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Motivation

» Circular Electron Positron Collider (CEPC)
> E.,~240GeV, luminosity ~2x1034 cm-s1 can
also rum at the Z-pole

» Precision measurement of the Higgs boson
(and the Z boson)

Challenges:

» Momentum: Oup < 5x107 GeV;

> Impact parameter: c,, =5®10/(p-sin’6) tm

» Jet energy:

9E v3-49
E

« The Particle Flow Algorithm (PFA)
calorimeter concept was proposed
* High granularity
« Good track finding
« Good energy resolution
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Sci-W ECAL Prototype

_ _ PFA ECAL
« Sampling Calorimeter v
Tungsten

— Sandwich structure | l
— Absorber + Sensitive Detector

 Tungsten+Copper (85%:15%

g per (85%:15%) ; —
+ Scintillator + SiPM Silicon | ( Scintilator ) | MAPS

It has 30 single layers
— Each layer has 210 channels

— The thickness of absorber is 3.2
mm, ~0.73 r.l

— 22l

« two layers are orthogonal to
form a super layer




Sci-W ECAL Prototype

-‘
e O 3 5 T 5 O O O
L xSEIEEEE NP SEREEEEE I

e e ENE Y N N O O G e D N I N B S S S e B

« Based on Geant4 simulation
— The energy linearity is good

— The energy resolution could
be better than 16% @ 1GeV
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Elements of ECAL

,%,‘,‘ . _"':.;:';“ aad | 1 x:’_/: 71"
T R

Scintillator (5mm*45mm*2mm) SiPM (1mm* 1mm)

® Dynamic range: ~100fC~200pC
® channels: 36

® Polar: positive

® power: 8 mW/channel

® Memory cell: 16
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LED teql system

Type S12571- S12571- -
010P 015P i b B

Pixel size 10um 15um N

Gain 1.3x105 2.3x105 : Pixel:10um

PDE 10% 25% | i

Capacity 35pF 35pF L

Temp.Coeff  1.2%/°C 1.5%/°C o ‘ | IM'"H‘ |
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® The electronics board has 6 SPIROC2E chips

® |t has three main additional functions
® DAC calibration
® LED Test for SIPM
® Temperature Monitor

LED Driver
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Preamplifier
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Noise Test

® Pedestal position represents the
offset of amplitude

® Pedestal width means noise level

® Different channels of the same
chip have good consistency

Overview of Pedestal Mean of cells in High gain
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DAC Calibration

« DAC calibration could be used to A EBU210 ML 8 2 A
test the sensitivity and linearity of
each channel

« Dynamic range:
— High gain channel 10 pC

— Low gain channel 300 pC
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 Adriving circuit is designed to Bias

test the LED
— LED is placed near SIPM

— The width of light pulse is Quenching
similar to scintillator

— The light intensity could be
controlled by the circuit

Start

LED Pulse measured by PMT —— Voltage Single Photon Spectrum of SiPM generated by LED calibration
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« 16 temperature sensors are placed on the electronics board

« The temperature information could be used to correct SIPM
gain or other parameters
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Temperature sensor Temperature reconstruction
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« Single layer (EBU)
— Assemble the scintillator on the
electronic board

e Superlayer

— Two EBUs are assembled
together to form a superlayer

Plastic scintillator

------

~ Top Side ~~ Bottom Side
superlayer superlayer

tungsten EBU +DIF

el 5T
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Superlayer

39

: | |
=258 :
_ <l  EEEEEEE
: : -1 e‘
I 1 1 : iR R0y s
: i | EBEE '
P e S
s J- oty | [ ;
L.?r!"mfjl"-‘ﬂg- - ‘- ,.\?nmh“:t So.m v
" ‘x{u - '\.\(\
,,,,,,/,//,/// ”/”// l I
T " A \\‘\
\ \
11 Ill'ﬁn
O



Sci-W ECAL of CEPC
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e Study the performance of calorimeter in long term, and some analysis
methods also be tested with cosmic ray test

e Calibrate some important parameters of calorimeter, like the pedestal,
low gain/high gain ratio, electronics linearity, energy scale and so on

e Also include the engineering parameters, like temperature, voltage,
current..

e Long term cosmic ray
test: ~100 DAYs

Coincidence trigger
of Layerl & Layer29

Event rate : ™~ 16 per
minute

~1.5 million cosmic
ray events collected

GBT

HDMI Cable

Power

Sci-W ECAL
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Temperature
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e The temperature is between 14 and 26 degrees, with an average of 20 degree
e There are slight differences in different locations in the same layer

e The temperature difference between different layers is also very small
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Pedestal test

» The pedestal distribution could be ...

get from “hittag=0" channel I sedesta
> The pedestal width of 10 umand ...

15 um pixel SiPM are about 3-5 ot
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» In order to reconstruct the total energy deposition in
calorimeter of incident event, we should know the deposition
In each SD element

» MPV value of MIPs is the reference for energy reconstruction

Layerd4_Chip0_ Chn11

Layerd Chip0_ChaTT Layer1_Chip5_ Chn0 '
200 Envies 4822 = LayerT_Chip5_Chn0

L Mean 153.4 - Entries 6749

= Std Dev 84.76 C Mean 776.7

2501 22 ndt 33.77/34 o8 Std Dev 356.8

- Prob 0.479 C £ ndf 36.77/59

- PO 13.75=1.16 Prob 0.9898

200{— ol 94.91=2.39 L p0 52.91=262

N P2 4.0580+04 = 1.1260+03 200~ pl 5937 =3.4

p3 43=36 p2 1.408e+05 = 1.8400+03

— - p3 134653
150 C . 2

oo E
" B 100 =
50 — 50 [
0 - L 1 | 1 1 7 s - | : |
1 L 1 1 1 1 J=2) L 1 1 1
0 20 % 59 00 ADCO 0 0 500 1000 1500 2000 2500 3000
ADC
scintillator with 10 um SiPM scintillator with 15 um SiPM

W

19th International Conference on Calorimetry 2022/5/20 20



Position resolution

e Position resolution better than 2 mm
e Strongly affected by large angle scattering
 The RMS of residual distribution is referred as the position resolution

* The settings of simulation should fine tuning
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» We carried out low energy beam test
in IHEP

» Use the high energy electrons hit the
target, select the secondary particles
emitted at a large angle

» Pion, proton..

E3 beam line in IHEP
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The Circular Electron Positron Collider (CEPC) is the next
generation Higgs factory, which worked at./s = 240Gev

A high granularity ECAL prototype for CEPC based on
plastic scintillator is developed

— It has 30 sampling layers and 6300 channels in total

— The absorber is an alloy of tungsten-copper, and the total r.l is 22

The long-term test based on cosmic ray shows that the
prototype works well and all the main parameters are good.

The test of low-energy particle beam is preliminarily carried
out, and we hope that high-energy calibration can be carried
out in CERN in future
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The Circular Electron Positron Collider (CEPC) is the next
generation Higgs factory, which worked at J5 = 240GeV

A high granularity ECAL prototype for CEPC based on
plastic scintillator is developed
— It has 30 sampling layers and 6300 channels in total

— The absorber is an alloy of tungsten-copper, and the total r.l is 22

The long-term test based on cosmic ray shows that the
prototype works well and all the main parameters are good.

The test of low-energy particle beam is preliminarily carried
out, and we hope that high-energy calibration can be carried

outhin CERN in future THAN KS
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Time Measurement

» Time response of SPIROC2E

» SPIROCZ2E could give time

Information using an Integral TDC

» two ramps: positive and negative

D30 30544, MY51450335 FriDec 28 14:24:08 2018

» The linearity of TDC could be

calibrated
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measured by the two chips

» Select one chip on each of the two EBUs

» Calculate the difference of TDC channels

» The TDC counts to seconds convert coefficients

are from pulse generator calibration
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» Cosmic Ray could be used to calibrate the “TDC offset” of
each chip or channel

EBU1

/
| 4

[/ mMuon

AN

70F

6ol

F |— boidw%a==1

r — bcid%2==0

16.43 /25
0.9015
60.65+3.18
H.668 + 0.480
116 £0.4

a0
20

10f

o~8 ns

Co oo Lo o 4 e o 1y 1y o |
-?)DO -400 -300 -200 -100

M IR B PP | PR
100 200 300 400
delta TDCeali [ns]

Time resolution (ns)

2022/5/20

27




ECAL trigger

Fixed check window ACQ Status
(slow clock period)

Chn1 Cells Stuatus—l—m
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Time calibration

Negative slope ramp
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Track finding and fitting

» A preliminary algorithm performed
* Find and fit the precise cosmic-ray track
* Distinguish real hit cells and noise cells

Process Selection Efficiency
TotalHitLayer 2 22 92%
preSelection TotalHitStrips < 64 99.6%
ADC =50 99%
All Hits

Iteration Fitting

Pos — tracking < (47.5, 5, 7.5)

Nearest point in one layer

|[Intercept| < 114, |¢| < 0.7

98.2%
Track Selection 02<96 98.3%
TotalHitLayer > 6 99.8%

Alignment

Position — track fittingresidual

19th International Conference on Calorimetry

— real Hits

— all Hits

300—

I S e

Lo

L
-100

I

I I

30 40 50 60
Number of one event total hit strips

2022/5/19

250/
2200
E
B
2150/
g
g
3 [
100
50/
1 L1 | I
-100 -50 0 50 100

Y position [mm]

30




Time Measurement

all chips on the two EBUs

shown

resolutions are about 11 ns after correction

» Here is the time measurement relationship of

> The time resolution after offset correction is

» Both the positive and negative ramp, the time
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TDC measurement
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SIPM gain test
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Light yield of each channel

» Combined with the SIPM single photon electronic peak obtained
from LED test, the light yield of each unit can be obtained

» The light yields using 10um and 15um SiPM readout units are
about 10 pe/MIP and 20 pe/MIP, respectively
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