16TH PISA MEETING ON ADVANCED DETECTORS

La Biodola, Isola d’Elba, May 26-June 1, 2024

Planar silicon sensors for real-time monitoring of electron (and protons) FLASH beams
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Dosimetry and beam monitoring for FLASH RT Sensors and readout system

Silicon devices in Turin: used so far for single particle counting - With TERAO08 signal can be integrated

FLASH RT: emerging cancer treatment that delivers extremely high dose-rate

of radiation (~107 Gy/s) over a short time period (< 200 ms) Thin silicon sensors TERAOS readout Chip
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State-of-the-art of beam monitors represented by gas-filled ionization chambers:

v' Large area X Limited sensitivity
v Good radiation hardness X Slow charge collection times (~ 100 us)
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saturate at ultra-high dose rates (UHDR) ' Period (us) freq per chn (total) (for 64 CHNs)

« Alternative approaches: solid state detectors led (0.01s) | 200 fC 20 MHz 1280 MHz 256 uA

v

«*
FRIDA project

Centro Pisano Flash Radiotherapy
/ o ; !
&y \

Thickness: 45um , Area:2mm? , Polarization: 200V Thickness: 45um , Area:2mm? , Polarization: 50V
600 @ Oscilloscope - R2 =0.9973 . ° —— 1.62 Gy/pulse - —— 1.62 Gy/pulse
. 31 TERAOS - R2 = 0.9969 Foﬂ%ﬂ ey 50 V L ymocs e
ElectronFLASH acceleraror (CPFR, Pisa) g 5.3 Gylpule 3 2 Griooss
5 500 - ,:;:’ —— 6.57 Gy/pulse —— 6.57 Gy/pulse
py ’;:/ —— 7.45 Gy/pulse 5 —— 7.45 Gy/pulse
< té:g'::’ s — 7.69 Gy/pulse s w—" 7,60 Gylpula
. . . . L, —— 9.4 Gy/pulse g 44 —— 9.4 Gy/pulse
* CPFRin Pisa funded by Fondazione Pisa 9 400 - h — lomoypme | — Yoz oupse
. . o e < = g 34 g 34
* SIT-Sordina IORT Technologies S.p.A. (Aprilia, Italy) = s
] P
 Electron pulsed beams of 7 and 9 MeV g ] A
. . . S ’;;;/
 PMMA plastic applicators (different lengths and 5 e
diameters) for dose uniformity 2 e "
o 5 . ,;;g/ . . . . . .
* Beam current 1-100 mA; pulse duration (0.5 - 4 ps); 1009 o High density of charge carriers generates an opposing electric field that
pulse frequency (1-249 Hz) - , . cancels the drift field, inhibiting charge collection.
2 4 6 8 10
DPP (Gy/pulse)
300 Preliminary TCAD Sentaurus simulations confirm distortion of the
1 200V - 45um - 2mm? @ 133.34V - 30um - 2mm? e electric field as charge injected into the sensor increases.
600 1 Si 200V - 45um - 0.25mm? v b5 @ 133.34V - 30um - 0.25mm?
Si 200V - 45um - 1mm? %O+ i@ 133.34V - 30um - 1mm? HIH Sentaurus ] 35 (5
G 500 - g ) TCAD
S < 200- P 3.0 1 50V
¥ 400 S 3 6 SYNopsys
= = £ 2
E /,)O' % 150 - - S " S 201
o . e L 3 3
g S 100 A . - 82 f
@ - . © < HH w W 10
2 200 G o &P 2 A
‘ Py O 0.5 1 —
Jo! _--TO jug
100 - o e > - \opp-—-HOOH 00 l M
Vol (o4Ot +Ot O o W . . . . . . ' . . : : . .
, o o -=401"" ’ O o 0 2 4 ' 6 8 10 0 2 4 _ 6 8 10
0- J,::_—_ O O (o P Sensor Thickness (um) Sensor Thickness (um)
0 2 4 6 8 10 0 1 2 3 4 5 6 7 8
DPP (Gy/pulse) DPP (Gy/pulse)

TERAOQ9 and 146-strips sensor

Linac ELEKTA (Turin department) ElectronFLASH accelerator (Pisa, CPFR) National Center for Oncological Adrotherapy

« TERAOQ9 (upgrade TERA08) has an extended current range (12 pA / chn 200 £C)

» Silicon sensor of area 2.7 X 2.7 cm? (146 strips, Pitch of 180 um, inter-strip of 66 um, strip area of 114x26214 pum?)
* Strips read separately: online control of beam shape and dose after one single shot

* Preliminary tests in conventional regime for both electron and proton beams in 3 facilities

* Conventional electron beams - INFN MIRO mini-beam project M I R + 5E9 protons/spill (20 spills)
* Beam shape in different energy, - Template placed on applicator NS - Different energy conditions
- 1H 1H Minibeam Radiothera
dose-rate and position conditions - Tungsten template: 3x3 holes Py (62.28 MeV - 226.91 MeV)
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Conclusions and future steps
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Linearity of single sensor signals up to more than 10 Gy/pulse was verified on eletron FLASH beams
 Preliminary tests on conventional beams confirmed the use of TERAQ9 for beam spatial information
« New sensor production based on trench technology is in progress

 Further beam tests (soon to be FLASH proton beams)

Ongoing study of a readout chip specifically for FLASH regimes



