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Introduction on EicC

As a future high energy nuclear physics project, an Electron-ion collider in China (EicC) has been proposed based on High
Intensity heavy-ion Accelerator Facility (HIAF), a heavy-ion accelerator currently under construction. The proposed collider

will provide highly polarized electrons (with a polarization of ~80%) and protons (with a polarization of ~70%) with variable
center of mass energies from 15 to 20 GeV and the luminosity of (2-3) x 1033 cm=2-s71,

The main focus of the EicC will be precision measurements of the structure of the nucleon in the sea quark region, including
3D tomography of nucleon; the partonic structure of nuclei and the parton interaction with the nuclear environment; the
exotic states, especially those with heavy flavor quark contents; and the origin of mass by measurements of heavy quarkonia.
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EicC Spectrometer Overview
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» Sub detectors to realize the EicC physics goals:
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Fig. 4.10 Conceptual design of the EicC detector.
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General requirements:
* Large rapidity (-4 £ n< 4 ) coverage;
* High precision & fast tracking in high luminosity

e Electromagnetic and Hadronic Calorimetry with large
momentum coverage

* Accurate PID to separate i, K, p in large momentum range
* Large acceptance for diffraction, tagging, neutrons

 Strict control of spectrometer's background and
systematic errors



Detector Requirements for PIDs

, PID Detector Kinematic Coverage
10 T T g

» Fast response and ultra-high resolution [ Wror  Hmen

» Compact structure and radiation resistant i

» PID power with large momentum coverage:
< 4 GeV/c at e-Endcap; _
<15 GeV/c at ion-Endcap ; il
< 6 GeV/c at Barrel. 5
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Barrel DIRC for PID

Detector of Internal Reflection Cherenkov lights (DIRC):

Fused silica

/ bar

Different charged particles induce Cherenkov radiation with different Fiused silica

prism

Cherenkov angles, DIRC achieve PID through reconstructing their ?,:,?;i',’:ﬁ::mm" Expansion
\\ / Volume
Cherenkov angles, by measuring the transit time and exit

Mirror Focussing
position/angle of Cherenkov photons induced by different particles. | Aﬂicle Optics

Track

Photon sensor

«
N

0. =cos(1/n3)

Focusing lens

» Consisted of fused silica(n=1.47) as Cherenkov radiator
and MCP-PMTs as photosensor array
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» Compact structure as barrel detector
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DIRC Module Design

Sensors 355mm
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Definition of measured DIRC angular resolution:

Narrow bars Wide bar

]/

Heraeus
suprasil

. Quartz radiator bar: 15mm x 17mm x 3300mm

Expansion volume(EV): 208mm x 340mm x 300mm 0g, (photo) = \/aczhmm + 0o + Ohar + Ofrans T+ Ofec

e  MCP-PMT: Hamamatsu R10754 (pixel size: 5.2mm x 5.2mm) or Photek
*  Ogrom: the dispersion contribution of the quartz radiator

MAPMT253 (pixel size: 1.6mm x 1.6mm) (wavelength: 300-700 nm)

«  Tray box size: 50mm x 320mm x 4000mm with 6 bar+EV * 0, error from the optical focusing lens and the pixel size of
. o _ photosensors

* 12 trays forms a barrel detector with a minimum radius R =0.7m . o, the influence of radiator thickness (flatness) on photon

e Focusing: spherical 3-layer lens (Fused silica N-LAK33B ) curvature radius: yield and transmission efficiency;

Oyrans: transit fluctuation due to the roughness of the radiator

30cm, Thickness: 10mm * O, error from incident particle tracking
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DIRC Simulation

Simulation Input & process:

mean free path length [cm]
b=

refractive index
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DIRC simulation and prototype setup
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MRICH: Lens-based Focusing Aerogel Detector Design

Modular RICH is a Cherenkov detector based
on aerogel radiator. It uses a Fresnel lens to
generate focusing effect to improve position
resolution (Fresnel lens limit the wavelength
range of transmission light, which can reduce
Rayleigh scattering effect). It has compact and
flexible structure, and PID power with large

momentum coverage.
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MRIC

H Simulation: PID Separation Power
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LGAD: Low gain avalanche detector

Low gain avalanche detector (LGAD): Silica TOF achieves low momentum

RENGARCLaNDS R, vos S e PID (<2GeV/c) by generating signal pulses with fast rising edges through

local avalanche amplification in semiconductors. It has compact pixel

g ; i""""""": ,L structure and can provide high resolution (um) tracking information
— T ' '; ::,:_,_ i besides measuring ToF (ps).

Barrel TOF: right after the tracker system

l
w1
o

=
3
°

Low Gain Avalanche Diodes (LGAD)

lon-endcap TOF: right after the RICH system

E-endcap TOF: right after the calorimeter system
LGAD-TOF configuration

Rbarrel Length Z location RMIcP RENdeap n
\ cm cm cm coverage
\on-09"% (cm) (cm) (cm) (cm) (cm) g

Low Gain Avalanche Diodes
\Z =2 48 &

Backward -148 5.4 110.81 [-4.0, -1.1]
80 (trying to
Barrel achieve 60cm) 214 [-1.1, 1.1]
Forward 248 12.3 185.7 [1.1, 3.7]

* Current configuration fits to the tracking system well
* Timing resolution: 20-30 ps / layer

* Spatial resolution: ~¥30 um
2024/7/8 12



LGAD: Pythia Simulation

> Event generator: Pythia Start-time determination strategy
> e (3.SGEV) +p (20 GeV) Scattering electron detected ?
»Generate 1M e+p event, simulate YES N

the performance of LGAD-TOF Assume all charged

ring e : i
Use the scattering particle to be pion

correlated to tracking detector

» Simulation ongoing |
Initial T,

}
Particle Identification

Iteration

New / Final T,
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LGAD: Pythia Simulation

Pythia: e(3.5 GeV) + p(20.0 GeV)

Acceptance
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Narrow gap MRPC: toward 20ps resolution

e At O Simulation indicates proper ways to design
HHV—] the gap thickness and arrange the stacks
_-H_N"Q : ________ OominoRing | _ : Time resolution for different MRPC: Electronics Noise ~20fC
R i C R P o N )
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GTOF — \/G.MRPC _|_ G-electronics 16 ,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, tblckngss rec;uwe?
o | Yot 012 014 016 of8 02 02 024
oror <20 ps, the intrinsic resolution of narrow gaps MRPC Gap Thickness [mm]
Is around 15ps, and the time jitter of readout electronics Sy ree <20 ps, the gas gap: <0.18mm
<13~15 ps. gap number: >16
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Cosmic Ray Platform for Performance Tests

500.00 mm

1000.00 mm

T T
A

A two-dimensional positioning platform for cosmic ray tests on the performance of DIRC and other detectors:
4 layers, size of 55cm x 55cm, each layer composed of 8 modules (4 at x, y direction)

60

Each module is composed of 16 triangular plastic scintillators (EJ-200), 32 optical fibers, 8 SiPMs o _ _
Cosmic rays incident on the scintillator excite scintillation photons, which are collected by optical fibers, Preliminary test result: 2D image reconstruction
. . .. . o of samples of different materials (W, Pb, Fe),
transmitted to SiPMs for readout. The position resolution of the platform can reach ~1mm. with higher material density resulting in better
image resolution. 16
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Summary

»DIRC: manufacturing small prototype, setup test platform
»RICH & LGAD: under simulation, setup R&D platform

» Cosmic ray platform: installed at Huizhou, testing & improving tracking

algorithm

PID CDR draft link at overleaf:
https://www.overleaf.com/read/qwsrhvoxbdfp#46e543

Thank you!

2024/7/8
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