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Proton number Z

¥ Neutron number N

A huge discovery potential
Exotic Nuclei
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| g m Leading to which structure?
8 F' .-\-JJJ Haloes, neutron skins, molecular states,
D) N '20 23 new shells and magic numbers, super-heavies.
) 8 m Playing which role in the univers?
- Nucleosynthesis, supernovae,

Neutron stars.
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The orlgln Of Ilfe Féte de la science

High Energy Physics

Nuclear Physics

Rare Isotope Beam Facilities

Chemistry

Laboratory Experiments:
Understanding underlying physics

16 - 22 novembre 2009
Aux origines de la vie et de ’'univers :
quelles évolutions, quelles révolutions ?

¥ Creation
of Matter

. Elements

Planets

Biochemistry




Evolution of the Table of Isotopes
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Evolution of the Table of Isotopes
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.~ Scientific case of GANIL/SPIRAL 2

5/; fral e Heavy and Super
ISOSPIN DEGREES OF FREEDOM Heavyv Elements
IN NUCLEAR FORCES B,~
Position of
drip-line B
P Equation of State
P, 2p, o decay Role of Isospin
N=Z
s
rp-process r-process path

-

B,= 0 Shell structure
Spins & Shapes | very far from stability

ar”
"
-

and also...

2 8 Haloes & Structures in the Neutrons for science

Continuum Atomic & solid state physics

Radiobiology & Isotope production

M. Lewitowicz 2/07/09 www.ganil.fr/research/developments/spiral2/
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10 ; qus Moments :., lllllllllllllllllllllllllllllllllllllllllllll [
B and Decay = Fusion, Fission, Breakup, Coulex = . single-particle structure
102 Lo Measurements EE AN RN RN EE R REEEEE AR AR AR RRRAE]
E § : : Elastic, Inelastic Scattering i e nuclear pairin g
vE 1 IDiecRaacions Nuceon Transer i, * Structure of very-heavy nuclei
-1 a -------------------------------------- * nuclear clustering and nuclear
‘E’ 1§ : Coulomb Dissociation molecules
107 - - 3‘ """""""""""""""".'.‘.'.'.'.'.'."..............:q, ] ) ] .
= : Radiative Capture - Isospin in reaction mechanisms
0% - - : : . : : -
F "'.,‘Deep Inelastic anq Multinucleon Transfers appllcatlons to aStrophySICS
107 - : Srrree e :
A e e .
104_;_J_LLH11[|_|_1111H1I_I_LLLH:HL_LLUJH|I_I_UJHHLLLUHHI IlIlI,uIJ I|Il||,|,|] lllllllll III[]IIII IIIIIIIll lHIlIlII ReaCtlon Types
110 1% 10° 10* 1% 1% 10" 10® 10° 10° 10" 10° - elastic & resonant el. (p,p) ...
INTENSITY (particles / sec) X ] . ) ’
Today> (20122015 - inelastic (p,p’), (d,d)...
. * transfer (d d t)...
Key words: (d,p), (p.d), (p.t)
* breakup
ISOL RIB beams:  fusion-evaporation
- high intensity, optical quality & purity * deep-inelastic

Versatility: * fission

- light & HI, high intensity stable & Rl Beams
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. SPIRAL 2: Advanced ISOL RIB facility

SPIRAL 2: Experiments with RIB at low cross sections
and very exotic nuclei at few MeV/nucleon
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10°
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A Ex.: At 1nb 1 nucl./day via fusion-evaporation
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ISOL Rare Isotope Beams at SPIRAL 2

d(40 MeV) + C—n+ %%

Up to 2.3 kg HD UC, z :
T oo
uc | ] o !
/'—-""" ||[2000§C|“ Up to 104 fiss./s
deuterons Q diﬁuslic!nl/l elfflusion g op
moooeneitlly | 0 —HE——mrr
40 MeV neutrons
5mA L n+ . ; B >10"/10" fissions
— %ﬁﬁﬁcﬁl 4 >10°/ 10" fissions
o ; B > 10%/10" fissions
Converter J. Benlliure N

:>. :{>w13 ﬂ Fission fragments

oy Converter

:>. ::> Target P8 ﬂ e.g. °Be(n,a) ®He 10"3pps
:> wls ﬁ Fission fragments
:> Target B8 ﬁ g. 14150, 11C, 102-106g
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Regions of the Chart of Nuclei Accessible with
SPIRAL 2 Beams : LINAC & RIB

| 126 \

Production of radioactive beams/targets: SHE
(n,a), (p,n) etc. 82

Spiral2.

=light-ion stable beams |
=heavy-ion stable beams
= RIB induced reactions |

N=Z Isol+In-flight

Transfermiums

Fusion reaction
with n-rich beams

Fission products (with converter)
‘20 Fission products (without converter)
28 Deep Inelastic Reactions with RIB/stable beams

High Intensity Light RIB
M. Lewitowicz 2/07/09 Energy range of SPIRAL2 RIB : < 60keV and 1-20 MeV/nucl. |10




Nucleosynthesis in the Universe

all

B Stable
Unstable =
— Drip lines

Stellar
evolution
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Half-Life of the Doubly Magic
r-Process Nucleus 78Ni

78 N1+
2 Nl

T, =100 ms

1.E+02 ——Observed Solar Abundances
- Model Calculation: Half-Lives from
Moeller, et al. 97

S; 1.E+01 - \ <\ = Same but with present 78Ni Result| |
<
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Courtesy of H. Schatz

r-process and exotic nuclei
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Time of Flight [a.u]

NSCL/MSU (USA)

P.T. Hosmer et al., PRL 94 (2005) 112501

M. Lewitowicz 2/07/09

12



Isospln Depen_dence of Mean Field and Residual Interactions ¢

N
3
g
s
9
a
m 10
10°/s
m10°s
B 10°/s
8 5 10°/s
2 g " 10%
2 8 m 10%s
Neutron number N ——> very diffuse "gﬂsﬁzn around the
surface harmonic  exotic nuclei’  valley of
neutron drip line  oscillator  hypernuclei p-stability
Modifications of mean field :
and residual interactions EVOlUtIOn Of She” StrUCtU re towardS
by e.g. diffuse surface 78N]j and 1328n

Study using light-ion transfer reactions — (p,d), (d,3He)
* measure properties of bound and unbound states
« EX, L™, SF
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Exotic nuclear shapes

Superdeformation
Hyperdeformation

Jacobi
shapes

Triaxial shapes
3-dimensional
rotation

Higher-order shapes
(with high-rank
symmetry) :
tetrahedral, octahedral

Shape
coexistence

dynamic Prolate Oblate
deformation

vibrations etc.

Marek Lewitowicz




differential Coulex cross section

wf-  1(4)/12Y)
£ "L 1 E20 E
£ =
SPIRAL beams 3 of ‘t
76Kr 5-10° pps HI: )/I
74Kr 104 pps 2 F ,' e +
of ﬁA“
F - ++—}'H“+ .....
E g
4.5 MeV/u oL 2 e . n

Sntlermg Angle in CM for Kr

EXOGAM
a3 .

- +3.1(8) eb -
obiate
8 . -

10 ‘2/>° V
, -0.9(6)eb | 2%
o0 @00 llzsool ' ('21')3') ‘—jo06 1260 E Clement et al. 4+1 + 21(4) eb
» complete set of transitional and diagonal 0",
matrix elements (including sign) 2% [+1.9(8) eb
first reorientation measurement with RIB 74Ky
direct confirmation of shape coexistence oy ... 4
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Shapes of atomic nuclei
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» oblate ground states predicted for A~70 near N=Z
» prolate and oblate states within small energy range
=> shape coexistence




European RNB Facilities - NuPECC Road Map

EURISOL

1 GeV protons

ISOL
100 A.MeV

ISOLDE

ISOL
3 A.MeV

2015
2010
2005
SPIRAL
Louvain ISOL
ISOL 25 A.MeV
2000] 1-3
A.MeV
Running ||Projects

GSI

fragmentation
1000 A.MeV

+ RIBF, RIKEN Japan
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An Interdlsmpllnary Large ScaleFacility

ean an InLe-» aanal W

Nuclear PhyS|CS): ," 7 pxogam

Nuclear structure far froqu%sfaEility

Nuclear dynamics

Nuclear Astrophysics
hysics :

Irradlatlon of mat SCtronics, nuclear power plans, ..
Technologlcal tran: electronics, lon sources, ...)

CIME

Interdisciplinary Researches :

Atomic and Molecular Physics

Surface - lons Interaction

Material (polymers, organic molecules) - lons Interaction
Radiobiology (Chromosomic instabilities)

y
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CANIL

GRAND ACCELERATEUR NATIONAL D'IONS LOURDS

First beam in 1983

SPIRAL

STABLE BEAMS
«fromCto U

* energies up to 95 A.MeV
« intensities up to 2.10"3 pps (6 kW) SiB

T RNB

&

EXOGAM

RIB production schemes ORION

* in-flight method : SISSI, LISE
* ISOL method : SPIRAL (SIRA)

*Inverse kinematics: HI+C target

SPEG

G4

Up to 10000 hours of stable and
radioactive beams per year
600 users/year (40% outside of France)

Primary Beams:

Operation budget Ion: HE e gy 22y
(without salaries): 9M€/year Energy(AMeV): 95 95 60 24

Int. (pps) : 102 3x10!'%s5x10!! 10%°

Staff 250 (10% physicists)
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> SP2 Beam time: 44 weeksly
i | GANIL/SPIRAL 1 today GANIL Beam time: 35 weeksly
ISOL RIB Beams: 28-33 weeks/y
GANIL+SP 2 Users: 700-800/y

A
- GANIL/SPIRAL1/SPIRALZ2 facility{.:»
- v

: CIME cyclotron RIB at 1-20 AMeV
DESIR Facility | . (up to 9 AMeV for fiss. fragments)
e | low energy RIB
Coivems : / HRS+RFQ Cooler
CAENA " //| RIB Production Cave
¢ S3 separator- > f Up to 104 fiss./sec.
me spectrometer "
@ , | LINAC: 33MeV p, 40 MeV d, 14.5 A MeV HlI
Neutrons For ; = L [ /AVg=3 Hi source
_7; Science HR M
A/g=2 source
Cost: 200M€ A/g=6 Injector option 0, d, 34He 5mA

M. Lewitowicz 2/07/09  SPIRALZ2 is one of the ESFRI list projects (40 most important EU research infrastructure projects)



Construction in 2 Phases

Phase 2
RIB production Building
& DESIR

Phase 1

Accelerator & S3, NFS ol i, 00

Spiral2. %

Civil construction: 2010 - 2012

M. Lewitowicz 2/07/09 25




DEMANDE
D'AUTORISATION

de modification du périmetre

de l'installation nucléaire
de base n°113 pourimplanter
le projet

Boulevard Henri Becquerel
BP 55027 / 14076 CAEN cedex 5
www.ganil-spiral2.eu

Construction of SPIRAL 2

CLASSEUR1/3

PARTIE

Identification du pétitionnaire

PARTIE

Document descriptif

PARTIE

Etude d'impact

PARTIE

Etude de maitrise des risques

PARTIE

Plan de démantelement

PARTIE

Plans réglementairg

Safety documents submitted to French Safety Authorities (ASN)
in April 2009

M. Lewitowicz 2/07/09 26




Spiralz

2007 2008 2009 2010

Planning SPIRAL 2

First LINAC
Beam
Feb. 2012

First
RIB
Oct. 2013

~

2011 2012,

<}

2013 2014 2015 2016

Safety
authorisations

Construction

Commis
-sioning
Phase 2

RIB

Construction
of LINAC

of
buildings
-
£ e
ES®T
1 Soa

Stable ion beams from LINAC

FP7 SPIRAL 2 PP
R&D, MoU, 3,9 M€

D Construction of new d[‘%' Exp. with S3

Exp. with NFS

M. Lewitowicz 1/07/09



International Collaborations

GSI, Darmstadt ISOLDE FLNR, Dubna

G MoU signed
C} MoU under preparation

EU FP7 3,9 M€ Preparatory Phase Contract

14 signed (LEA*, LIA**, MoU***) agreements
2 agreements under preparation

BARC,TiFR
Bombay

®

*LEA = Laboratoire Européen Associé
**.IA = Laboratoire International Associé
***MoU= Memorandum of Understanding

M. Lewitowicz 1/07/09



SPIRAL 2 on the ESFRI list -> FP7 Preparatory Phase

Astronomy, Astrophysics and
Nuclear Physics

A A KM3NeT ""ii“
gl skA FAR ~ . g

15102006 - Brussels Press Conference — European Roadmap for Research Infrastructures

Report 2006

Brussels, 19
October 2006
European
Research
Infrastructures

The ESFRI
roadmap
identifies 35
large-scale
infrastructure
projects



S 4 _FP7 SPIRAL? Preparatory P hase

“ 25 Partners - 13 Countries - 1 Coordinator = SAMNIL
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ESFRI process and EU FP7 SPIRAL 2 Preparatory Phase contract (EC
grant: 3,9 M€, 2008-2010, 25 partners) aims in the organisation and
signature of the International Consortium for the construction of SPIRAL2

and the associated detectors -> future intern. status of GANIL

http://www.spiral2pp.eu

M. Lewitowicz 1/07/09



i~ GANIL/SPIRAL1/SPIRALZ facility

piral Z. e
" SP2 Beam time: 44 weeksly
S GANIL Beam time: 35 weeksly

ISOL RIB Beams: 28-33 weeks/y

GANIL/SPIRAL 1 today

— GANIL+SP 2 Users: 700-800/y
- A : CIME cyclotron RIB at 1-20 AMeV
e | DESIR Facility C (up to 9 AMeYV for fiss. fragments)
e | low energy RIB
Coivats / HRS+RFQ Cooler
CAENA // RIB Production Cave
¢ S3 separator- N > f Up to 104 fiss./sec.
| spectrometer [ TS .. ,
@ , | LINAC: 33MeV p, 40 MeV d, 14.5 A MeV HI
Neutrons For h ' A qU= 3tHI 1soxrce
_7; Science pto1m
A/g=2 source
Cost: 200M€ A/g=6 Injector option 0, d, 34He 5mA

M. Lewitowicz 1/07/0( SPIRALZ2 is one of the ESFRI list projects (40 most important EU research infrastructure projects)




e ge SPIRALZ Superconducting Linac

Irfu

LPSC Grenoble
IPHC Strasbourg
Ganil

GSI/FAIR ?

IPN Orsay LPSC Grenoble
LAL Orsay Ganil

LPNHE Paris GSI/FAIR ? I = 1 mA )
BARC India ? NIPNE Bucarest M lons

|G

(om alf e

/L__ﬁ

0.75 MeV/n

i) ) G

Irfu LPSC Grenoble

. IPN Orsay  Ganil Ganil BARC Inde ?
H- possible after moderate || Aol Orsay LPNHE Paris IPN Lyon Ciemat Spain?
scale modifications NIPNE Bucarest IPN Orsay IRNE Bulgaria

d*: 20 MeV/n
Hl: 145 MeV/n

|z =5mA

M. Lewitowicz 2/07/09 32



Ly

Heavy-lon injector constructed at Grenoble, first
mass separated beam two weeks ago

M. Lewitowicz 2/07/09
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Construction of SPIRAL 2

Spiralz

IPN Orsay o Ll

6 serial Cavities type B constructed & tested

1.E+10
"'""9

'p! :
“' /
e
1.E+09 'Rf-g_oi,p

.‘4

Q,
%

® O MBO02 Erentrude
o& -
MBO01 Gilia
MBO03 Véréna
¢ MBO04 Colette
10W QWR B type

1.E+08

6.5 MV/m

A
5
&
o’
@,

1.E+07

0 1 2 3 4 5 6 7 8 9 10
(1 QWR B (P =0.12) E... (MV/m)

M. Lewitowicz 2/07/09 34



. Construction of SPIRAL 2
-S;‘; ral Z» -

Irfu Saclay

RFQ Contract signed, first part under construction (ACCEL)

M. Lewitowicz 2/07/09
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cmammny i Construction of SPIRAL 2
.S-PE/'/‘ al Z» - "

Irfu Saclay

Deutons Source constructed, test by september 2009

M. Lewitowicz 2/07/09 36



w» GANIL/SPIRAL1/SPIRALZ facility layout

— — | SP2 Beam time: 44 weeksly
wm | GANIL/SPIRAL 1 today ¥ | GANIL Beam time: 35 weeksly
ISOL RIB Beams: 28-33 weeks/y

€S
GANIL+SP 2 Users: 700-800/y
@ /
‘™ _- : CIME cyclotron RIB at 1-20 AMeV
e | DESIR Facility | C (up to 9 AMeYV for fiss. fragments)
s | low energy RIB
24 ! / HRS+RFQ Cooler
CAENA </ RIB Production Cave
e S3 separator- S i Up to 104 fiss./sec.
s spectrometer y - '
@ ‘ , | LINAC: 33MeV p, 40 MeV d, 14.5 A MeV HI
Neutrons For - S SoLee
_7; Science HR M
A/g=2 source
Cost: 200M€ A/g=6 Injector option p, d, 34He 5mA

M. Lewitowicz 2/07/09 37



weeee. . Super Separator Spectrometer (S3)
.S;/ra / Z> ”

104 physicists, 30 institutions, 12 countries

Collaboration _
Spokespersons:
. Hervé SAVAJOLS — GANIL, France
Antoine DROUART - Irfu/SPhN (CEA), France

Jerry A. NOLEN — Argonne National Laboratory, USA

SC h e m at i C I ayo ut Gamma detectors X.Y Bragg Chamber
Ve

For recoil identification
Momentum achromat | Mass separator
« ;ig > Tracking with l g
Emissive foils Target

8 identical Superconducting TN
multiplets ! 2%/ 4 227 Final focal plane

lon beam
identification

Laser ionization in the S* gas catcher

P 2 Leuven Isotope Separator-On-

Vv Line | S3

‘ 1 magnetic dipole o

: 500 mbar Ar, He
E ass Separator \Io(ns:lg;ie o ® ° e P—

2 magnetic dipoles
for momentum achromat

l \\'

1 electric dipole

Intermediate focal point

b-g Detection Set-up

Full cost including 10% overheads: 10M€

M. Lewitowicz 2/07/09 38



.S,B/ra/

i e (e Gy

@ Heavy and Superheavy
Elements
Synthesis
Spectroscopy and Structure
Ground-State Properties
Chemistry
@ Region of 19°Sn
Tests of Shell Model
Single-Particle Structure
Development of Collectivity
Ground-State Properties
1()005"'I"'|'"I"'I"'I"'l"':
e A-PHOENIX A/q=61
100 L Tt T . 3
— 10|
<
= i
’g E
&) [
0.1 3
0.01 1.40

A

0 20 40 60 80 {00 120

@ Proton Dripline

Single-Particle Structure

Development of Collectivity

Ground-State Properties
New Isotopes

@ Neutron-Rich Nuclei
Single-Particle Structure

Quenching of Shell Gaps

@ A=80 N~Z Nuclei

Shape Co-existence

Super Separator Spectrometer (S3)

A=

Island of
ility ?

N\
N\
o

C %

ranium

Exemples :
24Mg(°8Ni,2n)8%Zr 5 x 103 pps

12C(%8Ni,2n)%8Se 1.4 x 10° pps
48Ca + 238U > 282[Z=112] + 4n

M. Lewitowicz 2/07/09
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GANIL/SPIRAL1/SPIRALZ facility layout

Spiral2.#F

GANIL/SPIRAL 1 today

SP2 Beam time: 44 weeksly
GANIL Beam time: 35 weeks/y

DESIR Facility
low energy RIB

S3 separator-

Neutrons For
Science

Cost: 200M€

spectrometer .

ISOL RIB Beams: 28-33 weeks/y
GANIL+SP 2 Users: 700-800/y

CIME cyclotron RIB at 1-20 AMeV
(up to 9 AMeV for fiss. fragments)

/ HRS+RFQ Cooler

v~ RIB Production Cave
> /; Up to 104 fiss./sec.

| LINAC: 33MeV p, 40 MeV d, 14.5 A MeV HI

A/q=3 HI source
Up to TmA

A/g=2 source
A/g=6 Injector option p, d, 34He 5mA

M. Lewitowicz 2/07/09

40



Neutrons For Science (NFS)

Spiral2.. 3

50 physicists, 18 institutions, 8 countries

. Spokespersons:
Collaboration Xavier Ledoux, CEA/DIF/DPTA/SPN, France
Stanislav Simakov, FZK, Germany

Full cost including 10% overheads: 0,3 M€

M. Lewitowicz 2/07/09 41



Neutrons For Science (NFS)

Spirall. . #F

1E+8 ' '
—— < Physics topics
—— n-tof Fission

P _:::: :Omm5$:AA e Minor actinides, main isotopes
@ el Geelfast K ) e Cross section
C}IE — Geel-Mod Z N\ « Neutron spectrum, multiplicity
) e Prompt fission gammas
w e Detailed A and Z distributions
K e Delayed neutron yields and
g 1E+4 precursor characteristics
L Scattering

e Secondary neutron energy and

angle differential cross sections
1Es2 ¢ Inelastic scattering
+ J =
0,001 0,01 0,1 1 10 100 :u?lonhrea.ctors
strophysics
Energy (MeV)
_ _ _ First experiments:
The (n,X) reactions play an important role in : «Measurement of (n,n’y) et (n,xny) cross-sections
*Fission reactors of new generation - Study of the pre-equilibrium in the (n,xn)

*Fusion technology (LOI appendix 5)
*Studies related to hybrid reactors (ADS)
*Nuclear medicine

*Reliable nuclear data evaluations

reactions

*Measurement of neutron-induced Minor
Actinides fission-fragment yields In the 1-20
MeV range
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w» GANIL/SPIRAL1/SPIRALZ facility layout

— — | SP2 Beam time: 44 weeksly
wm | GANIL/SPIRAL 1 today ¥ | GANIL Beam time: 35 weeksly
ISOL RIB Beams: 28-33 weeks/y

€S
GANIL+SP 2 Users: 700-800/y
@ /
‘™ _- : CIME cyclotron RIB at 1-20 AMeV
e | DESIR Facility | C (up to 9 AMeYV for fiss. fragments)
s | low energy RIB
24 ! / HRS+RFQ Cooler
CAENA </ RIB Production Cave
e S3 separator- S i Up to 104 fiss./sec.
s spectrometer y - '
@ ‘ , | LINAC: 33MeV p, 40 MeV d, 14.5 A MeV HI
Neutrons For - S SoLee
_7; Science HR M
A/g=2 source
Cost: 200M€ A/g=6 Injector option p, d, 34He 5mA

M. Lewitowicz 2/07/09 43



Production cave architecture

Primary Beam
LHE room [ — LASER room

\_|_|

/

/

Waste hot cell \ Production cave
Storage and maintenance hot cell
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UCx target (up to 2.3 kg, p=11g/cm3) Production Of RIB
Tests at Gatchina of up to 100g target

Construction and test of low density UCx Tests at Grenoble of
target at IPN Orsay/ALTO the 1+->n+ charge breeding : E
N\ 3 ; ECR N+I« Bgoster » |l
| p,d,Hl beam | - , (Phoénix) |
ECR 1+

1 '_ ‘ Cryotrap (monobob) | &
s TR v
=T N

i GANIL/IPNO | s>
Targetowen | Target Station ] &

DESIR

tests IPN Orsay | 1+ ion-sources: &

* I - Surface ionisation P (low energy RIB)
- ECR :
- Laser Charge
- FEBIAD

'Breeder ECR

‘ RFQ Cooler+HRS

Graphite Converter
tests LNL Legnaro

.
$

o e - @] -

: (Phoenix ECR source)
\ LPSC Grenoble
HRS
CENBG Bordeaux 1Ll
(fast RIB)

RFQ Cooler
M. Lewitowicz 2/07/09 LPC Caen
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~ GANIL/SPIRAL1/SPIRAL2 facility

-%77’2@/2

> SP2 Beam time: 44 weeksly
i | GANIL/SPIRAL 1 today GANIL Beam time: 35 weeksly
ISOL RIB Beams: 28-33 weeks/y
GANIL+SP 2 Users: 700-800/y

: CIME cyclotron RIB at 1-20 AMeV
DESIR Facility | . (up to 9 AMeV for fiss. fragments)
e | low energy RIB
Coivems : / HRS+RFQ Cooler
CAENA " // RIB Production Cave
¢ S3 separator- > f Up to 104 fiss./sec.
" | spectrometer Y -
@ by H. Savajols . LINé(-Z: 33MeV p, 40 MeV d, 14.5 A MeV HI
Neutrons For " = _ | A/g=3 Hl source
_7; Science Up to 1mA
A/g=2 source
Cost: 200M€ A/g=6 Injector option 0, d, 34He 5mA
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DESIR Facility

Spiral — .
>100 physicists, 34 institutions, 15 countries

Collaboration Spokesperson:
Bertram Blank, CENBG, France

Laser
Identification room
station with Beam from SS(mezazza"f_'_ff). ................ DESIR Layout
- Level0 " LUMIERE ™, :

2| | Topics:

*nuclear fine structure
.charge radii & moments
*masses, ion-purification
weak interaction studies

jLevel -1

Beam from
Production building

3 8 Tools:

P Sl . -decay spectroscopy
Kitch 3 By .
(on :o: ofeCnR) . _5_5:: : .-D .l Iaser SpeCtroscopy

i sion / atom trapping
Mgsting:  p-evels Clanoaccnes B Electronics
(on :::c;)azfr?mo) | PR B Desk
5m —— Access

Beam from SPIRALA1
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~ GANIL/SPIRAL1/SPIRAL2 facility

-%77’2@/2

> SP2 Beam time: 44 weeksly
i | GANIL/SPIRAL 1 today GANIL Beam time: 35 weeksly
ISOL RIB Beams: 28-33 weeks/y
GANIL+SP 2 Users: 700-800/y

: CIME cyclotron RIB at 1-20 AMeV
DESIR Facility |: . (up to 9 AMeV for fiss. fragments)
e | low energy RIB
Coivems : / HRS+RFQ Cooler
CAENA " // RIB Production Cave
¢ S3 separator- > f Up to 104 fiss./sec.
me spectrometer "
@ , | LINAC: 33MeV p, 40 MeV d, 14.5 A MeV HlI
Neutrons For ; = | A/q=3 Hl source
_7; Science Up to 1mA
A/g=2 source
Cost: 200M€ A/q=6 Injector option 0, d, 34He 5mA
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Upgrade of existing
Ge array

GASPARD

Gamma Array Particle Array

Advanced Charge particle
& gamma array
for direct reactions

New advanced
Ge array

FAZIA

Charge particle
411 array
for reaction studies

LaBry/BaF,
array

ACTAR

Active target

Gamma arrays

Charge particle
detectors

vA¢
4”:
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Spiral2. 4 Ff

EURISOL at GANIL ?

SPIRAL 2 LINAC as a first part of the EURISOL driver?
*SPIRAL 2 LINAC is high-power machine (5mA)
*Possible and cost effective upgrade to H-beam

M. Lewitowicz 2/07/09
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« The SPIRAL 2 facility at GANIL entered in the construction phase with
first beams expected in the beginning of 2012

v High-intensity HI beams + S3 = SHE & N=Z
v Low-energy very exotic RIB + DESIR
v Intense Rare Isotope ISOL beams E<20 AMeV

« SPIRAL2Z2 as important intermediate step towards EURISOL

-> Huge Discovery Potential for the next decades

Useful links:

- www.ganil.fr
« www.spiral2pp.eu
« Any questions on SPIRAL2 -> Lewitowicz@ganil.fr
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