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Optimisation Study Of CEPC ECAL

« Measurement Performance Of CEPC ECAL

« Saturation Effect To The CEPC ECAL's Measurement



Calorimeter Model

* The calorimeter is Si-W sandwiching design and it is high granularity
sampling type.

SiCallayerStructure $1:0.5;(Cu:@.5,W:0,Cu:@.5,PCB:1.2,51:0.5,Air:0.5)%240

5iCalZeroThickReset 1.4%240
SiCalInnerRadius 3006
SiCalBarrelHalfZ 8680
SiCalEndcapEtal 4
SiCalEndcapEta? 4
5iCalBuildBarrel 1
SiCalXCellSize 18
§iCalYCellSize 10
SiCalEndcapQuterR 6120

The geometry of ECAL could be changed by tuning the relevant parameter,
then we can take the experiment under different situation. In order to study the
performance of calorimeter only, we did not take other parts of detector into
consideration, like vetex, tracker, magnet, muon detector and so on.On the
other hand. we take gama sample as our EM events.
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Energy Measurement

 Linearity and resolution are important indexes of energy measurement,
according to our physical aim and after considering the practical limit, we can
get good performance.

* Energy Measurement vs Calorimeter Geometry. In Si-W calorimeter, Si as
sensor while W as absorber, PCB record the “Hit” and read them out, then
we calibrate the signal we get for it is sampling calorimeter. The thickness of
material and layer number are all make contribution to the mearsurement
performance.



Energy Measurement

« Energy Measurement under different Si-W thickness(make the Si thickness
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Energy Measurement

« Deposited energy distribution under different incident energy and different
particles.
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Position Measurement

« Calorimeter could measure particle's momentum and incident position by
recording all Hits' position.

 Method: we shoot the gama to the gap and measure it using all gathered
Hits' information.

Everage position: <Posx> = 1/NHit* 2 pos(x)

Everage position with energy weight: <Posx> = 1/E* 2 HitE*pos(x)



Position Measurement

* Inside bias of a calorimeter unit in position measurement.
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log10(Position Resolution)

Position Measurement

Cell size vs Position Measurement Resolution.
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Study Of Saturation

 Digital readout saturation practically exists, Energy measurement and
Position measurement will be influenced by the saturation.

* On one hand, We should take its effect into consideration; On the other hand,
we must control our cost by adding the appropriate saturation.Our target is
to study the performance and give saturation advice.

* Method: we set the Hit energy as a certain threshold energy when their
energy are higher than the threshold.
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Saturation

« Hit Spectrum in Different gama Energy and Different Cellsize
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Saturation

Energy Measurement under saturation
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Saturation

Measure Higgs Invariant Mass Using H—>diphoton. And take saturation into
consideration to see the influence.
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Saturation

« Scan Different Saturation To Get Appropriate Value
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Summary

« The larger dSi/ dW is, the better the energy measurement performance.

* For ECal, we don't need too many layers, the number needs to be optimised.

 |f we set the Saturation at 500 mip, we can get good measurement
performance. For safty, we can finally set Saturation at 1000 mip.
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Thanks!
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Bias

Bias vs W0

25

05

o
1T T 1 | | | 1T T 1 | 1T T 1 | T 11 | 1T T 1

5 5% 6 6 7 7% 8 8%
W0

-

Position Resolution

09

08

07

06

05

04

03

02

Resolution vs W0

<|>IIII|IIIflIIII|IIII|IIII|IIII|IIII|IIII|IIII|

—

5 5% 6 65 7 75 & 8 ¢
WO

18



3

— no saturation

— saturation in L99.7

08120 12 14 126 18 130 132 134 1%
TotalRecoE

A

%

L 1o

HERHEL 1054
HRR B SHitEE
EBmE, T
&2, ELST
R

log10(HItEn/MIP)

Photon Energy Spectrum at 1, 3, 5, 10, 30, 50, 100, 250 GeV, Cell Size = 10 mm, W thickness = 1.4 mm

4
C s

| | Entries 736900

~ | Mean x 1.843

3[~|Meany 0.3857

" |[RMSx  0.4829 10°
- |[RMSy 0.7174

2_

10°

10

‘_"_|IIII

2.5 3
log1 O(EnyeV)

19



M FEHitBETRIA B E RS ML

L 1o vs Energy

(&% ]
T

y = 0.87x +0.73

na
o
T T T

log10(L_16(MIP))

1.5

0 0.5 1 1.2 2 25
log10(Energy(GeV))

L 16 =0.87x-0.24y"2 + 0.97y - 0.43z + 0.82

log1 O(L_1G(MIP))

(=]

2.4

2.3

2.2

L 1o vs Cell Size

Y
T T

g
o
T T

L 1o vs Angle

£ A

- 2 o5
[ |y=-0.24x"240.97x +1.84 l I y:-0'43X+3'38

21—

26—
- 26—
_I|III|I\I|I\I|III|III 2-55_\_\\‘\\\\‘\\\\‘\\\\‘\\\\‘\

0.4 0.6 0.8 1 1.2 13 16 17 18 19
log10(Cell Size(mm)) log10(angleldeg)
= log(Energy) y = log(Size) z =log10(Angle) 20




