
PHOTODETECTORS
DRD1 survey analysis

P. Gasik
(GSI/FAIR)



Challenges
• Reduce the photon feedback generated in the multiplication process which leads to spurious signals; 

• Reduce the IBF rate because the ion bombardment destroys the proportional chamber and limits the lifetime of the detector 
(R&D line in common with TPC needs, DRDT 1.2) 

• Improve the detector performance in terms of spatial and time resolution, along with fast response in order to open the way to 
high-rate capabilities and precision measurements (DRDT 1.1).



Survey for photodetectors
• 40 % of institutes interested in this application

• 3 % (2 institutes) are interested solely in photon detection

(inc. beyond HEP applications)

• Photodetectors chosen without any specific topic: 5

• Photo-topic chosen without photo technology of interest: 1
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Technologies of interest at the photo-institutes

• Technology specific for photo detectors:
MPGDs based (from comments)
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Specific topics
Please provide specific research activities of interest for your group:

• Preserve the photocathode efficiency by IBF and more robust photoconverters

• Gas radiator: alternative to CF4

• Gas tightness

• Very low noise when coupling large capacitance

• Large dynamic range of the FEE

• Separate the TR radiation and the ionization process

• Other



Specific topics

All topics covered, to some extend…
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ECFA Roadmap challenges
• Photocathodes

• Expression of interest (ageing, material studies)

• IBF minimization, robust photoconverters, photocathode characterization

• Photocathodes and solid converter studies clearly indicated by photodetector institutes in WG3 survey

• Gas radiator – no specific comments

• Gas tightness 

• EoI to participate in dev.

• FEE – no specific comments to photodetectors

• WG5 survey: clear indication to develop wide dynamic range FEE; some interest in low-noise FEE

• TRD

• No specific mention of TRD at all apart from 7 interested sites



Particular activities in the community, assets
Assets that can support the collaboration:

• A large variety of photodetector developments:

• MPGD single-photon detectors (THGEM, MMG, CsI)

• MPGD single-photon detectors for medical imaging (THGEM+MM)

• Visible range photodetectors

• MPGD RICH, HBD

• A large variety of material studies

• Fast photodetectors with innovative photocathode substrates

• Photoconverters compatible with operation in gas detectors (hydrogenated nanodiamonds)

• Optical readout experience

• Existing infrastructure

• Photocathode characterization systems (QE, aging vs IBF)

• Coating facilities

• Photodetector development platforms

Assets that the collaboration can support (working groups):

• Detector production facilities

• Establish common production and test standards

• Characterisation and understanding of detector physics

• Simulation framework 



Resources

• 6 (22%) institutes declared a plan to submit requests for a new strategic R&D budget

• 10 (37%) institutes declared they do not plan to submit requests for additional budget

• No comment specifying the application

• Same for no. personnel (no discussion of who is working on the given application)
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TOF challenges
• Keep uniform response, in terms of high rate capability and time resolution (DRDT 1.1), over a large TOF 

detector area while operating with eco-friendly gases(DRDT 1.3).

• R&D has to continue towards an ultimate time resolution of  20 ps. 
• MRPCS: this can be achieved by reducing the thickness of the gas gaps O(100 um) and by increasing the number of gaps (O(10)) to 

maintain high efficiency. A rate capability up to 100 kHz/cm2, necessary for systems in high radiation environments, could be achieved by 
thinner (better signal induction), and low resistive electrodes (order of 107 Ωm). 

• PICOSEC, FTM: requires, in particular, identifying less expensive materials (radiators for PICOSEC) and very precise mechanical stability 
and uniformity. Synergetic to photodetectors: development of robust photocathodes by exploration of novel materials and photoconverter 
protection, stable operation, IBF optimization

• In addition, time resolution below 15-20 ps is comparable to the avalanche jitter level, requiring novel very low-
noise front-end electronics. The development of dedicated low-noise electronics coping with high input 
capacitance and large dynamic range requirements is thus essential 



Survey
• 32% of institutes marked TOF as an application of interest

• Usually together with (muon) tracking and triggering systems

• Photodetectors chosen without any specific topic: 1

• Photo-topic chosen wothout photo technology of interest: 3
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Technologies of interest at the TOF-institutes

• Technology specific for TOF detectors:
PICOSEC, MRPC (from comments)
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Specific topics
Please provide specific research activities of interest for your group:

• Uniform rate capability, time resolution, and efficiency over large detector area

• New material for high rate (low res., rad.hard.): uniform gas distribution, spacer material, spacer geometry

• New material for high rate (low res., rad.hard.): thinner structures: mechanical stability and uniformity

• Eco-gas mixture

• Gas recuperation systems

• Electronics: Low noise, fast rise time, sensitive to small charge

• Possibly optical readout

• Other
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ECFA Roadmap challenges
Rate capability, timing challenge

• 1-2 references to CBM, No obvious reference to SPS or EIC.

• Many references to ns-level technology (RPC, MPGD, wires, straws)

• Several references to MRPC, and clear interest, but very few groups seem to be strong players below the 100 ps landmark (probably just 3!)

• Several references to picosec, one reference to gas + pixel readout.

Gas and material studies:

• Cross-analysis with WG3 show TOF institutes are particularly interested in gas ageing and radiation hardness studies

• new gas mixtures are under test in order to find low-GWP solutions for saturated-avalanche operational mode;

• Interest in resistive materials as well as photocathodes and solid converters (PICOSEC)

• gas recuperation systems ➙ 6 positive answers, no particular comments. Need to investigate institute-wide for developing standards (WG3!)

FEE

• Clear correlation with precision timing and high rate capabilities (WG5 survey)



Assets
• Assets that can support the collaboration:

- Familiarity with fast timing systems techniques (know-how):

- How to handle cross-talk, impedance matching, noise, PSA...

- Learning from (and using) existing electronics.

- New resistive layers investigated with material science divisions

• Assets that the collaboration can support (working groups):

- WG1: ToF developments largely overlaps with muon triggering (WG1 - RPC, MRPC technology)

- WG3: Studies of eco-friendly gases. Recuperation systems à set standards; might help enormously many groups that struggle with costs

- WG4: Simulation of Space-Charge

- WG5: improvement of electronics characteristics (S/N, BW), common electronics seems possible, but requires discussions.

- WG6: MRPC workshops



Resources

• 9 (41%) institutes declared a plan to submit requests for a new strategic R&D budget

• 6 (27 %) institutes declared they do not plan to submit requests for additional budget

• No comment specifying the application

• Same for no. personnel (no discussion of who is working on the given application)



Possible synergies?
(personal view)



Possible synergies, WPs
• Large-area MPGD-based timing detectors 

• Ultra high-rate MRPC development

• rate capability up to 100 -150 kHz/cm2, time resolution down to 50 ps

• use of MRPC technology in single cell/channel layout; very thin (< 0.5 mm) and low resistivity (≤ 1010 Ωcm) material (glass, ceramics)

• Use case: usage in high rate high multiplicity environment for start time by measuring reaction products and event plane determination

• Medical applications (beyond HEP)

• Single photon MPGD-based detector for medical imaging

• Developments of detectors for PET or CT Imaging applications.

• WPs related to the development of photocathodes

• Cherenkov-based timing detectors, Visible light detectors

• IBF suppression, discharge protection

• WPs related to the development of resistive materials 

• Probably essential for most TOF detectors in the long run (high field/gain operation need)

• Low resistivity glass for timing MRPCs

• DLC-based RPCs

• TRD: differentiate response to X-ray and ionization; TRD with dN/dx?
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ECFA matrix



ECFA roadmap table 1.8
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