& TOHLUD G UL fi

te of High Energy Physics, Chinese Academy of Sciences

226,
Status of Simulation of Endcap RICH at CEPC

Li Changru

'CEPC Physics and Detector Plenary Meeting
May 13, 2026



| Introduction

* The CEPC Project:
* A proposed Circular Electron Positron Collider acting as a Higgs factory.
* Provides an extremely clean environment for precision measurements.
* Core Physics Objectives:
* Unprecedented precision in Higgs, Electroweak, and Top quark properties.
» Searching for signals of New Physics (Beyond Standard Model).
* Requirements for Flavor Physics:
 Demands exceptional Particle Identification (PID) capabilities.
* Achieve 30 K /i separation for momentum up to 20 GeV.



| Motivation
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Baseline PID: dE (dN) /dx + ToF.
Significant efficiency drop in the forward
region for Kaons with momentum over 3 GeV.
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| Software
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| Overall Geometry & Materials

RICH components: J
1. Aerogel: 3 layers of SiO, (p = pgyir»n = 1.008) |

r =16.9~56.2 cm

z =106.6 cm~112.6 cm

2. Photon Detector (SiPM & PCB + electronics)

PN eS8 + electronics -m
r = 24.1~56.2 cm CEnSHINN BEYdRet

Aerogel o
Radiator (5i03) > 700 cm < 1% X0
3. Carbon Fiber Shell t = 0.2 mm SIPM o L] SSOEm | I
PCB PCB 1 mm 19.4 cm 0.51% X0

4. Reflector fimt = 0.08 mm oo
5_ Mechanical SU pport Shell Fiber 0.4 mm 40.0 cm 0.10% X0
6. Cooling Others  Cu,Ti, .. / / 1~3% X0
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| Impact on p; resolution
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| Layout of Aerogel
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| Gradient Refractive Index
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| Rayleigh Scattering

Photons elastically interact with microscopic refractive-index

fluctuations, changing direction while conserving energy
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| Reflection
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| SiPM Granularity

To achieve 30 K /m separation at
20 GeV, a Cherenkov angle resolution
better than 0.7 mrad is needed
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| Photon Detection Efficiency
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SiPM Photon Detection Efficiency (PDE) vs Wavelength
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Peak sensitivity wavelength Ap = 450 nm
Photon detection efficiency PDE (A = Ap) Ep = 50%
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| Dark Noise

Typ. Dark count Typ. Dark count

S13360-1375 1.3 x 1.3 mm? 53.25
S$13360-3075 3.0 x 3.0 mm? 500 55.56
S13360-6075 6.0 x 6.0 mm? 2000 55.56

e = | Dark count rate is independent from SiPM size
http://share.hamamatsu.com.cn/specialDetail/2018.html
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| Simplified Reconstruction

Realistic detector response with:

* Focusing aerogel

* Rayleigh scattering

e Absorption

* Boundary (refraction & reflection)
* SiPM PDE

Assuming photon hits and dark noise
can be separated completely
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Step 1: Pre-selection via Circle Fit
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| Performance Evaluation

K/n Separation Power vs Momentum
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| Summary

Progress: simulation chain established

Geometry & material Optical response SiPM digitization PID potential

Conclusion:

Focusing aerogel: thicker radiator increases photon yield; gradient n suppresses emission-point uncertainty
Optical processes: Cherenkov, boundary (refraction / reflection), absorption and Rayleigh scattering included

SiPM parameters from Hamamatsu (PDE curve, dark noise 100 kHz/mm?, 5 ns window), results acceptable
K/t separation ~3.20 @ 20 GeV achieved, Detector configuration proven feasible

Next step: evaluation + reconstruction

I 01 Dark-noise impact assessment quantify PID degradation versus dark counts

I 02 Reconstruction algorithm development Maximum Likelihood + Hough Transform for noisy and reflected rings

I 03 Full-chain PID evaluation performance after realistic response and reconstruction

Thank you! 16
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