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Test Beam of CEPC 2. Test of PIST ASIC &
ScEcal & AHcal CEPC Generlc Slm’ulatlon Study

| fmﬁ%%%¢%mﬁma
K Institute of High Energy Physics
s Chinese Academy of Sciences

» ScEcal :Scintillator, W
» AHcal: Scintillator, Iron

« Test beam at CERN at 2022/10
 Data size: 533G

« et, wt, ut samples from 10GeV-120GeV
50GeV Pion+

H 5K

(; ’ THE UNIVERSITY OF TOKYO

= ST

SHINSHU UNIVERSITY

* Object: Quantify key performance
 Energy Resolution, Energy Linearity,
PID Capability, etc
« Challenge: Mixed Beam, MC/data discrepancy
My Jobh: Pattern Recognition, Particle Identification,

Quantify key performance
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Test Beam of CEPC 2. Test of PIST ASIC &

ScEcal & AHcal CEPC Generic Simulation Study

Test beam Data pattern

c L Iy
« Variables used to distinguish: 2 I
. ) 1
« Conventional g N — =
. : T 08
#.Hits per event g
- Energy deposition per event = e -~
- Center of gravity of shower y - N
) RN RN R At N ¥
0.2~ T > AHCAL TB Data
* Novel ' T un83 50GeV |
- - IIlI][IIiIIIIiIl
« Fractal Dimension!'] ° NN 5 6 7 8
: A R < Eniy > [MeV]
(dedicated for HGCAL) | s ————
« Test Beam Data Components: noise Y ‘u"' o, "
o €+, 7'[+, ,Ll+, noise, bizarre *mgjiﬁmﬁm@
' “W@M@m
\ A
3
[1] M. Ruan et al, PRL 112, 012001
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Test Beam of CEPC

ScEcal & AHcal

— B ie e
-4 PID & Significance E i } } L e
PID Capability & Result: oo | T * | | ‘%‘fj;‘
- Combine Fractal dimension, # Hits and Total energy " | CEPC AHCAL Simulation o CEPC AHCAL Simulstion
per event, good separation achieved. ot “E rrecilPimension
 Basic pattern is consistent. ] e
« Peak shift: SiPM Saturation o e oo
Signifi ; e T I
gnificance : o - .
« Pure EM/Hadrnoic sample achieved : ] :
- Basis of Quantifying prototype performance =~ &
- Validate and Tune MC e CEPC AHCAL Simulation 7_ CEPC AHCAL Simulation
»  Machine learning(BDT/ANN) input for automatic  +* B 3 <= (>
s PID ;o e . K T T egicen
5 g B Efficiency
§ l: g Tr;ﬁi\l‘?\ ut nt e*
:j : :j: =PC AHCAL S'mulato} ‘u+ 994% 060% O
: , - — nt  3.60% 94.10% 2.30%
e e B oo
15 I R et 0 0.30% 99.70%
< Eny > [MeV] < Eyy > [MeV]
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Test Beam of CEPC 2. Test of PIST ASIC &

ScEcal & AHcal CEPC Generic Simulation Study

Energy Response

AHcal prototype preliminary performance achieved !

* Energy Linearity: 1.003*E — 0.5261

46.46%
. i SO0 A 0
Enerdy Resolution: N D3.62%

Future Plan: Reduce the impact of energy leakage, Improve energy response performance

S - c 03
[0} 120 f— w -
S, - = = 7 Indf 171879
= | — x2 1 n .
L 100 — 1003*E - 0.5261 % 025 I~ 46 46% Prob 2.607e-32
] - - " 0 po 0.4646 + 0.004564
g - 02— —— @ 3 . 6 2 /0 p1 0.0362 + 0.0006152
2 80— = T
S - - A\ /
3] - 0.15 |—
&’ 60— 15 =
- ¥/ ndf 0.07722/9 -
= Prob 1 01—
40 — po 1.003 + 0.04526 —
- p1 -0.5261+ 1.79 -
20— CEPC AHCAL TB Data 0.05 — CEPC AHCAL TB Data
- i - m*
0 == ey o I R S S SRS S S SR
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Incident En[GeV] Incident En[GeV]
= o © 0.06
g e -g 0.05
3
o o 0.04
sssssss
0.03
0.02
ssssssss o
0.9846
0
sssssss oor
0.02
0.03
1 1 1 - -
-0.9848 L 1 L L 1 - 0 20 40 60 100
0 20 40 60 80 100

120
] 120 Incident En[GeV]
Incident En[GeV]
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1. Test Beam of CEPC 2. Test of PIST ASIC &

ScEcal & AHcal CEPC Generic Simulation Study
» Test of PIST ASIC

« Motivition: High precision time detector is critical for
CEPC, 50ps time resolution is required. Accordingly,
PlcoSecond Timeing ASIC designed for CEPC ECAL S

SiPM by Bo Lu et al PIST ASIC max 46364206

sdev 18.85 ps

My work: Build test platform and test PIST ASIC num  10.566e+3
. P 2
Ointrinsic = \/

mean 40.70114ns
min 40.6221 ns
max  40.7646ns
sdey 16.64 ps
num 13.192e+3

= 16.6 ps

2 —
Osys2 — Osys1 = 9.0 ps

Z:: E 10GeV kaon- dE/dxf& E
i . : ERH R ==
> Potential of dE/dx Measurement of Silicon Tracke
- Motivation: dE/dx is an essential variable for PID, CEPC .. l
require 3% resolution oo\
« My work: Simulation and analysis oo b N .
0.02F s = = S —| I
E 10 102

Layer
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Data analysis of Testbeam Reports
1. Pattern Recognition https://indico.ihep.ac.cn/event/19214/
2. Give PID Scheme and pure sample https://indico.ihep.ac.cn/event/19045/
5 Pril.iminc?ry periormance of energy response https://indico.ihep.ac.cn/event/18769/
acnieve

https://indico.ihep.ac.cn/event/18769/
https://indico.ihep.ac.cn/event/19045/

4. Future, Reduce the impact of energy leakage to
Improve energy response performance
5. Participate in beam test in May 2023

CEPC Calorimeter Group Meeting

Test Of PIST ASIC Mor1day Mar 20, 2023,2:00 PM — 4:30 PM Asw.a/S.hanghai
1. 20ps time resolution achieved(systemic) T
2. Future, quantify time resolution at different energy avjkf”ce""ee“”gon CERNTestbeam Data
p0|nt 9 zooMm

Calorimeter Group Weekly Meeting

Friday Mar 3,2023,9:00 AM — 11:50 AM Asia/Shanghai

CEPC Generic Simulation Study PRt —

1. 20 layers, 0.6 mm silicon could achieve 3%
resolution of dE/dx

Meeting URL KI5 :: https://us06web.zoom.us/j/86506024403?pwd=K2pGRG85d0JIWWNDROgwZVBsYkxOUT09

2023/4/23 IHEP 7
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Scintillator (5mm*45mm*2mm) SiPM (1mm * 1mm, 10k pixels)

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

® Dead time: 2ms

® Polar: positive

® power: 8mW/channel

2023/4/23

IHEP

Sci-W ECAL

» 32layers, 16 super-layes
« 210 channels of each layer,
total channels:6720

* Sensitive area: 22cmX22cm

10



e TOHERB BN

Institute of High Energy Physics
Chinese Academy of Sciences

AHCAL Prototype

Sampling Calorimeter
— 40 layers, ~5 N.I.L
— 72cmX72cm

Abscrber
— lron, 2 cm thickness

Seiisitive Detector

— Scintillator+SiPM, Number:13,960
— Cell size: 40 mmX40 mmX3mm
— SiPM: HPK and NDL

Electronics
— SPIROCZ2E ASIC Chip

2023/4/23 IHEP
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Fractal Dimension

Fractal Dimension

Fractal Dimension
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Reduce the impact of energy leakage, Improve energy resolution!
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TRALEA R ELULH, barison of MC and Run83——pi+ czrl

‘\t &7 Chinese Academy of Sciences | |
* Experiment: = L — 2 F
. . Run83 50GeV =n* O Run83 50GeV =n* |'r‘-| y’lﬂl\
* Pion Run83(ParticlelD = 211) 10";1% = s
_ q. MC 50GeV =* i - | —— MC50GeV =* 1L
* Cut: Hit_Energy > 0 e 004} r
* The light-leaking cell was muted 1o qunﬁ oF HJJJ LL l
* Simulation: B - JJJ AJ L[ H
+ Cut: Hit_E > =
ut: Hit_Energy 0 e : FJJ,ﬁJI Lﬂ
0.3MIP(1IMIP=0.461MeV) P 0.01ff ﬁ:;
. T e H
* The cell that be muted Iin ST D DO l-_.:r—wﬂ" ILL
. . 0 5 10 15 20 25 ) 30 00 200 400 600 800 1000 1200 1400
experiment was also muted in Hit En | Event En
MC 2 o.o7f < s
_ - Run83 50GeV ' r|_|J -‘ 0035; _ﬁ"‘l E}L‘—L‘q—\
* Conclusion: 006 | _L 003 my s
_ - | —— MC 50GeV n* -

* For Hit_Energy and 0.05] F-h 0025F JJH L"I—LL
Event_Energy ,MC is higher than ek Jﬂ_ LL 0025 _FI i
TestBeam:; 0.08 “IJ '_r LI: g I I_L‘—l_l‘l_‘

. ) C Jf i 0.015 |- I_ Run83 50GeV =* —LL‘_I_

* For number of hits, MC is lower - _ o | : FIA

C - — MC 50GeV =*
than TestBeam; ooiF j'f Jr ﬁ-\ 0'01;ng
: : TE __ “I:L‘ B
* The shower depth of MCis a little  E A= i, Rl SN DU DU DU S PR U T
) ) 0 50 100 150 200 250 300 350 400 450 500 40 45 50 55 60 65 70 La7y5er|n 4ol
bit bigger than that of TestBeam. Num.Hits

2023/4/23 IHEP 16
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. 'Experiment:

* Pion Run83(ParticlelD = 11)

* Hit_Energy Cut >0

* The light-leaking cell was muted

Simulation:

* Hit_Energy Cut >
0.3MIP(1IMIP=0.461MeV)

* The cell that be muted In
experiment was also muted in
MC

Conclusion:

* For Hit_Energy and
Event_Energy ,MC is higher than
TestBeam;

* For number of hits, MC is lower
than TestBeam;

TRARUD KB UL i
Institute of High Energy Physics
Chinese Academy of Sciences

The shower depth of MC is

consistent with TestBeam.
2023/4/23
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¥ CEPC Calorimeter Working Group, IHEP, CAS

~Q!_[_ _I—|.Q

_SIPM Waveform

N,
‘Vr\

[ N

Y

b

'
»
",

e

At = tsipy — traser

—T1 S13360-6025PE

Wt
it
S

T wm‘«‘,wu,\.,aw,‘Hrw a

mean 40.70114ns
min 40.6221ns
max 40.7646ns
sdev 16.64 ps
num 13.192e+3

= 16.6 ps

Osys2 =

PIST ASIC

At = tasic — tiaser

mean 46.89620 ns
min 46.8236ns
max  46.9642ns
sdey 18.85ps
num  10.566e+3

= 18.9ps

2023/4/23
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—
1] —
[ = — H
= — : : : : H
|6 400 :_—_ ............. R R Becesietiatiatiatann R EE TR LR EEES osCCXEELERLRRREREE
| | FoE | | ; ; |
- fww BB0 [ R S
Y e Sttt A S Rt oot fnttvriiuituts widy Sulbuluit Steiiettts Mattuttataie Sufataiath matsaiatul s — : : : : :
300 [— ' 2 : 2 +
] — H . . . %2 / ndf 1.147e+05/ 22
| | | — : : : : Prob 0
___________ __________ ___—————————————————— —————————— 250__—. ............. E .................... : .................. E .................... : ....... po 385.5 + 0.289 -
— : : : : p1 0.01995 = 3.033e-05
Measur‘e P1wid@W(C1) P2time@W(C3) P3:skew(C4,C2)  P4base(C4) P51op(C4) P6:mMs(C2) P7freq(C2)  P8:ampl(C4) POrms(C4  P10freq(C2)  P11:pkpk(C1) P12:median(C4) 200 e R REEEEREERREY LR R R R R e p2 0.8944 = 0.0007485 |-
I 406988 — . . . .
:eu:n -~ 40 70!14:: — : : : : p3 -9.464 = 0.317
min 40.6221ns — H B H H B
max %/' pS 150 f—--ccreeeenns [STTTTITTYY AP deeeeietieeieiaaees P e
sdev — . . : : H
num 0 13.192e+ 3 — . . . . H
status a — : : : B H
histo . 2 + 2 + 2 16 6 100 __, ,. ..................
Laser SiPM 0scC T i -
50 =
—  c2p : !
i g = (] ' .
: . 2 E—- ----------------------------------------- Grocrrereereneeeeei e
A T e e e e 2, 18F
. "\ ’ © 16F
| 14F
et e e e e SS waw E
i ! ‘ - 1.2
G 1E
Measure P1 W|d@1v(01) P2: tlme@tv(C?) P3:skew(C4,C2) P4:base(C4) P5:top(C4) P6:rms(C2) P7:freq(C2) P8:ampl(C4) P3:rms(C4) P10:freq(C2)  P11:pkpk(C1) P12:median(C4) 0 8 -
value -
— 4689620 E
min 48236ns 1 8 8 5 S 0.6 E
max 46.9642ns
sdev @/v - 0.4
num 10.566e+ 3
status 0.2
histo ‘

* Result
* Timing measurement: System-level time
resolution~19ps ; PIST ASIC time resolution~9ps
* Energy measurement

2 2 2 2 _
Ofaser T Osipm + O4sic + 05sc = 18.9ps
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Limited by the accuracy of the
oscilloscope(1GHz), time resolution is bad.
* Selection of threshold
« REE5
- fELLER
* Calculation of threshold
- &=
- FEENE
- BipNE
- EEHE
* Use 16GHz oscilloscope
Impedance at the load does not match the asic,
witch affects the time resolution greatly
* Use standard wire
* Use D400A-AT-PB2 probe
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