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SP2 commissioning




Spiral 2 scheme
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Commissioning timeline
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Qualification of the injector on a ;SC linac beam commissioning
Diagnostic Plate (GANIL)

RFQ performance

2014 1t HY beam @2 mA H/D (Dec)

2015 1t Ar®* beam @ 230 yA Hl
source (Jul) / 1t RFQ H* (Dec)

Beam characteristics at RFQ exit
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15t beam in NFS, Dec. 11th
33 MeV H* (2019)
40 MeV “He?*, D* (2020)
50 yA D* NFS (2021)

Pre-commissioning for S3
7 MeV/A 1806+, 18Q7+ 40Ar14+
0.73 MeV/A BQOS+ 18Q7+
A0 14+

First cavity failure test

Transmission (%)
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RFQ voltage(kV}

14% for studies
Pre-commissioning for S3
14.5 MeV/A 1806+

Cavity failure test and pressure

variation in warm sections
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14.491 MeV/A




Tuning strategy and losses

Energy

Tuning of the 26 cavities

Intensity

Space charge tuning

Duty cycle
High power tuning

Phases

RFQ beam, low DC
+ Energy tuning, zero current matching
) Matching with space charge
! Max beam power on main BD

* Beam tuning on target

Full beam loss possabIeI Controlled beam losses required
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Neutrons backscattered from main beam dump

- Losses < 1 W/m for 165 kW protons and 200 kW deutons
- For heavy ions at energy < 7 MeV/A current transmission
and vacuum evolution are more relevant than neutrons :
we used them for fine tuning.



Single bunch selector (MEBT), scattering issue
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Simulation code Tracewin (IRFU-CEA)
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- This code predicts very well the beam behavior after the RFQ if the starting beam

distribution is accurate (emittancemeter in MEBT + backtracing).

- Starting from calculated parameters in the machine, very few matching changes, with 4
quadrupoles and one rebuncher, are needed to obtain a well matched beam to the linac
with very low losses.
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Energy along the LINAC
(Measurement vs Simulation)
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What the LINAC can do (and how)




Maximum/minimum energies

Energies along the LINAC

All species

Deuton 20 MeV/A
Deuton 2 MeV/A
1/3 14.5 MeV/A
1/3 2 MeV/A
—— Proton 2 MeV/A
—— Proton 33 MeV/A
—1/6 2 MeV/A
1/6 8.5 MeV/A

12 3 4 5 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26

Cavity #

Minimum energy : 0.73 MeV/A (id output energy of the RFQ)



K (Ecav)

- zone de phase zone de phase
A stable instable

Each cavity must be tuned one after the other :
Voltage and Phase

All species Deuteron 20 MeV/A
- | 0 7
1 F 7———————4{ }—— B 6.5 MV/m

s - 6
0,8 B 63M\/ m —~ '10 .
r =1 -15 - 5 I
l / / (5] g
C —eo—Deuton @ T
08 | £]%° .
B -o—-q/A=1/3 wl-25 =
04 | 3 .
N = o
02 | y Proton Gf-35 2|z
¥ = <
oL |l -40 -o-PhaseS(deg) 1 ‘3~
0 5 10 15 20 25 -45 - -e-EoT(MV/m) -

. -50 T T T T T 0

Cavity # 0 5 10 15 20 25 30

Electrical field used in each cavity for Cavity#
different species and energies (k = normalized/max, max = 6.5 MV)

Low electric fields to keep a good acceptance Low synchronous phases to keep a good acceptance
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Cavities tuning : time needed SN
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1. Advanced method (1-2 days) - No voltage and phase calibrations known

 Signature matching + avoid the phase measurements errors (non-linear effects
deforming the bunch shape)

* 1 tuning per year: phase and voltage calibration for all tunings.

2. With reference method (<60 min) - Voltage and phase calibration previously done

* No detuning, no phase scan. Cavity to tune

. . . PUO PU1
« Phase measurement at cavity entrance + simulation. o

 Verification with phase measurement at the PUT.

 Sensitive to accuracy of phase measurements.
Phasemeters

3. Ratio A/Q (<10 min + LBE new tuning)

 If the BPMs (phasemeters) do not see the beam, a "pilot ion" with a "visible"
current and the same acceleration pattern as the one required for the "objective
lon" is used for an initial tuning.

+ Al the E and B fields will be multiplied by ¢ = 5%

* New tuning of the LEBT for the new ion
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Heavy ions SAaNkE—.

TraceWin - CEA/DRF/Irfu/DACM
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AE/E =0.1 MeV rms /126 MeV =0.08 %
Accelerated with success in 2022
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Peak intensity

3*2 slits in the LBET to create new emittance definition
- Keeps the space charge, narrow beam, very fast (1’).
- Very useful, but produce instable beam intensity if it's closed too much.

A8 | Pepper pots to reduce a lot the intensity easily (in 2024).
e (1/100 to 1/1000000).
Hexagon of particules kept

Energy changes =V —

Cavities are stopped and detuned until to reach the wanted
energy (starting from the last), the line is set at the new Bhro.
Generally around 15’ if this is an energy decrease.

E change application

Only one reference tuning is needed for nearly all the | and E for one species
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« Invisible » beams. EANEL—
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‘TraceWin - CEA/DRF/Irfu/DACM
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i T M From 180%* to 7+ (test case):

T )

o M ] NN (A1/Q1) / (A2/Q2) = 0,86
o PR | . :

it Y PR Method : multiply all magnetic and
60 1] 1] LU | . ‘ . . .
: ; ; ; ; electric fields from source voltage until

/ the last quadrupole before the target by
B e e e o e = this factor.
ES"'Zl]l]; \

Simulation of 1807* in MEBT, linac and HEBT using the scaling method
Used with success in 2022
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Linac tuning without acceleration for 18Q°%*

Beam requested to tune the spectrometer (0.73 MeV/A).

TraceWin - CEA/DRF/Irfu/DACM

100
_ ” EVTE-QIL -REC1 | I‘...LJI:_%{ ImEReg) it *‘H i'H *'H"‘ HM——J | ‘ ‘ ‘[ ‘ H ‘ | ‘ ‘ ‘ ‘ ‘ DLT
E oA RS NS e = e
. T~ paiaaliar el aaciasiadie B O I B I
50 i 1l |rﬁh ]
-100 ]
0 5 I ‘ 10 15 I 20 25 30 35
Position (m)
100
1 | el
— TERIERECL  ph LME-Q . 71
E 0T
> A i
- | 1]
100
0 5 10 15 I 20 25 30 35
Position (m)
100
? 50 i ]
§ plem seen e %Hﬂw{ MistY (a1l el i T ol T el 1 o o e i
R A LISV I Y meum HUMWUMUMHM_UMHUMNMH .H!L'I!l!.“!l‘ﬂl!. HMMJH\'_
7 1 ot Nl il E s i Lt LR Ul gl
..e_. -50 E \
oo 0 5 10 I ‘ ‘ I 15 I ‘ ‘ I 20 ‘ I ‘ I 25 ‘ I ‘ I 30 ‘ I ‘ ‘ 35

Position (m)

All A cavities and 1 over 2 of the B ones are in rebuncher mode.

... we succed to not accelerate this beam in 2022 Q@ %5
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Linac tuning if a cavity is out of order

As the energy T the debunching |

Deutons
CMBL1 cav 2 out of order

 High B cavity failure: solution easy to m———) - =
find. '
« Last low g cavity failure, possible to
recover a beam dynamics without .
losses but not obvious. |

« Low B cavity failure: very difficult to
Longitudinal acceptance (in white)

tune at low energy due to a high | ,
M i I rr n | n rW : ‘ Longitudinal a tance computed from CMAD1 to CMBO7 1 Win = 1.46366 MeV Wout = 33.8777 MeV
debu nCh I ng between tWO CaVItIeS' Work S Cu e t y u de ay Emit_| Ig 1.6 pi.de g:ﬂ ev \php CS =0.09505 beta_CS = f;:sz;fdw] 561.53 [deg,MeV] lost limit = 120 deg  color = z lost (m)

i it

dw (kev)

J R “i ”'* i

Low [3 section High B section

-20 0
dphi (deg)

Retune the up and downstream cavities

- Phase acceptance reduction (more losses, but if 2 KW are Cavity A6 out of order : .
requested instead of 200 kW, some margins) 900 pA “He?* @ 64 MeV (instead of 80)

- Reduction of the final energy or/and an increase of the cavity 2 kW produced with success in 2023
voltages (8 MV/m available now vs 6.5 MV/m at the beginning).
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Avalilable beams




Heavy lons (EAN
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INTENSITIES

beam injectorl

intensities 2023 2028 = 2030

Intensity (ppA) Jintensity (ppA) | Intensity (ppA)

lons Phoenix V3 Phoenix V3 SC lon Source

Q/A =1/3 Q/A =1/6 Q/A =1/7 RFQ A/Q<3 RFQ A/Q<7
AVAILABLE | (NEWGAIN) (NEWGAIN) 375
NOW 2028 >2030 :450
SEGIESN 0.73t0 14.5 0.73 MeV/Ato 0.73 to 6.33 MeV/A, 45
MeV/A 8.5 MeV/A or maybe 7 MeV/A *
20
Maximum [EGERUT <6 kW (Uranium) 15 kW =
power 43.5 kW

20

Measured Estimated * -> no estimation

Thanks to the ion source GANIL
and the NEWGAIN teams
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Light ions (p, deutons, “He) EaNG

| peak Power already With SBS Maximum Min/Max energy
done 1/100 (NFS) power

Deutons 10 kW 2 kKW 200 kW 0.73 to 20 MeV/A

5 mA 16 KW 2 KW 165 KW 0.73 to 33 MeV/A

“He 1 mA 10 kW 40 kW 0.73 to 20 MeV/A

—_
Duration of macro-pulse 100 ps*
LBET Chopper
Frequency 1 Hz 100 Hz - 1 kHz (Future)
LBET Chopper

Selection rate 1/10000 1/100
MEBT Single bunch
selector

*10 us available but beam not stable due to space charge compensation time
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NEWGAIN

MEBT + LINAC
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MEBT + LINAC
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(NEWGAIN beam dynamic team’s simulations)
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Thank you for your attention, see you in Spiral2




