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CEPCref. TDR &g L4 42 S 4 . Pixelated TPC

TPC detector Key Parameters

Modules per endcap 248 modules /endcap
Module size 206mmx224mmx161mm

Geometry of layout Inner: 1.2m Outer: 3.6m Length: 5.8m
Voltage of Cathode -62,000V

Operation gases T2K: Ar/CF4/iC4H10=95/3/2
Total drift time 34us @ 2.75m

Pixelated detector Pixelated Micromegas
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Sub-detector

Key technology

Key Specifications

Silicon vertex detector

Spatial resolution and materials

ore ~ 3 pm, X/ Xy < 0.15% (per layer)

Silicon tracker

Large-area silicon detector

1 x “r:jL(G(‘V*l)

TPC/Drift Chamber

Time of Flight detector

Large-area silicon timing detector

o(t) ~ 30 ps

Electromagnetic

Calorimeter

High granularity

4D crystal calorimeter

EM energy resolution ~ 3%// E(GeV)

Granularity ~ 2 x 2 x 2 cm?

Magnet system

Ultra-thin
High temperature

Superconducting magnet

Magnet field 2 — 3T
Material budget < 1.5X
Thickness < 150 mm

Hadron calorimeter

Scintillating glass

Hadron calorimeter

Support PFA jet reconstruction
Single hadron o72? ~ 40%/\/E(GeV)
Jet o' ~ 30%/+/E(GeV)

Requirements of Detector and Key Technologies
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Pixelated readout
ER 2W/cm2 300~500um pixel size & 100 mW/cm?
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CEPC-Pixelated readout TPC
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| Parametes | Higgsrun | Zpolerun |
B-field 3.0T 20T R ERE S cal

Readout size (mm)/All channels 0.5mm X 0.5mm /2 X3 X107 0.5mm X 0.5mm /2 X3 X107
Layers per track in r¢ 2300 2300

Material budget barrel (X,) 0.59 % 0.59 %

Material budget endcap (X,) 15% 15%

cinrg 120pm (full drift) 400pm (full drift) w. distortion

~0.6-1.0 mm ~0.6-1.0 mm
(for zero — full drift) (for zero — full drift)

2-hit separation in r¢ 0.5 mm 0.5 mm

cinz

K/m separation power @20GeV 30 30
dE/dx <3.0% <3.0%

Momentum resolution normalized: ;- 31 9¢-5 a=33e-5

— / 2 2
O1/pT =V QA +(b/pT) b= 0.8e-3 b=15e-3
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Entries 373678 —=&— Number of primary cluster Constant  24.46
Mean  -0.02446 Mean 1.881

Std Dev 28.86 Sigma 0.152

th
<

-
h

T I|IIII|IIII

Number of primary cluster [per pad size|

w &
2!llv'

_IIIIIIIIIIIIIIlllllllllllllllllllll

NCluster [Normalized]

|II|IIIIIIIII|II]I|II[I|IIII|IIII|II

colvv e bvev s b v b b b by by vay | I I I I R Ry . TN T N NN RN NN NN NN
-40 30 -20 -10 0 10 20 30 . 40 50 1000 2000 3000 10000 2 10
Track length [bin for 1cm] pixelsize [Lm] NCluster [per 500 um]

Clusteri& & 3t 27 t9 % R Cluster# 5% # R+ 6 £ % Pad size = 500 um Ncluster/cm 12

-
=]




# et =: MC Truth F X3 & 2

——— ionization of pions —e— pions
—&— ionization of kaons --#- kaons

F
S

Truth by dNdx ’ Truth by dN/dx

. i x ﬁ 6‘ &5{] ﬁa ” (Sp) g ﬁ S . | ”A - ”B | 1.2m track length in Tzf( gas <, 1.2m track length in T2K gas
P 94+%8 1 B R AL 2 t0teceen T TN
2 o~

B ABToKk/pRAHTTOLET 2#H42

w
9

n

g
dN/dx Resolution [%]

lIonization [cluster/cm]
=

»~

o
e
n

o
Y

10 10!
10" Monmentum [GeV/c]

Monmentum [GeV/c|

Truth by dN/dx n/k&in & & LA n/k&#n &% # & ¢ 9%

) . 12
Working gas: T2K gas —=— Truth by dN/dx

—e— Truth by dE/dx

Working gas: T2K gas
.2m Track Length

Separation power [O]

Separation power [O]

1
10
Momentum [GeV/c] Monmentum [GeV/c|

RitEGET rBED £ F Truth4z & dE/dx 5 dN/dx




AR TALFR

B 1.2m tracklength 20 GeV pi/k Sp > 3¢
B 300pm & 500pm Sp 4 & & 46 &
B ref. TDR ¥ 4% £ ¥500pm & ¥ £ . &100mW/cm? ¢ &t &

Illlllllllllllllllll

Fllllllllllll
E
g

Truth Hit
Reconstruction by TVA

E

|‘.|‘..|..H

1 1 1 P 1

—45.8

—e— 1 mmX 6 mm pad by dE/dx reconstruction —e— 1 mmX 6 mm pad by dE/dx reconstruction
—&— 500 um X 500 m pad by dN/dx reconstruction —&— 500 um X 500 um pad by dN/dx reconstruction

1.2 m Track Length | 1.2 m Track Length

’\'\‘\’f“Hﬂ\H

'S (=}
Resolution [%]
£

MK Separation power [O]

~

T Y+ = = » . . g

4 8 10 15 1820 1 ' 4 8 10 15 1820
Momentum [GeV/c] Momentum [GeV/c]

500um+% % 51*6mm pad Sp & & 500umpad H1*6mmpad 2 # ¢ & %

—45.6

-454 452 —45 448 446 444 -442 —44

X [em]
TVAE R4 2 5Truthf 84 £ £ 4 2 5

mK Separation power [O]

8

=)

=

~

2.1 m Track Length —&— 500 um X 500 um
dN/dx reconstruction —e— 300 um X 300 ym
—&— 55um X 55 um

4 8 15 1820
Momentum [GeV/c]

pixel size Sp &




B EY % LTPC-2 R Rt £

15



CEPC-TPCE 24t 70 #t & —

B K FhAG+H T 2%k 655 405% L8 o
V AREARGERAERAREEER (~2% Xo) s

v TPCHa 64484 # (QM55CF) : %#£0.59% X,
v oy ARt H 028 AR 4 f A RLGAD OTK (10047 ) *°—
V RS GEBEERARBR: 92%D96% 0

Material budget of TPC barrel

Layer of the barrels m d/X,[%]

Copper shielding 0.001 1.45 0.07
CF outer barrel 0.020 2578 0.08
Mirror strips 0.003 1.35 0.19
Polyimide substrate 0.005 32.65 0.02
Field strips 0.003 1.35 0.19
CF inner barrel 0.010 2528 0.04

Sum of the material budget 0.59

TPCi& 4k LB & 4 247 A 30 7 & A& 364+
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