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Importance of photon detection
Â The success of particle physics experiments relies on innovative 

instrumentation

Â Photon detectors are at the heart of most experiments in particle and 
nuclear physics

Ç PID systems based on Cherenkov light detection, Time-of-Flight systems, 
Calorimeters, water and noble liquid detectors, and also SciFi tracking, etc.

Â They also find applications in other scientific fields (medical imaging, 
chemistry, biology) and are ubiquitous in society in general

Â The application of photon detection techniques in new environments 
(especially if single-photon detection is needed) requires advances in 
both existing technology and transformative, novel ideas to meet the 
demanding requirements 

Â The ECFA Detector R&D Roadmap identified two main research 
Themes concerning photodetectors development:

Ç Enhance timing resolution and spectral range of photon detectors

Ç Develop photosensors for extreme environments
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Outline
Â Focus of this talk: single-photon detector technology, with emphasis on 

the R&D lines identified by the ECFA Detector Roadmap

Â For time contraints, need to focus on selected examples

Â Main topics:

Ç Vacuum-based photodetectors

Ç Solid-state photodetectors

Ç Gas-based photodetectors

Ç Superconducting photodetectors
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Single photon detector requirements
Â Main requirements

Ç Single photon sensitivity

Ç High photon detection efficiency (PDE)

Â Quantum efficiency: probability that incident photon generates a photoelectron

Â Collection efficiency: probability that photoelectron starts electron multiplication

Ç Low dark count rate or dark current; Large area coverage, with high active -
area fraction; High granularity; High -rate capability; Gain

Ç Timing resolution

Ç Reliability and long -term ageing resistance (including radiation hardness)

Ç Ɂ ÍÍÖÙËÈÉÓÌɂɯ×ÙÖÊÜÙÌÔÌÕÛɯÈÕËɯÖ×ÌÙÈÛÐÕÎɯÊÖÚÛÚ

Â Detection of photons proceeds in three steps:

Ç Incident photons generates primary photoelectron or electron -hole (e-h) pair 
via the photoelectric/photoconductive effect

Ç Number of electrons increased to a detectable level by charge multiplication, 
usually via one or more multiplicative bombardment steps and/or an 
avalanche process 

Ç Detection of charges induced by secondary electrons
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Vacuum-based photon detectors
Â Photocathode and electron multiplication stage are in vacuum

Ç Typically enclosed in vessel made of glass, ceramics, metal

Â Essentially three types of detectors: 

Ç Photomultiplier tubes (PMTs)

Ç Microchannel plate photomultiplier tubes (MCP -PMTs) 

Ç Hybrid photodetectors (HPDs)

Â Vacuum-based photon detectors are still the primary choice of 
technology for many applications even 90 years after their invention 

Ç Their relatively high gain, large area and excellent intrinsic time resolution 
make PMT, MCP-PMT and HPD the most suitable device to equip most 
detector systems in HEP and nuclear physics (e.g. Cherenkov-based and ToF
detectors used in PID)
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PhotoMultiplier Tubes (PMTs)
Â PMTs have been the most common photodetector in HEP experiments 

and medical imaging up to recent years

Ç Large sensitive area

Ç Fast response and timing performance

Ç High gain and low noise

Â High magnetic fields affect electron trajectories
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Wavelength sensitivity
Â Sensitive wavelength range determined by photocathode material

Ç Usually Cs- and Sb-based compounds such as CsI, CsTe, bialkali (SbRbCs, 
SbKCs), multialkali (SbNa2KCs), as well as GaAs(Cs), GaAsP, etc.

Â Low -wavelength cutoff determined by window material 

Ç Usually, borosilicate glass for IR to near-UV; fused quartz and sapphire 
(Al2O3) for UV; MgF2 or LiF for XUV
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PMTs: large area coverage
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Â Examples

Ç Super Kamiokande

Â ƕƕȮƕƘƚɯ'ÈÔÈÔÈÛÚÜɯ1ƗƚƔƔɯȹƖƔɂɯ
diameter); 22 kton fiducial mass

Ç JUNO

Â ƕƖƚƕƔǶƖƘƔƔɯ--53ɯȹƖƔɂȺȮɯƙƔƔƔɯ
'ÈÔÈÔÈÛÚÜɯȹƖƔɂȺȮɯƖƙƚƔƔɯ'9"ɯȹƗɂȺ

Ç NA62 RICH

Â 1,952 Hamamatsu R7400-U03 (8 mm 
diameter) + Winston cones

NA62 RICH

Super Kamiokande

JUNO



Multi -anode PMTs
Â Position sensitive PMT: metal channel dynode structure (minimum 

spatial spread of secondary e-) with multiple independent anodes

Ç Pioneered for HERA-B, later used in the COMPASS, CLAS12 GlueX and 
LHCb RICH detectors (planned for CBM)

Ç Excellent performance (excellent single photon detection efficiency, very low 
noise, low cross-talk), best choice for large areas with small B field
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Ma-PMTs: large area coverage
Â Examples

Ç CLAS12 RICH

Â 315 Hamamatsu H12700 (+ 76 H8500), 8× 8 channels 
array, 6× 6 mm2 pixels 

Â ~1 m2 instrumented area (active area ratio 87%)

Ç LHCb RICH

Â 2,272 R11265 (R13742, 2.9× 2.9 mm2) + 768 R12699 
(R13743, 6× 6 mm2), 8× 8 channels array

Â ~3 m2 instrumented area (active area ratio 77% - 87%)
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H12700

LHCb

CLAS12



MicroChannel Plate (MCP) PMTs
Â Two-dimensional array of glass capillaries (channels with ~5-ƖƙɯϟÔɯ

diameter) bundled in parallel in a MCP plate

Ç Channel act as continuous dynode

Ç Gain depends exponentially on channel length to diameter ratio

Â MCP-PMTs

Ç Excellent timing resolution (~20 ps r.m.s.)

Ç Position resolution depends by anode segmentation

Ç Can tolerate random magnetic fields up to 0.1 T and axial fields >1 T

Ç High gain; collection efficiency ~60%
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Typical MCP configurations
Â Straight channel

Ç Typical gain: 103-104

Ç Ion Feed-Back (IFB) limited

Ç Negative exponential Pulse Height Spectrum 
(PHS)

Â Chevron configuration

Ç Typical overall gain: 106-107

Ç Gain fluctuations dominated by ϗ1 (first impact)

Ç Gain almost saturates due to space charge effect 

Â Peaking distribution for single photoelectrons 
(almost Gaussian PHS)
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MCP single photon timing resolutions
Â Single anode custom MCP-PMTs 

from Photek

Ç 1,2,3 MCPs

Ç 3ϟm & 10ϟm pores

Ç 10mm, 25mm & 40mm diameter 
tubes

Ç Measured ~10 ps sigma 
resolution (incl. laser jitter) in a 2 -
MCP configuration with 3 ϟm 
pores

Â Single anode off the shelf FT-8 
MCP-PMT from Photonis

Ç 6 ϟm diameter pores

Ç 8mm diameter anode

Ç ~12 ps sigma resolution
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MCP spatial and timing effects
Â Photoelectron backscattering on MCP 

(both elastic and inelastic) produces 
rather long tails in both timing and 
position resolution distributions

Ç Expect improvement reducing PC -MCP in

distance and increasing PC-MPCin voltage
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Â Spatially

Ç Contributes to cross-talk in multi -anode 
PMTs

Ç Worst case: elastic scattering @ 45°

Â Range: twice PC-MCPin gap

Ç Improves in B field perpend. to PMT

Â Timing

Ç -ÈÙÙÖÞɯÔÈÐÕɯ×ÌÈÒɯȹϦȃƖƔ-40 ps) and 
contribution from backscattering

Ç Worst case: elastic scattering @ 90°

Â Range: twice transit time PC-MCPin

NIMA 595 (2008) 169-172

S. Korpar (PD07)



MCP rate capability
Â Rate limitation, mainly due to the time needed to replenish electrons in 

channels after avalanche (†=RC)

Â Possible ways to increase rate capability

Ç Reduce MCP resistance (currently in the order of tens of MOhm)

Ç Lower capacitance

Ç Operation at lower gains
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MCP-PMT ion feedback and ageing
Â Issue: during multiplication, atoms of residual gas get ionized and/or 

desorbed, travel back towards PC and produce secondary pulse

Ç Ion bombardment damages the photocathode, reducing QE

Ç Degradation observed at ~100 mC/cm2
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K. Inami

Â Possible strategies

Ç Improve vacuum quality; MCP scrubbing; 
more robust photocathodes; ion barrier film

Ç Investigate alternative MCP materials

Â Borosilicate, Alumina, Silicon

Ç Investigate new thin -film technologies

Â Atomic Layer Deposition (ALD)

Â ALD: initiated by the LAPPD Collaboration

Ç Three-step deposition process: resistive + 
emissive layer with optimization of MCP 
resistance and SEY

Ç Allow use of insulating materials other than Pb 
glass (glass micro-capillary arrays)

NIMA 912 (2018) 75ɬ77



MCP-PMT recovery time and ageing
Â MCPs widely employed as image intensifiers: so far not so much in HEP

Ç Interest increased by need to perform Cherenkov imaging within magnetic 
spectrometers combined with excellent timing resolution

Ç First use of MCP-PMTs on large scale: Time-of-Propagation (TOP) counter 
(Belle II experiment), and planned PANDA experiment

Â MCP-PMT lifetime limitation as function of integrated anode charge

Ç From 0.2 C/cm2 to ~45 C/cm2 in recent years thanks to ALD
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MCP-PMT: large area coverage
Â Belle II TOP counter (barrel PID detector)

Ç 512 Hamamatsu R10754 MCP-PMTs (QE ~30%, time res. ~30 ps r.m.s.)

Ç QE degradation at few C/cm2 lead to replacement with Life -extended ALD

18

16 PMTs x 2 rows 
per module

TIPP 2026 Massimiliano Fiorini (Ferrara)
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Hybrid Photon Detectors
Â HPDs combine the sensitivity of a 

vacuum PMT with excellent resolutions 
of a Si sensor 

Ç Photoelectron accelerated by a potential 
difference of ~10-20 kV 

Ç Proximity focusing or focusing (Si sensor 
smaller than window, high active area 
ratio)

Ç Very high segmentation possible

Â Photoelectron detected using:

Ç Segmented PIN diode (HPD)

Ç Avalanche photodiode (HAPD)

Ç Silicon photomultiplier ( VSiPMT)

Â Employed on a large scale:

Ç HPD: RICH1+RICH2 of LHCb (Run 1+2), 
CMS HCAL

Ç HAPD: Aerogel RICH detector of Belle II
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LHCb HPD



HPD/HAPD: large area coverage
Â Hybrid Avalanche Photo -Detector 

(HAPD), Belle II Aerogel RICH

Ç 420 HAPDs; 73× 73 mm2, 144 pixels 
4.9× 4.9 mm2, Hamamatsu

Ç Gain 7× 104; works in 1.5 T magnetic 
field

Â LHCb RICH (Run 1 and 2)

Ç 484 HPDs for a total area of 3.3 m2

Ç Low noise 145 e- (signal 5000 e- typ.)

Ç Collaboration with Photonis-DEP
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123

LHCb HPD

Belle II HAPD



Recent developments
Â Monolithic MCPs from amorphous Si ( aMCP)

Ç Use PE-CVD, photolithography and DRIE to create 
an MCP-like structure on a substrate (built directly 
on top of readout anode with electronics)

Ç Pore size 1.6 ϟm and aspect ratio (AR) of ~25

Ç Gain of ~1500 (~8000 with ALD) and ϦTTS ~ 6 ps

Ç Funnel-shaped channels produced Ÿ ~95% OAR

Â 3D printed MCPs

Ç High -resolution 3D printing by two -photon 
polymerisation

Ç Additive manufacturing by use of focused 
femtosecond laser to solidify a photosensitive 
polymer resin

Ç Activation of pores by use of ALD coating

Ç Samples with 2x2 mm2, 10 ϟm pores, 20º bias

Ç ~103 gain measured
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S. Frei (IEEE TNS Vol.70 No. 9 2226, 2023)

C. Ertley (Proc. of SPIE Vol.13093, 130935S)



Â Transmission mode dynode (Tynode) 

Ç Fabrication (MgO ALD, diamond) 
using MEMS technology; anode is a 
CMOS chip (e.g., TimePix) 

Â Diamond transmission dynodes

Ç Transmission diamond dynode 
between photocathode and MCP 

provides a barrier for ion backflow 
Ą longer photocathode lifetime

Ç Provides electron gain (10-20 gain) Ą
tight PHD at low gain Ą higher 
maximum count rate

Ç Thin membrane (~102-103 nm)

Ç High OAR support structure

Ç Single MCP provides further 
amplification, but maintain overall  
low gain and timing
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Recent developments

J. Lapington (RICH 2025)

H. van der Graafet (NIM A847 148 2017)



Recent developments
Â MCP + PICMIC

Ç High precision position measurement with 
micrometric pixel matrix with limited 
number of electronic channels (Patent 
PCT/EP2020/050058) to fully exploit the 
intrinsic MCP performance

Ç Transparent grid downstream of MCPs read 
out by sensors with excellent time resolution

Ç <40ϟm resolution using 0.3mm holes mask

Â Highly granular reflective photocathode 
made of holes with conic shape, to fully 
exploit the MCP spatial resolution

Ç Produced on silicon wafer, to be coated with 
different photocathodes (DLC, B4C)

Â Development of NanoChannel Plates (NCP)

Ç Glass pores replaced by sub-ϟm holes in Si or 
other materials; goal ~1 ps time and sub-
micron spatial resolution
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Recent developments
Â Large Area Picosecond PhotoDetector (LAPPD, Incom)

Ç 20 cm square; ƕƔɯϟm and 20 ϟm MCP pores; Gen-I: DC-coupled 
(28 strips); Gen-II: capacitively coupled (resistive layer on a 
vacuum side of a plain glass or alumina anode plate)

Ç Used in ANNIE detector

Ç HRPPD for the EIC: 10 cm square with no support structures in 
window; ƕƔɯϟm MCP pores; directly coupled through ceramic 
anodes (~3mm pixels); capacitively-coupled with 2mm anode

Â <20 ps timing resolution (sigma of core distribution part)

Â Hybrid MCP -PMT with embedded Timepix4 ASIC as anode

Ç Complete integration of sensor and electronics (55 ϟÔpixel pitch, 
195 ps TDC bin, data driven read -out) Ą on-detector signal 
processing, digitization and data transmission (~230 k pixels)

Ç Demonstrated ~70 ps resolution, and Cherenkov ring imaging
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A. Kiselev (PD 2025)

M. Fiorini (Pisa Meeting 2024) E. Franzoso (RICH 2025)



Gaseous Photodetectors
Â Photoelectrons generated either on a photosensitive component of the 

gas mixture (e.g. TMAE, TEA) or solid photocathode (e.g. CsI, bialkali )

Â Electron multiplication happens in an avalanche in the high -field region 
of a gaseous detector (as for gaseous tracking detectors)

Ç Cathodes can be structured in pads of few mm size Ą position -sensitive

Ç Can cover large areas (several m2), operate in high magnetic fields, and are 
relatively inexpensive

Ç Drawback: most photocathodes sensitive only in the UV

Â Examples: ALICE HMPID, COMPASS RICH, Hades RICH, JLAB-Hall A
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Recent developments
Â Use MicroPattern Gas Detectors (MPGD) with multiple structures (e.g. 

GEM, MicroMegas) to limit ion feedback that creates damage to the 
photocathode

Â Novel structures and materials

Ç High -purity glass GEMs to meet high purity requirements and enable sealed 
mode operation

Ç Multi -layer THGEMs with long amplification channels and embedded 
electrodes can be used to confine gain region within thick substrate for 
improved feedback properties.

Ç PICOSEC MicroMegas for fast timing applications
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Solid State Photon Detectors
Â Production and detection of photoelectrons in the same thin material

Ç Internal photoelectric effect

Â Very low levels of light detection (single photon) possible with 
Avalanche Photo Diode (APD) operated in Geiger mode

Ç Many names: Silicon Photomultiplier ( SiPM), 
Avalanche Microchannel PhotoDiodes (AMPD), 
Geiger-mode APD (G-APD), Multi 
Pixel Photon Counter (MPPC)

Â Many interesting features:

Ç High gain (~106) and single photon separation 

Ç Excellent time resolution; Good granularity

Ç Could use micro-lenses to increase active area

Ç Insensitive to magnetic fields; low V operation

Â Drawbacks:

Ç High noise levels: primary (dark count rate, DCR)
and correlated noise (afterpulse, crosstalk), typ. ~100 kHz/mm2

Ç Very sensitive to neutrons and ionizing particles
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Single photon time resolution (SPTR)
Â Intrinsic TTS is excellent for single microcells (SPAD), but timing 

deteriorates for larger devices
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Â Main contributions:

Ç Non-uniformity 
within microcell 
(edges)

Ç Spread between 
microcells

Ç Overall SiPM
capacitance

Ç ‗dependence - tails

A. Gola (FBK)



SiPM timing performance
Â Single Photon Timing Resolution (SPTR)

Ç $ßÛÙÈÊÛɯɁÐÕÛÙÐÕÚÐÊɂɯSiPM contribution

Â SPTR is position-dependent 

Ç Worse at the edges due to low electric field

Ç Possible solutions: masking/microlensing

Â Worse SPTR for larger cells

Â Single analog SPAD SPTR <20 ps FWHM

Ç ƘƔɯϟÔ2 cell if masked (~30 ps not masked)
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Uniform illumination

S. Gundacker et al.



SiPM radiation hardness
Â DCR highly depends on temperature and irradiation

Â Can be mitigated by cooling (and annealing after irradiation)
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Liquid nitrogen (77 K)

1011 neq/cm2

non irradiated

1012 neq/cm2

1013 neq/cm2

M. Calvi (NIM A 952 161788, 2020)

-30°C, after annealingHamamatsu S13360-1350CS, -30°C



SiPM: large area coverage
Â SiPM are widespread in HEP 

and neutrino physics 
experiments

Ç Most common application to 
detect scintillation light 
(calorimeters, SciFi)

Â RICH detector based on SiPM (in 
a running experiment) not 
realized so far

Ç Pioneering work during Belle II 
Upgrade studies (S. Korpar , P. 
Krizan)

Â Many potential users:

Ç EIC dRICH ; Belle II; LHCb RICH 
Upgrade 2; SuperCharm-Tau 
factory; ALICE3; etc.
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F. Simon (NIMA 926 85-100, 2019)



Dual RICH ( dRICH ) detector for ePIC
Â Dual RICH ( dRICH ) detector for ePIC

Ç 2 radiators: aerogel (n ~ 1.02) and C2F6 (n ~ 1.0008)

Ç 4× matrix Hamamatsu (8 × 8 S13361) Ą ~3 m2 total

Ç Read-out board with front -end chip and FPGA, and cooling

Ç Single-photon detection inside high B field (~ 1 T)

Ç Advanced design and prototype tests
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R. Preghenella

Topic covered in the talk by R. Preghenella



SiPM: recent developments
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A. Gola (FBK)

Â Customized fabrication process, no constraint form transistor fabrication

Â Very high fill factor (all -active area)

Ç Read-out layer

Â Free choice of CMOS node Ą optimal read -out performance

Â CMOS area can be smaller than sensing area (2.5D) Ą lower cost

Topic covered in the talk by L. Rignanese

Â Back-side illuminated SiPMs (IBIS: INFN, FBK)

Ç Potential for enhanced PDE and better radiation 
resistance

Ç First results from the FBK IBIS run

Â Hybrid SiPM arrays (FBK, JSI, Barcelona)

Ç Separate sensor and read-out layers,       
connected using 2.5D/3D techniques

Ç Sensor layer

Â Custom SiPM technology, CMOS-compatible 
(transfer to large-volume foundries possible; lower 
cost per unit area compared to full CMOS process 
given lower number of masks)



SiPM: recent developments
Â Ultra -granular SiPMs with integrated electronics (Barcelona, FBK)

Ç Timing of SSPD & Developing ultra -granular SiPM that integrates with the 
readout electronics

Â Fast and radiation-hard SiPMs (FBK, JSI, INFN)

Ç AidaInnova run (cell pitch: 15, 25, 40, 75 µm)

Ç Two different technologies: Low and Ultra -Low electric field
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D. Gascon (Barcelona)

R. Pestotnik (JSI)



SiPM: new materials
Â Search for higher band-gap materials

Ç Possibly with lower DCR, higher radiation 
resistance; high temperature operation

Â 4H-SiC SPADs for UV

Ç Large bandgap energy (Eg=3.26eV), high carrier 
drift velocity and excellent stability of 4H -SiC

Ç PDE ~10%; DCR >1MHz/mm2

Ç Non-uniform response

Â Development of (V)UV -Sensitive GaN SPADs

Ç Advantage of GaN: large bandgap energy; 
potential for high UV -VUV sensitivity with little to 
no red sensitivity; high -temperature operation in 
extreme environments; sufficiently low -defect 
substrates are available

Ç Grown by MOCVD on bulk n -type GaN substrates

Ç Successfully fabricated single GaN photodiodes 
and demonstrated UV sensitivity and Geiger -
mode operation
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L. Su (J. Semicond. 40 121802 2019)

N. Otte (Georgia, PD 2025)



Digital SiPM
Â Digital SiPM (dSiPM or CMOS SPAD) chips combines SPAD and 

transistors on the same chip

Â Advantages

Ç Can switch off individual noisy cells

Ç Integrated read-out 

Ç Large signal from single SPAD (low power read -out)

Ç <100 ϟm spatial resolution easy to achieve

Ç Excellent timing performance (<10 ps FWHM)

Ç CMOS mass production technology
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P. Fischer

Nolet, Pratte et al. (Sherbrooke)



Analog Vs Digital SiPM
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Analog SiPM

Standard 
dSiPM

Ideal dSiPM
(multi -channel) 

C. Bruschini

For more details: see talk by Claudio Bruschini



Digital SiPM: main features
Â Significant improvements in digital SPAD arrays in the past 15 years

TIPP 2026 Massimiliano Fiorini (Ferrara)38

Ç Dead time (1-100 ns)

Ç Dark counts (cps-kcps) vs. 
Sensitivity Ą refined processes, 
gating, coincidence detection

Ç Sensitivity (PDE = PDP × FF)

Ç Photon Detection Probability 
(PDP) up to 80%

Ç Fill -factor (1-80%) Ąmicrolenses

Ç Timing precision (jitter) ~7.5 -100 
ps vs. Wavelength

Ç Afterpulsing (0.1-10%)

Ç Pixel pitch (10-50 ϟm, lately 
down to a few ϟm)

C. Bruschini



Micro-lensing
Â Recovery of low Fill Factor using micro -lenses

Ç Industrial (wafer level)

TIPP 2026 Massimiliano Fiorini (Ferrara)39

C. Bruschini



dSiPM projects for HEP
Â Non-exhaustive list

Â spadRICH (EPFL, JSI ɬR. Dolenec, R. Pestotnik, E. Charbon, C. 
Bruschini)

Ç Granularity down to 1x1 mm2, timing precision ~100 ps, 40 MHz trigger (25 
ns), few ns gating, switching off hot pixels, 20-30% occupancy

Ç Use microlenses to recover FF and reduce radiation damage

Â ASPIDES (INFN, L. Ratti)

Ç Fast (high time density), high dynamic range counting and high accuracy 
timing; application to RICH detectors, dual readout calorimetry, dark matter 
and neutrino experiments

Â PLATON (EPFL, ETHZ ɬD. Sgalaberna)

Ç Scintillating fibres as active neutrino target

Ç Towards dedicated dSiPM: 272x192 SPAD pixels, per-cluster TDCs (200-800 
ps LSB), low data rate (1-2 LVDS connections sufficient per chip)

Ç Tiles of 8x8 chips, exploit event structure of neutrino beam trigger @T2K/HK
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dSiPM projects for HEP
Â University of Sherbrooke, Canada 

(S.Charlebois, J.-F. Pratte)

Ç dSiPMs for HEP (LAr ARGO; LXe NEXO) and 
related applications

Ç SPAD array and CMOS readout 3D-stacked to 
form a single heterogeneous detector chip

Ç Photon-to-Digital Converter (PDC) platform

Ç 64 x 64 SPADs, active area 5 x 5 mm2, 26% fill-
factor

Ç PDP~50% and SPTR~160 ps @ 410 nm

Â University of Heidelberg, Germany 
(P.Fischer, M. Keller)

Ç Task: Measure the number of photons arriving 
during short frames (application: NEXT)

Ç Size ~3× 2 mm2, 27 x 24 pixels, pixel pitch 105 
× 60 ϟm2, Fill factor 38% (not optimized, 
standard cells)

Ç Maximum Frame rate ~4 MHz
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S. Charlebois (PD 2025)

P. Fischer (PD 2025)



Superconducting photon detectors
Â Rapidly evolving field: three most established technologies 

Ç Superconducting nano-wire single photon detector (SNSPD), transition edge 
sensor (TES), and microwave kinetic inductance detector (MKID)
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Topics covered more extensively in the talk by Masashi Hazumi

B. Korzh

Â Typical SNSPD: 

Ç Thin (4 nm) and narrow (100-250 nm) nanostrip 
current-biased just below its critical current

Ç Absorption of a photon generates a resistive domain 
in the superconducting nanostrip, which leads to a 
transient voltage signal that can be detected 

Ç Unique combination of performance: high count rate 
(~GHz), low timing jitter (< 3 ps), large range of 
wavelength sensitivity from VUV (120 nm) to mid -IR 
(10 ϟm), high detection efficiencies (approaching 
100% for UV to near-IR), and low DCR (5-10 Hz)

Ç Cons: require cryogenic operation (0.3-5 Kelvin)

Ç Currently used in HEP for dark matter searches

Ç R&D: increase surface + granularity for 2D imaging

NIST



Conclusions
Â The next generation of particle physics experiments requires 

single-photon detectors with ever increasing performance

Ç Excellent timing resolution 

Ç Increased granularity and number of channels

Ç Wider spectral range 

Ç Improved radiation hardness

Â Advancements in photon detector technology are essential 
to address all the science drivers of future high-energy 
physics experiments

Â Many exciting developments underway, in particular on SiPMs
and MCP-PMTs

Ç Not all of them could be covered in this talk

Â A detector R&D collaboration (DRD4) has been recently formed 
to facilitate collaboration in this area of research

Ç See next slides
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The DRD4 Collaboration
Â DRD4: international Collaboration with CERN as host laboratory

Ç Approved by the CERN Research Board in December 2023

Â Main goal: bundle and boost R&D activities in photodetector 
technology and Particle Identification (PID) techniques for future HEP 
experiments and facilities

Â To be more specific, DRD4 covers the following topics:

Ç Single-photon sensitive photodetectors (vacuum, solid state, hybrid)

Ç PID techniques (Cherenkov based, Time of Flight)

Ç Scintillating Fiber ( SciFi) tracking 

Ç Transition Radiation (TR) using solid state X-ray detectors 

Â DRD4 structure initially defined in the Proposal document

Ç 6 Working Groups (WGs) reflecting the main areas of R&D

Â Scientific forums for discussion: no agreed tasks, no committed resources

Â Facilitate exchange of information, know -how, samples, infrastructure, etc.

Ç 5 Work Packages (WPs) reflecting the main ECFA roadmap themes and goals

Â Run like projects: divided in tasks, with agreed goals, milestones, 
deliverables, and are jointly funded by the resources of the participants

TIPP 2026 Massimiliano Fiorini (Ferrara)44

https://cds.cern.ch/record/2884872


DRD4 Institutions
Â Current status: 65 institutions from 20 countries

Ç Many small groups, many with no prior experience in large R&D 
collaborations Ą research community that has not traditionally worked 
together in the recent past

Ç Background: HEP, nuclear, neutrinos, medical physics, astroparticles, etc.
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