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Fundamental Requirements

High rate capability and Radiation hardness > High fluxes (102 particles/s) of carbon ions, protons, oxyger

500d spatial resolution = Beam diagnostic for daily quality controls and dosimetric measurements of

4

Good candidate = GEMPix detector — a Timepix based GEM detector

reatment plans.

\Iready used for: Radioactive waste/ Microdosimetry/ Radiotherapy / Radom monitoring @ CERN (http.//
ardent.web.cern.ch/ardent/ardent.php ?link=publications)
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' Is a GEM detector? BN | A |
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Readout: electrons are collected by the Timepix chip
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Incoming particles LayOUt
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Particles type: carbon ions (single beam spot and scanned field)

GEMPIX: experimental setup at CNAO

Beam Energy: 3.9 GeV and 3.4 GeV
Particles per spill: 8 x10°
Measurements: Linearity, homogeneity and energy measurements at

different water depths
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The CNAO extraction beamline and the experimental setup are fully simulated

deliver 3D view
Y phantom + GEMPix
bers )
uum
am Pipe

PTW PMMA
water phantom

NAO Beam _ _
GEMPIx active

dareaqd

PMMA box for
GEMPix

All the layers of the GEMPix active area are simulated with the corresponding materials
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elease version: Geant4 10.0 patch 03

hysics Lists (for Carbon lons): GAEMStandardPhysics _option4, G4RadioactiveDecayPhysi
4lonBinaryCascadePhysics, GAEmExtraPhysics, G4HadronElasticPhysicsHP,
4StoppingPhysics, GAEmPenelopePhysics, G4NeutronTrackingCut,
4HadronPhysicsQGSP_BIC _HP

arallel geometries for scoring purposes (3D mesh) and sensitive detectors

ingle spot and scanned beam irradiation methods implemented
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Energy distribution Energy distribution Energy distribution vs z coordinate Energy distribution vs y coordinate
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Irradiation method: 60x60 mm? scanned field - 3.4 GeV carbon ions

5 fluxes: 3x10% - 5x10% - 8x10% - 10> - 2x10~ total particles delivered

Linearity

(&)}

f(x) = 2.73802674725249E-005x + 0.1679783459
R2 = 0.9998869075

Active scanning

TOT counts (normalized to the lower value)
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Number of particles

The scanned field dimensions allow to neglect side effects by including all the detector’s sensitive area
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CNAO measurements: homogeneity SRELIMINARY RES!
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PRELIMINARY RESI

2D histograms of TOT counts obtained with 3.9 GeV carbon ions beam spot
as a function of the GEMPix position in water
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Further studies are currently ongoing to determine the origin of lateral clusters.
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PRELIMINARY RESI

Beam time/space evolution

3.4 GeV carbon ions bean
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Med Phys. 2015 Jan;42(1):263-75. doi: 10.1118/1.490.
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PRELIMINARY RESULTS

3.4 GeV carbon ions bean

Geant4 simulation

GemPix data
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The curves are normalized at the peak

Deposited dose underestimated:
e Plateau region

* Fragmentation tail

- Ongoing studies on physics lists and
interaction processes in Geant4.

—> Further characterization tests of the
GEMPiIx detector with carbon ion beams

(different clock, gain, gas ...)
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CNAO measurements: Bragg Peak (lll)

PRELIMINARY RESI

3D reconstruction 3.9 GeV carbon ions Bragg peak in water
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nplete simulation of the CNAQO extraction beamline, GEMPix detector and experimental setup
car response as a function of particle flux

te good homogeneity response = study of edge/junction effects

od agreement between data and simulation

ther experimental measurements have been done at CNAO and are being analysed

Nore detailed simulation = electric field of GEM layers

\dvanced simulation study of secondary particle distrubution in water and in the GEMPix

tudy of the Bragg curve for different GEMPix setting parameters (gain, acquisition clock)
ontinuous monitoring of pressure and temperature inside the detector during the measurements
mplementation of a better trigger system between GEMPix and DDS CNAO system

lew measurements at CNAO Centre
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The temperature and the pressure measured inside the detector
allow the realtime HV correction to obtain gain stability
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CNAO measurements: homogeneity (l) SRELIMINARY RES

60 mm? carbon ions scanned field (3x10*total particles delivered)
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