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= TIFPA (resp. nazionale L. Pancheri)

= INFN Pavia (resp. locale L. Ratti)

= INFN Pisa (resp. locale P. Brogi)

= INFN Perugia (resp. locale G. Silvestre)
= INFN Torino (resp. locale V. Sola)

= INFN Padova (resp. locale G. Collazuol)

= Fondazione Bruno Kessler (FBK — Trento)



Timing layers In astroparticie detection experiments: scientirtic

motivation

= Anti-matter and isotope searches
need unprecedented mass resolution:
simultaneous measurement of particle
trajectory, Time-of-Flight, and nuclear
charge (Z)
Current payloads decouple silicon
tracking from scintillator timing,
increasing mass and material budget.
Time stamp per tracker hit helps reject
backsplash in high-energy nuclei
calorimetric missions.

[M. Duranti et al. Instruments 2021, 5, 20]@
Tracker Calorimeter




Objectives of the ALIS project

Develop the fundamental building blocks — sensors, electronics, and
system-level assembly solutions — required for the deployment of
high-time-resolution and low-power detection layers based on LGADs in
astroparticle detection experiments.

The instrumentation developed will provide:

= timing resolution O(100 ps) Sensors Electronics

N/

= Scalability to large-area detector systems. Integration

= charge measurement with high SNR ratio
and wide dynamic range O(1000 MIP);

= Combined time and space resolution




Target specifications and technological advancements

= Timing resolution < 100ps — requires high SNR

= Low power consumption O(10mW/cm?) — low C sensors and
optimized electronics design

= Low material budget — LGAD-based timing layers
= Scalability to large areas O(10 m?) — advanced integration solutions

= Charge measurement:
e Calorimetric experiments: high SNR needed for PID
 Combined timing and tracking: high SNR needed for high spatial resolution

= Granularity, depending on applications:

* 3 -6 mm pitch for backsplash rejection in calorimetric experiments
e 150um strip pitch for tracking



Project structure

5 Work Packages:

= WP1: sensors development

= WP2: integrated electronics

= WP3: electronics modules for calorimetric experiments
= WP4: electronics modules for time of flight experiments
= WP5: development of a CubeSat payload



Electronics

= HEP timing layers reach tens of ps, but they are optimized for collider environments.

= Astroparticle detection: more relaxed timing requirements but tighter power
constraints.
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Electronics — readout IC produced in ALIS

= Objective: readout channel for simultaneous timing < 100ps and charge with high
dynamic range O(10° MIP)

= Ability to operate with sensors capacitance of up to 5-10 pF

= Final readout circuit: 4 channels with time and charge measuring paths, data
conversion and dig. output
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Activities — GANTT chart
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Project at a glance: FTE

FTE assigned FTE assigned
RU (without IdR requests) (including IdR requests)

2027 2028 2029 2027 2028 2029

TIFPA 3.6 3.6 3.6 4.1 4.6 4.1 =
Pavia 3 3 3 3.5 4 3.5
Pisa 3 3 3 35 4 3.5
Perugia 1.95 1.95 1.95 2.45 2.95 2.45
Torino 1.3 1.3 1.3 1.8 23 1.8
Padova 0.6 0.6 0.6 0.6 0.6 0.6
Total 13.45 13.45 13.45 16.45 19.45 16.45

Summary of FTE per each RU during the 3 years of the project.



Project at a glance: Financial requests

Type Funds 2027 Funds 2028 Funds 2029
Inventory 45 14 0
Consumables 214 181 29
Travel 18 62 952
Transport 2 9 16
SP serv 1 4 4
Research Grants 147 147 0
Licenses 2 14 14

Sum

Total

52
424
132

27

294
16

5,5%
44,4%
13,8%

2,8%

0,9%
30,8%

1,7%




FTE 2027 - PAVIA

Nome e Coghome Ruolo Percentuale
Amirali Hosseini Dottorando 100%
Marco Grassi PA 20%
Piero Malcovati PO 20%
Massimo Manghisoni PO 30%
Lodovico Ratti (resp. loc.) PO 30%
Amidreza Yaghobi Dottorando 100%
Totale FTE 3




Richieste 2027 - PAVIA

Voce Richiesta (kEuro)
Consumi:

= Stutture di test in tecnologia CMOS 65 nm 24

= Packaging dei chip di test 6

= Schede di test per caratterizzazione dei chip 6
Missioni

= Meeting di collaborazione 2
Personale da reclutare

= Incarico di Ricerca 28

Totale (k€) 66




