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Advances of the SPIRAL 2 project

Jean-Michel Lagniel (GANIL) for the SPIRAL 2 Team
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zra/?.ﬁ -1- SPIRAL 2 Facility 7,200 m? 4 levels

+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

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

Neutron for Science (NfS)
Time of Flight experimental hall (28 x 6 m) —
Neutron beam collimator

d+Be or p+’Li neutron source \

Free roBm fo.r a future s .‘ | Beam dump
Q/A =1/7 injector Superconducting LINAC . [ & g : T
; ; | g Location for possible
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1= .75 MeV/u RFQ . .Z\\ - !
3 ! [ |
Q/A=1/3 pandd L 4 JI
Super Separator Spectrometer (S3)
Experimental hall
i 133 m >
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zra/ -1- SPIRAL 2 Status

SPIRAL 2 building site preparation December 2010 - January 2011
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/f&/?.ﬁ -1- SPIRAL 2 Status

+3.5years : September, 2014 (Pascal Anger talk)

St e, o | J-M Lagniel HIAT 2015  Yokohama, Japan September 7-11, 2015 Page 6



-1- SPIRAL 2 Facility injector

18 GHz 60 kV
LPSC Grenoble,

Free space for the future Q/A = 1/7 injector
connection

RFQ

(p, DY, g/A=1/3) Re-bunchers

Medium Energy
Beam Transfer Line

Fast shopper (Bunch selector)

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

0.75 MeV/u RFQ
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-1-SPIRAL 2 p/d Source Status

First beam December 19, 2014
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-1-SPIRAL 2 p/d Source Status
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/f&/?.ﬁ -1-SPIRAL 2  Heavy-lon g/A = 1/3 Source Status

First beam (230 uA Argon 9+) July 10, 2015

Ask
Thierry Lamy
for details !
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Spiral2. . #F -1-SPIRAL 2 RFQ Status

Installation Nov. 2014 to Feb. 2015
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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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piral2, ,;ﬁ‘ 1-SPIRAL 2 RFQ Status

RF amplifiers installed, still in test
Cooling/tuning system commissioning ok
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zra/ 1- SPIRAL 2 Facility = Superconducting LINAC

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

I max Energy i
Q/A max beam
(mA) (MeV/n) )

P 1”1 5 2-33 165

D 12 5 2-20 200

Tons 13 1 2 -145 45

7 I 2-8 48

Wide range of particles, intensities, energies, duty-cycles (CW up to single bunch)
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1—1—1—

zra/ -1- SPIRAL 2 LINAC Status

Cryogenlc system (1,300 W equivalent 4.5 K) installed, first liquid helium in July

4 /12 CM-A + 3 /7 CM-B aligned and connected to their valve boxes
First connection to the hot sections this week
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-1- SPIRAL 2 LINAC Status

One solid state
Up to 20 kW

Amplifiers,
feeders, circulato

independently,

amplifier / cavity

s,

LLRF and interlock
PLC have been tested

installed in the building
and interconnected
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C / LHE Status

= __‘.5-,’ ,1.»- w— =~

First LINAC beam September 2016
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ST

1- SPIRAL 2 Facility NfS Experimental Area

MCNPX calculations

uuuuuuuuuu

d+ Be and p+’Li N source N beam stop

Actinide targets

28 m X 6 m ToF hall

Trf jnac =11 ns
Fast choper => 1 ns bunches

Neutron Yield at 0° {n/stfC/MeV)

nergy (VeV)

NfS ready for the first SPIRAL 2 experiment (September 2016)
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Spiral2.

1- SPIRAL 2 Facility S3 Experimental Area

High-power rotating targets

including actinides Super Separator-Spectrometer

Image 2
- Achromat selection Multistep separation
é R -2 0L Extended drift to place Large agcep‘iance
detector arrays ® Mass resolution (AM/M=460)

Image 1
Highly selective

h N Image 3 Image 4 : Mass selection
beam rejection
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5
Position (m)

S3 ready beginning 2017
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Spiral2, ﬁ Which challenges for such facilities ?

Challenges usually faced in any (accelerator based) project

Construction of an (efficient) multi-competency project team
National / international collaboration management Real cost evaluation Cost vs performance optimizations
Risk evaluation and risk management Schedule constraints ...

Plus new challenges for the new generation of high-power accelerators

High radio-active ion production and high neutron flux + Actinide target management
Guaranty ALARA radioactive releases and worker / public exposition

= Challenges induced by the safety rules

Beam loss control + Multi-ions / multi-energies / multi-duty-cycle / multi-intensities machine
+ Safety constraints

@ Challenges for the commissioning and operation
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i;? l.? | -2- Challenges induced by the safety rules

SPIRAL 2 Safety main objectives :

Nominal operation
Workers : ALARA, goal < 2 mSv/y, max < 10 mSv/y
Public : ALARA, impact on the environment < 10 uSvly

Accidental situation
Workers : ALARA, goal < 10 mSv/accident, max < 20 mSv/accident
Public : ALARA, goal < 10 uSv/accident, max < 100 uSv/accident, Total release < 1 mSv/accident

P

These values have severe impacts on

the schedule, cost, commissioning and operation of the facility
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v—-—-v—v—v—

zra/ -2- Challenges induced by the safety rules
Construction done to “ Prevent — Monitor — Limit * ﬁcggégfation (9)
All the safety systems must “work” in case of accident 0.1000 J J
e.g. electricity failure, fire, earthquake, plane crash... 00100 P
‘Earthquake of reference” = Caen, December 30, 1775 (5.7 mag.) 0'0010
A 0.0001
0.100 1.000 10.000 100.000

Frequency (Hz)

15 000 m3 of concrete

Ironing
total =2 200 T up to 400 kg/m3

The equipments (cryomodules,
magnets, helium tanks, cranes...)
must not damage the confinement
barriers and shieldings
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/f&/?.ﬁ -2- Challenges induced by the safety rules

Confine and monitor @ a Nuclear Ventilation System

Linac and HEBT activated air, Beam dump, AEL, Actinide targets

BN ESPACE TRAITE PAR VENTILATION NUCLEAIRE ‘

BN ESPACE TRAITE PAR VENTILATION NUCLEATRE

Actinide targets “hot lab.” Nuclear Ventilation Systems
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/f&/?.ﬁ -2- Challenges induced by the safety rules

Beam dump & actinide targets Nuclear Ventilation System
_ _ Minimum air leaks < Airtight doors +
= Confinement dynamique Block up the cable and beam pipe
= Confinement statique wall traversals ...
P® atm>P3 > P2 > P1 Vacuum pumps and glove box

Environnement exhausts treated separately

Very-High-Efficiency filters Air Treatment Facility (CTA)
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if'a l.? | -3- Commissioning and operation challenges

200 kW beam power vs 100 W enough to drill the vacuum chamber

200 kW beam power vs 1W/m beam losses for hands on maintenance

Although beam losses are unavoidable during commissioning and tunings !

Safety constraints < Limited amount of radio activated material
% Limited use of the beam dump : 400 W /24h — 3 min 200 kW /24h

Superconducting LINAC = Non (weak) interceptive diagnostics @ pollution
= Limited amount of diagnostics

Low frequency single gap cavities < Long radial and longitudinal focusing periods
% High space charge (nonlinear) effects 5 mA > 50 mA (SNS / ESS)

Low energy accelerator <  Weak efficiency of the Beam Loss Monitors
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if'a l.? | -3- Commissioning and operation plan

RFQ beam on beam dump
o ) H Energy tuning, zero current matching
Commissioning strategy ; T Matching with space charge
: ; Maximum beam power on beam dump

with the safety expertg. T Beam tuning on target

tammmnan

[ Total loss of the beam 1 Controlled beam losses :l
authorized —1
i E<O_1W E'~—1W §~1DOW 1 > 1000 W
Energy f : Y M
Tuning of the 26 cavities —\\)/
Intensity 4 ; I

Space-charge tuning

\

1 4

Duty cycle 4

High-power tuning /f

Phases 1 ' > = ' a ' 5

Y
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if'a l.? | -3- Commissioning and operation plan

Tuning constraints
4 Vv diag

Acquisition window & Current ok for the diagnostics

/\/\, (>150 pA for the BPMs)

K & Pulse duration ok for stable beam

and diagnostic acquisition

\ 4

“ Rep rate for fast tuning
2Hz /1 Hzmin

Beam losses .
Beam loss recording system

/ to understand and predict
B the beam loss level

____________ Transient losses Pulse duration at full power
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5;7‘1;272% -3- Commissioning and operation plan

Choices of beam current, rep. rate and pulse duration
for the tunings at very low power (Phases 1 and 2)

Full beam loss during tunings

2 hypotheses : <Pf> = 1W and 10W BPM degraded performances at 50 uA

Mean power | Pickintensity | Dutycycle | ' Pulselength/rep. rate
25 nA CwW
50 pA 5.0 10™ 500 }JSE
1TW 5
150 pA (8 170ps/1s (B60 us/ 4 D
5 mA 5.010° Sus/1s 500us/100s
250 nA CWwW
| 50 pA 50 107 (5ms/1s
10 W — 3
< 150 pA 796 (1.7 ms/1s
5 mA 5.0 107° S50pus/1s 5500 pus/10s

The success will depend on the diagnostic quality !
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53/;3&2.% -4- SPIRAL 2 1+ Phase future prospect

RFQ cooler DESIR Experimental Hall
+ High Resolution Spectrometer (low energy RIB)

SPIRAL2 S3
xperimental Hall

S3/SPIRAL / DESIR
Beam Transfer Lines
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ST

-4- SPIRAL 2

1+ Phase future prospect

100% financed

Possible schedule

M= |MNom de la tiche

| 2015 2016 2017 | 2018

2019

2020

2021
If‘T'I FIE

NIFEA N EE N EEE R EE N E RN T4
1 |Dépitlll'ﬂlta-t31] =
2 |Enquéte publique =
3 |Obtention décret &>
e DRES Safety 5
5  [Autorisation de mise en service (art. 31) business L
5 [Obtention PC ﬂ
7 |08 prestations MOE r~
& |Rédaction dossier APS =
9 |Ré:h:hondnﬂ|erﬂ.m =
10" [Dépst PC par GANIL Civil Eng. =
11 |Mhiﬂmﬁeammm¢iﬂnmmmm and Prom——
12 |Réais-atimhitirumts [ e e
13 |Début installation servitudes et procédés Conv Fac. -
14 |Réception du batiment et de ses installations (essais siireté e business ™
preliminaires et == ===
16  |Ecriture des DCE H
17 |Comsultations et commandes . O
e Smf-:-ntlflc CLLLL
19 |Début du commissionning hors ligne equ‘pment &>
20 |[.‘ré|:u.rtducnmrris5imnim;mligne business .r
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zra/ 4- SPIRAL 2 QJ/A = 1/7 injector future prospect

CC 2 / 100m (863

HSP = 4.40

o h

“““‘-“\““\q

—
—
—
——
—
—
—7
—1
—)
—
a—

ACC—1 / 75.5m%75) [
LocaL 7
SALLE DEUTONS 777

HSP =420 Ll
77
E;

"""""""" Grenoble + Saclay + GANIL Working Group

O[T First step = Source choice

EAaNE-— 60 GHz ECR ?  Thierry Lamy, Thursday morning
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z???.ﬁ -5- Summary

Good advances of the SPIRAL 2 project since HIAT’12 Chicago
- Accelerator and conventional facility installations in great progress (Pascal Anger talk)
- The light and heavy ion sources are working very well
- RFQ RF voltage law tuning and cooling control ok, first beam expected next month
- Cryogenic plant, RFQ and linac RF amplifiers installed
- Superconducting linac installation in // with the RFQ commissioning

- The installation progresses are limited by the availability of the GANIL team
(Operation of the GANIL “cyclotron facility” in //)

- First linac beam in September 2016

- The safety constraints have been and still are a concern
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