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Introduction

LTB: Linac to Booster
BTC: Booster to Collider Ring

 Future electron positron collider *
* Precision measurements of the Higgs/EW/QCD

P4 Rapid Cycling Synchrotron, p-RSC

* Calorimeter system requirement
* High granularity for both ECAL and HCAL
* 5 mm for ECAL, few cm for HCAL
» Jet resolution ~30%/E

* Particle Flow Algorithm (PFA) oriented
Detector

 SIWECAL, Sci-ECAL, DECAL, etc...
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North Area Test
Beam Facilities

SCi-ECAL  cEPC-AHCAL

Test beam experiment

ISOLDE

* Test beam experiment for Sci-ECAL and AHCAL [

combined system is conducted at CERN SPS&PS
» SPS : site 887, H8 beamline
* October 19t to November 27, 2022 beamlinej
. ngh energy beam (10-160 GeV) 100 GeV muon
* ”‘ 9 T s € paCh

» SPS : Site 887, H2 beamline
« April 26™ to May 10, 2023
* High energy beam (10-350 GeV)
* Higher energy and purity beam than last year’s H8 beamline

*u,mT,e,p
« PS :Site 157, T9 beamline 60 GeV electron

poch-

« May 171 to 31%, 2023
* Low energy beam (1-15 GeV)
C u,m,e

g P
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* Collaborators

 CALICE,
UTokyo, Shinshu university,
USTC, THEP, SJTU o
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Heat Shield, ScECAL

copper

Sc-ECAL o

scintillators

> « tungsten abs. ’WH!“ “‘ “. [

Scintillator-based Electromagnetic Calorimeter (Sc-ECAL)
* ECAL concept based on strip-shaped plastic scintillator readout by SiPM

* Center dlmpled readout based on 5x45x2 mm? scintillator strip . =
: SPM\ 7 ’LED ‘ E . ,m A :
S 8 £ - 5 2w Scintillator side

g % - Scintillator !g?' “'H"“
- Y 1

|
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 Virtual segmentatlon of 5X5 mm? cell can be achleved by x-y configuration of
strips with strip splitting algorithm (SSA)

Sc-ECAL protorype

Sampling layers : 32 layers

Absorption thickness : tangusten 32x3.2 mm (~23.3 X))
Electronics : SPIROC2E

SiPMs : S12571-010P, -015P

$12571-015P $12571-010P $12571-015P

Scintillator : injection molding BC408 T Y o

1

[ © b~
© © |I”m S12571-010P 10 um 10,000  1.35*10°5
22.5 mm ”_C Japa

S12571-015P 15 um 4,489 2.3*%10"5

45 mm 90 mm



CEPC-AHCAL

* CEPC-Analog Hadron Calorimeter (AHCAL)
* HCAL concept based on scintillator cell readout by SiPM with center dimple
* tile size : 40x40%3 mm?>

 AHCAL barrel consists of 32 super modules, a super module has 40 sampling
layers

* PFA oriented design

* CEPC-AHCAL prototype

* Absorption material : Fe

* Absorption 40X20 mm (steel) ~4.7 A,,, ~3.9 1,
Electronics : SPIROC2E
SiPMs : MPPC S14160-1315PS, NDL 22-1313-15-S(last two layers)

Scintillator : injection molding
MPPC NDL

S14160-1315PS 15 um 1.3%1.3 mm?2 7,284
ILC-Jar  22-1313-15-§ 15 um 4.45%3.65 mm?2 7,396 x 4




Preliminary results

Pedestal

Gain calibration

MIP calibration

High gain and low gain intercalibration

Energy reconstruction

Simulation and validation



Pedestal calibration

e Pedestal was obtained from events that
did not exceed threshold

* Some channels had multi-peaks due to
electronics problem at last years data

* Pedestal 1s obtained from forced trigger
mode
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Blue histogram stands for pedestal from force-trigger-mode file
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ECAL gain HCAL gain
15um gain TS - MPPC -
Gain calibrati
ain calibration
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ECAL Layer2_Chip3_Chn14
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MIP calibration

channel No.

* MIP peak value is calculated from fitting muon

events’ ADC distribution by Langaus function

 Some channels are not well fitted due to lack of
statistics and bad SN ratio

e ~20% for ECAL and HCAL

Layer2_Chip4_ Chn35 ECAL

ECAL MPV
i 800 —
1 1200 F
| 700 =
=1 -
- =
: —
n —
I% 800 500
- ~
- 400 —
I L
- -
E,, 300 —
0 400 -
- 200
B -
H | | 200 100
L =
i I -
—1
£ ot

]

0.024 — ayer; I n
- . 10 sedeccamanans L EERE T TR LEERD ntries
0.022 = MIP Spectrum layer10 chip4 channel0 HCAL : Mean 8318
0.02F . Std Dev 2714
Ve : 2 [ ndf 26.82/35
0.018 :_ [ S e I I e Prob 0.8378
- ' po 100 + 53.4
0.016 — . p1 638.7 + 66.9
= STl e S O anns] p2 1822+ 367.2
0.014 & : p3 105.4+ 119.7
0.012 :
0.01F
0.008 —
0.006 = \
- 13
0.004 - 2 \'.' X
0.002 F=% ADC
0 :_': 11 1 I 11 1 1 I 11 1 1 1T b 1 I 11 1 1 I 11 1 1
0 500 1000 1500 2000 2500 3000 3500 4000 Layer17_Chip3_ Chn16 ECAL
Layer1/_Chip3_Chni6
- Entries 2608
350 Mean 5118
Std Dev 7731
300 %2 /ndf 104.3/57
H CAL M PV Prob 0.0001325
=30 po 1252+ 0.28
> p1 4686+ 05
p2 2.569e+04 £ 5.143e+02

2.581e-06 + 9.932e+01

180
6*layer No.+ chip No.

140 160

o

ILC-Japan Physics Working Group




Energy resolution

=
)
(electron beam) 2 100
> C
. < 1000
* Reconstructed energy using new MPV, =
. . . o 800
pedestal, and intercalibration factors -
« MPPC saturation is not corrected S 600; “
= 400
* Linearity of energy get worse above 200 @ 2005 “
GeV s
- Low gain ADC saturates from 150 GeV = % "20 20 60 80 100 120

e Resolution is bad at 80 GeV and
above 200 GeV

* Bad beam profile (80 GeV)

 Saturation of low gain ADC
(above 200 GeV)
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Simulation and validation

* Geant4 full simulation 1s established

Geometry : for both Sc-ECAL and AHCAL prototype

Scintillation : quenching effect (Birks’ law) is

implemented

Assuming perfect response uniformity for each channel

* MIP calibration of each channel : done in data
Digitization
* Photon statistics, SiIPM saturation, ASIC saturation

e There are some discrepancy between data and MC

Still working in progress
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Summary and prospect

Sci-ECAL and AHCAL combined test beam experiments are conducted at CERN
* SPS H8 beamline in last October
e SPS H2 beamline in this April to May
e PS T9 beamline in this May

Collected data in wide energy range for electrons, pions, and muons

Analyses of the combined beam test is ongoing
* Preliminary calibrations are almost finished

Some detailed analyses are also ongoing
* shower analysis,

 PID
" Testbeam simulation Thanks for CERN, CERN staff,
o and CALICE collaboration colleagues

* SiPM saturation, temperature correction
* Geant4 MC validation
* Sci-ECAL and AHCAL combined analysis



