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/ra/

'Heavy ion source (A/q=6)

e/ s3
d:20MeV/n ¥ R
Sp/'ralz ?’,{ HI : 14.5 MeV/n g‘*
driver accelerator e
RIBs production

Particles H* | 3He2* | D* Ions Slow (LEBT) and Fast Chopper (MEBT)
Q/A 1 2/3 1/2 | 1/3 | 1/6 RFQ (1/1, 1/2, 1/3) & 3 re-bunchers
I (mA) max. 5 5 5 1 1 12 QWR beta 0.07 (12 cryomodules)

Wy max. (MeV/
A)

CW max. beam

14 (+2) QWR beta 0.12 (7+1 cryomodules)
33 24 20 [ 15 ] 9 1.1 kW Helium Liquifier (4.5 K)

Room Temperature Quadrupoles

165 180 200 | 44 | 48 Solid State RF amplifiers (10 & 20 KW)
power (kW) 6.5 MV/m max e, = V,/(B,,A) with V,.=f E(z)ev%dz.
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Spirai2

SPIRAL 2 Proton | Deuteron source

Elrfu

E,:\u\m_ AB-NCT workshop, LPSC Grenoble, October 15-16, 2015



Spiral2. 47 R Source protons | deutons

@ CW Deuteron source designed for g mA CW
@ ECR permanent magnet, developped by CEA-Saclay, derived from SILHI
® 2.45GHz<1kW
@ Very simple, 2 butons (gas flow and RF power)
@ LEBT to manage H*/H,* D*/D.,*
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# Up to 14.5 mA at the source exit, A =
12 mA @ the lebt end, 79% D+ e

= Emittances : g
® ¢ =o0.27t.mm.mrad (rms norm) - . DT

o €,=0.20 m.mm.mrad (rms norm)

X(mm) - X'(mrad) Y(mm) - Y'(mrad)

® & its3ms =013 t.mm.mrad (rms norm) ZZ 3

& € slits3rms = O-14 t.mm.mrad (rms norm) 20

# Emittance reduction X2 with slits, still smA o

Space charge compensation jz _ | E

® From 10 time faster than theory R e A o A
(750 Us @ 3 107 mbar),

to 2 time faster (40 us @ 1.7205mbar) I I
® At GANIL so far: ‘ ﬁ :
® 12 mA H* at the source exit, ° " /
5.7 mA at LEBT end . .
® Same emittances R I S I

E=ANG— AB-NCT workshop, LPSC Grenoble, October 15-16, 2015 Page N°s




Spiral. 71 IR

A

SPIRAL 2 RFQ

Elrfu

G AN AB-NCT workshop, LPSC Grenoble, October 15-16, 2015 Page 6



N

SPIRAL2 RFQ requirements

® From 20 keV/A at 0.734 MeV/A
#  mAH* g mAD* or1mAQ/A=1/3
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/ra/

Defsigmj

5m long RFQ

1.6 =—Mean aperture RO (cm) - -10
) § = Min aperture a (cm) -
0 14 - Vane voltages (100xkV) A - -20
;>: 1 |==—Deuteron energy / -
S 1.2 4 Phase (deg) — .30
X ] —7 -
S5 1- — ,/ - 40
Q= ’ B
S 208 1 i / - -50
= @ . -
£ 506 - \ / - 60
" ] -
2 041 / - -70
S ] / F
g 027 |/ - -80
] / o -
0 - | | | -90
9 50 100 150 200 250 300 350 400 450 500 550
Z (cm)
SH GB ACC

hl-\l\w— AB-NCT workshop, LPSC Grenoble, October 15-16, 2015 Page 8



Soirai2 .

Bearn dynamique

Ele: 280 [5.07909 m]

NGOOD : 1000000 / 1000000

[27/08/2013] [ D:\Toutatis\SPIRAL 2\test\rfq.plt ]

PlotWin - CEA/DSM/Irfu/SACM
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Spirall. ¥ B

A

B-NCT objectives

Transmission

100.2%

100.0%

99.8%

99.6%

99.4%

99.2%

99.0%

N

Wit
(9 ]

5

Aall. ma
anl (@}

D

ufactirina_arrore
acviual il UITVUINVY

—acceélére

vivi

With the nom

'l

nal 5 mA D vane voltage

10 1

<) 2

Input beam current (mA)

0 25

G AN
sbd—

AB-NCT workshop,

LPSC Grenoble, October 15-16, 2015

Page 10



/ra/

Associated output emittances

0.23

0.225

Y // With SPIRALZ2 all manufacturing errors
~

o
N
N

With the nominal 5 mA D vane voltage

\
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S
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Sy The RFQ solutions types

720
. 336
=\\Ve estimated P
the associate P, P TN N %/
b i f 304L
cost and RN v, £
. . %, % ‘ 'é
teChnICEﬂ r|Sk Of ,I//)? \ CUIVRE /’%:
. ) 7
the following =gy %7///
ut b/ \d
solutions v A /™
I %é &y Q0.
? 2 ’:4" D
N !”4/4% "”g//é”//!*“‘ ,’ . \'/
) Solution 3 |/

Assembly process
88 et 176 MHz

Solution 2
Copper plated
Stainless steel
88 MHz

Solution 4
Skirt RFQ
88 MHz

Solution 1

OFE copper (welded, brazed...)
88 and 176 MHz
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p/ra

The prototype

CEANG— AB-NCT workshop, LPSC Grenoble, October 15-16, 2015 Page N°13



Sz [

A

RFQ Fabrication
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/ra/Z.g?‘F e Vanes

- =)
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piral2.

External 1-m long tubes

G AN AB-NCT workshop, LPSC Grenoble, October 15-16, 2015 Page N°16




I henk
HC, o . Datum l_-J\msuc = 2013
ZEISS Dakiy Carl Zeiss Autrag -
54 0800
Abtelung:
Ted-Nummer KMG Zexchnungsnummer Prufer ITS_Pajowc
Tubed_fertg MMZ_G 710939 DM-1140 000 Unterschrtt
Prifplan D684
Endvermessung_Step!_Tubed DN Runan_ ¥
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S,

Transport and Storage

@Ai\W— AB-NCT workshop, LPSC Grenoble, October 15-16, 2015 Page N°1g



Spiral 2% Vacuum joins preparations
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Spiral2. 7t B Water circuit validations
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Spirar2 4 1-m long weight
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Spiral

Linac tunnel crane
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Spiral2. ﬁ

— > 4

Assembled and alligned

i
- 1 g—
pr —

)
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Spiral2. 7t

RE tﬁU)ﬂﬂiﬂ@ of the RFQ C@Mij’ﬁy’

Quadrupolar (not dipolar)
Longitudinal law
Bead pull
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Spiral2. 7 ! Tuners measurements

# Getthe voltage law

# Compensate the manufacturing errors (+/- 65 um) and assembly (+/-100 pm)
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Spiral2. ﬁ
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Dipolar mode tuning
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/ra/Z., ;F '

Measured final voltage law
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Spiral2.;

RFQ utilities

E’:"\:ﬂﬁﬁ" AB-NCT workshop, LPSC Grenoble, October 15-16, 2015



Spirai2 7

RF and LLRF

AB-NCT workshop,

4 x 60 kW RF amplifiers

LPSC Grenoble, October 15-16, 2015
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a2 |

RE Power

Master loop:
Cavity voltage
control

Control of:
A(Ucav)
d(Ucav)

+ Cavity Tuning
(via the CPU)

Slave RF loops :

Control of:
A(UciyA(Uci-master)
d(Uci)-d(Uci-master)

Ucav

88.0525 MHz reference

4-ways splitter

iy

Uci-master :
-To Uci input of

the master module™——*

-To Ucav Input of
the 3 slave modules

SLAVE

Power amplifier control
SLAVE | rcav
VME
module
Ucav

IRERE

SLAVE

I Power amplifier control

@A\Nw_

RCAV

VME

module
Ucav
Uc

Uor e
Fref
Fsamp
Uamp

AB-NCT workshop,

LPSC Grenoble, October 15-16, 2015

® 4 x 60 kW amplifiers
® 177 kW for SPIRAL2

® Needsfor D* beams:
@® 90 kW in cavity

® > amplifiers only
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Spiral2. 27 ¥ Water cooling circuits

y cls PID 6 : command
; 75 m3/h
GANIL
-— @ R Measurements
* Pressure
Water flow
Vanes *
circuit AT KW, Temperature
¢ Conductivity
' £J3 PID 6 : command
50 m%h
Ocani g
§} . ® @ el m_e

External

tube 114 KW
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Spiral2. 71 BV

A

Regulation to about +/- 0.1 °C
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N

Spiai2

RFQ
Concluding remarks
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Spiral2. 7%
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Spirall. 2#F |

RFQ qualification

# Cavity RF conditionning

. Transformer _

® (@ water cooling PIDs FeT Longueur  Emitance BeamPostin
depaquet ~ Mmetres Monitor

® @ LLRF

PM Arrét faisceau
Beam Position

Time Of
® @ RFamplifiers e

Fast Current

Fentes

Flight TOF

# Vane voltage meas.
® X'measurements

Piquage
Caméra

® Beam characteristics
@ Transmission vs Kilpatrick

Profileur

MIGR Mesure de

courant
DCCT

Slow Faraday

Profileur EMS Faraday cup .

@® Measurements vc Computation
® With proton first
e 4He2* 1806 Metallicions, Deutons

With the « Injector Test Bench » to qualify the RFQ beam
and control the diagnostic performances
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Spiral2. 27 e Cost and planning @ AB-NCT

# Cavity about 2 M€ all included (water, vacuum, supports)

# RF:about 720 k€ can be reduced for the D+ only option to
probably about 400k€

# Manufacturing
® Callfortender: 1year
® Manufacturing : 2 years
@ Installation : 1 year
® RF conditionning and beam tests : 6 months
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