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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

The central EicC spectrum consists of the barrel part and

two Endcaps, and it will be constructed around a solenoid.

Subsystems include:

>

>

Vertex and Tracking detectors, silicon and MPGD
(Micro-Pattern Gaseous Detector)

Particle identification detectors, Time-of-Flight (TOF)
and Cerenkov detectors

Calorimeter

MPGD: Micro Pattern Gaseous Detector
ToF: Time-of-Flight

| Pixel + MPGD ‘ ‘ Coil | \ RICH | DIRC: Detection of Internally Reflected Cherenkov ZDC

RICH: Ring Imaging Cherenkov Detector

ECal: Electro-Magnetic Calorimeter

EDT: Endcap Dipole Tracker

RP: Roman Pot

ZDC: Zero Degree Calorimeter

OMD: Off-Momentum Detector
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In the EicC baseline design, the electron beam momentum is 3.5 GeV/c,
proton beam 20 GeV/c, which results in a center of mass energy of 16.7 GeV
and a cross-section of 20.8 pb. The luminosity is expected to be L =4 x 1033
cm2s! with an interaction rate of 83.2 kHz. The PYTHIA simulation shows
that the final state particles are dominated around n = 1, with a particle
density of dN/dndt = 8 x 10%/s.



1. Vertex and tracking detector

Yuming Ma, Aigiang Guo, Yutie Liang, Yuxiang Zhao (IMP)

* Physics requirements for EicC tracking:

»Assume B ~ 15T
o Barrel (-1 < n < 1.6):
« a(p)/p ~ 1% @ 1GeV,; X/X0 <5%
e E-endcap (-3 <n < -1):
« a(p)/p ~ 2% @ 1GeV; X/X0 <5%
e P-endcap (1.6 < n < 3): @
* a(p)/p ~ 2% @ 1GeV; X/X0 <5%

Front. Phys. 16(6), 64701 (2021)



Evolution of the EicC tracker design ~Yuming Ma (IMP)

Det_v0 Det_v1/2 Det_v3

» All-silicon based on ITS2 » Silicon+MPGD Hybrid design » Silicon+MPGD Hybrid design
» Silicon: vertex ITS3 + tracker ITS2 » Silicon: ITS3
» Only the pixel size is different for vi/v2 > Geometry is Optimized

v" Further dedicated optimization of the scale and structure recently based on Det v3



Optimization on tracking design

Barrel Radius

> Optimized based on Vertex(ITS3*3)+Barrel(ITS2*2+MPGD*2),

> Using tracks with p = 4 GeV
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Radius of Barrel Si Layers

» Optimization with Inclusive MC sample,
» The distance of 2 Si layers is fixed to 4 cm,
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Performance changes according to the radius of inner Si layer.
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Optimization of Endcaps

Optimized based on:
e going direction (ITS2*5)
p going direction (ITS2*5+MPGD*1)
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» Comparison of detector with 2+2 MPGD Layers and 2 MPGD Layers:
+ Performances are almost the same for tracks with p<4 GeV;
+ Therefore, we keep only 2 MPGD Layers.
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Simulated Performance with optimized tracking design

Silicon Vertex : 2322.3 cm®

= Silicon Tracker : 27866.0(barrel) + 49607.5(e-going) + 49520.5(p-going) = 126994.1 em®
MPGD : 146157.9(barrel) + 70476.8(p-going) = 216634.7 cm”
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Silicon technology development

Chengxin Zhao (IMP), Yaping Wang(CCNU), Aigiang Guo (IMP)

> B—ETERA T ZHIMAPS(Monolithic Active
Pixel Sensors)its /7 - Topmetal-M

HRBRR IR SB RGNS ETRES
A FE" E 3 H

o IEMFTIMP SLIMP & f£JCCNU PLAC
- ETERNEMSHEYRELZ

e 2018.05 - 2019.12i& it #I1E

e 2020.01 - 2021.12;MiR % 0F

o &EPEF| 512 x 400 Pixels

e  40umx 40um
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* Thinned to 100um from backsid
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Micromegas technology development

A large-area prototype of the Micromegas detector module will be developed using the thermal bonding technique (TBM)
a novel resistive anode with a germanium film and grid-dot grounding technique and auto microfluidic technology for EicC.
The detector performance parameters aim to reach the position resolution <100 microns, and the counting rate is ~100
kHz/cm?. A 40cm x 40cm Micromegas prototype based on above new developed techniques has been tested, detector
demonstrating a performance efficiency exceeding 95% (represented by diamond-shaped points) at a counting rate of

approximately 200 kHz/cm?.
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2.

PID Detectors

» Fast response and ultra-high resolution
» Compact structure and radiation resistant
» PID power with large momentum coverage:
< 4 GeV/c at e-Endcap;
<15 GeV/c at ion-Endcap ;
<6 GeV/c at Barrel (-1<n<1.6)

PID detectors:

2025/7/3

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

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

Low Momentum PID (< 2GeV/c): LGAD/MRPC as ToF

PID Detector Kinematic Coverage
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Barrel DIRC for PID

Detector of Internal Reflection Cherenkov lights (DIRC):

Different charged particles induce Cherenkov radiation with different

Cherenkov angles, DIRC achieve PID through reconstructing their

Cherenkov angles, by measuring the transit time and exit

position/angle of Cherenkov photons induced by different particles. """ /

» Consisted of fused silica(n=1.47) as Cherenkov radiator
and MCP-PMTs as photosensor array

» Compact structure as barrel detector

» Achieve 30 /K separation up to 6 GeV/c with angle
resolution ~ 1mrad

Cherenkov Photon

Trajectories \\

prism

Expansion
/ Volume : |

0.=cos(1/n3)

Reference from “Simulation, Reconstruction, and Design Optimization
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Barrel DIRC Concept Design

5140 T 7 ; 8:_
:__,%120- { %l 75_ | | | YV e/n @1.4GeV/c
§ C » g = « /K @6GeV/c
100_-— * L i } { §
aoé— : { * i | } | j + {; i
a0l i * { * { i g
r | 2=
i ' o T N B £
e > » B 50 8 700 TR R
X / polarangle [deg] polar angle [deg)
Roy=750mm ) J
R,;=700mm 4 /,«;' A ¢ -
:; ) A\ Definition of measured DIRC angular resolution:
*  Quartz radiator bar: 15mm x 17mm x 3300mm 0p,\PNOMO) = [Ochrom T Ofoc T Opar T Otrans T Orec

*  Expansion volume(EV): 208mm x 340mm x 300mm
*  Ocrom: the dispersion contribution of the quartz radiator

*  MCP-PMT: Hamamatsu R10754 (pixel size: 5.2mm x 5.2mm) or Photek (wavelength: 300-700 nm)

MAPMT253 (pixel size: 1.6mm x 1.6mm) * O error from the optical focusing lens and the pixel size of
. _ photosensors

*  Tray boxsize: 50mm x 320mm x 4000mm with 6 bar+EV * 0y, the influence of radiator thickness (flatness) on photon

e 12 trays forms a barrel detector with a minimum radius R = 0.7m yield and transmission efficiency;

Oyrans: transit fluctuation due to the roughness of the radiator

*  Focusing: spherical 3-layer lens (Fused silica N-LAK33B ) curvature radius: o .: error from incident particle tracking
rec*

30cm, Thickness: 10mm

2025/7/3 12



DIRC Prototype setup

GENERAL

Parameter Description / Value [ Uit
Spectial response 16010 850 om
Wavelength of maximum response 380 nm
o . NLAK3.3.B/PPF. Window material Synthetic siica -
Fused silica radiator wacse e Mot =
Dynods stncture 2 stages -
- Dynode
pu— Ch 1 di ter 0 m
n 1‘47 Humber of R 16 (4 x 4 matrix) -
Anode pixel size 528x528 mm
3 Operating amblent 5 3010 445 L)
é Storage 3 3010 450 c
E SR = \ - MAXIMUM RATINGS (Absolute maximum values)
Parameter Value 1E|
fl . ISupﬂy voltage Between anode and cathode I 2700 } v |
Average anode cument 2 LA
re eCtlo n CHARACTERISTICS (at 25 °C, 2200 V)
f. I Parameter Nin. Typ- Max. Unit
. Luminous (2856 K) 80 110 — WAIm
iIm Hal“al“astu ?_|Blus sensitivity index — 75 — —
‘Anade luminous sensitiity 2 110 = Adm
. Gain — 1% 10F — —
Dark [T 30 minutes. ge in dark - 5 30 nA
Rise time — 185 — ps
R10754 (available) :
Time respornse (L™ = S = gi
1718 (FWHM) = - % - ps

- g f:;fzi;:zéej:;Z;eemcency ZBZ::’O ::
D g peak wavelength
% ic% A5 REE/Luminous sensitivity 70 u A/m
% § B7HE@L10nm/QE @410nm 22 %
Y -4 SR REE/Radiant sensitivity@410nm T2 mAM
S S % T{EEE/Supply voltage 2500 3200 %
jtﬁ&%m N6021 ? 1#38/Gain 2% 10°
E& ¥ Dark count rate@0.2pe (B 500 5000  Hz
DIRC protype consisted of fused silica radiator (HERAEUS SUPRASIL) , — : -
optical focus system, and MCP-PMT array (transit time spread < 50ps, 3 e 0 B
. . . BHEE/Pulse width 650 ps
pixel size ¥ 5mm, candidate: R10754, N6021). D emrane - ;
% FERA SR T TS@ o (SPE) 50 ps
g AU TTS@a (MPE ) 15 ps

Muti-channel readout electronics coupled with MCP-PMT, timing
resolution ~ 10ps, developed by USTC-STCF group.

2025/7/3 13



MRICH: Lens-based Focusing Aerogel Detector Design

Lens-Based mRICH
Modular RICH is a Cherenkov detector based on

Design lens Sensor plane
aerogel radiator. It uses a Fresnel lens to ! E _
. . - _ £ 7
generate focusing effect to improve position Aerogel | Ar ! > a0 e A
resolution (Fresnel lens limit the wavelength | ! b
range of transmission light, which can reduce e I | LY k-
cne'® >4 | L
. . 16 N or
Rayleigh scattering effect). It has compact and — e E——
flexible structure, and PID power with large | : -20
momentum coverage. I : ol
: i
> I I
f I %0 —Jto' ' '—;.0' - !lJ ‘ '2|0' '4|0‘ 60

y ' x (mm)

Aerogel

Fresnel lens

Mirror set

Sensor plane view toward e-going Side view

FLAT PANEL TYPE
HAMAMATSL  VULTIANODE PMT ASSEMBLY

veeusinesst 43700 SERIES

FEATURES

@ High quantum efficiency: 33 % Typ.
Ty

Front-side view Back-side view
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MRICH Design and Simulation

hpDIRC frame
inner radius

photosensor

e Composed of 64 aerogel modules (located at z=1080
~ 1380 mm, radius 100 ~ 670 mm);

¢ The cross section of each module is 108 x 108 mm?2,
with a thickness of 25~ 35 mm;

® The center of each module is at z=-1230 mm and tilted
towards the collision center point;

e Fresnel lens focal length L=76.2 mm (3 inches, n=1.47,
Edmund Optics).

® pi/K separation up to 9 GeV/c at best

Aerogel ) .
® e/pi separation up to 2 GeV/c at best
15 T 15 T T T = — T
' ! 0 = 10° 8- .
| : & 0= OO ¢ 1mm*1mm | ¢ 1mm*1mm -
- ¢ . O 2mm*2mm - . O 2mm*2mm i ec/
5 10 o * 3mm*3mm s§10-§ * 3mm*3mm 61— 5l
T . s r & T -
. : Pl f =z \
x& : ¢ & ﬁ : g ] a- T n
z 5/ E g z 5/ * g ] :. .............................. +[ 30:
L 4 L L] .
B0 - I S P 21 $+ .
i : i - ]
= 1 l 1 1 | 1 I 1 1 | = 1 [ 1 1 1 ‘ 1 1 I 1 | — 0"‘ | ] 1 | L 1 L L3
0 4 6 8 10 0 4 6 8 10 1 1.5 2 25 3
momentum (GeV/c) momentum (GeV/c) momentum (GeV/c)
® Separation power decrease with increasing polar angle
¢ 3 sigma separation up to 9 GeV/c when particle launched at the center of aerogel 1

® 3 sigma separation up to 8 GeV/c when particle launched at 10 degrees



dRICH: RICH with “dual” radiators

Dual RICH contains “dual” radiators with different refractive index, which largely expands its PID momentum
coverage. The C,F, gas and aerogel are ideal dual radiator options for the n/k identification in large momentum
region. The particle passes through the aerogel and the gas sequentially, the induced Cherenkov radiation is
focused by the spherical reflector (gray) and forms a halo image at the focal plane, finally readout by the
photosensor array. “dual” radiators.

: : « 0.5 mrad
Photon Detectors ' 6 GeV '« 1mrad
2 % 102 |- Quartz_, .o ! ' x 2 mrad
Spherical ) E ; ;
N - | I
C : ] |
ke i , Aerogel | 15 GeV
-~ P n=1.03) .
E = | |\\\
g l l Py \\C2F6(n:1.0008)
o 10| ; EN Nu.
w E | . + N R \
E’ T ] |\\" a ‘\;
E [ 3o ' - M
i S e 4-———“—\———\———*\——-
[ ' R @
1 » a £ "
(. | 1 SN \.\
QO«;.":: / /) 1 [ l 1 JI In | A 1 \}
crylic Filte 7,5/ Charged 1 10
,./,//;:,, particle Momentum (GeV/c)
4
Gas C2F6 Threshold (GeV/c)
—_— e Radiator Index e F 4 k P
= — C e— _—— Fused Silica(DIRC) 1473 0.00047 0.13 0.46 0.87
2 : Acrogel(mRICH) 1.03 0.00213 0.58 2.06 3.92
Beam pipe(s) region Aerogel(dRICH) 1.02 0.00254 0.69 2.46 467
C>F¢(dRICH) 1.00080 0.0128 3.49 12.34 2345
CF4(dRICH) 1.00056 0.0153 4.17 14.75 28.03
C+F1o(RICH) 1.00014 0.0305 8.34 29.50 56.07
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dRICH Design and Simulation

Aerogel Gas

Geometric:

— Length: 2160 mm

— Inner radius: 100 mm

— QOuter radius: 1500 mm

— Coverage angle 5-25 degrees

Focus
mirror

Cherenkov radiator:

— Refractive index: n = 1.03/1.02 (aerogel, 400 nm); n = 1.0008 (C,F,)
— Thickness of radiant body: L = 40-50 mm (aerogel), 1600-2000 mm
(C,Fé)

MCP
array

| T 1 X T T g
B, = 15° €yl 9, =15° = In GEANT4 simulation, the reflectivity of the spherical
i . mirror is set to be 50%, the quantum efficiency of the
K/ p/K : photosensor is 20%, and its pixel size is 3mm x 3mm.
s Approximately 60 photons are generated by the aerogel
& ] F “:%"mi.,__ 3 radiator per track. Considering the detection efficiency
e ] "“ 7.1 ofthe photosensor array, the actual measured number
oF AN ammen . is3~5pe. Meanwhile, approximately 200 photons are
T 1k . parameterisation | generated in the gas, with an actual measured number
= 3 - 0of 30~ 40 pe.
R R R T R T I e )
p (GeV/c) p (GeV/c)
1



LGAD: Low Gain Avalanche Detector

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

Standard LGADs oo S PID (<2GeV/c) by generating signal pulses with fast rising edges through
e e '
local avalanche amplification in semiconductors. It has compact pixel
~ 50um . f ] structure and can provide high resolution (um) tracking information
| /il i peptiayer besides measuring ToF (ps).
hnﬁllonrﬁoﬁ E 1 p*-substrate =
e * Barrel TOF: right after the tracker system
~ 50um
Low Gain Avalanche Diodes (LGAD) * lon-endcap TOF: right after the RICH system
* E-endcap TOF: right after the calorimeter system
Low Gain Avalanche Diodes " LGAD-TOF configuration
R Length Z location RMIcP RENdeap n
1on-09" (cm) (cm) (cm) (cm) (cm) coverage
Backward -148 5.4 110.81 [-4.0, -1.1]
Barrel el 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 18

2025/7/3



LGAD: Pythia Simulation

| Scattering electron detected ?

YES /

Use the scattering e

2025/7/3

|

Initial T,

Particle Identification

37735 4 45 5

p (GeV)

Iteration
New / Final T Ii

SR Time resolut|on/I:e{yer: 20 F:)S e 10?
e F - ; | O
& [ . Barrel CTTL 5
2 el | K 5
o 1025_009 ¢po o 102
5 :.'i ) oo 5
g 1'3;_ . D[ o 10
o f ' o)
w )]

1

| IS WS 1 uuuéiuuuiéu.\.

) N
005 1 15 2

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

hEtaVsNtrk
25 I "|Entries 949016
B Meanx 0.2926
L Mean y 2434
- Std Devx 1572
20 StdDevy 1.294
- -going
15— T H
w |
=
E L
= -
10
5 f—

e Np. With vertex detector

Time resolution / layer: 20 ps

- ~ e-endcap ETTL
" %o . - 4wk
« o : . smp

T \IHIIIi

_. _.
U <L

Separation Power (o)

Momentum p (GeV/c)

25

Acceptance

20

hEtaVsMom
Entries 1902649
0.0534
Mean y 202
Std Dev x 1.58

Mean x

15

10

LA N R L L L B B B L B

)

e-going

Pseudorapidity n
e Nps includes Electron (Positron), == ("), k* (k7), and Proton (p)

ion-going

StdDevy 1.253

Time resolution / layer: 20 ps
F jon-endcap FTTL
% L - tmk
e vr/p

Finnt lrunnnl Lrnnrinrns L

i innnninnon

3 4 5 6

7 8 9 10
p (GeV)

10*

10°

102

10
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3. Calorimeter system for EicC

Basical ECal special requirement:
E-endcap: good low energy

resolution

Barrel: short radius, good position&

time resolution

lon-endcap: mt° reconstruction, PID

Z=-1.5m

7 Cslmodule

R=0.9m

Ye Tian, Dexu Lin/ (IMP)

Segment
Particle Performance e-Endcap Barrel ion-Endcap
n-3,-1)  nC-1,15)  n(l.5,3)
Energy resolution (/ VE) 2.5% 5%
Electron & gamma  Position resolution (/ VE) [mm] 6
Time resolution [ns] <1
Electron Momentum range [GeV/c] 02-4 0.2-13 0.2-15
7 suppression (>1 GeV) >1000:1 1000:1 100:1
Gamma Momentum range [GeV/c] 001-4 0.025-10 0.025-15
70 Momentum range [GeV/c] <4 <10 <15

Pseudorapidity | Angle(degree)

lon-Endcap °
1.5
Barrel
-1
e-Endcap =

5.7

25.2

139.6

174.3
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Ecal Design in Simulation

» Csl is applied in e-endcap, Shashlik style is applied in both Parameter ¢-Endcap Barrel lqn-Endcap
barrel and ion-endcap: The e-Endcap is designed as a Matenal pCsl .Shashhk
homogeneous calorimeter by using pure Cesium lodide (pCsl) Distance to IP [m] 1.8 0.9 (radius) 3
crystal, optimized specifically for detecting scattered 7 acceptance [-3,-1] -1, 1.3] [1.5,3]
electrons with high energy and position resolutions. For the ~ Inner radius [cm] 18 30
barrel and ion-Endcap, which primarily detect secondary  Outer radius [cm] 153 145
hadrons, a Shashlik-type sampling calorimeter is employed,  Length [cm] 30 + 5 (readout) 49 + 11 (readout)
balancing physics performance and budget. Radiation length [Xp] 16 16

Moliere radius [cm] 3.5 5.02
< Carbon fiber Front size [cm?] 4x4 4x4
Wi S hainting Rear size [cm?] (max) 4.67x4.67 5.8x%6.1 4.6x4.6
pCsl APD N layers - 240
o Slicone Scintillator thickness [mm] - 1.5
Lead thickness [mm] - 0.35
Reflector thickness [mm)] - 0.075
Sampling ratio - 0.33
2 16 ®1.2mm WLS fibers N fibers (front) ) 16
5 ' Photon detector APD or SiPM 6x6 mm?* SiPM
: —DAQ Total modules ~3900 ~3900
l SiPM
1] 240 layers 480mm »| Bmmx6mm

One layer: 1.5mm scintillator + 0.35mm lead + 0.06mm ESR = 2
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Ecal simulation result
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Cosmic Ray Platform for Performance Tests

]
N

1l

Atwo-dimensional positioning platform for cosmic ray tests:
4 layers, size of 55cm x 55cm, each layer composed of 8 modules (4 at x, y direction)
Fach module is composed of 16 triangular plastic scintillators (EJ-200), 32 optical fibers, 8 SiPMs
Cosmic rays incident on the scintillator excite scintillation photons, which are collected by optical
fibers, transmitted to SiPMs for readout. The position resolution of the platform can reach ~1mm.

2025/7/3

Preliminary test result: 2D image
reconstruction of samples of different
materials (W, Pb, Fe), with higher material
density resulting in better image 23
resolution.



Module

cosmic ray NPE spectrum (PMT)

Shashlik ECal cosmic ray test result
Assembled Shashlik module
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CsI(Tl) attenuation cosmic ray test

« The attenuation length is a main parameter of Csl(Tl), influence the uniformity of energy deposit
« Simulation shows muon deposit 22.3 MeV in Csl, created 1.1M photons.
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Summary

« Alot of progress on detector subsystems to realize the physics goal:

1) Vertex & tracking detectors

- silicon+MPGD, simulation, R&D i
2) PID detectors
- DIRC, RICH identified, simulation, R&D : :
. » Physics requirements
3) Calorimeters _
- Csl, Shashlik for ECal, simulation, R&D CDR > Targeted resolutlc.)ns
4) Far Forward detectors o ey~ €ChnOlogy candidates
- EDT, FDT design available » Simulation results
5) IR+Magnet: R&D » Coordination of subsystems
6) Luminosity monitor & Polarimetry » R&D activities or planning
- Methodology, technology identified, simulation|
7) DAQ http://cicpi.ustc.edu.cn/indico/conferenceDisplay.
) py?confld=6574

- stream readout/trigger, R&D

« Simulation & software: simulation framework available, beam background simulation is
Important. .
Thanks for your attantion!,
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