
Yong Liu  (liuyong@ihep.ac.cn)

SiPM needs for CEPC sub-detectors

(a brief review and discussions)

Yuekun Heng (IHEP), Hengne Li (SCNU), Yong Liu (IHEP), 

Zhonghua Qin (IHEP), Xiaolong Wang (FDU), Haijun Yang (SJTU)

CEPC Day (Jan. 28, 2026)

Disclaimer: slides prepared based on the input collected from ECAL, HCAL, Muon and RICH. 
SiPM requirements for RICH are still preliminary and need further studies.
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Outline

• Briefly go through SiPM candidates listed in CEPC Ref-TDR

• For ECAL, HCAL and Muon Detector

• Summarise/highlight common needs and identify issues to be addressed 

• SiPM requirements for Cherenkov Detector

• New with respect to CEPC Ref-TDR: still in development

• Backup slides: information on SiPM development
• Collaboration with industry: NDL-SiPM news

• International collaboration within DRD4 (Photodetectors and PID techniques)
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SiPM candidates in CEPC Ref-TDR: ECAL

• Key requirement: a large dynamic range

• Dynamic range: 0.1 – 3000 MIPs 

• 1 − 2 × 105 pixels in the sensitive area of 3 × 3 mm2

• Pixel pitch: 6 − 10 μm (with a typical gain of 105)

• Desirable features: low inter-pixel crosstalk, peak PDE compatible with BGO/BSO (480nm)
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60cm BGO from SIC (paper)

SiPMs for ECAL
• Quantity: 571,000 pcs
• Total area: 5.14 m2

https://doi.org/10.1016/j.nima.2014.03.056
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SiPM candidates in CEPC Ref-TDR: HCAL

• Key requirement: balance of signal-to-noise ratio and dynamic range

• Dynamic range: 0.1 – 100 MIPs

• ~104 pixels in 3 × 3 mm2

• Pixel pitch: 15 − 20 μm (with a typical gain of 106)

• Desirable features: low inter-pixel crosstalk, peak PDE compatible with glass (GFO 400 nm)
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SiPMs for HCAL
• Quantity: 5.2 M pcs
• Total area: 46.8 m2
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SiPM candidates in CEPC Ref-TDR: Muon Detector

• Key requirement: a high signal-to-noise ratio

• SiPM candidates: HPK S14160-3050, NDL EQR20-11-3030

• Pixel pitch: 20 − 50 μm (with a typical gain of 106)

• Sensitive area: 3 × 3 mm2

• A low inter-pixel crosstalk: a few percent
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HPK MPPC Data Sheet NDL-SiPM Data Sheet

SiPMs for Muon Detector
• Quantity: 43,000 pcs
• Total area: 0.4 m2

https://www.hamamatsu.com.cn/cn/zh-cn/product/optical-sensors/mppc/mppc_mppc-array/S14160-3050HS.html
https://www.hamamatsu.com.cn/cn/zh-cn/product/optical-sensors/mppc/mppc_mppc-array/S14160-3050HS.html
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SiPM common needs (scintillator readout)
• Two SiPM types identified: sensitive area of 3 × 3 mm2

• High Dynamic Range for ECAL: 6 − 10 μm pixel pitch

• High Signal-to-Noise Ratio for HCAL/Muon: ~20 μm pixel pitch

• Low inter-pixel crosstalk

• State-of-art level: < 1% *

• Peak PDE compatible with crystal/glass

• (Not an issue for Muon Detector: perfect peak PDE matching with plastic scintillator)

• BGO/BSO peak emission at 480 nm; GFO glass peak emission at 400 nm

• Existing SiPM candidates: peak PDE at 450/460 nm (HPK) or 420 nm (NDL)

• Radiation hardness: in endcap/forward regions

• Crystal ECAL studies in Ref-TDR: NIEL up to 1 × 1010neq 1MeV cm−2 at 20℃ (paper)

• CMS HGCAL SiPM-on-Tile modules: fluence up to 4 × 1013neq 1MeV cm−2 at −35℃

• Towards the final detector: production yield, QA/QC and cost
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To be addressed 

To be addressed 

*Using trenches implemented in pixels: limited PDE in 
HDR-SiPM for ECAL; not feasible for EQR-SiPM from NDL

To be addressed 

SiPMs for ECAL, HCAL and Muon 
• Quantity: 5.81M pcs
• Total area: 52.3 m2

https://arxiv.org/abs/2502.15353
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SiPM needs for Cherenkov Detector

• Key requirements

• High PDE and low noise

• Radiation tolerance

• Single photon detection capability

• Preliminary parameters

1/28/2026 CEPC Day: SiPM needs for CEPC sub-detectors 7

393 mm

1124 mm

RICH conceptual design

Parameters Requirement (preliminary)

Photon Detection Efficiency > 50% (420nm)

Sensitive Area 
(two SiPM types identified)

Type 1: 1 × 1 mm2 (conventional);
Type 2: 3 × 3 mm2 (position sensitive)

Dark noise rate < ~10 kHz/mm2 (to be further studied)

Spatial resolution ~280 μm

Radiation tolerance < 1013  Neq. /cm2    (to be further studied) Photon detector: 
• 258 modules in 6 layers      
• Each module of 5 cm x 5 cm

RICH

• SiPM radiation hardness: talk in RICH2025
• VUV-sensitive SiPM: nEXO paper (2022)
• SiPM-Based RICH:  Particles 2025, 8(4), 94

SiPMs for RICH
• Total area: 1.6 m2

https://indico.gsi.de/event/20387/contributions/90341/attachments/52680/78886/RICH2025_SiPM_RadHard_Pestotnik.pdf
https://link.springer.com/article/10.1140/epjc/s10052-022-11072-8
https://doi.org/10.3390/particles8040094
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Backup slides
Information on SiPM development
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Information: SiPM development in collaboration with industry

• NDL for custom-made SiPM prototypes
• Multi-Project Wafer (MPW) service, starting in Q1 2026

• 6-inch wafers

• Two SiPM types: Epitaxial Quenching Resistor (EQR), Position Sensitive (PSS)

• NDL MPW schedule in 2026
• Submission deadlines: March 13, July 3 and October 30
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EQR-SiPM: candidate for most sub-detectors
PSS-SiPM: potentially interesting for RICH
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Information: SiPM development in DRD4 collaboration
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Working Package 1

Working Group 1

• DRD4 status report: photon detectors and PID (Corfu2025 talk)
• The DRD4 Collaboration for research and development on photon 

detectors and particle identification techniques (RICH2025 talk)

https://indico.cern.ch/event/1539488/contributions/6478470/attachments/3058669/5408265/Fiorini%20-%20Corfu2025%20-%2029Apr2025.pdf
https://indico.gsi.de/event/20387/contributions/90344/attachments/52718/78999/2025_09_18%20-%20DRD4%20-%20RICH2025.pdf

