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SPIRAL2 Scientific objectives

*> Strong demand of radioactive beams by the nuclear and

astrophysics communities (Prod)

& Establish a bridge between nuclei-nuclei interaction and
underlying quarks and gluons

# Produce RIB using the ISOL technique
& 109 pps for 1325n, 10%° pps for g2Kr

* Research with high intensity stable beams (53)

& low-energy in-flight techniques using stable beam

& N=Z, nuclear structure study through collisions, chemical and
physical studies of heavy and super heavy elements,

& lons-ions collisions

*: Neutron for science (NFS) and interdisciplinary studies :

& Production of an intense neutron flux

B Material irradiation, cross section measurements (for ADS,
generation 1V, fusion etc...)
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Regions of the Chart of Nuclei Accessible

=light-ion stable beams (Jf 4+ SPIRAL1 wit
=>heavy-ion stable beams ()

= RIB induced reactions (]}

N=Z4IsolxInzflight
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Phasea objective:
Increasing the stable beam power by a factor
10 to 100

Phase 2

Phase2 objectives:
- Increasing the RIB production by a factor 10 to 100c = A
- Extend the range of beams nuclei Z>40 A>80
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DESIR (very low
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Phasea objective:
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DESIR (very low
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Phase2 objectives:
- Increasing the RIB productio = A
- Extend the range of beams nuclei Z>40 A>8 2



Phasea objective:
Increasing the stable beam power by a factor

10to 100
DESIR (very low

energy studies)
-

Alg=2 ECR source
pl dl 3'4Hel SmA
Algq=3 ECR source
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Phase2 objectives: : =
- Increasing the RIB production by = A
- Extend the range of beams nuclei Z>40 A>80 AR



Nominal operation of GANIL/SPIRAL2:
v up to 79 weeks/y of stable-ion beams
v up to 53 weeks/y of RIB

v up to 5 beams (2 RIB) simultaneously
v 800-900 users

Phasea objective:
Increasing the stable beam power by a factor
10 to 100

A/g=2 ECR source
p, d, 34He, smA
A/g=3 ECR source
Up to 21mA
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Phase2 objectives: ~
- Increasing the RIB production by a factor 10 to 1000 = ANLL
- Extend the range of beams nuclei Z>40 A>80 AR falg—




Accelerator Baseline Configuration

Heavy ion source (A/q=6) | 10.m n
and RFQ - optional upgrade ; 3 :

‘ S3
d": 20 MeV/n

| Pl HI : 14.5 MeV/n
@ driver accelerator

Total length: 65 m (without HE lines)

TN T TS CEMEEEE | siow (cer) and Fast Chopper (MEBT)
BN EEEEEZ AR | ReQ (11 1/2, 1/3) &3 re-bunchers
I (mA) max. ---- 1 12 QWR beta 0.07 (12 cryomodules)

W max. 14 (+2) QWR beta 0.12 (7+1 cryomodules)
o 33 24 20 | 15 1.1 kW Helium Liquifier (4.5 K)
(MeV/A)
Room Temperature Quadrupoles
CW max. Kt\ﬁam Solid State RF amplifiers (10 & 20 KW)
power (KW) 6.5 MV/M MaX £,. = Ve (Boph) With Vyo=/ E2ee0

"E A ";‘?5?;-%5 |




SPIRAL2 Challenges

* Huge number of different beams

® Intensities (diagnostics), energies (cavities and RF), particles (facility
operation, safety)

®> Accelerator components

® Heavy lon source (1mA Ar*?)
® RFQ transmission + frequency (88MHz) =» tolerances
® Cryomodules
b 6.5 MV/m in operation
b Separate vacuum, compactness (transition and helium buffer)
W Safety issues
b Losses <1W/m

b Tunnel accessibility, Nuclear ventilation
» earthquake

* RIB Production module (primary beam : D*, 200kW)

B Reliability, maintenance

® Connections

m UCxoven

@ D->n Converter and delay window

=AM
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Beta 0.07 energy section Beta 0.12 energy section
L=32m

N
v

Cryomodule A B
Valve-to-valve length [mm] 610
# cavities 12
f [MHz] 88.05

Bopt 0.07
Epk/Ea 5.36

Bpk/Ea [mT/MV/m] 8.70
r/Q []
Vacc @ 6.5 MV/m & 3

Lacc [m]

opt

CEA Saclay IPN Orsay LPSC Grenoble Beam tube & [mm]
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Low beta cavity design

IDcav
PCu

<1I0W @ 6.5MV/m
~15W @65 MV/m

Removable bottom
plate (in copper)

End plate sealing
»  Motivation: numerous leakage with helicoflex seal
» Advantage: no leaks anymore, slightly better Q,
» Disadvantage: indium is difficult to remove/clean = no HPR after VC

Stainless steel LHe tank

Bulk niobium cavi’ry

f [MHz] 88.05
Bop‘r
Epk/Eacc
Bu/Encc [MT/(MV/m)]

r/Q [Q]
Veee @ 6.5 MV/m & By
Lace [M]

Beam tube & [mm]
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Cryogenic changes

#  Porous metallic plates (“Poral”) in pyramidal shape to optimize helium phase separation
+ return of helium gas displaced for the thermosiphon
»  Motivation: cryogenic instability, helium level regulation difficult
» Advantage: cryogenic system is now stable, no more “fake” losses

S
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Cryogenic changes

#  Porous metallic plates (“Poral”) in pyramidal shape to optimize helium phase separation
+ return of helium gas displaced for the thermosiphon
»  Motivation: cryogenic instability, helium level regulation difficult

» Advantage: cryogenic system is now stable, no more “fake” losses
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Low beta cavity status

*: All cavities received and tested
*: The spare cavity under repair

*: Copper bottom cap and Indium
seal

* Qi:5,8.105t0 1.1.10°
*:Qt:2,4.120*°t0 5.3.10%°

Zanon and SDMS cavities
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Low beta cavity status
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1 Beta 0.07 QWR
per module
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Cryomodule A general design

Vacuum vessel

Magnetic shield
(against the vacuum
vessel wall)

Cryogenic connections

| | F (tfowards valves box)

Super-insulation

Tuning system
Beam gate valves (metal)

60K thermal screen

Specifications:
« Separate vacuum
* Static losses < 11 W
* Dynamic losses < 10 W per
cavity for E .. 6.5 MV/m
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CMA conditioning method

*>RF conditioning is required (coupler extremity)
*>Room temperature up to 10kW, cw (=1h)

=2 Again at 4.5k, cavity detuned

= Cavity tuned

& up to 4 MV/m in CW mode, limited by RX

& kind of High Peak Power Processing, soHz

& Duty cycle is limited to level accepted by the cryogenics
(=15 to 30%)

® RF power to ignite the electronic emission sites, at the
quench limit.

W Rise progressively Pi up to full power (8-10kW), field at
the end up to 8 to 20MV/m

Thanks to Luc Maurice puidl
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Decreasing t 2ms /6db

139892 Sep 24, 2012

Peak Search
Myrl 28.87 ms

Ref 17.7 dBm Atten 30 dB 0.493 dBm

\

Peak Meas Tools»
Log W\
10 1
dB/ e -, Next Peak
o ——— 7/ = J
| Next P} Plghtl
1]
-71 er |
dBm
93 ﬁ we Xt Pk Left

SR P : 3\
S3 VC Min Search

AR
Center 88.04 MHz L = Span 0 Hz
Res B 10 kHz VBN 10 kHz Sweep 75 ms (401 pts)

No Peak Found

For CMA3 pulse operation last 30 min from 4 to 8MV/m




Some CMA tests results

*> Sequential cooling (thermal shield cooled down first during 1 day)

= Cavity cool down 250K=>4K: < 1 hour (except cavity bottom)
*> Mean static losses: 4.3 W (Specs <8.5W)

*. Mean total CM losses @ 6.5MV/m : 15 W (Specs <20.5 W)

*: Mean total CM losses @ 7.8MV/m : 30 W

® LLRF system successfully tested on cryomodule, very low pphonics
W Stiff cavities
B -1.3Hz/mbar

ﬁ -
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Some CMA tests results

Sequential cooling (thermal shield cooled down first during 1 day)

Cavity cool down 250K 4K: < 1 hour (except cavity bottom)
Mean static losses: 4.3 W (Specs <8.5W)

Tool down of the cryomodule A

Coupler window

4

Cavity

Cavity bottom -
Cavity

o ) . 3 Tuning system Cavity
— Liquid Helium ™ &

: 3 Cavity
transfert start ; J g
! Tuning system

Tuning system
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S
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Some CMA tests results

Sequential cooling (thermal shield cooled down first during 1 day)
Cavity cool down 250K 4K: < 1 hour (except cavity bottom)
Mean static losses: 4.3 W (Specs <8.5W)

Tool down of the cryomodule A

Counlar aindai
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T
I
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Liquid He level (mm)

w
wvi

==He Gaz flow (m3/H)

w
o

GHe flow (m3/H)

o
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Cryomodules A - } = 0.07

CMA test stand in Saclay



CMA status

® Cavities:

& All cavities qualified
& spare cavity being repaired by manufacturer

*. Cryostats :
& Eight cryomodules assembled, 6 tested

& All CMA to be delivered to GANIL before end 2013
st iR :

e
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Cryomodule B

@_A'*gg&

e CTS and
# plunger

Cryogenics
tubing port

Cryostat .:
helium buffer ™

Thermal
shleld

Magnetic
shield

Beam tube
metalic
valves

Beam axis =

Power |8
couplers

Beam axis




Cryogenics
tubing port

CTSand
plunger

| Thermal

‘ shield

Magnetic
shield

.' 5

Cryostat
helium buffer i

Beam tube
metalic
valves

Beam axis

Power |
couplers

ooooooooooooooo
oo

Cryomodule B

4PN

Specifications:

« Separate vacuum

* Alignment from outside

* Static losses < 11 W

* Dynamic losses < 10 W per
cavity for E .. 6.5 MV/m

- E Al
i AR R :
. f\jbh alz—



Bop’r
Welded bOTTOﬂ'\ Epk/Eacc
end Boi/Eqce [MT/(MV/m)]
Titanium LHe tank r/Q [Q]

Plunger based Vace © 6.5 MV/m & Bepy
Tuning system Loce [m]

Beam tube & [mm]




CMB status

*> Company RI GmbH selected for
the 16 series cavities (14 needed
at first)

A
A
W C

| cavities delivered
| cavities tested, with specs OK

nemistry done in Orsay

# Only one cavity needed repair (too
high in frequency at first, local
chemistry in H field area)

*> Cryostats all manufactured by
SDMS

%{2_

M — P __




CMB status




CMB status

4PN

BN OE B0 Ve
UROA

Epeak (MV/m)
52.4 57.1

AMBO1 Gilia
EMBO03 Véréna
+ MBO04 Colette
AMBO05 Sylvana
#MBO06 Richardine
®MBO07 Pézenne
4MBO08 Ursula
+MB09 Thelma
4MB10 Praxéde
@MB11Daniéla
¥MB12 Ghislie
MB13 Sybille
+MB14 Bienvenue
MB15 Maeva
+MB16 Bédachonne
» MBO02 Erentrude

7
U
’

1.E+08
0

6N Sorai2 #

10

L.=BXA=041m



MB04 avant étuvage

8.4W /
MBO04 aprés étuvage | /
oW -~
1E+09 %@’
@@
&%
(2
o
\Qy £ TJ, W B Bo, 2
%Q % Veapieies i:"i-.'-'j ¥ -r':-yr'g.l_}rlri_‘-r;
05 [l 2K
1.E+08 @
o 1 2 3 4 5 6 7 8 9 10 11 12

0Y) Sprai2 ¥

E.cc (MV/m)

2 days @ 110°C

Lacc= B A=041m




Some CMB tests results m

*> 2011 tests: pollution (X rays near cavity >100 mSv/h)
* Latest test showed good results (rust parts and new coupler preparations)
* Had some concern with “negative backlash” of tuning system: due to mechanics.

Solved.

pa— %pﬁz—



Some CMB tests results m

*> 2011 tests: pollution (X rays near cavity >100 mSv/h)
* Latest test showed good results (rust parts and new coupler preparations)
*> Had some concern with “negative backlash” of tuning system: due to mechanics.

Solved.

<— Cryogenic consumption in W!

80

A |
) A | I
20 I _ Statif losses ~35W

0
00:00:00 02:24:00 04:48:00 O7:12:00 09:36:00 12:00:00 14:24:00 16:48:00 19:12:00 21:36:00 00:00:00

A
gr,,
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Some CMB tests results m

® 2011 tests: pollution (X rays near cavity >200 mSv/h)

* Latest test showed good results (rust parts and new coupler preparations)

*> Had some concern with “negative backlash” of tuning system: due to mechanics.

Solved.

160

<— Cryogenic consumption in Wl —TT200
140 == DEBIT
120

. Cavity frequency
L T~
\ A

. .
S ™

of direction

Change

Motor drive /

00:00:00 02:24:00 04:48:00 07:12:00 09:36:00 12:00:00 14:24:00 16:48:00 19:12:00 21:36:00 00:00:00

A
gr,,
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Some CMB tests results %

*> 2011 tests: pollution (X rays near cavity >100 mSv/h)
* Latest test showed good results (rust parts and new coupler preparations)
* Had some concern with “negative backlash” of tuning system: due to mechanics.

Solved.

TI}HU@@@ZZ{P D. Longuevergne, et al
A COLD TUNER SYSTEM WITH MOBILE PLUNGER

. Cavity frequency
ST T
TS S

Change . ™

of direction

Motor drive /

N E R
Wi AN
00:00:00 02:24:00 04:48:00 O7:12:00 093600 12:00:00 14:24:00 16:48:00 19:12:00 21:36:00 00:00:00 @’G{Z_




CMB status %

*: Cavities :

& All cavities have been qualified without and with plunger

*> Cryostats:

& Two cryomodules validated with respect to RF, vacuum and
cryogenic loss requirements (one is misaligned)

® One cryomodule already delivered to GANIL
& All cryomodules B to be delivered to GANIL before sept .2014
& All difficulties solves (hopefully!)

— %{2_



CMB status m

*: Cavities:
Al MOPo10 E. olry, et &l i

Spiralz Cryomedules B Tests Results

*> Cryostats:
& Two cryomodules validated with respect to RF, vacuum and
cryogenic loss requirements (one is misaligned)
® One cryomodule already delivered to GANIL
& All cryomodules B to be delivered to GANIL before sept .2014

& All difficulties solves (hopefully!)

?_/f\_ﬁ‘%imr—z_



Transportation test
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Cryomodule status

Max. acc. Gradient

Total losses @4k, 6.5MV/m

Static losses @4K

Pressure sensitivity
Beam vacuum Ieaﬂks

Cavity alignment

mm

|"oas BEYTH o0

Unit

CMB2

Max. acc. Gradient

MV/m

>8.0 >8.0

Total losses @4k, 6.5MV/m

wW

32

Static losses @4k

W

18

Pressure sensitivity

Hz/mbar

T

Beam vacuum

mbar

Beam vacuum leaks

mbar.|/s

alignment

mm

o AR



Cryomodules preparation and assembling

T
4842 - T

- .' HPR rinsing and beam
' ““"”"‘E; vacuum sealing in

. M : <
- ISO 4 clean rooms A PHEEI
Ca (Coupler prepared in l%@ﬁ%}z



Cryomodules preparation and assembling

Check of dust
particles rate for
all components
connected to the

cavity

_ Cryomodules A: no more HPR |
" rinsing between VC test and CM |
~ assembly (slow refilling with
filtered N)

EANY,



Power coupler

-
\
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RF power coupler

Validated up to 40kW CW in traveling
wave

20 were conditioned up to 20kW CW in
standing wave (open circuit)

Time is now shorter than one hour

Plan to finish the preparation of all the
couplers by Christmas 2013

1-PSC

Greneb.e

54
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, f= - Il Success story

I
Last Spiral 2 Couplers Preparation and R Conaitioning #



Coupler design

q * Same coupler for both cavities

 Different coupling (5.5 205 and
1.0 10°) achieved by a different
antenna penetration depth

.

Hollow antenna

ﬁ
Ceramic window
(uncoated) .
Electrons pickup » i

et

Vacuum pumping
port

Ceramic (air) cooling pipe
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Coupler design

E Field[Y¥_per_m

E Field[¥_per_m

100 {mm)

1e+003 {rmm)

*E up to 12 MV/m (CMA) at the antenna extremity for nominal accelerating gradient
(accelerating gap area around 37 MV/m)

*:Static + dynamic losses 1.0 to 1.5 W (as computed and as measured) o 4 ﬁ 11
*'No MP above 150 W of forward power =0 SWJ{_
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Warm section — GANIL and IPN




Warm section — GANIL and IPN




Warm section — GANIL and IPN
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Diagnostics box

Beam axis

= A IR
& AN Mﬂ—
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Diagnostics box

Beam axis

Many functions:

correct the position
(QWR, errors)

transverse tuning of
the Linac using the
quadripolar moments

Beam phase measurem.
Time of flighT

meas — //_\_.ﬁ“ iﬂ_




Diagnostics box

Beam axis

Many functions:

correct the position
(QWR, errors)

transverse tuning of
the Linac using the
quadripolar moments

Beam phase measurem.
Time of flight

meas e ’r
EAN po

64

Bunch Extension Monitor (4 first meshes)




Diagnostics box

Room for a pick up

Beam axis

Many functions:

correct the position
(QWR, errors)

transverse tuning of
the Linac using the
quadripolar moments

Beam phase measurem.
Time of flight

measm\e nt ﬁ"“ %Ldmﬂ—

= M‘_ 2. Ve
Bunch Extension Monitor (4 first meshes)
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Tunnel installation under
laminar flow (isos)
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Cryomddule mo

B cavity

Number of cavities

Length [m]

Overall height [m]

Static heat load @ 4.4 K [W] (w coupler)

Dynamic heat load @ 4.4 K [W]

Heat load @ 60 K [W]

Valve box and associated transfer line sectors
Type A quantity

Type B quantity

External diameter [m]

Height [m]

Regulating He cryogenic valves

Static heatload @ 4.4 K [W]

Power @ 60 K [W]

SPIRAL2 values

Power capacity at 4.4 K
Power capacity at 60 K 3000 W
Liquefaction at 4.4k 10l/h
Dewar pressure 1.3 bar
He in the tunel 1800l
Pressure stab. <1s +/- 3mbar
100 mbar/h







RFSYSTEM

===
=, A
Independently phased cavities (one power chain and i ?}l”
control feedback per cavity)
*> One operating frequency : 88.05250 MHz 1its
* Amplitude stability: 1% » éf‘ i'

*> Phase stability : 2°

*> Solid state technology based on 3 kW modules
= 2.5 kW, 5 kW, 10 kW and 19 kW units

* Class AB for linearity, phase stability on large dynamics range (35 dB)

SSA: Requirements and amplifier output power for SPIRAL2

mdg 12/10/2012

Il eesesnsiiilEEEEEEREEREREREEEEEEER
| [ | eerereiemens LT T LT L]
—- Amp nominal power

-g A, N . r S 1
\'\ (U AR U R SR SR O A0 B < ===
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Process installation
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Conclusion

* SPIRAL2 : a major nuclear facility

& Complementary to existing and futur facilities
& broad range of research in GANIL

*> Major parts are now constructed and under installation
*> Cryomodules are now in a routine assembly process

and testing
& Six A-type cryomodules ready for installation,
& One B-type cryomodule also, delivered to GANIL

* First source beam tests expected by mid 2014, or as

soon as possible

*: Linac installation : January next year

*> at 4 k by the end of the year.



Many thanks to

¢ thanks to the Saclay, IPN-O

Grenoble and GANIL tea
wonderful jobs and succes
project development. ’
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