Spirall 7

SPIRAL 2 Commissioning Status

Jean-Michel Lagniel (GANIL) for the SPIRAL 2 Team

With thanks to the SPIRAL 2 team
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-1- SPIRAL 2 Facility

+1 Level
Cooling towers
Nuclear ventilation

Ground Level
Water cooling syst.
Cryogenic plant
RF Clean room
Control room
Labs...

-1 Level
Power supplies

RFQ cooling... -2 Level (-9.50 m)
Beam level

4 levels 7,200 m?

More than 100 rooms
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-1- SPIRAL 2 Facility -9.50 m (beam level)

p/ralz
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Time of Flight experimental hall (28 x 6 m) —
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-1- SPIRAL 2 Construction

Spiral:

January 2011
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.S;l;:?l/z -1- SPIRAL 2 construction

2011 +3.5years : September, 2014
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EEEE
-2- SPIRAL 2 injector commissioning

Free space for the future A/Q = 7 injector

connection \

RFQ
1<AIQ<3

Re-bunchers

Medium Energy
: - Beam Transfer Line
18 GHz 60 kV

LPSC Grenoble Fast shopper (Bunch selector)

ECR Io_r: Source

ECR Ion Source
(Heavy ions, q/A=1/3)

0.75 MeV/u RFQ
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-2- SPIRAL 2

p/d source commissioning

First beam at GANIL
December 19, 2014
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Issue = noise (emittance growth)
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-2- SPIRAL 2 Heavy-lon A/Q = 3 source commissioning

Spial2,

Test
He4 2+ A/Q=2

SRS
Ryl D beam forbidden !
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Spiral.

-2- SPIRAL 2

p/d and HI source commissioning

Long period stability (6 mA CW)

Ability to extract 11 mA CW from the p source => 6 mA proton beam
Beam intensity and emittance control using 6 H and 6 V slit systems
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-2- SPIRAL 2 RFQ low level rf tuning

EEEE
p/ra/2 '
CEA-Saclay-IRFU responsibility + GANIL Team
Installation / alignment / vacuum tests  Nov. 2014 to Feb. 2015

|

41000 - T =
7N

~Erreurs :

40000 | +2.3% quadrupolaire |
+0.9% et 1.4% f  SEE

39000 ~dipolaire

E38000 § !
- F=88.0159 MHz

37000 —@38°C—

] —design
- Q0=13526 /

—Bead Pull pistons alu

36000 P =177kW
! / —Bead Pull firal

35000 ==——x—x

=

Tension pole

34000 -

33000 -
0 1 2 3 4 5 6

Voltage law (bead-pull) measurements + adjustments (40 plungers) OK March 2015
Max error = 2.3 % on the quadrupolar mode (+3 % longitudinal emittance increase)
Expected transmission = 99.7 %
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_S;ija/ & -2- SPIRAL 2 RFQ equipment

RFQ cabling
Cooling / tuning system tests

rf amplifiers tests / load
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-2- SPIRAL 2 RFQ high-power rf commissioning

4 x 60 kW rf amplifiers (tubes /4 x 3 kW solid state preamplifier)

DB electronica (Padova, Italy)

First campaign mid October 2015 (~ 2 weeks)
Pulsed mode, multipactor issues at low level
Procedure adjustments / adjustment of the feedback loop coefficients

Second campaign November 2015 (~ 3 weeks) with 3 amplifiers

rf power ramp-up up to CW, November 6 : 38 kV CW (2 amplifiers)
November 23 : A/Q =2 field = 75kV CW (89 kW)
End November : 85 kV CW (with 3 amp / 4)

4 amplifiers needed for the A/Q =3 field = 113 kV (180 kW =>4 x 45 kW)
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-2- SPIRAL 2 RFQ beam commissioning

2015, December 03, 9h26 : First RFQ beams (Protons)
RFQ in CW rf operation (up to 50 kV) Pulsed beam 200 uA, 200 us, 2 Hz

5 mA with 100% transmission at the end of the 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

100% transmission (DCCT and Faraday cup signals)
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80

3
0 c
=l * i)
sean] 963 a L
gl AN Aoy ARy E 60 |
S P I}
EE iﬁ_ifj #+———  With the beam profile monitor located after the RFQ, ————— g
$ zza0 ;
Fooon {3 [ — i
P : a0 L Experimental

=—Simulation1

§mu 3E3 S H
0 45E3
1800 “.‘13 L o IMH H“I - :
- [T 2w 20 L
.||‘m| | :

TraceWin /| TOUTATIS

¥ EEEEEEE NI

30 35 40 45 50
Voltage Vane (KV)

20151204 08:20:00 182100 tAzzOn 082300 15:24:00 2500 | ea2ea0 053700 03:38:00 o828:00 153000 693100 B3200 | 093300 | 15124

GANILL JM Lagniel HB 2016, Malmd, Sweden July. 5, 2016 Page 14



-2- SPIRAL 2 RFQ beam commissioning

p/ra/2 |

B
o K [ Y LA LR LTS (VT R T
530y 107 Lo

P gy '
see] 53] 15 readers - " o (EEED g
E 1

4200

First CW proton beam : December 18, 2015 : 2.3 mA
First 5 mA CW proton beam : December 23, 2015

100 % transmission
Fine tuning using the RFQ vacuum

“EEEIEEIES

A/Q =2 beam up to 1.5 mA ‘He?+ RS
February 25, 2016 : First pulsed beam, 250 uA
First CW beam : June 04, 2016 ~ 1 mA
Transmission > 99 % . -

Proton & A/IQ=2 : RFQ always operated CW from the rf point of view
rf operation stable and reliable (with 3/4 amps, up to 80 kV)
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-2- SPIRAL 2 RFQ beam commissioning

3 main objectives for the commissioning

1 = Measure the RFQ beam characteristics,
including the longitudinal emittances using a rebuncher + FFC & BEM

2 = Debug / measure the performances of the diagnostics (BTI)

3 = Prepare the Superconducting LINAC commissioning
measuring the beam characteristics for the different commissioning phases (low current)
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-2- SPIRAL 2 Injector Test Bench (BTI)

Fast Current Transformer FCT  Bunch Ext. Emittance meas. Beam Position DCCT
Monitor Monitor
BPM Beam dump
Time Of Time Of
Flight TOF Flight TOF

Beam Position
Monitor
BPM

Camera
port

Profileur N\ NN A (_‘\
R S - B a5y e >
MIGR — Ol N

Diagnostics
Fast oW Faradaycup IBIC 16, Barcelona,
Profileur EMS Faraday cup September &
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p/ra/Z '

-2- SPIRAL 2 RFQA/Q > 2 rf conditioning

2016,/05/26 Cww conditioning 18:39:11 - 22:55:49
U can —_— AIQ =3
s MTTR amplis ~ 20 min 40
1oo f ‘DPCIT —————
_ 80 -\ _,-r—-"".] || AIQ - 2
g &0
= <0
/ MTTR
>0 ~
L T ) i Amplifiers :
R T — . 20a 20 min to restart
T= tube: e “l
S L — (delays)
NS — so
3G
- +
]
= 34 A |‘|" S0
3 & , _
: - a‘ Al Field ramp up :
) I A ; -= 40 to 90 min
o W N AP
N C 1 [ (slow feedback)
=8 h ' T 20
| r | A
se L | |
: o ' e Tirie Chour) - .
Régul Thal=30°C  Tevanes=33°C Vanne 3V ballon 32 100% Te vanes = 29°C V max aCh|eved tOday
1 h pour monter U cav jusqu’a 80 kv 1,5 heure pour monter U cav jusqu’a 96 kV Idem
Pb instabilité dPhi=> Vtube=0 Pb instabilité dPhi Montée 40 min 96 kV CW
Phinstabilité T bal suite a I'arrét Pb Te vanes =T bal U cav 96 kv
114 kV 15% duty cycle
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-2- SPIRAL 2 RFQA/Q > 2 rf conditioning

Spirall

Issue # 1 = rf amplifiers reliability / availability

Availability : one short period with 4 amps, 3/4 amps most of the time, 2/4 today

MTBF too short (over protections ?) MTT Repair / Restart too longs (spares / shorter delays ?)
88.0525 MHz reference
Issue # 2 — LLRF Power amplifier control
. Master loop: mv il SLAVE mv
LLRF : amplitude and phase control of 4 amps e mosie Ucav mosie
. Ucav Ucay [+
coupled to one RFQ cavity P comolt — U W= g
cav Uer Uer [—
. . ®(Ucav) — le— RCAV
Variable frequency mode unavailable oo | | — I |
(via the CPU) Uamp Uamp Ucav

Variable frequency mode implemented

. . Slave RF loops : Uer
based on internal 1/Q vector rotations o Fro
fthe 4 si | A(UGYA(Uci-master) Ly
(0] € 4 SIghais (Uci}-d(Uci-master) Vamp
W Uci-master e Power amplifier control
Amplifier issue ? (differences between the 4 R G 77
amps, delayed response, nonlinearities...) i g i
-To Ucav Input of
the gslavle ':nuc:dures 3:
LLRF issue ? ::.p 08/01/11
15—
4/5e Fref =70.442 MHz
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-2- SPIRAL 2 RFQA/Q > 2 rf conditioning

Spirall.

Issue # 3 = RFQ cavity tuning loop
Very difficult to tune at high power ... Too slow ... Unstable

A ki
‘ |
A4 /

Circuit tertiaire ‘ . Amplis RF .
lames
Ballon | \ Pre (dir—ref)
Ap
Thatlon t T tube v :\ .
t 5 RFQ
=0 r'y o

A
<
<

Long water lines
Ts tube : P

Ballon 1.5m I5m | 93m 5 3-Way valve response time = 30 s

¢ ! Long delay
11'3 " Te tube RFQ g

; Stability = Long time constant (> 2 D)
13m Y 89m 93m P

Slow response of the cavity tuning loop
P
Slow rf power ramp-up

v

18.2m

A
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-3- SPIRAL 2 Facility Superconducting LINAC

Spirall

88 MHz QWR 12x1 =123 =0.07 cavities 7x2=14 3 =0.12 cavities

CW
Q/A I max | Energy | max beam

(mA) | (MeV/n) power

(kW)

P 1/1 5 2 -33 165
D 1/2 5 2 -20 200
Ions | 1/3 1 2 -14.5 45
1/7 1 2 -8 48

Wide range of particles, intensities, energies, duty-cycles (CW up to single bunch)
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-2- SPIRAL 2 LINAC cryomodules

Today : 12/12 CM-A + 6 /7 CM-B aligned and connected to their valve boxes
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527//‘3/2 o -2- SPIRAL 2 LINAC “hot section” installation

18 / 20 hot-section installed
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-2- SPIRAL 2

SC linac installation

All the valve-boxes have been “re-fabricated” (mechanical errors, cryo. leaks...)

In position and OK

In position but problem

To be installed during next 2 weeks

Not in position and problem

: Available but not installed

Al A2 A3 A4 A5 Ab A7 A8 A9 A10 All Al12
e 11 sco1 [Jemai] ] sco2 []emaz[ ] scos []ema3[ ] scos []emas[] scos [Clemas[] scos [lemas[] scoz [Jemaz[] scos []cmag[] scoo []cmas[] scio [Ccma10_] sc11 [Cemait—] sc12 [Temal2
: [CMALL) . [ChAE) [Cha12) [CMAT) [CMAL) [ChA3) [CMAG) (ChAg) (ChALD) [ChAz) (CMAS) [CMAS)
BEM Dipnysos BEM Helioz BEM Demeter] BEM Lrtemis BEM Zeus Poseidon) Aphradite Apalion Hadés Hera Athéna Hermés
[
B1 B2 B3 B4 B5 B6 B7
Tlsca[ |  omer [ |scud scas| | omes [ |scae| | owmea  [|scz[| cmes  [[scs[| omee [|scie|| omez  []sco LHE
= | (simaet-cvey | ., FC T errecvsy [ | (Timice-cvB [ | | (Dormeur-caer) [ | | (arinchews - cigg) [ | | (aechoum -cvezy [ |
&1  Pbde sonde de température nécassitant de cemonter 3 boite 3 vannes
A10 Pbde sonde de traversee stanche ne necessitant a prior pas de demanter |3 boite & vannes H 1
B4  Pbde sonde de temperature ne necessitant a prior pas de demonter |2 boite 3 vannes 2 CryomOd u |eS Wlth Cryogen IC |ea kS
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5:7//‘3 2 V7. 4 -2- SPIRAL 2 LINAC cryogenic system
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p/[‘a 2 F | -2- SPIRAL 2 LINAC RF system

One solid state
amplifier / cavity
Up to 20 kW

Amplifiers,
feeders, circulators,
LLRF and interlock

PLC have been tested
independently,
installed in the building
and interconnected
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-2- SPIRAL 2 HEBT line installation
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-5- Summary

Spirall,;

Good advances of the SPIRAL 2 project since January 2011 !!!

- Both light and heavy ion sources working very well
- RFQ working well with protons and A/Q = 2 ions (He and O)
- RFQ conditioned up to 96 KV CW > A/Q = 2.4 ions

- RFQ improvements
-rf amplifiers (reliability) LLRF (variable freq. loop) Tuning system (faster and stable)

- The installation and commissioning progresses are limited

by the availability of the GANIL team
Operation of the GANIL “cyclotron facility” in //

- First linac beam beginning 2017
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