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vEicC ECal detector introduction
vECal detector simulation
vShashlik prototype and CsI crystal test
vECal CDR outline and discussion 
• e-/π- separation
• ECal DAQ
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Design of  the ECal for EicC

e-Endcap Barrel ion-Endcap

Basical ECal special requirement:
• E-endcap: good energy resolution
• Barrel: short radius, good angle resolution
• Ion-endcap: angle resolution, π0

reconstruction, PID. Need additional small 
angle detector.
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• Essential requirement
• e&γ detection and measurement 
• e-/π- separation

• Detailed requirement
• Large solid angle[-3, 3] and energy dynamic range
• Energy and angle resolution
• π0 reconstruction
• γ/n separation

• Other requirement
• Short barrel radius -> area difference between front 

and rear
• Time resolution
• ……



ECal design and simulation
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EicC Shashlik ECal
CsI Crystal
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240 layers 480mm
One layer: 1.5mm scintillator + 0.35mm lead + 0.06mm ESR × 2

SiPM
6mm × 6mm

16 Φ1.2mm WLS fibers

DAQ



Shashlik ECal design

• Longitudinal:
• (1.5 mm scintillator + 0.35 mm lead+ 65 µm reflector *2 ) * 240

layers
• Sampling ratio: 0.33
• Radiation length: total 16 X0 (X0: 2.81 cm）
• Length: 15 mm external fiber, 6 mm Al Plate + 470 mm + 8 mm 

Al Plate + 45 mm fiber bundle + 15 mm SiPM readout = 560 mm
• Lateral: 

• 4.0 × 4.0 cm2

• 16 × Φ1.2 mm WLS fbers to collect light
• 4 ×Φ1.5 mm steel rods as module support

• Other supplyment
• ESR as fiber end reflector
• 6.0×6.0 mm2 S13360-6025 SiPM as readout
• TiO2 coating 5

ESR Scintillator Lead Al plate

4c
m

×
4c

m

240 layers 480mm
One layer: 1.5mm scintillator + 0.35mm lead + 0.06mm ESR × 2

SiPM
6mm × 6mm

16 Φ1.2mm WLS fibers

DAQ
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 0.029 %, Original, energy±3.539 

 0.092 %, Full module, energy±3.665 

 0.031 %, Original, N-Photons±3.962 

 0.092 %, Full module, N-Photons±4.220 

Shashlik array simulation result
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Energy resolution Position resolution
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 [cm]σPosition resolution: 

 0.092⊕ Ee- : 0.456 

 0.094⊕ E : 0.448 γ

CsI module array simulation result
• Preferred to use pCsI, readout by APD
• Very good energy resolution: 1.8%@1GeV
• Better position resolution(0.48cm@1GeV) than 

shashlik(0.5cm@1GeV)
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Position resolution 

Front size 
4.0×4.0 cm2

Crystal length
30cm (16 X0)

/

/

Energy resolution 

mailto:1.5%25@1GeV


ECal detector design
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The design in EicC ECal simulation.
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e- energy ∆𝑬 & resolution v.s. Pseudorapidity

Single e- reconstruction

• Reconstruction based on 3-independent parameters:
• Energy
• Two angles (𝜃 and 𝜑).

• ∆ = Reco – Real

𝝋 𝜽

Reconstructed angle ∆𝜽 vs. Pseudorapidity 𝜼

Reconstructed angle ∆𝝋 vs. Pseudorapidity 𝜼

e-endcap barrel ion-endcap

e-endcap barrel ion-endcap

e-endcap barrel ion-endcap

𝒔𝒊𝒏𝜽 ) ∆𝝋

About 
5%[1GeV]



𝜋! and γ distribution
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• 90% gammas are generated from 𝜋) decay.
• Max momentum 3.5 GeV(e-endcap crystal), 10 GeV (barrel), 15 GeV (ion-endcap)

𝜋+ distribution Final state γ distribution
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𝜋! acceptance h1_theta_11
Entries  2195
Mean    0.133
Std Dev    0.009133
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π0 reconstruction efficiency

𝑒𝑓𝑓𝑖 =
𝑟𝑒𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑒𝑑 𝜋0

ℎ𝑖𝑡𝑡𝑒𝑑 𝜋0

𝝅𝟎 invariant mass cut
(110-160MeV)

Ø 𝝅𝟎 𝐝etection efficiency:

𝜋" Kinematic distribution
energy cut (10MeV)

detector acceptance
reconstruction efficiency

ECal geometry acceptance of 𝝅𝟎

Photon escape from hole

Higher momentum, 
higher acceptance

A far ion-Endcap will 
improve
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ECal hardware work
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Shashlik horizontal cosmic ray test setup

Add fiber end mirror ESR coating(temporary) Fiber bundle – SiPM coupling

Trigger scintillator that places at the 
center of module has the same size 
as module laterral size.
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ESR

Connector
(3D printer) Glue to fix

Specular reflector end



Horizontal test result

• 62.8 NPEs is acquired, similar to NIKA 63 NPEs that use better scintillator 
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N photons spectrum (PMT)

Landau peak: 62.8 (NPE)

N photons

x 1.67

x 2.54

Light yield improvement with reflector (SiPM)



CsI(Tl) and pCsI module
• CsI(Tl) (IMP)：6x6x30 cm, 2.5(3.5)x3.5x25 cm
• pCsI(Hamamatsu): 4x4x30 cm
• pCsI(硅酸盐所): 4x4x30 cm

近物所产CsI(Tl)

pCsI
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Radioactive source test setup

• 22Na borrowed from other group in IMP
• Both sides coupled to PMT
• Optical silicone grease for connection between PMT and CsI
• Wrapped by ESR as reflector

SiPM

22Na

CsI

Lead sheid

Hole
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Decay chain Energy deposit spectrum



CsI(Tl) 22Na test

Reso:
6.42/74.9=8.3%

Reso:
13.3/75.9=17.5%

1274k γ
511k γ

511k γ

With collimator
(Two γs back to back)

No collimator
(22Na close to detector)

Typical CsI(Tl) 511k γ Spectrum
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Charge(pC) Charge(pC)



Pure CsI 22Na test
Ø In theory, 1/10 light yield of CsI(Tl).  Very short 

decay time.
Ø Light yield is much less than expected for the

dis-match pCsI spectrum with PMT 
ØWill use APD(UV SiPM), or cosmic ray test
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511k γ signal

APD

PMT

pCsI emission spectrum

Charge(pC)

Energy deposit spectrum

noise
511k γ

SiPM

noise



ECal CDR outline

Finished:
üGeneral design
üSoftware and reconstruction
üPerformance (energy, position, PID)
üOptical simulation
üPrototype module

On study:
ØMore detailed performance simulation
ØDAQ system
ØShashlik trapezoid design
ØCsI crystal and Shashlik module hardware 

test
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EIC detector e/π separation performance

For e/π PID, EIC detector:
• e-endcap: mRICH (0.6-2.5 GeV) + TOF (<0.5 GeV) + ECal
• Barrel: (hp)DIRC (0.3-1.2 GeV) + TOF (<0.45 GeV) + ECal
• Ion-endcap: dRICH (0.6-15 GeV) + TOF (<0.6 GeV) + ECal

Detector 
subdivision η coverage

Yellow report ECCE detector

π suppression ratio

E-endcap
-3.5 to -2.5 104

104

-2.5 to -1 102-103

Barrel -1 to 1 102 102-104

Ion-endcap 1 to 3.5

π suppression ratio requirement

20

TOF

Cherenkov detector



3- 2- 1- 0 1 2 3
hPseudo-rapidity 

0

2

4

6

8

10

12
M

om
en

tu
m

 P
 [G

eV
/c

]

1

10

210

310

410

510
EicC 3.5 GeV electron Beam

 > 12Q
 > 42W

y < 0.95
y > 0.01

3- 2- 1- 0 1 2 3
hPseudo-rapidity 

0

1

2

3

4

5

6

7

M
om

en
tu

m
 [G

eV
]

2-10

1-10

1

10

210

310

410

 Ratioinclusive
-/e-p

e-/π- separation
Inclusive electrons (Q2>1)

Pion background

Pseudo-rapidity η

M
om

en
tu

m
 [G

eV
/c

]

21
e-/π- separation focus on e-endcap and barrel !



Tracking reconstruction efficiency
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Influenced by two factors:
• The tracking reconstruction efficiency.
• Electron response in magnetic field.
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Fly time before hit the ECal in 1.5 T

From MA Yuming



e/π separtion based on TOF
Flight time difference:

∆𝑡 = 𝐿
1
𝑣#
−
1
𝑣$

=
𝐿
𝑐

1
𝛽#
−
1
𝛽$

• TOF barrel radius 70 cm, e-endcap distance 1.4 m
• Time resolution 30 ps. Separation power (Nσ)

1.4m

0.7m
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3σ



ECal e-/π- separation performance
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E/P distribution E/P v.s. D distribution
• e-/π- is separated by E/P and D in ECal

• The cut is affected by e-/π- ratio, to achieve 
good electron efficiency and purity.

• e-/π- ratio 1:10 is assumed in this analysis

CsI crystal PID Shashlik PID
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Momentum [GeV/c] |η| 𝜋% suppresion ratio

[0, 0.1] Tracking efficiency low, discard -

[0.1, 0.2]

[0, 1] [1, 2] [2, 3]

Long flight time + 
tracking efficiency low, 

discard

EMC no hit+ tracking
efficiency low, discard -

[0.2, 0.5] Excellent e/π separation from TOF + below RICH π Cherenkov threshold > 105:1

[0.5, Cherenkov upper 
limit] RICH / DIRC + ECal + TOF 104:1

> Cherenkov upper limit ECal 103:1
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Shashlik trapezoidal design: π- and e- PID from longitudinal
energy deposit distribution

π- (after E/P cut) e-
0.1 GeV

0.2 GeV

0.3 GeV

0.4 GeV

1 GeV

0.1 GeV
0.2 GeV 1 GeV

26From WANG Yi
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ECal DAQ 

Pseudo-rapidity η

M
om

en
tu

m
 [G

eV
]

Electron distribution 

γ distribution

Upper limit: maximum energy
Lower limit: low momentum photons,

electronic noise, 
background particle

pCsI：APD (refer to STCF)
• ? – 4 GeV
• two 10x10 mm2 APD

Shashlik：SiPM
• ？- 15GeV(barrel up to 10GeV，endcap up to 15GeV)
• need 1-4 SiPMs

In common:
• Dual gain (preamplifier)
• Noise
• Time resolution < 1 ns
• Rate acceptance for single module: < 100 k Hz
• Store waveform by FADC or store peak time by TDC and amplitude by ADC
• LED calibration
• Cooling (<20 degree)

Will collaborate with USTC DAQ group.  



CsI and Shashlik calorimeter collected electro-photon number

Calorime
ter Style

Initial light 
yield 

N photons 
hitted on 
APD/SiPM

Collected by 
APD/SiPM

Max 
Energy

Max NPE for a 
shower

Max for a 
module (70%)

Max for a single photoelectric 
sensor 

Pure CsI 
crystal

5000 
/MeV

127/MeV 100 NPE/MeV 4 GeV 400k 280k 140k

Shashlik 8000 
/MeV

17.4/MeV 4000 
NPE/GeV

15 GeV 60k 42k 42k(30k if use two segmented 
readout)

Type no. Pixel 
pitch(um)

Size(mm) Number 
of pixel

Peak PDE

SiPM: S13360-
6025PE

25 6x6 57.6k 26%

北师大6015 15 6x6 160k 45%

APD: S8664-
1010

- 10x10 - 85%

SiPM and APD model introduction

SiPM APD
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Hamamatsu SiPM (60k pixels)
Photons detected v.s. hitted

SiPM linearity problem



Conclusion and outlook
Finished:

üGneral design
üSoftware and reconstruction
üPerformance
üOptical simulation
üPrototype module
üPriliminary test setup and result

Next Step:
ØMore precise simulation and reconstruction
ØMore work on Shashlik prototype assembly, test and Lab setup
ØThe pure Crystal and CsI(Tl) test
ØDAQ, SiPM and APD test
ØFinish radioactive source test setup for crystal
ØCrystal and other optical material reflectance and transmittance performance
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Crystal clorimeter comparison
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Choice: CsI > CsI(Tl) > BGO



The Geant4 simulation of  Shashlik module

Module Energy 
deposit

N photons

Simplify: 
Lead+Scin

Geant4 Geant4+parameterization

Full module Geant4 • Geant4+parameterization
• Geant4+optical photon

Parameterization of light yield

• 7X7 array
• 4X4 cm2 area source

0.1-15 GeV electron beam, 
verticle incident 

Simulation method
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