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Outline
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• Online range verification in hadrontherapy by means of TOF 
prompt-gamma imaging

• Development of a diamond hodoscope at LPSC

• Reminder of previous obtained results

• Investigation of pCVD samples performance

• Custom electronics

• Conclusions and perspectives



Range verification in hadrontherapy based on secondary particle detection

Knopf and Lomax, Phys. Med. Biol. 58 (2013) R131–R160

Ideal treatment plan

Effect of tissues heterogeneities
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Krimmer et al., Nucl. Instr. Meth. A, 878 (2017) 58-73 

Bragg Peak

Prompt-gamma photons emission profile 
correlated to the Bragg Peak 
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CLaRyS prompt-gamma detection devices

Time-of-Flight resolved
Prompt-Gamma Imaging

Multi-slit collimated camera (1D) Compton camera (2D ou 3D)

Hodoscope : neutron-induced background reduction & transverse position

3/15Hodoscope

Stop
(delayed)

Start Fast
gamma 
detector

CLaRyS-Ultra-Fast Timing goal : 100 ps resolution

→ Prompt-Gamma Timing (S. Marcatili, ADAMAS 2018)

CLaRyS collaboration: LPSC, IP2I, CPPM, CREATIS



1/25

Diamond detectors development at LPSC
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Electrode

Electrode

Solid-state ionization chamber
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50Ω-adapted printed circuit board

Diamond
Spacer

3 cm

Detector assembly for sample characterization: planar metallization

Our project (LPSC) : Diamond hodoscope

Specifications:

• 𝜎𝑡 ~ 100 𝑝𝑠

• Count rate ~ 10 MHz/channel

• Spatial resolution ~ 1 mm

• Radiation hard
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50Ω-adapted printed circuit board

Diamond
Spacer

3 cm

Detector assembly for sample characterization: planar metallization

Our project (LPSC) : Diamond hodoscope

Specifications:

• 𝜎𝑡 ~ 100 𝑝𝑠

• Count rate ~ 10 MHz/channel

• Spatial resolution ~ 1 mm

• Radiation hard

Diamond samples requirements

• High detection efficiency

• Very good time resolution

• Linear response through high 
dynamics (from single to 102

protons/bunch – 70 to 250 MeV)

Diamond detectors development at LPSC
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Time-of-Flight resolution

𝝈𝒕 = 𝟏𝟖 𝒑𝒔

95 MeV/u 12C ions @ GANIL 68 MeV protons @ ARRONAX 8.5 keV photons @ ESRF

𝝈𝒕 = 𝟗𝟒 𝒑𝒔

∆𝐸 = 25 𝑀𝑒𝑉 (300 µm diamond) ∆𝐸 = 1 𝑀𝑒𝑉 (300 µm diamond)
6/15

Beam

sc-CVD

Fast
sampler

mono vs DOI

DOI vs RF

mono vs RF

Time resolution assessment

• Digitization of signals

• Normalized threshold discrimination

• Fitting
2GHz, 40dB

~ 1.9 × 106 e- ~ 76 × 103 e-



Specific detection efficiency

pCVD (E6)

DOI

• Event filtering (amplitude and Time-of-Flight)

Pulsed beam - 68 MeV protons
∆𝐸 = 2 𝑀𝑒𝑉 (2 protons in 300 µm diamond)

• Opposite faces signal summation:

→ Signal-to-noise ratio × 2

ε =
Ntriple

Ndouble
1 −

Nrandom

Ndouble

• Offline absolute threshold-based
scanning

Collimator

DOI
sCVD (trigger)

DOIpCVD

Incident ions

WaveCatcher fast digitizer

3 ns

33 ns
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Specific detection efficiency

Pulsed beam - 68 MeV protons

∆𝐸 = 1 𝑀𝑒𝑉 (1 proton in 300 µm diamond)

𝐼 𝑏𝑒𝑎𝑚 = 50 𝑓𝐴 (measured with Ion. Chamber)

RF = 33 MHz (33 ns) / Bunch width = 3 ns
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WaveCatcher fast digitizer
(8 channels, 3.2 GS/s)

IC
Diamonds

Plastic
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Specific detection efficiency

• Single proton selection (mono & plastic spectra)

Pulsed beam - 68 MeV protons

∆𝐸 = 1 𝑀𝑒𝑉 (1 proton in 300 µm diamond)

𝐼 𝑏𝑒𝑎𝑚 = 50 𝑓𝐴 (measured with Ion. Chamber)

RF = 33 MHz (33 ns) / Bunch width = 3 ns

• Opposite faces signal summation: SNR → SNR × 2

ε =
Ntriple

Ndouble
1 −

Nrandom

Ndouble

• Offline absolute threshold-based scanning
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Offline assessment of poly samples efficiency

(with 1.5 ns coinc. window)

Efficiency > 95 %

poly

poly

poly

WaveCatcher fast digitizer
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Timing performance with pCVD samples and 68 MeV protons
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Element6

DDK

II-VI

𝝈𝒕 = 𝟏𝟕𝟒 𝒑𝒔

𝝈𝒕 = 𝟐𝟎𝟖 𝒑𝒔

𝝈𝒕 = 𝟐𝟐𝟐 𝒑𝒔

Beam
E6 sCVD

Fast
sampler

2GHz, 40dB

pCVD

5.0 × 5.0 × 0.3 mm3

10.0 × 10.0 × 0.3 mm3

10.0 × 10.0 × 0.5 mm3



Collimator

sCVDpCVD

Incident ions

High beam current response

11/15

LeCroy
Scope

DDK pCVD E6 sCVD

𝐼 𝑏𝑒𝑎𝑚 = 20𝑝𝐴

10 µs

1 ms

33 ns



Collimator

sCVDpCVD

Incident ions

High beam current response
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LeCroy
Scope

E6 sCVDDDK pCVD

𝐼 𝑏𝑒𝑎𝑚 = 200𝑝𝐴

10 µs

1 ms

33 ns



Collimator

sCVDpCVD

Incident ions

High beam current response
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LeCroy
Scope

Without amp
Current signal read in 50Ω

DDK pCVD

10 µs bunch train

33 ns

DDK pCVD

With amp
saturation !

Without amp
Current signal read in 50Ω

E6 sCVD

10 µs bunch train

33 ns

𝐼 𝑏𝑒𝑎𝑚 = 2𝑛𝐴

10 µs

10 ms

33 ns



Custom electronics
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Custom RF preamplifier8-channel ASIC

• CMOS 130 nm 
• Trans-Impedance Amplifier Gain: 48 dB

BW:  > 1GHz

LPSC

CIVIDEC C2

5.5 MeV alpha

QDC for charge integration
Gallin-Martel, IEEE NSS-MIC 2016

Rin = 50 Ω
Power: +3.55 V / 21 mA
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Conclusions

Perspectives

• Characterization with protons and carbon ions

• Integration to the CLaRyS µTCA data acquisition system

• Detectors characterized under various irradiation conditions

• Time resolution and detection efficiency in good agreement with project specifications

• pCVD and sCVD are able to highlight variations in the content of proton bunches (protons counting is possible)

carbon ions

protons

X-rays

Polycrystalline demonstratorSingle-crystal demonstrator

4 mono diamonds (4.5 × 4.5 mm² 
each)

+ dedicated custom ASIC

 Prompt-Gamma Timing 
(single ion tagging)

1 poly diamond (20 × 20 mm²)

 TOF Prompt-Gamma Imaging

+ custom fast discrete preamps

(48dB, >1GHz, 7.5 mW)
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