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Construction of SPIRAL2 Phase 1 building

Preparation of the site in November 2010
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EANG— Construction of Phase 1 building

! Excavations ready
May 2011
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The same view in May 2012...
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82 Letters of Intend (>1000 authors)

for the Day 1 experiments at SPIRAL2

Shell structure
very far from stability in

Heavy and Super
Heavy Elements

p-rich nuclei - 4 Lols
13 Lols S
Equation of State, o Ry
RoleI of Isospl_n In P, 2p, o Bg= 1 Ly o Wr Shell structure
nuclear reaction dcle_caly \'\. i T very far from stability in
5 Lols 3 Lols . n-rich nuclei
= 22 Lols
N=Z 4 1 -
11 Lols o' 77N  Astrophysics
Astrophysics |- e A r-process path
CNO, rp-process \5\':;!',, T Same 2 Lols
11 Lols i - oo 5= 0
2 = T :
- - _ _ Neutrons for science
- Spins & Shapes, Collective 13 Lols
a8 30 modes, SD, HD
P Tn 8 Lols
I Fundamental Interactions — 2 LoIs

29 Lols Phase 1 (16 for S3, 13 for
®¥3%)ols Phase 2 (21 for DESIR)

Atomic physics 1 Lol

(from M. Lewitowicz)
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=t sl International Collaborations

Uppsala University
j ]

!.'I. L
NIPNE
Bucharest

|:> MoU/LIA/LEA signed
G MoU under preparation
G New detailed agreements

For accelerator, production, physics and detectors...
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Ezzxi'\éﬂ&/_ Partners for the SPIRAL2 ACCELERATOR

ﬂ CEA/DSM @,m CNRS/IN2P3
Unités du centre Saclay... IPNO (Orsay)
IRFU/SACM (Saclay) IPNL (Lyon)
IRFU/SIS (Saclay) IPHC (Strasbourg)
IRFU/SPHN/LENAC  (Saclay) LPSC (Grenoble)
DAM/ DP2I LAL (Orsay)
DAM/DPTA...

Foreign laboratories
SOREQ (Israél) IFIN-HH (Bucarest) ARGONNE (USA)
CIEMAT (Spain) Huelva (Spain) BARC (India)

INFN (Italy)



https://edms.in2p3.fr/�

Spiral2. 7

Phase 1: High intensity stable beams + Experimental rooms (S3 + NFS)
Phase 2: RIB Production + post-accelerated RIBs + DESIR

. GANIL-SPIRAL1-SPIRALZ2 Layout

CIME cyclotron RIB
at 1-20 AMeV (up to
9 AMeV for FF)

40 MeV d (5mA)

14.5 A.MeV HI (1mA) RIB Production Cave

Up to 1014 fiss./sec.
DESIR Low-energy RIB facility

Cost: 210 M€ + 40 M€ detectors
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SPIRALZ2 Driver Beam Characteristics

QIA Energy | CW max beam
(mA) | (Mev/u) Power (KW)
Protons 1/1 5 2 - 33 165
Deuterons | 1/2 | 5 2 - 20 200 -
lons 1/3 2 -145 45 |
|
lons 4 g | 1 | 2-8 48 i
(option) ‘ﬁ
NFS T
>1/6 RFQ Linac _
| |
] |k
R I___T [ a—— }Z F——— Tmﬁ
g . . |
el — L |
N -]
>1/3 | | >1/2

Building progress
(May 2012)

7 -r-n-n—> Future extension i

-------------------------------------------

Towards production

Towards DESIR
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—=s~INdg— Some Challenges of the SPIRAL2 ...

 Huge variety of beams - Double Challenge !
» Simulations for design - Find compromises (Frequency, apertures...)
» Beam Intensity - Space Charge (or not), diagnostics, vacuum...
> Beam power - Machine protection, Beam dump, activation...
» Energy range - The design itself, multiple tunings...

Components of the accelerator

» Heavy lon ECR source - 1mA Ar'?* .. and metallic ions...

» Transfer lines - complexity, depends of many laboratories...

» RFQ design/construction - mechanical tolerances, seals...

» Cryomodules and couplers - 6.5 MV/m in operation, clean integration process...
» Main Beam Dump - 200 kW, surveillance, water circuit...

Security, safety, radioprotection and protection of the machine

» Beam losses (< 1W/m) - Machine protection system, activation...
» Nuclear Ventilation, activation of Beam dump water...
» Safety report, earth quake consequences...

Anticipate future extensions - Injector for Q/A=1/6 ions, Building implantation...
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Our optimisation strategy for the construction
of the Spiral2 accelerator
> Build Prototypes when possible (RFQ, cavities, amplifiers, LLRF...)
> Run a maximum of technical and assembly tests in laboratories
and/or with companies
> Run beam tests at LPSC/Grenoble and IRFU/Saclay
. Collaboration between teams
. Validation of the Design et the beam dynamics
. Gain time for the installation/tests at GANIL/SPIRAL?2 site
> Optimise the interweaving between the building planning and
the accelerator planning
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Phoenix-V2+LEBT1 beam tests
(LPSC Grenoble)

RESULTS FOR GASES

| max for Q | max for
optimum Q/A 1/3
AHe >2mA, 2+ >2 mAj| 2+
non opt. non opt.
160 1.3 mA | 6+ 1.3mA | 6+
175 pA | 12+
Isotope 36
A50 AL O+ |
70 A | 13+
| |
Nl 40Ar | 350 pA | 11+ Isotope 40
22 HA | 14+
| Isotope 40
e Bc[a:.'l — haldiogt SNl 86Kr | 110 pA | 17+ non
Sibaied it tha wiah setFhd sl autbadued ok shargs Hets T84 b el el uwl::"‘"‘“‘m“d_* - measurable
20 uAe NI 19+ obtamed ] o
age
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Phoenix-V2+LEBT1 beam tests
(LPSC Grenoble)

- 1606+ at 53.33.kV
= — I | Source Voltage : 53.33 kV
TR R ——— Q/m . 1/2.66

Beam Intensity : 1.3 mA

Measured emittances
(m.mm.mrad norm. RMS)

Ymax =7.984 mm Y'max =88.789 mrad -20 -10 0 10 20

Simulation Beam test

Horizontal : 0.25
Vertical :0.14

stable 62 kV reached !
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E_/Z\i\gﬂﬁp— Deuteron/proton ECR + LBE2+LBEC
beam tests (IRFU — Saclay)

> LBEC beam line added in 2011
with all instrumentation and
Interlocks. (up to RFQ entrance)

» More than 5 mA proton or Deuteron
beam conducted to end LBEC in
September 2011

» Slow chopper tested with success .
(developed by Catania)

Pulse out of
the source

Chopped beam

af . —
Slow Chopper
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Beam tests results for Deuterons
(IRFU — Saclay)

___lon | Proportion | _Courant |

100 %
21%
0,5 %
83 %
9.7 %
0%
3.5%

1000

7000
6.9 mA 6000 D*/H,*
0,175 mA 5000
0.035 mA 4000
0.68 mA 2000
0mA 1000 = Dy
0.25 mA 0
1000 200 400 600 800

Ele: 0 [0 m] NGOOD : 100000 / 100000 Plotifin - CEADSMIrfu/SACH
X(mm) - X'(mrad) hrad)
Beam tests |
40 —— 0,8

204 o204 i
14 -06 ™ -0,6
1t I 1 AN |

0\, 04
17 04 1/ -0,
-20) - 20 -
] f\ ’ N
i \ 7 R
-40] / \ 0.2 .40 fi\ 02
' [\ ; Jo\
-60_\ L 'J' LI — T — -0 -60- AL B ‘/' 71— 0
4100 -50 0 50 100 4100  -50 0 50 100
Xmax =34.875 mm X'max =34.591 Ymax =32,047 mm Y'max =32.726
mrad mrad

Ele: 62 [4.25 m]

NGOOD : 99877 [/ 100000

1,2

1

0,8

0,6

0,4

0,2

0

Transmissions normalisées vs SOL11

[\

/ N\
J AN
/ N\

160

— [\ RS

e Calculs

110 120 130 140 150 170 180

TraceWin - CEA/DSM/Irfu/SACM

K(mm) - X'(mrad) . . (mrad)

i 1
60 Simulation I
40- —0,8 a0 -0,8
20- 20- [

- -0,6 ] -0,6

0- = o- -
20- 0% 50 - 04
-40 - Eo 2 -40- Eo,z
-60 - -60 ]

1 —0 1 —0
-100 -50 0 50 100 -100 -50 0 50 100
X¥max =39.656 mm X'max Ymax =67.943 mm Y'max
=27.367 mrad =44.729 mrad

Nominal emittance : ~0.18 1 .mm.mrad rms norm
Emittance = key parameter for the Linac !

Patrick BERTRAND , ECOS 2012
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Beam tests results for Deuterons
(D. Uriot, IRFU — Saclay)

YY" (mm-mrad) I:} 73 d
e T O

Ex

Px 0.095 m.mm/mrad
e 099

Eyy 0.22 . mm mrad

By 0.10 m.omm/mrad

e 1.17

Real beam matched at RFQ entrance, Emittance measured
Measured with the emittancemeter at RFQ entrance

ez m] NGOOD : 1000000 / 1000000

100

50

-100

Ele: 275 [5.07505m]  NGDOD : D940 [ 09840

Pt - CEADSMIrSACK ¥mm) - X{mrad) ‘¥{mm) - ¥'{mrad)

X{mm) - X'(mrad) Y{mm) - Y'{mrad) 2 g I:_ .
[ 100 [ 03 ¥ 03 .
3 L Trac=Vin - CEA/DSMTrfufSACM [} ] [} .\ o
o 507.__..7. e 4% 203~ -. : e ) X
i . T o D e AR A A AAAAAAAAA ] 4D o~ 40 iy Ew_
E ‘3 B0 i 60
E 03 T T T T
0 x23 5 0 5 505
Lo ] 2 o = i R MA AR AN ey P{deg @BB.0125 MHz) - W{MsV) H{mm) - ¥{mm)
S04 F S0 . i 43 0.06 E ] E
- . RN T T T T T 0.04 T L 57 i
w1 W w0 1 2 3 4 s oa. By o oem» |
J 100~ _ Pasitian (m) 23'35 ¢ . . 5_ — E
- e e —— 0006 —_ F E ——. t-:.:--.
-5 0 5 -5 0 5 T T T T
Xmax =5.317 mm X' max =58.449 Ymax =5.486 mm Y'max =78.801 -40 -20 0 20 40 -5 0 5
mrad mrad Po=0.520 deg Wo=1.46177 wmax =6.037 mm Ymax =3.532
Mal mm

Generation of particles Sent into the RFQ...  Emittance obtained
with TRACEWIN code...  gccelerated and bunched at RFQ exit
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T5 segment - 3D measurements

RFQ Status (IRFU — Saclay)

» 88.05 MHz, 4-vanes, 5 meters long
more than 97% transmission

» Segment T5 manufactered and accepted
(but revealed vacuum gasket problems..)

» T1 .. T4 tubes achieved
» 3D measurements of segment T4 last week

» Planning to be followed strictly...
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Tube T4 measured
(last week)

RFQ Status (IRFU — Saclay)

All electrodes
pre-machined,
some measured

Assembly system ready
(T4+T5 assembly at Saclay ASAP)
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The MEBT Challenge...

Injector 1/6 connection

Fast chopper

7.5 kW deviated beam stop

0.75 MeV/A

RFQ 88 Mhz

Diagnostic-Plate: position 1

DCCT/ACCT

Protect the linac against halo
- 3 sets of H-V slits

Accept future 1/6 beams Injector

Fast chopper and deviated beam stop.

Match all types of beams to linac

Ok BB

Measurement of beam intensity at Linac Entrance
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The first rebuncher

» J' RF Power
|~—jT—T-T~YGCUUﬂ\
RF long duration tests at 6 kW Tests of new LLRF + C/C
(2011) (GANIL+IRFU, June 2012)
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E’:"\éﬂ&/— Superconducting LINAC with independently phased
QWR cavities and short cryomodules...

L 4 ]
. .

LE (i)W g

LB Bz @B

1 4 L |

12 low beta cryomodules (0.07) and 7 high beta cryomodules (0.12)
L=35m

Assembly test

Cryo A + Warm section
Page 22



https://edms.in2p3.fr/�

Elz\i'\éﬂ&— Design of the 88 Mhz Linac using Tracewin code...

MEBT

Sl
'”5

1/6 MEBT

TR ETEN L

l § ﬂ EIINJI?EEEEF?EEEE?FIEiElElEﬂ‘I?IFIB

| Argonne‘)

NATIONAL LABORATORY

Deuterons 5 mA , 40 MeV

g/A=1/3,1 mA, 14.5 MeV/A

g/A=1/3 1 mA, 2 MeV/A

g/A=1/6 1 mA, 2 MeV/A

—

Track code (P. Ostroumov)
End-to-end for 0.5 mA
g/A=1/6 1 mA, 8.5 MeV/A

End Linac
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GANIL/Caen

LPSC/Grenoble
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All Boxes ready

LINAC Warm Sections activities...

Box + quads...

Insertion of one BPM

Patrick BERTRAND , ECOS 2012
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Elzxi‘\gsﬂ&_ HEBT Lines
- . (IPNO, IPNL, Ciemat (Spain), GANIL

Statut & Avancement
Emilie Schibler - IPN Lyon

» Dipoles under construction
= 1stone received,
= measurement running at GANIL...

HEBT dipoles

under construction » Quadripoles and steerers
under construction
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() 11011 2.

Cryogenic system (IPN

Or<av)
A4 | v\.a.] l

Valve boxes ready

Helium gas buffer ready

Cold Box to be
tested
this week

Patrick BERTRAND , ECOS 2012 Page 27



(GANIL, IPNO, NIPNE, IPHC, SARAF)

Beam tests with SPIRAL2 BPM (IPNO) MEBT Diag-Plate
installed at SARAF (Israel) (IPHC Strasbourg)

Beam Loss Monitors development
(IFIN-HH Romania)

Electronics for profilers
(Ganil development)

Fage
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EPICS LEBT2 + LEBC
interface

Opération
calion ParaSpiral2

. . I
Préparation

Interactions avec
les équipements
(&criture, lecture,
comparaison...)

ription
Machine i .
\ Archivage
~ 1 configuration courante
1
I

Fast acquisition
(FC/ACCT/DCCT)

Management of
Parameters

» EPICS based system

» Many tools developped
and already used in
operation on LEBT lines

» Many tools and programs
under development

Command/control

Beam alignment
(Xal application)

Vacuum LBEC synoptic

Patrick BERTRAND , ECOS 2012
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‘:"N:sﬂ::@' Another challenge: Synthesis between

the accelerator and the building
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and security of workers...

Last but not
least...

Figure 28 Mode 2 - 7,99 Hz

Effect of an earthquake on
the building integrity...
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AN
B CONCLUSION

» Good beam tests performed at Saclay and Grenoble:

= Allowed us to check the design of transfer lines

= (Good emittances, separation, vacuum, beam profiles

= Behaviour of slow chopper and associated deviated beam stop
= Development of metallic beams

= Validation of 60 kV for 1/3 ions ECR source

> Big contracts remain to be launched in 2012:

= ECR 18 GHz Emittor

= Mechanic supports and vacuum tubes (MEBT + HEBT)

= Set of diagnostics to complete

» RFQ cooling system

= Vacuum pumps and rapid vanes (EIS) (MEBT+LINAC+HEBT)
= HEBT Commutation grid (EIS)

= Main Beam Dump (HEBT)

= Development of MPS system...
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THANK YOU |

Patrick BERTRAND , ECOS 2012 Page 33



Current [ppAl

1000

100 |

0,1

0,01 L

Day 1 SPIRAL2 LINAC beams

Energy = 0.73-15 A.MeV for
Heavy lons

R === =y I B
Gases i

X_Alg=3

J A-PHOENI

GANIL Today ]

w ___________ __________

PHOENIX-V2 Alg=3

0 20 40 60 80 100 120
A

140

1P
Enevgy Range Maximum
lon{s) I:MEVJ';IMIHJII] Ir;::ﬁr Remarks

Ciim Hne,

‘H" 0-33 2-10 Intensity with fast
chopper 1100
- MF5 beam line;
H 10-20) 2-10 Intensity with fast
chopper 1/100
. MFS heam line;
"He' 10-20) 2-10 Intensity with fast
chopper 1/100
tot 5.7 =10 53 beam line
"o 5-7 =10"" %3 heam Ii.ny
PN 5-7 =10

40, 14+
Ar

4.5

4r.(.a| fré

-7

Sy
83 h:?/ ‘b‘?

[ IV
<&,
._é__, :
-
5

¥ Starting source for commissioning and first experiments => Phoenix V2

¥ Upgrade of Phoenix V2 => V3 Large plasma chamber and new oven @20 mm
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