Hybrid fast timing sensor developments
(EP R&D WP 1.1)
Sensor R&D and telescope plans



HYBRID SILICON SENSORS

DRIVE HYBRID SILICON PIXEL R&D TOWARDS PROOF-OF-CONCEPT PROTOTYPES.
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R : R/O Chip | TFS | Pitch | Size | timebin | Data rate
\ Timespot 30 son + thin planar (50-100um) (nm) | (um) | (m?) | (ns) (Gbit's)
Timepix3 130 55 2 1.56 5
Velopix 130 55 2 25 19
Sensor CLICpix2 | 65 ,’:25 01 |10 04
RD53-AB |65 |50 |2/4 |25 5
Timepixé |65 |55 |7 {02: 82
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WORKPLAN
2020 g 2021 g 2022 ; 2023 g 2024

Submission
thin planar

55x55um TPX4 25x25um CLICpix

1-2 Sensor submission participation per year: 3D sensor - (1) LGAD , reoptimised sensors...

Post-irradiation Characterisation

Ch terisation Irrad. o .
aracterisatt Characterisation with telescope

Simulation (TCAD + signal simulation): input for reoptimisation, ASIC design, etc...

Optimisation for system level timing

Fine timing telescope construction
+sensor upgrade
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PERFORMANCES @ SPS, FERMILAB AND DESY

BEAM LINES

Ot tel Tx tel rate rate rate
[ps] [m] @SPS @FERMIL. @DESY Avail.
tel. /single plane | SPS/FERMIL./DESY | [kHz/cm?] | [kHz/cm?] | [kHz/cm?]
AIDA - 2/2/2 1.6 0.6 o Now
TPX3 270/646 2/2/101) 400 3000 1000 Now
AIDA-ALPIDE 60/85 2/2/2 o) 3.5 5011 2022
2-TPX4
AIDA+ALPIDE 35/504) 2/2/2 o) 3.5 50(%) 2024(?)®)
2-LGAD
AIDA+MALTA 60/85 2/2/2 400) 700 100%) 2024)
2-TPX4
AIDA+MALTA 35/5014) 2/2/2 90 35(1) 100 2024(7)®)(©)
2-LGAD
AIDA-TPX4 30/85 2/2/10) 400) 25000'%) 100%) 2022
P1
AIDA-TPX4 22/70") 2/2/10?) 4000 25000 100 2024
®2

(Mlimited by ASIC rate

(2)reduced resolution for 6.3GeV electrons
3)limited by beam rate

(4)performances at Vertex 2019

®)not clear when it ALTIROC/ETROC would be available for this use, nor if it is even feasible to
integrate them

G)MALTA is still prototype, not clear when available

massuming we improve on thin planar sensors: ex. 3D sensors, iLGADs




RESULTS

EXAMPLE 1 BY ~2022

» Evaluate variation of timing resolution depending on intra-pixel position in LGAD
for ATLAS HGTD/CMS MTD as function of ten track angle values.

> Afeature = 1 X 1 um?,0; pyr = 30 ps, Apixes = 1 X 1 mm?, Apyr = 1em?, 5%

systematic uncertainty on telescope timing resolution

time to reach 30% time to reach 10%
SPS FERMILAB DESY SPS FERMILAB DESY
TPX3
AIDA
AIDA-ALPIDE
+2-TPX4
AIDAq;-erX4 12m <1lm 50m 2h 2m 8h

» AIDA-TPX4 is the only short term option



Relative error on the DUT time resolution

RESULTS

EXAMPLE 1 BY 22024

» Evaluate variation of timing resolution depending on intra-pixel position in LGAD

for ATLAS HGTD/CMS MTD as function of ten track angle values.

» Afeature = 1 X 1 um?,0¢ pyt = 30 ps, Apixes = 1 X 1 mm?, Apyr = 1ecm?, 5%
systematic uncertainty on telescope timing resolution
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Beam time [min]

» AIDA-TPX4 is the best long term option too

Beam time [min]

Beam time [min]



