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Beam Instrumentation Network
“An accelerator is as good as its diagnostics”*
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* Unknown though already mentioned in H. Koziol — CAS 2001



Introduction: Beam instrumentation ]

* Performances of the accelerators depends crucially on the capacities to measure,
monitor and control the properties of particle beams.

* There is a demand, for more and more stringent high energy beams, small emittance, strict

tolerances which are imﬁpsed to modern accelerators. It can also be a combination with high
intensity/low energy or high power and low cycle or intensity range.

* A (very) good understanding of the beam instrumentation is essential to reach the expected
performances

* Diagnostics developments take time. They can follow a development pattern
* in phase (or not) with the accelerator developments
* jterative

e But siome diagnostics are not systematically designed and put in place before the operation of the
accelerator.

 Beam Instrumentation depends necessarily (and not surprisingly) on the skills of the experts
(from physicists, Engineers, technicians and operators)

SFP Roscoff 2019 . , L, 2
* Traduction école accélérateur USPAS



Introduction: Beam instrumentation ]

* Performances of the accelerators depends crucially on the capacities to measure,
monitor and control the properties of particle beams.

* There is a demand, for more and more stringent high energy beams, small emittance, strict
tolerances which are imﬁpsed to modern accelerators. It can also be a combination with high
intensity/low energy or high power and low cycle or intensity range.

* A (very) good understanding of the beam instrumentation is essential to reach the expected
performances

* Diagnostics developments take time. They can follow a development pattern

* in phase (or not) with the accelerator development
* iterative

* But some diagnostics are not systematically designed and put in place before the operation of the
accelerator.

 Beam Instrumentation depends necessarily (and not surprisingly) on the skills of the experts
(from physicists, Engineers, technicians and operators)

* Beam instrumentation here:
 Measurements instrumentation (sensors).

e Associated electronics, Mechanical material and devices which do not make measurements
* High level applications (signal treatment & Com. Cont. software, and usage methodologies)
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Beam Instrumentation force

* French institutes (Here CNRS/IN2P3 and CEA) support and participate
in various present and future facilities on the national territory and
international accelerators

e Experts of beam instrumentation are involved.
* Experts here are scattered in various laboratories

* A beam instrumentation network has thus been put in place
* https://tech-news.in2p3.fr/reseau-instrumentation-faisceau/
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Mission of the network —

* Network animates, coordinates, encourages, and promotes the exchange
and interdisciplinary initiatives on beam instrumentation

e Ease communication and skills and/or information exchange between its
members

e Takes an active part in scientific and technological monitoring

* |dentifies and promotes the skills and expertise of the Network by updating
pools of experts

* Develops proposals relating to its missions

* |dentifies and help promote research themes

e Help develop training if necessary

* Promote the work of young collaborators - Students

HIAT 2022 5



French Beam Instrumentation Network ]

Coord.: F.Poirier Arronax, C.Peaucelle LPSC, + CC-IN2P3

INSTRU FAISCEAUX

* Createdin 2018 i |
* Almost 40 members, 12 labs/institutes — '
* More than 22 meetings: b
* Wide range of subjects: CEEE
* From specific diagnostics (BPM, Emittance-meter, profilers,...) LL,ECaen
* Diagnostics for leptons and ions machines LPSC
* Test-benchs, command-control soft,... IPHC
. GANIL
* Zoom meeting Arrorm
* Members: LAPP
* Eg: “Review of Emittance-meter in France”, “Thin detector damages” Subatech

ESRF

* |nvited talks:
CEA/IRFU

* “Experience from the European Instrumentation Network ARIES-ADA”, P.Forck
* Next session in july: “Diags at LHC”

e Last annual meeting over 2 days in April 2022 at ijCLab, Orsay
* 15 talks + site visit

* Working Group on dedicated subject (Survey, Overview)
* Participated in:

e “2020-30IN2P3 prospective exercise”
* Deployment of diags on several accelerators (see later)

* Devices (elec. Cards, power supply) HIAT 2022




Survey - snapshot

Working group coord.: C.Peaucelle LPSC, F.Poirier Arronax

Competences des personnels sur diagnostics - janv. 2019
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INSTRU FAISCEAUX

e Wide set of skills:

e Technical:
* Sensors
* Physics
e Electronics
Softwares
e Signal treatments
e Administrative:
* Project (management)

* Participation at
several Diag. phase

Dvt
users
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* Needs of sofware knowledge for the Beam
Instr. dvt in various domain:

YIS

Electroniaue
Mecanique
Optigue
Electro-
Magnetisme

Logiciels

&
particule/faisceau

Simu

RIF 15/07/2019

Optics
e Electronics,...

Acquisitionet contffdle-

commande
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Diagnostics Development phases DN

Initial work: N.Delerue, 1JCLab

INSTRU FAISCEAUX

» Diags dvt take time: Diagnostics development phases

Upstream R&D Generic Validation Specific Validation
* R&D s (PTE-project) (prototyping) (construction) o
* Generic validation: P roto Physics Phenomena to be Measurement Methad Diagnostics validated for a
Tl:l SRR < [ -
° S p ec Ifl C Va | I d atio n: o p e. measured validated type of accelerator
. . . . Robustness Improvement Adaptation to a specific Calculation to adapt for a
° D Ia 85 d Od I SO pa rt ICI pate IN of the measuremeant accelerator type new machine
the phase of the me— . EE——— e
accelerators on beam-tests i accelerator T
 safety regulation for o D% e e
. . Bench-tests Validation ¢ Commissioning Commissioning
commissioning ‘;g
authorisation e N _— _
S . T egular Use legular Use
« Commissioning, Proposal 3 ; B
e Stdo perat ion Measurement Method Diagnostics validated for a Diagnostics validated for a
e Start-u D validated type of accelerator new accelerator

* Regular scheduled runs Pre-project Prototype Operation

HIAT 2022 8



Accelerators y

INSTRU FAISCEAUX

e Experts of the network are involved in a large range of instrumentations,

* For this presentation, We focused on Beam inst. on the following ions
machine (not exhaustive):

* ARRONAX — 10 years of operation

* SPIRAL2 - commissioning
* DESIR - project
* NEWGAIN - project

* MYRRHA — project (in the paper only)

* Involvement in other ion machine also:
* See emittance-meter part

HIAT 2022
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machine (not exhaustive):

* ARRONAX — 10 years of operation g, 0,
Ty
e SPIRAL2 - commissionin
. g 1.E+02 IS “ﬂ‘__#'?ﬁ?'m‘;‘n
* DESIR - project 0 T
* NEWGAIN - project = LE01 S pRALY e (hal a2t
- £ S W A G
* MYRRHA — prOJECt (in the paper only) £ SRR ”‘\eg‘ prapxns £
5 1.E+00 ARRONAX‘\\“‘ LANSCE SNS §%—”;‘\““
. . . . . F-RIB e >~
* Involvement in other ion machine also § O o e
4 J-PARCS
. ; fing TRth?ﬂ' o J;cp:“sf
e See emittance-meter pa rt S 1601 e
C—.g;h"\ .
“‘-.. FAIR J\'h&f
1.E-02 3 S50 MR | [+
\“‘u NLAGS \‘\\
- “n.._\ Benac "\;{‘47‘1’
1.E-03 sl | T M
1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06
Beam energy (MeV)

J-L. Biarrotte, Proc. SRF 2013 + adaptation FP



Accelerators N

 Experts of the network are involved in a large range of instrumentations, A

* For this presentation, We focused on Beam inst. on the following ions
machine (not exhaustive):

* ARRONAX — 10 years of operation g, 0,
N
* SPIRAL2 - commissionin
. g 1.E+02 IS Hﬂ‘r__#r_*?mnf\"
* DESIR - project 0 T
* NEWGAIN - project = LE01 S pRALY e Thal 3%
- £ S W A
* MYRRHA — prOJECt (in the paper only) £ SRR ”‘\eg‘ prapxns £
:3: “"‘\‘ >l s éf—x 92“"-\‘-
. . . g 1-E+00 ARRONAX @ Ts—=—xip o~ & &~
* Involvement in other ion machine also & e e
= J-PARCS
. ; fing TRth?ﬂ' o J;cp:“sf
* See emittance-meter part S 1E01 i
C—.g;h"\ .
“‘-.. FAIR J\'h&f
1.E-02 M sz MR 1
\“‘u NLAGS \‘\\
- "n\\ S enac "\;{‘47‘1’
1.6-03 psBll || T M
1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06
Beam energy (MeV)

J-L. Biarrotte, Proc. SRF 2013 + adaptation FP



Accelerators N

 Experts of the network are involved in a large range of instrumentations, A

* For this presentation, We focused on Beam inst. on the following ions
machine (not exhaustive):

* ARRONAX — 10 years of operation g, o,
1,
e SPIRAL2 - commissionin
. g 1.E+02 IS HEA——.‘T_*?:W“‘
* DESIR - project 0 T
 NEWGAIN - project = LE01 N pmaLs T M Q%
H £ \k‘* Qmwp 2 .’\\“-MYRRHA E;RML‘\
* MYRRHA — prOJECt (in the paper only) £ S ”‘\egi prapxns £
5 1.E+00 ARRONA x‘\"-s..‘ LANSCERSNS ﬁ%:”;\“x
. . . : = F-RIB ~ .
* Involvement in other ion machine also § SSH e e
4 1-PARCS
. B Tin TRth?ﬂ' o Jr‘«:p‘:"‘t‘E
e See emittance-meter pa rt S 1601 T
C—.g;h"\ N
1.E-02 ““"\. FAR :uﬁ?&c‘
“\\“*.. NLAGS \‘\\
e | L Benac "\;{‘47‘1’
1.E-03 sl | T M
1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06
Beam energy (MeV)

J-L. Biarrotte, Proc. SRF 2013 + adaptation FP



Accelerators N

 Experts of the network are involved in a large range of instrumentations, A

* For this presentation, We focused on Beam inst. on the following ions
machine (not exhaustive):

* ARRONAX — 10 years of operation LEHO3 7

* SPIRAL2 - commissioning o 1_" T
* DESIR - project 2

* NEWGAIN - project

« 1.E+01 e SPIRAL-Z“"‘ = it ~f§m
i < e o MYRRHA
* MYRRHA — prOJect (in the paper only) E N . §5‘5~
= L] & | a3
] 1.E+00 P LANSC SNS F%Xﬂ .
. . . £ ARRONAX . FRIB . .
* Involvement in other ion machine also & S [N
0 ey
. - g g Bl ss—— oo
See emittance-meter part S 1.E01 LN -
C—.:;h"\ ;
“‘-.._‘ FAIR :;TB‘E‘
1.6-02 Lo .
\\‘.\“. NLAGS ““"\\\
CERN | Tsa. Bena “‘5{‘47(1,
1.E-03 sl | T M
1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06
Beam energy (MeV)

J-L. Biarrotte, Proc. SRF 2013 + adaptation FP



Accelerators N
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Arronax N3 m

C70XP Cyclotron: ' INSTRU FAISCEAUX

* |sochron cyclotron with 4 sectors
* RF:30.45 MHz
* Acceleration Voltage: 65 kV
*  Max magn. field : 1.64T

» 2 sources (ECR, Multicusp)
6 main beamlines

Can provides train of bunches
* Length ~100us, low to 50 kHz rep.

4700h RF eq. time in 2021
Diagnostics in the beampipes are scarce:

Extracted | E(MeV) <I> (puA) - faraday cups (210kW), BLM, <I> probes (15kW), instrumented collimators
Particles - Planned: injection collimators .
™ 30 105 140 2 ——— See:TUP14, T.Durand, Arronax
70.3 max 750 o - .
— = o Malnly.us.,ed for: |
HH+ 35 01-1 » Radio-isotope production (eg 82Sr, 211At,...)
D+ 15-35 | 0.05-1.2, * Research on Physics, Radiobiology, Radiochemistry
S0 » Studies on Detectors, provide a beam test for diagnostics

e Bench for Flash experiments

Arronax Public Interest Group (GIP) in Nantes, France HIAT 2022



P E P ITES Contact person on diag: M. Verderi, LLR

A Secondary Electron Ultra-thin Charged Particles Beam Profiler

INSTRU FAISCEAUX

X direction |beam ~1 pA

°

Max signal ~35 fA !

Y direction

“Actual strip pln & detector

Detector sketch

* Secondary Electron Emission based ultra-thin charged beam profiler
* 10 um Water Equivalent Thickness

e Operated in vacuum of beam line

*  Built with thin film techniques:

. Se%mented electrode signal : 32 gold strips, 50 nm thick, ~2 mm wide, 7 cm long, deposited on 1.5 um
polyimide film

*  Fully metallized plan for electron collection : same materials and thicknesses, +100 V potential

In situ @ ARRONAX, end April First beams @ ARRONAX,
* Radiation hardness tested May 315t 2022!
* @ ARRONAX with 68 MeV protons, up to 108 Gy .
* @ LSI with 2 MeV electrons, up to 10° Gy * Excellent first results !
«  Low noise and wide range dedicated electronic made by CEA * Future ? CNAO interested ! Designed for continuous currents, but
I strong assets for FLASH beams !

|

ARRONAX




Diamond as beam tagging monitors
Contact person on diag: M.L. Gallin-Martel, LPSC

GRENOBLE | MODANE

ARRONAX

IN2P3

Les deux infini

4 Solid-state ionizing chamber )

\ lﬁU
~ E
TN+
DN —
LElectrade ~ I E
\_T@;n
lonizing particle

Diamond properties useful for
particle detection:

Diamond |_

\4

Radiation hardness

\4

High mobilities of charge
carriers

Y

High breakdown voltage

\4

Low leakage current

\4

Intrinsic efficiency ...

Diamond beam monitor for hadrontherapy

32 channels
kLPSC Hodoscope prototype 42 channels + Front End electronic (fast preamplifiers) developped at LPSC )

1 pcVD = 4cm?

INSTRU FAISCE

ARRONAX
July 2021

§ “02 Protons 68 MeV
U 350 Strip X vs Strip Y

30—

25F

= 159 ps RMS

L et

E
8

Time difference

40 channels Time resolution (achieved)

(

G

Beams specifications

> Proton therapy (Cyclotron IBA/C230 Orsay, Dresden...):
W Bunch:1-2ns
O HF:100 MHz
Q200 protons/bunch
» Proton therapy (Synchro-cyclotron Nice S2C2):
 Bunch: 7 ns (16 ns)
O Train: 4 ps (1 ms)
O 10% protons/ micro-bunch
» Carbone therapy (HIT/CNAO):
W Bunch: 20-40 ns
W Bunch interval: 200 ns
W 10ions/bunch

Beam tagging hodosope h

specifications
Counting rate:
O 100 MHz for the whole detector
O ~10 MHz per channel
Time resolution:
O At the level of 100 ps
Spatial resolution:
O  1mm (readout strip)
Radiation hardness:
QO 10 protons/cm?%treatment,
about 20 treatments a day
=>10% protons/cm?%year

—

J




Diamond as beam tagging monitors

Contact person on diag: M.A. Laure-Gallin

ANR - DIAMMONI Project (2020-2024)

Objective: diamond monitor aimed to count in bunches at low proton beam
intensity, and in trains at high intensity

=> dedicated to equip a beam line at the ARRONAX Cyclotron.

Two operating modes: bunch and train counting

[' Bunch counting mode : from a single particle up to 100 protons\

per bunch (4ns ON, 29ns OFF). At this intensity, dedicated preamplifier
are required (electronic development in progress at LPSC)

o (”bemn |= 5.2 pA

V)

4 ns 29ns

s
g ¥

Amplitude
g

|
002 I| l|'l

| |
Wnwmawmww-wnm\.w\aM,»

400 600 8O0 1000 1200 1400 1600 1800 2000

=g
14

EELH

m?lnps:
Diamond signal ARRONAX beam structure

o
C 1 . ops .

- oo Availability to time stamp each
- oisson law ) ) i

ook A=1,26 single bunch with a time

of resolution of:
: - 100ps in a single particle regime

a3 ’K/""\,_L - ~1ns for tens of particlesin a

-5.;2 B T R T YR E X T Ty bunCh

\ Histogram of charges in every bunches

J

LBSC | S
ARRONAX

GRENOBLE | MODANE

IN2P3

Les deux infinig

(o
ARRONAX. Electronic develo

single bunch
i €6

f 45x4,5 mm?
68 MeV Proton beam

Pulsing Mode

BT (L ees

train1  train3

=> FLASH therapy for medical aplication

Train counting mode : at higher intensity, diamondis direetlyx
connected to acquisition system. 5uA has been reached recently at

pped at LPSC already validated

Train integral =
DSO post analysis

DSO Lecroy
2 GHz; 10 or 20 GS/s

i %
Time ( ps)

QDC board
developped @ LPSC

DAQ B
developped @ LPSC |

Train integral =
on line measurement
with LPSC QDC

Train - Diamond signal

Amplitude (V)
AU

Time ( ps)

% “ %
Time ( ps)

5uA on Diamond

Cyclotron train at 4.46 pA on sCVD Diamond 150um-thick

Amplitude (V)

reached in May 2022
~10° protons within 4
ns @ 30,45 MHz

Train « Start » and
« Stop » stamped

N

20 40 60 80 100 120
Time (is)




Spiral2 , DESIR and NEWGAIN at GANIL

See WE211, from H. Franberg Delahaye, “SPIRAL2 commissioning“, GANIL

©
supported by I e v

Existing

Current project

—  Main User

SPIRAL2:

- 5 mA p-dion source

- 1 mA heavy ions source
(A/Q < 3)

- CW RFQand a SClinac

injector 1
A/Q=1-3
(2 sources)

14



Spiral 2 — Diag POV commissioning RN

Contact person on diag: C.Jamet, GANIL

INSTRU FAISCEAUX

- From December 2015 to November 2018, First commissioning phase.

Diagnostics Plate
RFQ beams and Diags were characterized with a Diagnostic Plate (removed since)

Bunch Beam Position
Fast Current Extension  Emittance  Monitor ACCT/DCCT

- InJuly 2019, the beam commissioning with a proton beam started in the MEBT. /
Then, from October to December, the commissioning continued in the linac and mtgfs-t-:n
HEBT.

- InJuly 2021, with a helium beam at 40 MeV, beam energies were measured
using ToF with BPMs e

Heavy ion source (A/q=6 to 7) . 10 m
and RFQ - Futur upgrade ' '
Neutron For Science
RFQ E’\
LEBT lines I . BBMHz
.. ;.-r-: _;\x‘;; : . oo S
- . I B B / 83
ECRIS R , d*: 20 MeV/n i’“"&u—m
A{gj dﬁanqu _ . .S;Jfr&‘ / Z rﬁ HI : 14.5 MeV/n N’
0.75 MeV/n driver accelerator | ' )
production

15



Contact person: C.Jamet, GANIL

=2Dl= SPIRAL2 Diagnostics

LEBT1 LEBTC RFQ MEBT
@ TR LI i SIS HHHHE HHE -
Low Energy Beam i
Transfer & X e . . . . !
f * Diversity and density of the devices !
EPUTTEINY * along the accelerator 5
'e © e o e e o

LAOEHHA OIS GBI HOHOHE

]} 6x Faraday Cup (FC)
1x Fast Faraday Cup (FFC)

! 16x Pair of slits

6x Loss Ring
1x Segmented Collimator

LHE 5} /

@ @
4x DC Current Transformer (DCCT) I Ll
3x AC Current Transformer (ACCT)

23x Multi-wire Profiler " N
+ 6x Emittancemeter e

5x Bunch Extension Monitor (BEM) /&

L=
=
b

A

Time Of Flight (TOF) N
5) : ,
20x Beam Position Monitor (BPM) «

32x Beam Loss Monitor

§

INSTRU FAISCEAUX
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Contact person: C.Jamet, GANIL —

Beam Position Monitors

BEAM POSITION MONITORS (BPM)

= AN

labeorafniee comnmun CLALRF :

C\lhINd

§

INSTRU FAISCEAUX

fundamental (h1 = 88 MHz) and second harmonic (h2 = 176 MHZz)

position, ellipticity and phase.

Principle: Bunch electric field generates RF signals on electrodes. Amplitudes and phases of
are used to calculate

20 BPMs are installed in the warm sections of the linac.

Up Electrode

11,38 -

Left
Electrode

Right
Electrode

o

-~
=

Ellipticité (mm2)

2
=

Down Electrode

-27,94

T T T T T T T T T T T T T T T T T T 1
i 2 3 4 5 6 el 8 9 10 11 12 13 14 15 1 17 18 19 2
Ellipticité h1 n® BPM Ellipticité h2

Position Xy, = Ky, X Rna — L
n1 = Kn1
Rp1 + Lpy +Upq +Dp4
Un1 — Dn1
Position Y1 = K1 X
Rpq + Lpy +Upq +Dpy

Rpy1+ Ly — Upy —Dpy

— Yp1?)
Rp1 + Lpy +Up1 +Dpy

— (X1

)

Ellipticity h1 = Sp4 X

Q(Rp1 + Lpg + Upy + Dpq)
I(Rpy + Lpy + Upy + D)

Phase h1l = atang (

Limitations :
Intensity min ~ 50 pA

17



Contact person: C.Jamet, GANIL

Beam Position Monitors

— L O L ﬂ
labeorafniee comnmun CLALRF g' o CHREAN ™S

Velocity comparisons between TOF and BPMs with a proton beam of 3 MeV.

The new procedure, to tune the linac cavities, use the beam velocity from BPMs, which implies
measuring the BPM phases with the same reference.

The beta velocities between BPM and TOF are close, with a maximum difference of 0,2 %.

These results are obtained thanks to BPM electronics (collaboration with the Indian laboratory BARC)

Main  corrective  actions  taken

commissioning phase:

during  the

= EMC modifications to decrease the disturbances
from the RF cavities

= Reinforced shielding cables & RF-shielded electronic
cabinet

= 50 Ohm matching of the 20*4 BPM electrodes
= New precise calibration of the 22 modules

§

INSTRU FAISCEAUX

Now: automation of the calibrations and an
increase of the sensitivity towards the very low
levels

Next Modifications:

Cable phase corrections

Position and ellipticity monitoring connected to the T-MPS
Stop  Acquisition Post-Mortem
optimizations

management  and

Offset deductions for low intensities measurements
Automatic gain tuning

Code optimizations

Spare module reception and qualification

GUI modifications

Data




Contact person: C.Jamet, GANIL Beam Tra nsmiSSiOn MOnitOrS &

BEAM TRANSMISSION WITH ACCT or DCCT NES

. . : : Experimental A
Principle: Intensity difference between two ACCT or DCCT. xperimental Area INSTRU FAISCEAUX
Used to tune and survey the beam losses DCCT ACCT/DCCT ACCT/DCCT | AccT/DCCT

RFQ LINAC Beam
Dump
lon DCCT-Diff - LIN-DCCT-Diff " \
Source LIN-ACCT-Diff R
Tuni ith ACCT Deuteron LINHE-DCCT-Diff -
uning wi Proton LINHE-ACCT-Diff s®
. . - SOUTCe Experimental Area
Same Graphical Interface as intensities Future
Production
Full scale range 10 mA Building
P-P noise (BW 1Hz) ~16 YA
Gain error ~0.6 %
Gain difference between 2 ACCT ~0.1 %

[ Categorised as part of EPS: Safety Probability Evaluation ]

Monitoring of the difference average

DCCT : Enlarged Machine Protection System (E-MPS) to limit radiations produced by beam losses

= Monitoring of 250uA beam loss (159 A including uncertainties margins)

CHASINZ™s

—V -\
ACCT : Thermal Machine Protection System (T-MPS) , to protect the machine . -\“ | | ﬁﬂiﬂ—
—> Monitoring of around 1 pA ideally, and as low as possible in real life

Next Steps: EMC optimization to decrease the noise of ACCT chains. 19




laboratoire communw%jﬂ% D
E esmtegrat/on Excitation université

et Stockage d’lons Radioactifs “BORDEAUX IN2P3
< Lp2| ' INSTRU FAISCEAUX
Shy Bord
oraeaux
'%412[ RFQ-Cooler Buncher |«
//VAC U Jon of Interest selection GPIB

U Beam purification

U Beam preparation
U Accumulation and bunch delivery

Dedicated to the study of
nuclear structure,
astrophysics, and weak
interaction at low energy

Double Penning Traps

%QPER RpE

a 2”" beam purlf/cat/on
O Mass Measurement

Exotic ion beams (RIB)

SAMPLES to measure

~DE

Contact person: L.Daudin, LP2| |
Equipex 25 M€

E t

iral.
= ure Experimental Hall to
measure Exotic lons properties
O Low energy ions (<60 keV) > Laser Spectroscopy
Q Low intensity beam (< 108 pps) CW & Bunched > Mass Spectroscopy

» Decay Spectroscopy



(2; LP2i Exotic ion beams (RIBs) S AN —

Bordomix P ) AN
@mm DIAGNOSTICS for >l E ’R O Low energy (<60 keV)

université

ey Q Low intensity (< 108 pps) CW & Bunched
“BORDEAUX Spiral2. y( pps)
120 raphe | Signal Counts PLOTS | MCP Signal| Time Of Flight |other ...
100 | Cdg=0,85 Sigma. =2,63 srephe |Siagg START @ lLESET‘“ “STOP [ TCn‘untS 2021‘
313,00 EPICS ‘lj!ﬂ*”"@“@qf” I RN EE]]
31200 - - T S S
g 2 INSTRU FAISCEAUX
gomoo Control g
= 20
310,00 System o
309,27 10
10:18:35 10:18:50  10:19:00  10:19:10 10:19:26 5
Temps
® -

FCup

v' GANIL Profilers v GANIL SPIRAL2 FCup v' LP2i Bordeaux v’ Pantechnik
Wire Harps CW beam : . TOPAG « PepperPot » type
GANIL-PicoLin I/'V Amplifier MicroChannelPlates - Emit. Figure Shape
. . = - Counting Mode measurement to estimate
2x 47 WAu wires (H & V) a ] ) and correct HRS aberations.
« 70 um diam. * High sensitivity / Low Bandwidth « Single ion to 107 pps + 3 resolving power improved
« 0,5mm step +  Wide range (50 fA ... 10 uA) * Attenuation grids for higher s ergece

_ aberration

. i i 0 . intensity & Energy Meas. 3"

Semi-interceptive 90% transp. microsecond bunches: Y 9y o o I, octopoler
« 1ms<IT < 10 second Femto DHPCA I/V converter LP2iB RedpiTOF », L el [ aberration
« Ceramic PCB ; ‘ N :

* Redpitaya board FPGA dev. K8 higher order
0 rrations

« Counting (upto 5.107 pps)

« >5nA > 3.10%ions/ 1us bunch » Time Of Flight (10 ns resolution)
Contact person: L.Daudin, LP2I



Diagnostics for NEW GANIL Injector
a @ =ANG— ﬂ dec EF’:CQ @Ll?c “LP2i dc

LBE3 EW2 LBE3 EW3 |

LMEZ-DCVE ||
LME2-031

RFQZ [ LMEZ | %u:l LME |z Moygroe Srergie tenizciinai
- - = , so B F su.m T T W F I
LBE3 . = B-AnflnBHNEBE= BB Igis . GeFala® BE | FEGENET
§ BN pEamaersiiianii B3 of opononozoroz numome i e |
i i B =
5 SERSSE 5 HOULECCRRESSERERENE R BB 08 E B B B B P P U3 3y ¢ 59888387 |
LBE-DM2 1 |] =
= k= = = = == = [F = s | [em—— =t = = - = o efef bt & & = -|————--
& - _ ezl _ e |
| LEEIPRY oy LaEtFniz = 3 ,
EEtro L LBE13PRI3 - % jé;@ 4 I
o UEE NEWGAIN WS |
: T i
EE 3 i WEZREGT ||
I
I

= SPIRAL-2

INSTRU FAISCEAUX

LME2 :

- 1 ACCT in flange (under study)
- 1 FC/Beam Dump

- 6 EMS PR

- 1AF

BRI :

- 1 Emittancemeter H et V Allison
Type

- 1EMS PR

- 1 Phase probe

- 1FC

- 1FFC

5
A/Q = from 3 to 7 (optimized for 7)
E max at the end of LINAC: 7 MeV/A

* 10 keV/A pour LEBT, 590 keV/A LEMT

E chopper + Soraper 100 kHz (under LBE13 : » I max : 6 ppA for U, up to 10 puA for others.
_ ;tl'ic(i:y - 1 choper + Scraper 100 kHz (under study * Frequency from 1 Hz (@0,5 s) to 100 kHz (@ 1 ps)

8 EMS PR - TEMSPR
- 1 Emitancemeter H et V Allison Type

* Large amount of dedicated diagnostics:

- 1ACCT in flange (under study) * No new development excepted for ACCT and Chopper
- 1 Pepper Pot (TBC) (C.Jamet GANIL)

- 2 Beam Dumps * Others diagnostics reused from Spiral 2 development
- 2slitsH HIAT 2022

6 slits (3H et 3V) Contact person: C.Peaucelle, LPSC



Experimental setup and beam characteristics

Y ARRONAX | . Syettedh K

Contact A ARRONAX ]
% INSTRU FAISCEAUX
person on -t
diag:
C.Koumeir,
Arronax
H+ 68 MeV
Alpha 68 MeV
Faraday" Target holder (X,Y) Collimators: 10 mm (left) Kapton exit window
Cup 15 mm (right) +systéme de refroidissement
+Photomultiplier
Performance Pulsing system installed in the injection part to modify the beam structures:
of gafchromic Standard use L P
ﬁtﬂrr 11811 111111 7

fims L B S R

EBT3, EBT-XD,

OC-1. U . ITD Ipeak
Parameters “we play with” Instantaneous dose rate:
Train duration (TD): >1us Up to 300kGy/sec (beam spot
Inter-Train Duration (DIT): >20us 10mm diameter)

Zebrafish embryos
<lbeam> up to 20pA
23



Y ARRONAX | Syeéioch

Beam monitoring for Flash irradiation @Arronax
Contact persons on diag: C.Koumeir, Arronax

§

INSTRU FAISCEAUX

Faraday
Cup (golden reference)

-9 R Lo lonisation chamber for o
¢ & =1 conventionnal dose rate
y ; e

Trigger of the pulsing system

0,000 48 TR

Photomultplier detect

”nw il The delivred dose on

the UV photons an area of 1cm? =1Gy
100{1s

of the excited nitrogen/

molecules for Flash , , , , ,
. L. 0 50 100 150 200 250
irradiation Time (us)

» The variation of the PM response compared to the Faraday cup is less than 2%

for a wide range of the dose rate up to 300kGy/sec.

» A new prototype to allow beam position as well as dose, dose-rate
and time monitoring during patient treatment at ultra-high dose rates

is under development in collaboration with IBA




Emittance-meter PHC ]

Contact persons on diag: F.Osswald, IPHC

INSTRU FAISCEAUX

- 2D Emittance measurement of low energy ion-beam

- Allison principle with double slit and deflection (Los Alamos, 1983)
- Revisited by IPHC in 2008 and new prototype in 2020

- Scan of charge distribution in position and angle
100 um and 1 mrad resolution

+ 100 mrad acceptance

1-100 mm beam diameter/1-100 pi mm.mrad
100pA-3 mA beam intensity

300 W, 1 kW/cm? beam power

DC or pulsed (1 MHz)

HIAT 2022 25



Contact persons on diag: F.Osswald IPHC

Emittance-meter

e Goal:

« Emittance meter in operation on different > ST CEUIIEnt
faCIIItIeS S|nce 2021. e DlSCUSS, analyse measurements

* Improve collective knowledge

INSTRU FAISCEAUX

* Now shared in the framework of the . .
French Beam instrumention network Issues raised:

* Versatility for various applications
* Planned to be used/adapted on the above y PP

: * Availability
accelerators (Newgain, Myrrha,...)  Radioprotection & transport

e Safety procedure

IPHC, Strasbourg: EmitM
commissioning on ion source

) ) test bench (HeatWave Labs, Inc)
Multibody structure with on line characterization

non-uniform charge density

ARRONAX, Nantes:
cyclotron injection channel.

L2IB, Bordeaux: DESIR/SPIRAL 2 ARIBE: characterization of Ar®* beam
spectrometer at 30 keV

and commissioning of beam focusing
prototype

HIAT 2022 26



Additive manufacturing to design advanced R
diagnostics

* We are investigating the use of additive manufacturing for
diagnostics.

INSTRU FAISCEAUX

* It allows design closer to physical requirements.

* Eg: on a BPM, the electrodes can have a better impedance matching.
* 60% of original weight v
* Shorter production time 035663
-0,36447
b
-0,40369

stress induced
displacement

N.Delerue -
IJCLab

e
/ Iréne Joliot-Cu
| ire d

\ des 2 Infi

450,6 Max
400,53

35047

3004

250,33

200,27

150,2

100,13

50,067
0,0001228 Min

See also: T. Torims presentation at HIAT “3D printing (additive manufacturing) applied to accelerator components”, Riga Tech. Univ.



Conclusion R

INSTRU FAISCEAUX

* A few words on beam instrumentations (not representive):
* has to deal with large dynamic range (I, E, Duty cycle,...):

* Beam instrumentations are adapting:
* Diagnostics with an inner large range
* Several diagnostics put together to cover range

* Network:
* keeps working efficiently
* align its work-in-progress with the demands

e consistent with the recommendations on the IN2P3 2020-30 prospects
recommandations:

* “prime importance to guarantee a suited scientific and technical support for accelerators
development” & “to strengthen the connection between accelerators and detectors
community”

e “particularly R&D activities on beam instrumentation”
* Work in continuous progress

HIAT 2022 28
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