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Motivation (1/5)

Needfor in vivoballisticcontrol inparticletherapy
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Uncertaintysources

Dosecalculation Planificationfrom CT imageRBE), patienpositionning anatomic
variationsduringtreatment, movingorgangtumor

A Margins
Strategies
Planification: duaknergyor proton CT, Monte Carlo simulations
Online controlinuclearfragmentationproducts

A PET: a posteriofi
A Prompt radiation: gamma, protons (iohgavierthan protons)



Motivation (2/5) _ _ _ _
Time of Flight prompgjamma imaging with 1D collimated came
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Motivation (3/5)
Spatial resolution issue
A Heterogeneitiesnfluence ion range and promygtammayield
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A Gammaimaging compromisebetweenspatialresolutionand efficiency

(statisticsissue)

Proposedsolution by IBA:

Knifeedgecamera

(~2 cm spatialesolution)

[Richter,RaOn2016]
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A Ultra-fasttiming resolutionwill improve spatialresolution
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Motivation (4/5)
Comptonimagingwith beamhodoscope

CLaRy#g&ollaboration (IPN Lyon, CPPM Marseille, LPC Clermont, LPSC Grenoble)
Potentiallyhigherdetectionefficiencythan collimateddevices
A Beamhodoscope: lineconeintersection
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A TOFresolution< 500psA real time Comptorimaging
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Motivation (5/5)

Promptgamma counting solutions

A Promptgtiming

Particle
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Averagetime andshaperelatedto proton range
5mm range shiftneasurablewith single spot
Requireshightiming resolution(< 1n3
Limitations:

A Cyclotrons

A Bunchtime spread

To T o I

A PromptgPeakintegral[krimmerAPL 2017]
A 2-4 ns timewindow selection PGissuedfrom patient
A Yielddependson energydeposited beamposition

Counts
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A Bothmethodswould benefitfrom fastand highresolutionbeamtaggingsystem
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Beamtagginghodoscopalevelopment LPS®oniDiamproject
(within CLaRyé€ollaboration)

Existingdevelopment(CLaRygS * Limitations :

C Radiationhardness

C PMT count rate capability
(10’ cpsper PMT

C Time resolution 50@sc¢ 1 ns

Array of scintillatindibres
coupled to multichannel
photomultiplier tubes (PM)
Fast readout with uTCA
acquisition under test.

Foreseerdevelopment:

MoniDiam: diamond basedhodoscopeand its dedicated integrated
fast readout electronics for 10(sresolution

DiamondAssets

C Intrinsicradiationhardness l X Strips l
C Fast signalisetimeenables timing precision of a few tenspsf — _ S +— BOTTOM
C Lownoise VL

T Tl
¢ Cost RRELEIER R (1R
C Auvailability of large area @ o
S
Solution :Assembly of doublside stripped diamond, polycrystalline or DOI ¥ sties
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First tests: singldiskshapemetallizeddiamonds
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Diamond detector characterization: test bencheskRSC
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Beam testit GANIL : 95 MeVAiC
CEANIL
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Beam testt GANIL Time of flight measurements
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Beamtestat ESRF : XBIC sount8.5keV
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