Spiralz

COMMISSIONING OF

SPIRAL2 CW RFQ AND

Project status
Commissioning strategy
Injector results

LINAC partial cool down
Next phases

Robin FERDINAND for the GANIL teams

e



SPIRAL2 accelerator
" Future source et RFQ _ , 10 m

_ ions lourds (A/q=6a7)

_____ . : : - ' ,
ECRIS ECRIS = - d":20MeV/n -
A{?ﬂf‘ dﬁL'S"l:kHe .y ralz,ﬁ - HI:14.5 MeV/n
| ' . ~ 0.75MeV/n Acce/erateur SPIRALZ Bl —
N J J
Y e __
Started Cool down started. RF when safety authorization

Particles H* D* ions option
AlQ 1 2 3 6

Max | (mA) 5 5 1 1
Max energy (MeV/A) 33 po) 15 8.5
Max beam power (kW) 165 200 45 51
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Installation status

ECRIS. ECRIS d+ 20 MeV/n -
- ot mmny | A |
B O L S2er  EREG
. ‘ 0 75 MeV/ n 4 driver accelerator —

First beam 30ua a9 July 10, 2015

First RFQ acceleration (soua Hex)
February 12, 2016
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Installation status
Neutron For Science
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d*: 20 MeV/n
 HI:14.5MeV/n
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Installation status

. 10 m :
Neutron For Science
ECRIS ECRIS y d+ 20 MeV/n -
A/q=3 d’, H', He mm [
A - T Ty ra/ - HI:14.5MeV/n

: . 07 MEV/” dnver acce/erator S

First beam
Dec 3™, 2015
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Installation status

. 10 m

Neutron For Science

- 075Mdﬂn/ _Pﬁ
LINAC ready for RF 3
artlal cooled downi q
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Installation status
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Installat
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© d:20MeV/n
41 : 145 MeV/n
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Commissioning
Strategy
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SPIRAL2 four commissionins Ehases

B Qualification of the ion sources and LEBT in the laboratories in charge
of the development (LPSC-Grenoble and CEA-Saclay)

" 2009-2012
B Qualification of the injector on a test bench (GANIL)
" Reproduce the results from the pre-commissioning
" Validate the RFQ performances
" Provide a development platform for various diagnostics
" Measure the beam characteristics at the RFQ exit.
B SClinac beam commissioning up to the main beam dump
" Progressive cool down
" RF validation of all cavities
" Beam commissioning

B “day-1" experiments to NFS and S3 experimental halls, including
commissioning.
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Strategy for a multi beam commissioning

-
B Increasing stress for the RFQ cavity and later for the linac

" O :H*beam, Lightionsource and LEBT, sokV on RFQ vanes, up to smA

" @ :4He?* beam, heavy ion source and LEBT, 8okV, up to 2mA, mimic the D*
" O :ultimate injector performances, A/Q=3, 114kV, up to 1mA =» 1805+

" O :20pA Niion beam to facilitate the future tuning of the accelerator

U G AN
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Strategy for a multi beam commissioning

B Increasing stress for the RFQ cavity and later for the linac
" O :H*beam, Lightionsource and LEBT, sokV on RFQ vanes, up to smA
" @ :4He?* beam, heavy ion source and LEBT, 8okV, up to 2mA, mimic the D*
" O :ultimate injector performances, A/Q=3, 114kV, up to 1mA =» 1805+

" O :D*beam, uptosmA
» requires the final licence from the Safety Authority Offices
> Activation

» May become @) to respect the Application Decree
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Injector
results




Test bench configuration

Emittance

LEBT1 chopper, Meas. Faraday BPMs, TOF, BEM, MIGR,
lon slits  H&v  cup, DCCT - 3apoles - Rebuncher . B eV
source =
(Q/A=1/3) o LEBTc MEBT D-plate
H&D
source

;' ~ ehunchiel
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source commissionin:

First beam (proton) at GANIL
December 19, 2014 i

Ability to extract 12 mA CW from source => up to 6 mA proton beam at the RFQ entrance
Beam intensity and emittance control using 6 H and 6 V slit systems
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source commissionin:

First beam (proton) at GANIL .
December 19, 2014 e “'r i

7

Ability to extract 12 mA CW from source => up to 6 mA proton beam at the RFQ entrance
Beam intensity and emittance control using 6 H and 6 V slit systems
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source commissionin:

First beam (proton) at GANIL

FYY TV géﬁ o
Y VY

MmMMMMm 4 mmm mm A e g
7711 JMJ,U“ WELHL UWUUA“\,HJWM f“v“'“l““vfﬂ‘“ﬂ”wﬁﬁﬁ”“

28%

December 19, 2014

j;,

Y

—600 W RF, 0.7sccm, réglage bruité
—900W RF, 0.7sccm

Courant (mA)
[3V)

N

-

[=]

g

1000 1500 2000

Ability to extract 12 mA CW from source => up to 6 mA proton beam at the RFQ entrance
Beam intensity and emittance control using 6 H and 6 V slit systems
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source commissionin:

First beam

}( ==\ .\": !

(230 LA Argon 9+) JUly 10, 2015
T \‘.‘ - = .

Already tested:
4He2* A/Q =2, 3mMA, 1.5 MA after RFQ
HOArE* 4o UA

1806+ : 1.2 mMA
Metallic not showing up... :~(
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Emittance at the end of the LEBT

Particle |Beam current |EmitX EmitY
(mA) (r.mm.mrad) | (r.mm.mrad) Expected:
H* 5.2 0.18 0.2 PorD: 5mA, 0.2 T.mm.mrad
“He?* 1.35 0.54 0.43 Hl:1mA, 0.4 T.mm.mrad
1806+ 0.75 0.36 0.42
| 1
S
5
5.2mA H*, 0.2 T mm mrd rms norm. 750UA 80°*, £=0.36/0.42 T.mm.mrad
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RFQ high Power commissioning
B 4 x60kW rf amplifiers (tubes /3 kW solid state preamplifier)

B Voltage law measured by means of 16 pick-ups, in RF operation
B Relative errors are less than £0.8% as the vane voltage is varied from 10
kV to g5 kV, rise 10 3.4% at 113.6kV (might be related to a bad cable)
B Conditionned up to 121kV above the nominal voltage (113.6kV)
" No sparks at 8okV (D* value)
" @nominal: Spark every 45min (mean), record 1.5h
" 121kV (one spark every 2min, record 8min)
B RF shows instabilities at high voltage
" Investigation of cooling circuits/LLRF/RF amplifiers

38kW more than expected (200kW instead of 170kW)
[PACI7 | GIA\Nﬂﬂt—



RFQ high Power commissioning
B 4 x60kW rf amplifiers (tubes /3 kW solid state preefplifier)

\Ko©
1 pécéﬁ)\%i?EFoperation
.8% asthe vane %geis§'

kV (might berelatedtoab ‘
B Conditionned up to 121kV abov theéaﬂﬁ/\) lee
" No sparks at 8okV (D* value)

" @nominal: Spark every 45min (me

B Voltage law measured by meaps®

B Relative errors are less than ¢
kV to 95 kV, rise to 3.4% at 113.

, record 1.5h
" 121kV (one spark every 2min, record 8min)
B RF shows instabilities at high voltage
" Investigation of cooling circuits/LLRF/RF amplifiers
I%ﬁkW more than expected (200kW instead of 170kW)
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RFQ beam commissioning

B 2015 December 03, gh26: First RFQ beams (Protons)

B 4.8 mA with 100% transmission at the end of the same working day
(SPIRAL 2 nominal beam current)

4.8 mA proton beam 100% SPIRAL 2 RFQ transmission December 04, 2015

Yellow = beam current, DCCT RFQ entrance

Violet = beam current, Faraday cup RFQ exit

{2 Source Deutonglt [ *LBEZ-LBEC CFspit &
P R 1 L R N e e T Y 100% transmission (DCCT and Faraday cup signals)

i'j:; Without the beam profile monitor located after the RFQ
11E4 / \ ]
MW“" e First CW proton
9563
- beam:
3

(o e oo A o P 2.3mAon
+——— With the beam profile monitor located after the RFQL —————» D e Ce m b e r 18
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R
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col
H
=1
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......... o Now routine
.MM\_ B operation

CEEEEEHEEEE

sg;l v 0. 01 09'2'1' ] o9 :. I: :2'5' :?IS:OO OD:}I'F' 0%:; : =1 :2'9'00 09'3'0' 3'2 a0 09:3‘3'0
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Transmission comparison with calculation

120% |
<07, 600uA
100%
3
< 80%
g —ll— H+ meas. 4.8mA
'G o = H+ Simulation
.2 60 A e=p=AHe2+ meas. ImA
E = He simulation
2 = 1806+ meas. 600pA
E 40% ~®- 0 simulation
|—
20%
0%
20 40 60 80 100 120
RFQ voltage(kV)

RFQ always operated CW from the rf point of view, rf
[PACl7 operation stable and reliable for Proton/Hélium AN
h/ﬂ 14 w
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Transmission comparison with calculation

120%

100%

o 00
=] =]
x® R

Transmission (%)
3
xR

20%

0%

20

05/17/17

H*, 4.8mA

505", GOOWA

- H+ meas. 4.8mA
= H+ Simulation

== AHe2+ meas. ImA
= He simulation

—— 1806+ meas. 600pA
~&-0 simulation

I3

a

l

v

40 60
RFQ voltage(kV)

100 120

Proton : December 23, 2015
Helium : June oz, 2016
Oxygen : December g, 2016
trans. OK, but not fully tested

RFQ specifications reached
(transm., energy, emittances...
In CW operation) for H*, 4He?*

RFQ always operated CW from the rf point of view, rf

operation stable and reliable for Proton/Hélium

Robin FERDINAND - IPAC 2017
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RFQ beam commissioning

B Emittance measurement and comparison with the code

TraceWin - CEA/DSM/Irfu/SACM PlotWin - CEA/DSM/Trfu/SACM

Ele: 333 [9.31405 m] NGOOD : 478038 / 500000 Emittance file: eLME_H_2016_01_29_16_57_46.dat
X(mm) - X'(mrad)

1 M asurement

0.6 — 0.6

—0.4 - 0-4

0.2

20 -15 -10 -5 0 5 10 15 20 20 -1 0 5 0 5 10 15 20

Xmax =17.132 mm X'max =22.898 mrad Xmax =9.588 mm Xmax =14.096 mrad

o, AN
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Longitudinal m

B TOF measurements (IBIC —W. LeCoz — WEPF32)

Energy Toutatis TOF
CALIEETTS) simulations measurement
Proton 730 729.3

Helium 727.2 728.1

B Fast Faraday Cup asic-c. Jamet - WePG42)
Measurement (Bic-R. Revenko - TUPG5g)

k| QUTER CONDUCTOR

METAL SHIELD

COAXIAL CORE

POLARIZED GRID

400W max, and o,,,.= 320—330 ps

R
05/17/17

Robin FERDINAND -

easurements

and Beam Extension

LINAC
diagnostic box

Wire insertion
system

S AN
16 N 74

X-ray detector =

IPAC 2017



Bunch length measurement comparison

B Good agreement between the

two measurements and the

TraceWin simulations

2500 -
simulation TRACEWIN ;

= FFC A

2000 «  BEM .

rms (ps)
o
/

1500 -
B Buncher variation in phase or RN »
) NN -
voltage N\ Vi
B o0.27m.deg.MeV (Helium, 0.19 500 - R L
expected) )
-1 IED I =1 :.SD I -1 :?D I —91E| ' —BID ’ —3ID ' EIJ
Comparison FFC with BEM, o. 6mA 1%dC Poncrer ()
016 - _ ) - 02TV, =30kV | ' i
Vbuncher 1 10 kv /}.\, i’ i 0.20 |- buncher ."J i
0,12 -rms = 625 ps /| '.\'\ ——BEM| | ote | rms = 630 ps i
®© 0,08 | If \ i ® 0,12 | i
[ 0.08 | ]
0.04 B . .;' W) |
0.00 W Y I ) . - 0!00 S nrd 7\“4‘:_}_“ Y | | R = ~ n
10000 12000 14000 16000 18000 20000 10000 12000 14000 16000 18000 20000

Time (ps)

I

Sl X 1/
m/ﬂ

Time (ps)
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Longitudinal results
M Very different shapes fora mA and < 15opA beams

Ima.cropulse_.l D mA Iﬂ' 1 mA _Irruacrc\pulss_u 1 m"'d" o 1 mA i
oo LM = 247 ps ( | rms = 286 ps [\
| \ 192 - [1 B
2 | R : 2 | Al -
= | I| E | |
& Bor LTI 7 S 128 | [ 1 .
| ' o [ I
|".l| Il' 9 | I II Iln._u II 1
! | [
30 [ Iy 'H.‘I - g4 |- .'I 17 |I i
r l |
/._.-' '-an L __,_._,"I '.,\ll 4
] L 1 o 1 L P Yo N P | s 0 L. L L . 1 B
=1500 =-1000 -500 o SO0 1000 1500 2000 1500 -1000 -500 o
Time (ps)

500 1000 1500 2000
Time (ps)

JHelium sur BTLfSP 2injector_LBE 1toRFQ_AsurQ_2.000753_Vs_40.015080.ini ] TraceWin - CEA/DSM/Irfu/SACM
Ele: 295 [6.89386 m] NGOOD : 9995 / 10000

T(ns) - W(MeV)

IPA 17 -1.5 -1 -0.5 0 0.5 1

1.5
Tmax =1.280 ns Wo=2.91755 MeV dW=2.47391 keV
05/17/17
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Linac
results



Linac partial cool downs

J Helium distribution

MHJIHHUHHHJMMMJ;

L, i L] 5. ; k ‘ i L

2016
" testa major part of the
cryogenic installation

» thermal acoustic oscillations
(TAO)

" PLCsand(C/C
B Secondinmarch 2017

" validate the helium pressure
stability requirements of
+ 3mbar

IPAC)7
09/28/2016

71 %L J%l J

o

m-u-— 80 9%

B First partial cool down on July, === e

(o]
o]

e o W e cnaiox W e o W ot

(7% e
[2roor] mstares

@ wecmmiox

EHEEHE'

| TovArg H ZovAes H govarg H rovATa H SOVATE H sovara q
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Cryogenic results

—— BO7(CAV26) --i-- BO7(CAV27) --=-- AO1(CAVO1) —=- A02(CAV02)

-
o
o

=t
(=]

Temperature (Kelvin)

01:00:00 02:00:00 03:00:00 04:00:00
Time (hours)

Static @4K | CMA01 | CMA02 | CMB0O7
Saclay/Orsay 573W | 398 W | 19W

meas.
GANIL meas. 495W | 299 W [ 1233 W

B a
L GAN
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Pressure [mbara]

[PACI7
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1204

1202

1200

—_
—ry
(o]
[e4]

1196

1194

1192

1190

Pressure stability .n
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" [0 BO7 1 A0O1 M A02 .
- 2 | [} 1
[ - 120
L , 1. &
: T, e L S e i P 13
! . ol | 2
= -7 i P [}
i Requirement ‘____’: 5
I — 100
5 ! - 90
- LHe level regulation .
20:00 22:00 00:00 02:00 04:00 06:00
Time [20/03/2017 - 21/03/2017] [hours]
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What's next ?

B RFQ RF commissioning to be finished

B Deuteron RFQ beam measurement
" Waiting for the safety authorization
B RFQ validation with beam (280°%*)
® depend on D-plate removing and the Linac commissioning

B RF in linac cavities
" Waiting for the safety authorization

B Linac first beam (H*)
" Nextyear

IPAC)7 @
1.\5\
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Partner labs for GANIL/SPIRAL2 phase 1

B CEA-Irfu (sacm, sis, LENAC) : P/D source, RFQ, LEBT, A-type cryomodule,
C/C, LLRF, Activation simulation, commissioning

B CEA/DAM/DP2l: safety

B CNRS-IN2P3 (PNO, IPNL, IPHC, LPSC, LAL, LPC) : HI source, B-type cryomodules, power
couplers, diagnostics, final main beam
bump, timing, commissioning

B BARC: BPM electronic

M INFN: Slow Choper, bunch selector (fast chopper), test stand
B [FJPAN: Valves boxes installation

B SOREQ: diagnostic beam test stand

M IFIN-HH: Beam loss monitor

B INRNE-BAS: linac supports

B Argonne: design of A/Q=1/6 injector

B CIEMAT: beam dump

O SAN
05/17/17 Robin FERDINAND - IPAC 2017 HW—



Summary

B Good advances of the SPIRAL2 project !!!
" Both light and heavy ion sources working very well
" RFQ working well

» RFQ with about 100% transmission
» Very good comparisons with TraceWin simulations

B RFQ partly conditioned up to maximum voltage (114 kV,
CW)
B RFQ improvements

" rf amplifiers (reliability) LLRF (variable freq. loop) Tuning
system (faster and stable)

B Superconducting linac :
" Stable cryogenic operation with 3 cryomodules

IPACI; AN
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