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DRD4 and the F9 footprint
F9 participates in three of the five project-oriented Work Packages

DRD4

International detector-R&D collaboration
70 institutions from 20 countries (2026)
5 Work Packages + 6 Working Groups

WP1  Solid-state photodetectors

WP2  Vacuum-based photodetectors

WP3  RICH & imaging detectors

Important for us: link between sensor R&D, sensor-
electronics integration and complete PID detector 
systems.
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Irradiation @ TRIGA

WP1

Characterization

WP1

R&D CMOS SPAD / 
SiPM

WP1

ASIC + integration

WP1

Photon detector 
module

WP2 / WP3

RICH / PID system

WP3

Peter Križan and Christian Joram were mandated by ECFA to prepare the DRD4 launch

Rok Pestotnik -lead
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WP1 - the core F9 technology programme
From radiation damage to integrated single-photon detector systems

Irradiation & radiation hardness

Neutron / proton irradiation, annealing 
and operation after high fluence.

SiPM characterization

IV, DCR, gain and SPTR over a wide 
temperature range, including cryogenic 
operation.

Sensor + chip integration

2.5D / 3D integration, flip-chip, compact 
packaging, cooling and reduced 
parasitics.

Digital CMOS SPAD

Rad-hard digital SiPM concepts, 
fast in-pixel electronics, timing and 
reconfigurable readout.

WP1 deliverables directly match the F9 
competence chain

• radiation-hard SiPMs: Boris Gardinovački

• CMOS-SPAD monolithic sensors: Rok Dolenec
• ultra-fast SiPM + readout electronics: Andrej Seljak
• integration into demonstrator systems: Andrej Seljak

F9 strength: linking all four lines rather than treating them 
as separate activities.
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Irradiation and characterization of SiPMs
A major F9 contribution to WP1 radiation-hard photon detectors

F9 workflow irradiation  →  IV / breakdown voltage  →  DCR  →  gain  →  SPTR  →  temperature of stable operation  →  annealing
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Backside-illuminated, NUV-sensitive SiPM

DRD4 WP1 Summary, R. Pestotnik,  14 Oct 2025

Separation between charge collection and multiplication regions

Potential Advantages:

• 100 % FF with maximum focusing factor of small cell sizes

• No need for vias, smaller SPADS -> High speed and dynamic 

range

• Radiation hardness

• Uniform entrance window on backside: ideal for an 

enhanced optical stack for VUV sensitivity

• Direct coupling of individual pixels to readout chip-

> Integrated electronics
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BSI

SiPM Signal shape @ 3.2 V
Cons: 

More difficult to control Cross Talk and After Pulses

Timing performance may be degraded from difference in charge 

collection path length.
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Integration of SiPMs with readout chips
Moving from good sensors to compact, high-performance detector modules

Key issue: minimize interconnect parasitics while keeping the system manufacturable, coolable and testable.
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I. FastIC+ BGA (32 channels) - chips integrated in a BGA package 11x11 
mm2

• 12x12 pads (144 balls)
• balls of 0.3/0.35mm and pitch of 0.8mm
• 4x FastIC+ (3x3mm) + Passive components (01005 metric) + decoupling 

capacitors 
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Digital CMOS SPADs - spadRICH
Radiation-hard digital SiPM concepts for future RICH detectors

F9 focus

• digital / analog SiPM architecture
• radiation-hard CMOS SPADs
• fast front-end and timing
• microlens / optical concentration
• integrated digital readout
• direct relevance to LHCb RICH 
and future PID

EPFL  +  JSI  +  UL  +  UM
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Microlenses on top of SPADs for RICH applications

• Simulated photon spatial and angular distributions 
at the upper LHCb RICH1 photodetector plane
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Simulated microlens optics: optical stack of the CMOS process

And SPAD junction depth in silicon not included

Microlenses can 

efficiently concentrate 

l→ enable smaller SPAD 

active area 

• improved neutron 

hardness

• space for integrated 

electronics, guard 

rings
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WP2 - vacuum-based photodetectors
F9 participation links large-area fast photon sensors to Belle II upgrade studies

Why WP2 matters for F9

Large-area MCP-based photodetectors – 
fastest response

F9 activity

INCOM LAPPD studies for the Belle II Upgrade, 
connecting vacuum-photodetector R&D with 
particle-identification needs.
• Samo Korpar
• Trey Frank Grijalva
• Connor Pecar
• Rok Pestotnik

WP2 also develops MCP-PMT lifetime/rate capability, 
new photocathodes and integrated readout.
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WP3 - RICH and other imaging detectors
Where sensor R&D becomes a particle-identification system

F9 / JSI in WP3

• optimized aerogel radiator tiles
• RICH detector-component studies
• photosensor modules and cooling
• direct feedback from LHCb / Belle II 
PID requirements to WP1 sensor R&D

WP3 is the system-level bridge 
between photodetector technology 
and experiments.
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• Samo Korpar
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