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A reminder of Cherenkov detector 
• Cherenkov detector is a powerful tool for charged particle identification, especially for 

particles with a momentum up to several tens of GeV/c where the ToF is not applicable 

LHCb RICH-1 (Aerogel+C4F10 gas radiator)
RICH-2 (CH4 gas radiator)

Threshold:  

Cherenkov angle:

Number of photons:

β > 1/n 

Separation power:

RICH 2025, Kodai Matsuoka

2-100 GeV/c 3



Cherenkov detector widely used by many experiments
• A lot of high energy particle /nuclear/astrophysics/neutrino physics experiments around the 

world 

-DELPHI, CLEOIII, BABAR, BELLE I & BELLE II,  LHCb,  ALICE, COMPASS, STAR,  PANDA, NA62, 
CLAS12 , AMS02...  (and many neutrino experiments not listed)

DELPHI CELOIII

STAR

BELLE I

BELLE II

BABAR

LHCb ALICE 4



⚫ Such as FCC-ee, EIC, STCF …

Proposed also by the future experiments

STCFFCC-ee (CLD detector concept) ePIC detector  at EIC 5



Motivation of the Cherenkov detector for CEPC
• A Cherenkov detector at CEPC is helpful, for high momentum PID( up to 20 GeV/c) at 

the endcap/forward region where only short tracks or even no tracks pass through 
TPC (so dN/dx not good)

• It’s critical for flavor physics, Higgs physics (especially Higgs -> ss), etc. 

Kaon ID efficiency 
(from Ref-TDR )

ToF standalone
(from Ref-TDR )
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• Two possible locations without changing the other detector design in ref-TDR 
• Depending on physics requirement, Cherenkov detector performance and also material 

budget 

Possible location of the Cherenkov detector at CEPC

Coverage: 9.3° <θ <28.8 °

or 0.99<cos θ< 0.88
Coverage:  8.8° <θ < 20.3 °

or 0.99<cos θ< 0.94 

Location 2Location 1
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RICH

4th

3rd

1st 2nd

RICH

4th

3rd

1st 2nd



RICHRICH

An overall view for the detector
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Drawings for the two locations
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Inner 
diameter 

Outer 
diameter

Total area 
(two endcaps)

Length
(single 
endcap)

Radiator 33.8 cm 112.4 cm 1.81 m2

44cm
Photon 
detector

48.2 cm 112.4 cm 1.62 m2

Inner 
Diameter

Outer 
diameter

Total area 
(two 
endcaps)

Length
(single 
endcap)

Radiator 47.2 cm 112.4 cm 1.64 m2

44cm

Photon 
detector

59.7 cm 112.4 cm 1.43 m2

From Jian Wang, 
mechanics group 

Location 1 ( between 3rd and 4th endcap ITK) Location 2 (outer of 4th endcap IKT)



• Radiator

- Solid-state or liquid:  LiF, NaF, 

fused Silica, C6F14(liquid)

- Gaseous: CF4, C4F10, C5F12

- Aerogel (silica aerogel)

- Hybrid: aerogel + gas 

Investigation of technologies used for Cherenkov detector

NIM A 554 (2005) 147–194 

Belle I  & Belle II   (silica aerogel)

CLEOIII  (LiF crystal)
BABAR (fused silica)

ALICE (liquid C6F14) LHCb  (Aerogel + C4F10+ CF4)

aerogel
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• Photon detector
- Gaseous chamber: TPC-like / MWPC filled with 

photoionizing gas (TEA) or photocathode coating 
(CsI)  

- PMT:   dynode PMT (fine-mesh, metal channel),   
MCP PMT

- Hybrid detector: HPD(hybrid photon detector) and 
HAPD(hybrid avalanche photon detector)

- SiPM (proposed but not yet used)

Investigation of technologies used for Cherenkov detector

Multi-anode HAPD 
(Belle II endcap)

Multi-anode metal-channel   
dynode PMT  (LHCb RUN3)

MCP PMT (Hamamatsu R10754-
07-M16),   Belle II barrel(iTOP)

HPD (LHCb RUN1&2)

MWPC +CsI coating on pad ) (ALICE )
MWPC with CH4

+TEA(triethylamine (CLEO III)
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Possible design of CEPC Cherenkov detector 

Option1:  
Multiple layers of aerogel with varying n, 

overlapped ring for different emission points

Option 2: 
A single layer of aerogel, focused by a 

Fresnel lens. 

Reference: T.Iijima, NIM A548 (2005) 383;   A.Yu.Barnyakov, 
NIM A553 (2005) 70; D. Sharma, NIM A1061 (2024) 169080

⚫ The proximity focusing method:

Aerogel
radiator

Photon detector 

Charged particle 

Cherenkov 
photons

θc

n

Fresnel
Lens 
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Aerogel
radiator

Photon detector 

Charged particle 

Cherenkov 
photons

θc

n1<n2<n3
30cm

6cm 2.5cm

~44cm



A sketch of the Cherenkov detector 

Aerogel radiator : 
-90 aerogel tiles in 4 layers
-each tile of ~10 cm x 10 cm

Photon detector: 
-258 PMTs(sensor module) 

in 6 layers      
-each PMT(sensor module) 

of ~5 cm x 5 cm 

Photon 
detector 

Aerogel 
radiator 

From Jian Wang, 
mechanical group 

Beam pipe

393 mm

1124 mm

1124 mm

338 mm



Why uses aerogel as the radiator

• Generally, to have PID in 3-20 GeV/c range
- Solid-state/liquid radiators have very large refractive indexes (n >1.2)
- Gaseous radiators’ refractive indexes too small ( n<1.001)
- Aerogels have adjustable n (1.0x ~1.00x) , so applicable 

from Alexander Barnyakov

Hopefully with aerogel (n=1.008), 
π/K can be separated in 3σ,  up to 
20GeV/c (𝜎𝜃

1𝑝𝑒< 4mrad)

Aerogel from BINP
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Radiators Refractive index Number of photon 
(p=20GeV, λ= 300-600 
nm)

Fused silica, 
LiF, NaF (solid 
state)

1.46, 1.392, 1.334 300-400 photons /cm

C6F14 (liquid) 1.283 ~300 photons/cm

C5F12, C4F10, 

CF4, (gaseous)
1.00172, 1.0014, 
1.0005, 

0.7 – 2.6 photons/cm

Silica Aerogel 1.01 – 1.001 
(adjustable)

1.5 -15 photons/cm

The number of photons emitted from different radiators

Silica aerogel

LiF and 
C6F14(liquid)

CF4 and C5F10

(gas)

15

(eV-1 cm-1)



Past and ongoing R&Ds on aerogel

• Led by Alexander Barnyakov from BINP  

Some results of beam tests at the BINP with mRICH design
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• General requirements

.

What a photon detector can be used ?
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requirements for what reasons

single photon detection capability 
very small number of photons from the      
radiator 

low dark noise 

high detection efficiency

high magnetic field tolerance 3 Telsa magnetic field 

High radiation tolerance relatively high beam background in the 
forward region 

small material budget inside TPC and ITK

good time/spatial resolution help to resolve the Cherenkov ring 

reasonable cost 
also important issuelow risk on construction and operation

Only qualitative requirements now,  to be quantitative after more study



Past and ongoing R&D for photon detector 

• Investigation of the photon sensor (by Xiaolong, Fudan Uni.)
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Investigation of MCP PMT as photon sensor
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For Belle II, barrel RICH (iTOP) 

• Effective area:    
23mm x 23mm

• Anode matrix:
4 x 4

• Anode size:
5.28mmx5.28mm

• QE: ~20%
• TTS（FWHM):  75ps
• HV: 2.7kV

• Effective area:    
46mm x 46mm

• Anode matrix:
8 x 8

• Anode size:
5.75mmx5.75mm

• QE: 21%
• TTS (σ）：

15ps(MPE)
50ps(SPE)

• dark noise rate:
500 Hz/anode

• HV: 2 kV

“FPMT”,  NNVT&IHEP 
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Investigation of Multi-anode Dynode PMT
For LHCb RUN3 • Effective area:    

23mm x 23mm (1”) or 
46mm x 46 mm (2”) 

• Anode matrix: 8 x 8 
• Anode size:

2.88mm x 2.88mm
or 5.76mmx5.76mm

• QE: 35%
• High voltage: 1.1 kV

Sajan Easo’s talk in CEPC workshop in Hangzhou, 2024
Nucl. Inst. Meth. A 876 (2017) 206-208



Investigation of HPD and HAPD
• HPD(Hybrid Photon Detector) for LHCb 

Run1 and Run2
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• HAPD(Hybrid Avalanche Photon Detector) 
for BelleII endcap RICH (customized)

Effective area:  70mm x70mm
APD matrix:  12 x 12
APD size: ~5mm x 5mm
QE: 28%
High voltage: 8.5 kV

Effective area:  70mm in diameter
PD size: ~2.5mm x 2.5mm
QE: 27%
High voltage: 20 kV



22

A preliminary summary of the photon detectors
Photon 
detector
types

Quantum  
efficiency 

Spatial 
resolution

Dark 
noise rate 

Time 
resolution

Magnetic 
field 
tolerance

Radiation 
tolerance

Material 
budget

Cost 
estimation

Risk on 
construction 
&operation

Gaseous 
chamber 
(MWPC,  
MPGD)

poor
(~28% at VUV 
region, 160-
170nm)

good
(~1-2 mm, 
charge centroid 
method)

good
(~1 Hz/cm2)

poor
(~1-50 ns)

poor
(due to 
charged 
particles 
drifting)  

good 
(no silicon)

good
(~4% X0)

Good
(several 10
RMB/cm2)

poor
(complex with 
gas, high 
voltage, pho-
tocathode)

PMT 
(dynode  
or MCP  
PMT)

medium
(~20-35% at 
400nm)

medium
(~3-5 mm with 
multi-anode)

good
(~5-100
Hz/cm2)

medium for 
dynode(~200
-500ps);
good for 
MCP(<50ps)

medium
(specially 
designed 
dynode or 
MCP)

good
(no silicon)

poor 
(~10% X0)

poor
(~1000 RMB/
cm2)

good
(simple for 
construction 
and running)

HPD and 
HAPD

medium
(~25-30 % at 
400 nm)

medium
(~2.8-6 mm with 
multi-anode)

medium
(~2.5-5 
KHz/cm2)

medium
(~50-200ps)

medium
(with high 
voltage)

medium
(partially 
silicon)

poor 
(~10% X0)

poor
(~1000 
RMB/cm2)

medium
(high voltage 
8-20kV 
needed)

SiPM good 
(~45-50% at 
400nm)

medium
(~3-6 mm 
depending on 
the size) 

poor
(~10 MHz
/cm2, room 
temperatur
e)

medium
(~50-100ps)

good 
(small 
thickness) 

poor
(atom 
displace-
ment)

good if no 
cooling 
(~4% X0); 
poor if with 
cooling 
(~10% X0)

medium if no 
cooling
(~100 RMB/
cm2); 
poor with 
cooling 

good
(simple for 
construction 
and running)

• No clear conclusion now, need more investigation, with SiPM and MCP PMT more preferred 



Summary and Next step
• A Cherenkov detector will be beneficial for CEPC and it’s under 

proposing 

• Some consideration/design for the Cherenkov detector  have been done 
but at early stage.

• Many R&Ds on aerogel have been done by BINP group and still ongoing

• Photon detectors are under investigating

• A lot of things (reflection mirror, mechanical supporting, cooling, cabling, 
readout electronics, etc. ) need to be considered 

• Also, more study needed for a clear physics motivation and for location 
decision
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Thanks a lot to Xiaolong, Jianchun and Alexander Barnyakov for the valuable
discussion and input!



Thank you for your comments and 
suggestions, and welcome to join us!
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Backup 



• Wavelength:  100 nm – 600 nm

• Photon detection efficiency:   50% at 420nm

• Size of single SiPM:  1 mm x 1 mm  or 3 mm x 3 mm

• Pixel size:  10 -20 𝜇m

• Module size:   3 cm x 3 cm or 5 cm x 5 cm

• Time resolution: 100 ps

• Radiation hardness:  1013 Neq /cm2  

• Low dark noise (< 100 kHz / mm2)  

• Quantity:   0.8 m2 x 2 = 1.6 m2
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Preliminary requirements for the photon sensor (SiPM)

393 mm

1124 mm
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Beam related background
(From ref-TDR of CEPC detector)
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