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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

* |nvestigation of pCVD samples performance

* Custom electronics

* Conclusions and perspectives




Range verification in hadrontherapy based on secondary particle detection
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CLaRyS prompt-gamma detection devices

Multi-slit collimated camera (1D)

Hodoscope (X,Y,tp)
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Hodoscope : neutron-induced background reduction & transverse position

CLaRyS-Ultra-Fast Timing goal : 100 ps resolution

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

CLaRyS collaboration: LPSC, IP2I, CPPM, CREATIS
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Diamond detectors development at LPSC

Solid-state ionization chamber
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Our project (LPSC) : Diamond hodoscope
Specifications:

e 0, ~100ps

Count rate ~ 10 MHz/channel

Spatial resolution ~ 1 mm

Radiation hard

Strips x Stripsy




Diamond detectors development at LPSC

Solid-state ionization chamber
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Our project (LPSC) : Diamond hodoscope
Specifications:
e 0, ~100ps
* Count rate ~ 10 MHz/channel
e Spatial resolution ~ 1 mm

e Radiation hard

Diamond samples requirements

* High detection efficiency
e Very good time resolution

* Linear response through high
dynamics (from single to 102
protons/bunch — 70 to 250 MeV)




Time-of-Flight resolution
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Specific detection efficiency poj PCYD DOl SCVD (trigger)

Collimator ARRONAX
Incident ions l
Pulsed beam - 68 MeV protons 3 ns
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Specific detection efficiency
. ARRONAX

Pulsed beam - 68 MeV protons

AE =1 MeV (1 proton in 300 um diamond)
(I)peqgm = 50 fA (measured with lon. Chamber)
RF = 33 MHz (33 ns) / Bunch width =3 ns
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- : - Collim.
Specific detection efficiency @ 5mm

Pulsed beam - 68 MeV protons

AE =1 MeV (1 proton in 300 um diamond)
(I)peqgm = 50 fA (measured with lon. Chamber)
RF = 33 MHz (33 ns) / Bunch width =3 ns

Offline assessment of poly samples efficiency

* Single proton selection (mono & plastic spectra)

« Opposite faces signal summation: SNR = SNR X /2

e Offline absolute threshold-based scanning
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Timing performance with pCVD samples and 68 MeV protons 5 pCVD E6 sCVD
_— eam
— Entries 71919 ﬂ ﬂ
- DDK RS, 2009
3500 = 2/ ndf 42.03/22
= 50 % 50 % 03 mm3 I\CAOHStant 3665 +20.1
8000 — Sigma Treai10 Fast
2500 — > sampler
- o, = 174 ps 2GHz, 40dB
2000
1500 ;— htemp
- - Entries 77926
1000 — 3500— II-VI Mean -1204
= = RMS 307.2
500 — ~  10.0x10.0x0.5 mm3 x2/ ndf 68.73/28
= 8000 — Constant 3509 + 18.0
o I T — Mean -1200x£1.0
0 500 1000 1500 2000 - i
CFD50[5-GFD50[6] 2500 — Sigma 2219+1.0
2000|— O't = 222 pS
htemp —
— Entries 69688 [
3500 +— Mean 1159 1500 —
— RMS 254 I
= Element6 22/ ndf 40.11/23 -
; C 3516 +19.4 [
3000--10.0 x 10.0 x 0.3 mm3 Mean teix1o | 0008
- Sigma 207.9+1.2 Z
26500 — 500 —
2000 0't=208pS ok e I B L1 .
- 3000 2500 —2000 ~1500 ~1000 ~500 500 1000
- CFD50[6]-CFD50]5]
1500
1000|—
500 —
N N




Voltage [mV]

. pCVD sCVD /O/
High beam current response :
Collimator

: . ARRONAX
Incident ions

<I>beam = 20pA
33
| HHMHHS\HH ﬂiH\H\HHHH\H\
N 1ms i

50 __ ; EUE
- DDK pCVD £ 100— E6 sCVD ok
40 — = B E
L i} — W0
— =) — b
- = 80— 8
30— — 10
20 - 20 30E5 92100 12150 13200 12250 12300 12350 12400 12450 60— _102—
0 20 L
10 H&I“I 1
0 | |
-20 —
cea e e b v b e e ey b b b gy B
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 220C —20 Coov v v b v v b v b b b b b b gy
time [ns] 0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 2200

time [ns]

"4



Voltage [mV]

High beam current response

<I>beam = 200pA
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Custom electronics
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8-channel ASIC

* CMOS 130 nm
* Trans-Impedance Amplifier
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Conclusions X-rays

protons

* Detectors characterized under various irradiation conditions _
carbon ions

* 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)

Single-crystal demonstrator Polycrystalline demonstrator
Strips x Strips y 4 mono diamonds (45 x 4.5 mm? Strips x Strips y
each) 1 poly diamond (20 x 20 mm?)
+ custom fast discrete preamps + dedicated custom ASIC

(48dB, >1GHz, 7.5 mW)

- Prompt-Gamma Timing -
| Strips x _ .
—BOTTOM (single ion tagging) TOP —'ﬁ‘_BOTLOM —> TOF Prompt-Gamma Imaging

Stripsy Strips y

e Characterization with protons and carbon ions

* Integration to the CLaRyS UTCA data acquisition system @
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