Phase 1++ = 10" pps, p-U, 0.75 MeV/n — 8.5 MeV/n

Search an element (atomic number or chemical symbol) : Search
EProd. or pred. stable beams ’ \
[Prod. or pred. radioactive beams . Ne52
IlNon-prod. stable beams
[ INon-prod. radioactive beams }-,
N=126
Phoenix V3
hypothesis
lons Intensity (ppA) High Intensity
[A/Q=3] [A/Q=7]
80 216 375
F 57 50
SAr 35 ) 40
“OAr 58 | 30
368 9.2 30
o 2 X510
®Ca 25 | 15
58N 22 | 10
84Ky 0o 20
T e | 1%gp 0 10
> Strengthen the phase 1+ scientific program Ty e 5 X10* —
» Open new perspectives (Pb,U heavy beams) 238 0 55
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May 2011 : Ground breaking
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Sept 2014
Civil construction finished
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Source d’ions
protons et deutons

Deuteron i \ LINAC L
source * 5 mAe p (Q/A=1)
$ * 1mAe 4He2+ (Q/A=1/2)
« 1806+ (Q/A=1/3)

* 45 pAe 40Ar14+ (60 kV)

* 2 mAe 4He2+ : . :
. 0.9 mAe 1806+ » Partial commissioning ongoing

» First beam injected in the LINAC planned in 2018




Cooled down the LINAC

s A ,1; I | Descente en froid semi compléte a partir de
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Montée en puissance RF Montée en puissance RF
pour qualification RF et pour qualification RF et
validation du pompage validation du pompage

par les sections chaudes par les sections chaudes

J{ Distribution Hélium
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Mise sous vide avec groupe de pompage
mobile puis en ouvrant les sections chaudes.

Descente en froid des cryomodules




Accelerator next steps

First NFS
experiment

2018

Deuton beam after
RFQ

2017 N

Beam in the linac I

2017

RF in the linac |
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_® Waiting for the regulatory
approval by ASN by
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Fundamental research in

Nuclear & Atomic physiscs
« High selectivity > 103

» High efficiency 50%

* Mass resolution > 1/350

* Versatility

PETRN ,.c.e| @ = vemc D
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f’@ Physics goals

I Study of rare events in nuclear and atomic physics

*8Ni+46Ti>1008n +4n Nuclei produced by
(I=10ppuA) > 3evt/s @ 0y,=5nb Fusion-Evaporation

Proton Dripline & N=Z nuclei \

Shell correction effects
Study the role of -v correlations
Deformation — shape coxistence
Exotic decay

Astrophysics rp-process
Fundamental interaction

48Ca+238U->-283112+3,4n
(I=10ppA) =>»20evt/week/pb

Heavy and Superheavy
Elements

Limit of the nuclear existence
Shell correction effects
Reaction mechanism

Atomic properties

Nuclei produced by

, nucleon transfer reaction lon-lon interactions
/ Neutron-rich Nuclei Atomic physics
Evolution of shell closure FISIC project

(Tensor, 3-body forces ...)

= test nuclear and atomic models and guide new theoretical development
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Highly selective
beam rejection

F. Déchery et al. NIMB376 (2016) 125.
F. Déchery et al., Eur. Phys. J. A (2015) 51: 66

Image 2

Achromat selection
Extended drift to place
detector arrays

Image 1

Image 3
TKE selection

L

Momentum Achromat sossn

Multistep separation
Large acceptance
Variable modes
Mass resolution (AM/M=460)
Image 4 : Mass selection
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Optical design is complete
(Final report April 2017)

Commissioning plan is under
progress

Bi-monthly meetings




~@ Operational modes & performances@ﬁ}m%s ;

CNRS/IN2P3

J High Resolution mode

* Designed for maximum selection

+ Weighted mass resolution: AM/M = 460

« Folded transmission: 50% for %8Ni + 46Ti - 1005024+ + 4n

High Transmission mode

» Designed for very asymmetric reactions

* Weighted mass resolution: AM/M = 260

« Folded transmission: 15-20% for 22Ne + 238U =» 255No + 5n

Converging mode
« Designed for gas cell — Laser spectroscopy
« Folded transmission: 68% for 8Ni + 40Ca =» %4Ag + p3n

1) High resolution 2) High transmission 3) Converging

X(mm) - Y(mm)

X(mm) - Y(mm)
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S3 Commissioning

Day one experiments : Converging optical mode
ex : Folded transmission: 68% for °®Ni + 9°Ca = 94Ag + p3n

Optimisation requested:

- Primary beam rejection + high intensities (> 1puA)

- Best possible transmission (80% of the nominal)
—Mass-Reseolutien

Which reactions for the commissioning ?
116Sn(49Ar,4n)">2Er (T,,=10 s, a-branching = 91 %).

Oder Candidates : 4Sm(36Ar,4n)'76Hg - 1%9Dy(36Ar,4n)'92Po

Which setup for the commissioning ?
Stable Target station + MAMS + Multipurpose diagnostic box @ focal plane
(Energy, TOF, Recoil Profile, Counting rates, Decay, ...)

13 1 18 1 w
TOF [channel| 0 5000 10000 15000



F. Dechery et al., Eur. Phys. J. A (2015) 51: 66 ‘ @

Main eqUipmentS F. Dechery et al., in press NIMB

-

Multistep separation
Large acceptance

®
. =
Variable modes S
Mass resolution (AM/M=460) 2
n
o
(o}
o 5 tested
c a)lrfu, . for 5kW/cm?

|/ Illdm1|

dlrU ivers

E-Dipole

=
% 20 cm gap & +/- 350 kV
7 Epmax : 12-14 MeV
= Open slit in the anode
2 »
= Ko
High power rotating targets 8_
(3000-5000 rpm) o
Stable & Actinide systems =
X
n
B Large H & V gaps %
(L=26m) 2
EA =
i g O . A
w
Q+S+0 fields PSS Cold Box
— - |I'fl.| d
AN agome® el AIPN

ﬁ'm o 7 v ORSAY



Main equipment status Al

oooooooooooooo CEA/DSM

Stable target station (Ganil)
v' Hardware completed (Chamber, wheel, diagnostics, ...)
v' Wheel control & automation under tests
v' DAQ (diagnostics,...) under development — T1 2018

Dispersive zone (IRFU)
v' Open triplet delivered @ GANIL

v’ Beam Dump
*  Design done, fingers commissioned
*  Chambers : delays with Sominex (June 2017)
* Integration @ tests @ Saclay : S2 2017
* Integration @ tests @ S®: S1 2018

Dipoles magnétiques (Ganil)
v' Delivered since 2013
v Field mapping done

Electric dipole (IPNO-ANL)
v’ Electrode delivered
v Full mechanical assembly @ IPNO (March 2017)
v' Power supply : Design ok — assembly & tests (October 2017)
v Final assembly & commissioning @ IPNO or GANIL (TBC) (from oct. 2017)



Main equipment status @/ﬁ“m

SMT : Superconducting Multipoles Triplets (GANIL,ANL),

Cryomagnetics
v' Tests of the first SMT @ CMI & ANL (From March 2017)
v' Delivery SMT2-7 @ GANIL (July 2017 - April 2018)

SMT Power Supply Systems (PSS) alims et protection Quenchs
(GANIL, ANL, Irfu), AML

v' Manufacturing review (July 2016)

v’ Tests of the first PSS @ ANL (May 2017 )

v’ Delivery of PSS1-7 @ GANIL (July 2017-October 2017)

Cryogenic system (GANIL, ANL, Irfu)
v’ Cold box commissioning (April. 2017)
v Cryo line installation and tests (May 2017)
v' Commissioning SMTs @ GANIL (From September 2017) TBC
v’ Full commissioning of the seven SMT-PSS (T3 2018)

Vacuum system
v' Equipment ordered
v’ Tests/commissioning @ GANIL (51 2017)

Vacuum chambers
v' Expected delivery (June 2017) TBC

Servitudes et raccordements (Lots SPIRAL2)
v Fluids (Jan. 2017), HV power (Oct 2017), LV power (T4 2018)
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Planning nominal phase 0 ESAN

laboratoire commun CEA/DSM CNRS/IN2P3

Fluids, electricity connecting

Frames installation at GANIL
ICommand Control

[ Hard/soft development, commiséibninq
IStable target station

y Y,
Beam Dump assembly/tests at Ganil
Cryogenics

S3 spectro commissioning

D Critical paths



laboratoire commun CEA/DSM

Target system developments (=EANGE—
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Stable target system

Actinide target syste(n prototype

N

"192(5L02) §0& ‘AiisiwayD

JeajonN pue [esnAjeueolpey Jo [euinof ‘e 38 [apojs ‘Yo

,mmnuun"u!urtuu»muumummuunuumm» : '"'"t'll"lltﬂnnmmt, "m|||||||||||itItlItlllllllt""""“"""'

il (KR
i i I
i itk (I o Y TR (i

- U m——"
AN R P RCI TATTOO (Th | n acti n |de ta rg et (ef0]0) pe ration) pl’e-SU bm |tted i . ,"ll!'1'!!"!!'!!!‘!“!"!!IHEHHH""““ g




Magnets (Dipoles & Multipoles)

= 1
1

AN ,
laboratoire commun CEA/DSM k CNRS/IN2P3

Waiting to be installed
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Power Supply System @ AML EANE

laboratoire commun CEA/DSM CNRS/IN2P3
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Current Control
STATUS »ss DESINED SETPOINTS
State Amps(A) Velts(v) _|Verified? _ Magnet AmpuA) STOP Ramping
1 OFF \ 0.0 0.0 Dipl 1/3 | | wSCu 0.0 o _s1oe
2  RAMP-UP 264.4 14| v Quad1l GO
c3 READY -0.0 00| ¥ Quad2
% —
A4 RAMP-UP 259.2 14 | v Quad3
v Sext 1
v Sext 2
v | o2 |||
S j| & Oct 3
LEAMPALLTOZERO |
SMT Power Supgply System #1 Version uoca-;nwum




S3 room ...will be soon very crowded @/“\m

laboratoire commun CEA/DSM
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Experimental techniques QP SAN

Y
CNRS/IN2P3

S3 Physics case (26 Lols)
- VHE-SHE nuclei ..A

- Proton drip-Iine & N=Z Hadrons and Nuclei

- Nuclear Astrophysics

- Atomic physics

Eur. Phys. J. A (2015) 51: 66

Delayed spectroscop
(Superheavy nuclei) § 5
2018

SIRIUS setup
Implantation-decay
station at the mass
dispersive plan

Atomic physics

FISIC setup

Fast lon Slow

lon Collisions
Electron exchange
2020

Ground state properties
(mass, size, moments, spins)
2018

S3-LEB setup
IGLIS + Mr-ToF




SIRIUS (Spectroscopy & Indentification
of Rare lons Using S3)
IPHC GAaNiL-

Institut Pluric q xxxxxxxxx
Hul rpéumm
STRASBOURG

TRAS

' =] Global Network
3 : e External system
=T Bl=l==k=
Full assembly & tests planned mid 2018
See talk B. Sulignano

F. Dechery et al., Eur. Phys. J. A (2015) 51: 66




Low Energy Branch (LEB) ‘)@ @/“%

R. Ferrer et al., NIM B 317 (2013) 570-581

L

p A MCP
(I ipn DT o cmm |
(Gas cell, laser system) ORSAY NUCLEARE (mr-TOF-ms, laser system UNIVERSITY (!r JYVASKYLA Eiiiiiiii
(Gas ceII) (RFQs) infractructure, safety, (narrow band-width laser MR ToF MS
RFQsdetectors) pre-studies at MARA) (m/Am ~ 10%)
200 - 500 mbar Ar i
{,L R. Ferrer et al., NIM B 317 (2013) 570 =
A Yu. Kudryavtsev et al., NIM B 297 (2013) 7
.
diff. pumping QMF ”
S-shape RFQ RFQ (m/Am ~ 100) buncher bender il

gas cell

® Neutralized EVRs .- -
Photoions it

towards DESIR

towards Multi Purpose Room - Idenfification/detection

[ -8
s — 7 A 102 mbar
in-gas-cell Ay in-gas-jet A »  Provide pure & low energy beams from S3
ionization ionization 1 . s
* Perform medium resolution laser
102 mbar

103 - 2.10° mbar EDoclioscony
(charge radii, spin, magnetic dipole moment,
electric quadrupole moment)
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LEB equipment 39 @m%
E/ﬁ\ Dj NS IaboratcnirecommunCEA/DSMk . Z CNRS/IN2P3
NG .

TiSa Lasers MR-TOF-MS (PILGRIM)

RFQ + QMS

.

Leuven test bench
In-Jet Laser spec
system

INSTITUT DE PHYSIQUE NUCLEAIRE
ORSAY

KULEUVEN Y. m
Full assembly & tests at LPC Caen in 2017 (except La e
Full assembly & tests at GANIL planned end 2018

de Laval Nozzle

= See talks P. VanDuppen & P. Delahaye



FISIC (Fast lon Slow lon Collision)

High energy beamline

UPMC/INSP (Paris), GANIL (Caen), CIMAP (CAEN), Irfu (Saclay)

See talk E. Lamour



S@ Conclusions
«®

J Start the scientific program with SPIRAL2 in 2018
» Commissioning of SPIRAL2 Phase 1 ongoing
»  First experiment with NFS in 2018
» Start the design study injector A/Q=7 expected in 2017

S3 is a low energy in-flight separator for the Spiral2 stable beams
o Fusion-evaporation, two-step reactions, rare channels, electron exchange...

Designed for the selection and identification of rare events
o 2 steps rejection and >350 Mass resolution
o High transmission of evaporation residues
o High versatility

Two basic detection set-ups
o Implantation-decay spectroscopy station (SIRIUS)
o In gas cell laser ionization & spec. + MR ToF (LEB)

=» First experiment in 2019



3 Conclusions .
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