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Introduction on EicC

* As a future high energy nuclear physics project, the 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 a high luminosity of (2—3) x 1033 cm2-s71.

* The main focus of the EicC will be precise measurements of the nucleon structure 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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Fig. 4.10 Conceptual design of the EicC detector.

> Sub detectors to realize the EicC physics goals: General requirements:
* Large rapidity (-4 £ n< 4 ) coverage;
1) Vertex & traCkmg detectors e High precision & fast tracking in high luminosity

2) PID detectors

e Electromagnetic and Hadronic Calorimetry with large

3) Calorimeters » momentum coverage

4) Far Forward detectors * Accurate PID to separate it, K, p in large momentum range
5) Luminosity monitor & POIa”mEtry * Large acceptance for diffraction, tagging, neutrons

6) DAQ

 Strict control of spectrometer's background and
systematic errors
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Detector Requirements for PIDs

» Fast response and ultra-high resolution
» Compact structure and radiation resistant
» PID power with large momentum coverage:
<5 GeV/c at e-Endcap;
<15 GeV/c at ion-Endcap ;
< 6 GeV/c at Barrel.

PID detectors:

Barrel PID: High performance Detector of Internal
Reflection Cherenkov lights (hpDIRC)

Endcap PID: Ring Imaging Cherenkov (RICH) detectors,
pfRICH for ion-endcap, dRICH for e-endcap

Low Momentum PID (< 2GeV/c): MPRC, LGAD
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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 ;‘r‘;‘;’ slica

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. | Ani:le Optics
rac

Focusing lens

» Consisted of fused silica(n=1.47) as Cherenkov radiator
and MCP-PMTs as photosensor array
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§,, | Track Cherenkov <<
& angle resolution %
[ i i g ' mra
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DIRC Module Design

| Sensors
Narrow bars ~ Wide bar £ .
—‘—/ |NLAK33B
Fused silica MCP-PMT array
Hamamastu
Heraeus R10754

suprasil

Definition of measured DIRC angular resolution:
. Quartz radiator bar: 15mm x 51mm x 3300mm

«  Expansion volume(EV): 208mm x 312mm x 300mm 0g, (photo) = \/aczhmm + 05 + Ohar + Ofrans T+ Ofec
*  MCP-PMT: Hamamatsu R10754 (pixel size: 5.2mm x 5.2mm) or Photonis
. . * O ~5.4mrad, is the dispersion contribution of the quartz
XP85122 (pixel size: 3mm x 3mm chrom ’
(p : ) radiator (wavelength: 300-700 nm)
e Tray box size: 50mm x 320mm x 4000mm with 6 bar+EV * 04, error from the optical focusing lens and the pixel size of
* 12 trays forms a barrel detector with a minimum radius R =0.63m photosen.sors ) i
* 0, the influence of radiator thickness (flatness) on photon
*  Focusing: spherical 3-layer lens (Fused silica N-LAK33B ) curvature radius: yield and transmission efficiency;

®  Oyans transit fluctuation due to the roughness of the radiator

30cm, Thickness: 10mm o ) )
* 0, error fromincident particle tracking
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DIRC Simulation

Simulation Input & process:
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Reference from “Simulation, Reconstruction, and Design Optimization
for the PANDA Barrel DIRC”, 2016

Wavelength Bulk transmission # faces Reflection coefficient Surface roughness
™ 1/ A
406 0.994 £3.2.107* 49 0.09984 £ 1.6- 1072 49x+1.3
532 0.997 £2.7-107* 49 0.99991 £ 1.4.1075 47x1.3
635 0.9994 £ 8.0- 1072 49 0.99996 £ 1.5-107° 3.7£3.0
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PID power

Simulated DIRC performance

iDifferentitransit time cut &
icorrelatidn for forward &
ibackwar(’:i photons

o
(@] 1=
o -
— =
SN -
08
| c b
L 0.6_—
ﬁ Forward photons " [ o
ESR film e ) i
— = > 02f
- 4GeV/c /K -
Y Backward photons %50
Og. (mrad)
5__ —
E 1.2;
4__ B W
- 1
3; :
E D'B__W
o B
- Black: o, = 120ps 0o .
- Red o t 20 sp - Green: 5mm PMT pixel
F ot P 04— Blue: 3mm PMT pixel
TII4-|CIIIIE'3|CIIII8\|CIIII‘ItflllZJII|12|[JIII1J-UIII 0'2|__||||||||||||||||||||||||||

40 60 80 100 120 140

Polar Angle (°) Polar Angle (°)

2023/9/6 X.Li ,IMP/CAS, TIPP2023
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Transit time(ns)

Up: separate transmission time cut
for forward and backward photons

Low: Influence of PMT on DIRC PID

performance

- Right: DIRC angular resolution for PMTs
with different pixel size (3mm/5mm);

- Left: 6 GeV/c m/k separation power
versus PMTs with different time
resolution at angular resolution ~1mrad.



Simulation on DIRC w/o focus connector
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Optimized DIRC performance in simulation

The simulation shows that
hpDIRC’s PID performance can
meet the 30 (s.d.) /K
separation required by EicC.

Within the measurable polar
angle range, the PID coverage
of /K can reach above 6
GeV/c, while e/mt can reach
1.4 GeV/c.
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Summary & Outlook

» The simulation results show that hpDIRC can achieve the 3o /K separation power
required by EicC. Table below shows the expected error contributions of the barrel
hpDIRC module based on the simulation and PANDA test data.

» It is worth noting that the simulation analysis did not include the effect of magnetic

field, and the resolution of incident tracking is simply assumed to be 1mrad. These
will be done in further simulations.

» Further improvement of hpDIRC’s optical geometry and image reconstruction
method based on artificial intelligence algorithms and cosmic ray tests.

Chromatic dispersion | Optical focusing lens Thickness & width | Surface properties of | Angle of the incident
of quartz radiator and MCP-PMT pixel size | of quartz radiator | quartz radiator particles and image

reconstruction

Ochrom™2-4mrad 0 1,c<10mrad Opar=2mrad O frans=3mrad Oec<1mrad

Thank you!
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Simulation on DIRC with different focusing lenses
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N-LakK33

2023/9/6

=

Photon collected Wlth
-3~ Iayer 25 deg Iens :

40 B0 B0 100

920 140

B1ra|:§: [O]

"USPE anglereso Iut|on -

Optical
Focus

Size (cm)

Photon
number

SPE Angle
resolution (mrad)

3-layer lens

40°,30/7.5

15~ 60

10~ 12

3-layer lens

30°, 30/7.5

13~51

3-layer lens

25°,30/7.5

11~ 48

6 GeV/c incident Pion at 1.5m

X.Li ,IMP/CAS, TIPP2023

14




	幻灯片 1: The simulation of DIRC detector at  the Electron-ion collider in China
	幻灯片 2: Outline
	幻灯片 3: Introduction on EicC
	幻灯片 4
	幻灯片 5: Detector Requirements for PIDs
	幻灯片 6: Barrel DIRC for PID
	幻灯片 7
	幻灯片 8
	幻灯片 9: Simulated DIRC performance
	幻灯片 10: Simulation on DIRC w/o focus connector
	幻灯片 11: Optimized DIRC performance in simulation
	幻灯片 12: Summary & Outlook
	幻灯片 13
	幻灯片 14

