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Regarding the new tech for high momentum PID
• The current design: dN/dx from TPC and TOF based on AC-LGAD

• Other options?

• We always had PID sessions in the CEPC Workshops, China version

• A specific workshop on PID technologies in Fudan, 2023. 

A lot of discussions 
since more than 
two years ago.



Materials for high momentum PID

• Specific workshop at Fudan. ARC from FCC-ee
https://indico.ihep.ac.cn/event/19839

• CEPC Day talk: aerogel Cherenkov counters
https://indico.ihep.ac.cn/event/22548/

• CEPC workshop at Hangzhou, PID session. SiPM option for LHCb.
https://indico.ihep.ac.cn/event/22089

https://indico.ihep.ac.cn/event/19839
https://indico.ihep.ac.cn/event/22089


ARC for  PID at FCC-ee
• Array of RICH Cells

𝐾𝐾 − 𝜋𝜋 separation 𝐾𝐾 − 𝑝𝑝 separation



• No much information regarding the photosensor.



Let’s focus on n=1.008 
at current stage



Proximity focusing approaches of Cherenkov light from aerogel
to increase the precision of 𝜽𝜽𝒄𝒄 reconsgtruction

Aerogel RICH with Fresnel lens = modular RICH

T.Iijima et al., NIM A548 (2005) 383 and A.Yu.Barnyakov et al., NIM A553 (2005) 70

• Thicknesses and refractive indexes in each layer are adjusted
in such way that Cherenkov rings from each layer overlap in
the same region of the position-sensitive photon detector.

• The number of detected Cherenkov photons increases due
to increase of the thickness without degradation of
Cherenkov angle resolution due to uncertainties of photon
emission point.

Focusing Aerogel RICH (FARICH)

D. Sharma et al., NIM A1061 (2024) 169080
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Several PMTs with submillimeter position sensetivity
MCP PMT

• Planacone XP85122

• 32x32 pixels with 1mm size
and pithch ~2mm

• To decreas readout
electronics channels it is
possible to develop ‘spread
delay lines’ or ‘chrge
sharing’ approaches

• Expected spatial resolution
as small as

𝜎𝜎𝑥𝑥 ≈
1
12

≈ 300µ𝑚𝑚

PSS-SiPM or LG-SiPM

• PSS 11-3030-S (from NDL,
China)

• 3x3 or 6x6mm SiPM is read
out by 4 digitizers

• Position is reconstructed by
charge sharing among 4
pads connected to resistive
plane of the SiPM

• Declared resolution for single
photon hit is about

𝜎𝜎𝑥𝑥 ≈ 200µ𝑚𝑚

Digital PC
59

m
m

• DPC3200-22-44 – 3200 
cells/pixel (from Philips)

• Each microcell is connected
through controled lattch and
could be switched On or Off for
readout

• Output data are ‘timestamp‘ of
the first fired microcells and total
‘number‘ of fired microcells

• Output data could be changed to
‘timestamp‘ and ‘serial number‘
of fired microcell and then spatial
resolution will be determined
microcell sizes:

𝜎𝜎𝑥𝑥 ≤ 50,25,12µ𝑚𝑚
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We do have PSS

 Four channels to share the charges.
 Determine the position according to the 

shared charges.
 We can use the high precision FEE. 
X.Y. Wang et al., NST34, 169(2023)

Discussed with Prof. 韩德俊

We have started the 
R&D on the readout.



Position resolution of PSS

PSS 11-3030-S
PSS 11-6060-S

Very high resolution can be achieved. 
It also depends on the FEE.



mRICH GEANT4 sim. with SiPM like PSS 11-3030-S (NDL)

• Aerogel
– n=1.008 
– t=6 cm
– Lsc(400nm)=4.6 cm

• Position-sensitive SiPM
– pixel 3x3 mm
– hit position restored by charge sharing 

𝝈𝝈𝒙𝒙 = 𝟐𝟐𝟐𝟐𝟐𝟐𝝁𝝁𝝁𝝁
– PDE from Hamamatsu S14161-3050HS
• Fresnel Lenses 
– Focal length = 6” and 10”
– Transparency from ULTRA exp.

(NIM A570 (2007) 22-35)
Fresnel technology inc.

It is possible to increase the PDE at shorter wavelength.



mRICH sim. results for Fresnel lens 6” and 10”
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Fresnel Lens with 
F=6”

Fresnel Lens with 
F=10”



FARICH for CEPC
nmax=1.008
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Aerogel from BINP Aerogel from KEK/Belle.



FARICH option for π/K–separation above 20 GeV/c
8-layer aerogel nmax=1.008; pixel≈0.2mm Gradient aerogel nmax=1.008; pixel≈0.7mm

PSS 11-3030-S (NDL)
4-ch 3𝑚𝑚𝑚𝑚 × 3𝑚𝑚𝑚𝑚 with 𝜎𝜎𝑥𝑥 ≈ 0.2𝑚𝑚𝑚𝑚

The possibility to produce of gradient aerogel was demonstrated in 
NIM A766 (2014) 88-91 and NIM A766 (2014) 235-236

Focal distance is 300 mm

• Npe≈16
𝝈𝝈𝑪𝑪𝒕𝒕𝒕𝒕≈0.33 mrad!!!

It looks good enough for reliable π/K–separation @ 30 GeV/c
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8-layers aerogel in 2 tiles



FARICH for π/K–separation at 30 GeV/c: G4sim results

A lot of R&D to enhance the performance.



Discussion on FARICH - Advantages
• Simple structure: Aerogel Layers + SiPM arrays

• Russian groups have a lot of experiences in Aerogels.
• We have advantages in SiPM and readouts in China.

• It is possible to achieve a very high position resolution using PSS, with limited number of 
readout channels.

• 1.1 × 105chs with 2.8 × 104 PSS 11-6060-S SiPMs for 1 𝑚𝑚2.
• 4.4 × 105chs with 1.1 × 105 PSS 11-6060-S SiPMs for 1 𝑚𝑚2.

• The readout can focus on single photon detection.
• Endcap PID: 𝜙𝜙1.2 − 3.6𝑚𝑚, about 81 𝑚𝑚2

• Do we have to cover such a large area with SiPMs?

About 30 cm between 
Aerogerl and Photon 
Detector.



Is it possible to improve the design?
• Design new FEE focusing on single photon detection, with 

very low baseline noise, high gain, and high time resolution.
• Time information can be used to veto the DCR.

• In Belle II iTOP, time resolution of single photon is ~ 50 ps.
• We can get a Time-of-Flight with the Cherenkov photons.

• With a position resolution of ~50𝜇𝜇𝑚𝑚, we can
• Use aerogels with larger n,
• Fewer layers or aerogels?
• Reduce the distance between the aerogels and the photon detector;
• A smaller number of SiPMs? Allows space between SiPMs.

• How about using a flat mirror? 
• Double the flight length, reduce the multiple hits on one PSS.
• Remove more short wavelength photons, to reduce the dispersion?

Enari Y. et al. MCP-PMT Timing Property for 
Single Photons. NIMA528,763(2004))

Mirror
SiPMs

Aerogels



Discussion on FARICH - Disadvantage

• DCR increases with the radiation, especially the neutrons.
• Need to count the backgrounds according to MDI.
• Need tests on radiation hardness.
• If possible, design new PSS with higher radiation hardness.

• The costs for SiPMs and readouts
• Can we reduce the area coverage? 
• Optimize the design of PSS for lower cost? Huawei (海思) produces SiPMs with PDE up 

to ~70%.



Summary

• We started the consideration and R&D for high momentum PID since the 
workshop at Fudan, 2023.

• Combination of aerogel and SiPM shows good potential for 𝐾𝐾 − 𝜋𝜋
separation around 30 GeV/𝑐𝑐.

• Russia has advantages in aerogel, while China has advantages in SiPM.

• The NDL PSS may offer position resolution ~50𝜇𝜇𝑚𝑚, which is a ideal 
photosensor for Cherenkov photons.

• We start the discussion, and look for more R&D in the future. 抛砖引玉。

Thank you!
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