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CEPC Hadronic Calorimetry

• R&D focus on the PFA-oriented HCAL
• Major goal: to develop a large HCAL prototype with scintillator-SiPM

(MOST funding support: 2018-2023)

• Digital: gas-based options, e.g. RPC, (TH-)GEM

• CEPC: a circular collider (100km)
• Continuous mode: 100% duty cycle (no power pulsing)

• Active cooling for compact calorimetry systems
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Major R&D progress after Utrecht meeting

• New SiPM options in China
• Combined tests of NDL-SiPMs and SPIROC2E

• Small pixels: potentials for high dynamic range

• Mass production of scintillator tiles
• Scintillator tile production: injection molding

• Foil cutting, automated tile wrapping

• Test board for the KLauS5 chips

• HCAL optimization
• Cell size, longitudinal layers
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SiPM studies

• NDL SiPM
• High dynamic range,  high PDE

• Cost effective

• HPK SiPM
• Low noise level and crosstalk
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Vendors Hamamatsu (Japan) Novel Device Lab (BNU, China)

Type 12571-025P 13360-1325PE NDL-125 NDL-3030C

Area (mm) 1x1 1.3x1.3 1x1 3x3

Pixel pitch (um) 25 25 10 10

Bias Voltage (V) 63+4 53+5 21.5+4 27.5+6

Gain (X105) 5 7 2 2.5

Dark noise (kHz) 100 70 500 6000

Crosstalk(%) 15 1 8 4

PDE (%) 35 25 31 31

12571-025P 13360-1325PE NDL-125 NDL-3030C
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SiPM studies

• NDL-SiPM with SPIROC2E
• Custom design: 12.5um pixel 

• To improve intrinsic gain for SPIROC

• Maintain high pixel density for HDR

• Reminder: conventional 10um

• Reference test: HPK 25um MPPC

• HPK 12571-025P: 1mmx1mm

• Tests with SPIROC2E

• NDL-SiPM

• Can be calibrated both by LED and dark 
noises
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NDL SiPM:

LED calbiration

HPK SiPM HPK SiPM

With increased  

preamp gain

NDL SiPM:

dark noises
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Sr-90 tests

• HPK-SiPMs with SP2E tested with Sr90 source 
• 25um pixel pitch: moderate gain required by SP2E

• 2 generations: different levels of DCR and crosstalk

• Tested with a scintillator tile (30x30x3 mm)
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HPK 12571 HPK 13360 HPK 13360

SPIROC2E: High Gain mode

HPK 12571

SPIROC2E: Low Gain mode

Pedestal and MIP signals can be well separated for HPK 

SiPMs (higher intrinsic gain with 25um, high light yield)
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Sr-90 tests

• NDL-SiPMs with SP2E tested with Sr90 source
• Can still cope with relatively smaller SiPM gain (10um and 12.5um)

• Potentials for a larger dynamic range

• Tested with a scintillator tile (30x30x3 mm)
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NDL 12.5um, 1x1mm NDL 10um, 3x3mm

SPIROC2E: High Gain mode SPIROC2E: Low Gain mode

NDL 12.5um, 1x1mm NDL 10um, 3x3mm

Pedestal and MIP signals can be separated for 3x3 mm 

NDL-SiPM, but not for 1x1mm due to lower light yield
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Light yield measurements with SP2E

• HPK SiPMs measured with a scintillator tile (30x30x3mm)
• Using beta electrons from Sr-90

• Same tests to be done for NDL-SiPMs
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HPK 12571-025P at overvoltage 4V

Calibration with 
dark noises

Sr90

HPK 13360-1325PE at overvoltage 4V

Calibration with 
LED

Sr90
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Scintillator tile production
• Injection molding in China

• Went through 8 iterations: prototyping fluor recipes, processes, etc.
• Smooth and transparent, without need to further polish 

• Dimension tolerance < 50um (30 tiles tested)
• Good light yield uniformity within a batch
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Light Yield of 50 tiles in a batch 

(wrapped with same ESR)

Deviation<10% 
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ESR foil

• Custom-design mold: to cut large ESR foil into pieces (mechanically)

• Patterns in the foil: several iterations to minimize the air gap after folding
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ESR cut by moldESR foil design Tile wrapped with foil
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Uniformity of wrapped tiles
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Scintillator 1 2 3 4 5

Light yield(p.e.) 24.25 23.97 23.82 23.29 24.23

Scintillator 6 7 8 9 10

Light yield(p.e.) 22.22 22.17 22.34 22.98 24.73

Scintillator 11 12 13 14 15

Light yield(p.e.) 23.38 25.6 25.21 22.98 25.36

Scintillator 16 17 18 19 20

Light yield(p.e.) 24.52 24.33 24.36 24.12 23.85

• Sr-90 measurements: 20 tiles 
individually wrapped with ESR

• Now ready for mass production

20 tiles produced by injection 
molding wrapped with ESR

Light yield distribution of these 20 scintillators

Deviation < 5%
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Comparison with CALICE tiles

• CALICE tiles: produced for the AHCAL tech. prototype

• Fairly similar quality and uniformity in terms of light yield
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New in China CALICE

CALICE tiles Tiles produced in China

Courtesy of Felix and Erika
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Tile wrapping machine

• Based on a single robot arm: pick-and-place movements
• Compatible with different sizes: 20x20, 30x30 and 40x40 mm

• Production finished and assembled, now being commissioned
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Tile wrapping machine
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Robot arm

Label Pneumatic 

parts

Wrapped tiles

ESR foil
Naked tiles
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Test boards for KLauS5

• Boards designed, produced and populated

• For two K5-chips (in BGA), courtesy of Uni-HD

• Raspberry PI (3B+ and 4) prepared for configuration 
and data taking

• Several iterations: debugging designs, selections of 
key (active) components (e.g. LDOs, oscillator, etc.)

• Now ready to test at IHEP (finally!)

• Many thanks to Heidelberg colleagues: helpful 
discussions and support

• Strong interest from the IHEP neutrino team 
(JUNO-TAO detector)

• Liquid scintillator with Gd

• Large-area SiPMs at low temperature
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HCAL optimization: cell size

• MC samples (pions and kaons) in full CEPC simulation

• Critical distance: separation power
• Distance with >85% reconstruction efficiency of pions and kaons
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Rec. efficiency of near-by hadrons
with varying cell sizes

Cell <= 40mm: plateau region for separation power (note: core size ~23mm)
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HCAL optimization: longitudinal layers
• Energy resolution vs #layers

• Total thickness of absorbers: fixed

• Stochastic term w/wo software compensations (global and local)
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Simplified Geometry (HCAL only)

Layer structure: 
Sc:3mm,PCB:2mm, Total Fe: 800mm
Incident particle: 𝑘𝐿
Direction: Z
Position(mm):1000 400 2000 
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Summary

• Steady progress towards building a CEPC HCAL prototype
• Other activities related to SDHCAL shown in other sessions

• New SiPM options in China: promising 
• High dynamic range + moderately high PDE

• Scintillator tiles via injection molding
• Ready for mass production

• Automated wrapping machine: being commissioned

• KLauS5 test boards: to be tested
• Continuous working mode; high precision essential for HDR-SiPMs

• HCAL optimization studies ongoing
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Thank you!


