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Operation mode ZH Z WHW- tt
V5 [GeV] ~240 ~91 ~160 | ~360
wl o | % Run Time [years] 10 2 1 5
; i L/IP[x10% cm2s] | 5.0 115 16 0.5
Booster ol ; A nﬁ& [ L dt [ab, 2 IPs] 13 60 42 | 065
. ; é Event yields [2 IPs] | 2.6x106 | 2.5x10%2 | 1.3x108 | 4x10°
/| ; L/IP[x10% cm?s] | 8.3 192 267 | 0.8
. o’ ni\?v [Ldt[ab’,21Ps] | 216 100 6.9 1
3 S T Event yields [2 IPs] | 4.3x106 | 4.1x10%2 | 2.1x108 | 6x105
1® s
10? =15 x 10° 1
W fusion_+—"]
wbo Lo T « Precision Higgs Physics at CEPC (CPC V43, No.4 (2019)
1 / s 043002)
* Flavor Physics at CEPC(arXiv:2412.19743)
https://ihep.cas.cn/dkxzz/cepc/ ] * New Physics Search at CEPC(arXiv:2505.24810)
Vstcevy

S 3


https://ihep.cas.cn/dkxzz/cepc/
https://doi.org/10.1088/1674-1137/43/4/043002
https://arxiv.org/abs/2412.19743
https://arxiv.org/abs/2505.24810

CEPCE R IIE RS
- Calibration: Low luminosity Z at 3T

CEPCEA T E=ERIHiggs, W/Z to . Approximately 1033cm2s!
ﬂEjJ_F 1tl_'l EE/J J9 pI)_ 1%-20% of high luminosity Z

IR AIRIHRE(TDR)BLE AT, CEPCIE{T: 1058:Higgs@3T—25FZ-pole@2T—1FW

BRITEHRMRSE: FE(VTXITK OTK)+SARRNZE(TPC)ERL

SCE AR FARIHRNo(1/P,)~2 X 105 (GeV/c) ™, TPCEIE FB S Ho(1/P,)~10% (GeV/c):
SN2 5IPID~3%
2000 otk T T Sub-system Key technology Key Specifications
1750 F o 13 Vertex 6-layer CMOS SPD Gry ~ 3 M, X/X, < 0.15% per layer
r b ]
1500 s 7 CMOS SPD ITK, AC-LGAD SSD OTK 1 1x1073
r - o H ) ’ I =5 =1
- ot 3 Tracking TPC + Vertex detector g (PT) 2x107® P x sin%/2 @ (Gev™)
= - e ]
E 1000 £ e Q 3 Particle ID dN/dx measurements by TPC Relative uncertainty ~ 3%
E s O‘;@\lﬁgg§..---""“"'§ Time of flight by AC-LGAD SSD o(t) ~ 30 ps
750 F ' LS R ‘
: 0)=098 1] EM calorimeter High granularity crystal bar PFA calorimeter EM re.solut[on N 3_%/ VE(GeV)
500 _cosll= . Effective granularity ~ 1x1x2 cm?
- __g;g{s_if_’.'!?.Q-.“?@..,-------*";
250 k . E Support PFA jet reconstruction
0 P ] Hadron calorimeter | Scintillation glass PFA hadron calorimeter | Single hadron g%~ 40%/./E(GeV)
P I S W T RS SR S AN SR S S S SN RS R fet
0 500 1000 1500 2000 2500 3000 Jet o ~30%/E(GeV)

Z [mm]
CEPCRITMRN R Fe2H Rl M I FREES



BIEIRSZERA
A EE R = RAR IS :
RARYIRE(~0.1X,), B ENE(~100um), FIEDPHS, UFHEIVIRBIBESI(Pattern Recognition)
IR HTEE R FRERAE/dxE RV B dN/IXE R, 1=ALRIFLEF! (Particle Identification)
VTS RBURFYIIESCEG (ALICE STARYWEAERZMRNES, IACEPC Ref-TDRARE/EFZTHRNEZS

3T Magnet Yoke + PFA HCAL
( SC Solenoid) MU (PS+SiPM) (Glass Scintillator)

Crystal PFA ECAL

LumiCal (Transverse bar)
(SiDet + LYSO)
i OTK
Rotential . Sswnse. e .
Endcap PID ‘ (AC-LGAD strip)
(Pixelated Mjcromegas)
VTX
(MAPS SiPixel
+ Stitching + Bending) MK

(MAPS SiPixel) ™ ~ ~(Possible precision timing from the outer layer)

CEPC Detector layout in CEPC ref-TDR


https://alice-collaboration.web.cern.ch/
https://www.star.bnl.gov/
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4 2Time Projection Chamber

19744F, FE—R#EDavid R. Nygren (LBNL) #fFl

NAETSMESEMIESLIS (WETISEe. BYRRsER. FHM L)

—
Outgoing
Particle

Incoming
Particle

Pb-Pb /5NN = 2.76 TeV
run: 137171, 2010-11-09 00:12:13



TPCE{Figit

TPCEIFE— 1 AR B AL HinESE2Am, S E~1600kG:
PRI1Z~0.6m, 4MZ-1.8m, 34£2.9m Endpiate o bmel

BTN QMBS E I REHA

I S YN EMicromegas+ (500pm)4&=iEH
248Modules/ifzs, 3.3x10EH BB iRE
TAESIRAT2K(ANCF,iC,H,,=95/3/2)

I=RGEEI7~230V/em, STHOZHIHEAERY &L

Readout modules Field cages

CEPC TPCEX{KIZit+




TPCHERSZIT

TPCIRIEERRETHEMFH QM) ENRERIF, REREHIEE<L.1%X,

TPCIHERARE L+ WNHEGRFRITA R, BRIEINZEAIYS R
s E2mm, [EFF0.1mm
SHARITREEPEASHIEIR, BiRo EERIEEES
WEINZ1.5mm, EigHEIpIET3%, B%3mm, BIFKERIRITE

E, [V/cm]

400

Component Layers X [em] Xg[em] X/X,[%%]
TPC outer wall

350
Faraday cage shicld Aluminum 0.005 8.9 0.06
Faraday cage shield substrate  Polyimide 0.005 28.6 0.02
Quter wall support cylinder ~ Carbon fiber 0.002 2528 0.08 a0
QOuter wall support cylinder ~ Nomex honeycomb  1.96 800 0.25
Outer ‘.J.rall support cylinder Ara.rmd paper 0.001 35 0.03 Aluminum + Kapton b 555
Insulating layer Polyimide 0.001 28.6 0.03 / : I'F
Mirror strips layer Copper 0.001 1.6 0.07 = Carbon Fiber ~ i
Field cage substrate Polyimide 0.005 28.6 0.02 % “é I | 200
Field strips layer Copper 0.001 1.6 0.07 N i .
Glue Epoxy 0002 353 0.06 E £ HigaggamD B -

TPC inner wall -+ E
Field strips layer Copper layer 0.001 1.6 0.07 &1 .
Ficld cage substrate Polyimide 0.005 286 0.02 Aramid fiber -
Mirror strips layer Copper 0.001 1.6 0.07 ‘\ Kapton ~10 mm
Insulating layer Polyimide 0.001 28.6 0.03 g 50
Inner wall support cylinder ~ Aramid paper 0.001 35 0.03 Field cage
Inner wall support cylinder ~ Nomex honeycomb (.46 800 0.06 z
Inner wall support cylinder  Carbon fiber 0.020 25.28 0.08 0
Faraday cage shield substrate  Polyimide 0.005 28.6 0.02
Faraday cage shield Aluminum 0.005 89 0.06 R
Glue Epoxy 0.002 353 0.06 CEPC TPC%%B-LQ.L—'— CEPC TPCiZ]%’é‘n‘ TN
R ERIAEHL




TPCimEn1t

UnEa k248 x2=496MEIR, O-ringSinEmE Ty, SWIBRE-15%X,

RIREMAERSIRRNES, RHEER, RiRE S, R, ZT R4

imEm /=, =MARARTERER, THinE~96%RBXBE

ECAL

- o ¢ wll Readout layer | Dimensions(mm) | Channels/

~ = Layerl,2 (in) 201X160X80 128640
Layer3,4 206 X164 X80 135136

Layer5,6,7(out) 206X 164X 80 141284
7 layers, 3.3 X107 channels

ITK




TPCIEHRRIZIT

BRRKANEMicromegasisEt, FHIPHIIBFERAIEEKI(IBF < Gain<1)
RASRIEGEREIEH, EHpixelX/)\(500pm)?

R/ B EHHEHERIIFEASICIS R TEPIX (180nmilFE) | UnEs/SiL0#E~10kW/inss
SEANGIRHEMIRIISREMRE, BEtlikiEH

Transfer
connection

First mesh TEPIX

Pillars (100pum)

Second mesh LYV cable

HV
Readout pixels
HYV cable
Readout board

Pillars (100pm)

Readout chips

-l e e— —
N BN S

== ] .
— Fibre cable

TPCim=iRit, XWEMicromegasiiIBF
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CEPC Machine-Detector Interfaceiizit

RRANREEM sSHRNZEZEOMD) X4, HEAZN
FIRMEE, aOVTX, ITK, TPCEE

CEPC MDIX15igZit:

Crossing angle: 33 mrad
ZIAKE: XER+£7m

Final focusing magnets: 1.9 m

KR FJRE, LumiCal, BPM, @BSEREMIX
background e annihilation — v(0.511MeV) — Compton e~
TPCAREHIER
Sarait Anti-Solenoid
o ~ LumiCal e ECAL HCAL  Muon
?in“’ltw [ il - - WL Y ,g
2 czzq:_;.z -
= » =1 M | s
|

| BPM Detector Beam pipe
Cryomodule Final Focusing Magnets

CEPC MDIigi+




TPCRADIEIRILTIE

HRER: THMERRAEXITPCHEREINS I FHI T

?irEjEE,ﬁ, ?éﬂﬂ]%}% Pair production Guinea-Pig++ Luminosity related
(BS files)
RNESH oy Pl
Beam-Gas PyBGB
EFCEPCSW FH/& 7 XM R AR5 N
Beam-Thermal PyBTH
A JEEE4EPair productionFIPUFREEBRAANE (BGC,BGB, TSC,BTH) Photon (6TH)
Touschek TSC in SAD
N He 4 = Hed eS| EE Scattering (TSC)
SRRARIEIL: FEFARHL (SADetc) +RTUBSHHL (Geantd) o
UL TPCperformance Solving LNGVNequation |

vy

p(r,9.z)

7

Solving Poisson equation

.

1 1

1 1

I ]

I ]

J |

' Space charge :

I. Beam-induced :> 1. CEPC Detector E>: (fistrib tioi Field distortion Space distortion i
background files Simulation | 4 (AEr,AEQ,AEz) in TPC L]

: :

1 1

1 1

] ]

] ]

]

['V. Machine Detector Interface (MDI) Optimization

TPCHRIARIRINATE
e


https://code.ihep.ac.cn/cepc/CEPCSW
https://accelconf.web.cern.ch/p07/PAPERS/THPMN010.PDF
https://acc-physics.kek.jp/SAD/
https://acc-physics.kek.jp/SAD/
http://ir.ihep.ac.cn/handle/311005/253688?mode=full&submit_simple=Show+full+item+record
https://github.com/shyshi/cepc_bkg/blob/master/Source/BTH/CEPC_BTH.py
https://acc-physics.kek.jp/SAD/

TPCRIADIEIHAR

2T CEPCSW FFRE 7 X ER AN AU -

TPCHZSARE I EEHMDIXIEFERNRR(TEE EF (~-MeV) S5,
FEREERGIFIERFENIE~E

TPCER A BB B EREA~2-3 nC/m3 (Gainx IBF~1)

o /\

Higgs mode

— 3
el L — . : E! paie ohodmct
o) — Higgs i . —nggs a L air péro uction
2 . [ l Low Lumi. Z L IE%%;EW Low Lumi. Z E ] I— . Lo veeeemtsmrenss s N “”"Siﬁ’glé%Béé’ifﬁ""""”"

10 §- i ::1‘ i :
E’. 10? 3 a, -
210k — i ) i
= : act [
E _ J_-J_r"J L5

2 |-
10 10 | U |_L 1F
10 3 | | : U‘ “ 0.5 —
Y e et D n 107 07" 1 10 %0 30 100 120 140 160 180
10.1016/j.nima.2025.170776 kinetic energy of photons [MeV] Radius [cm]

TPCRANERALF RN, KRB CFREED AR AR AEED T


https://code.ihep.ac.cn/cepc/CEPCSW
10.1016/j.nima.2025.170776

TPCZEA)EB {3 M
=RXTMDIXIFFIE AL, B MERRE e FHNTPC

iR AM, FRnEMF, BN, ESFETPCHTEREMEEE

fiitia, HiggstlLow-ZIRT, FTPCHERAZ(AIRERIY <0.6 nC/m® , SINEVMNNEFERRE
<150pm

MDIfSL, TG EIENERIFINT
—180
E. - : = . - . - Vnit: m Unit: m
=N | = ? .
160 . =175 § 12.1 MW Low Lumi. Z
. r=l400 = 500} : i !
i - — w.o. deviations r=1.200 & : . fr=1.775
140} ' ----w. deviations rr:“l'g% < Elm
g r=“‘.3[m r=1.000
Je=0.750 r=0.900
20l If Max. space charge ~0.6nC/m?3 r=0.700 r=0.800
! r=0.650 r=0.750
[ TZKgas : %
100 ! £ ! ! i + r=0.650
= . F i H T2K gaS : H : H
- Tnmer radius TPC E -ZSOVJ'CIII,B—JT i ; ; i i
.u L - _6['[' -, m l“ .......... \ ......................... . .......................... \ ......................... ! ............ _1000 _________________________ bl-zsov/m‘ B—3T ______________________________________________________ ; ............
l - > e s ? i
T 4 150 O I ol L o el R I e=BRGain=1 -
. ""'--_.-—--"'"Lm.u.f«“u,Lm ) A | A R | e .C%“".'m.' =1500 [ Anede- - . 1 i "'“i'h'm'
sofF | . . | 0 500 1000 1500 2000 2500 0 S00 1000 1500 2000 2500
o s T s T T Tw s Drift Distance[mm] Drift Distance[mm]

TPCESER s X [eml



TPCIEZ RN EEEHA T
BETHREBNETHTPCIEZR, R 7 TPCIRIRFIRI =34 RE

LT ESpadBUEY, SREGRETPCHERITKE LUESHEY, o, FF100pm@2.75m
BEREITPCAZRT S Hpad I A oHIFZ NN
ERNERXN D HH~1%, o(1/P1)~1.5%x10* (GeV/c)! @ 1GeV/c — 100 GeV/c

— 800
5_ X - Pad readout (Imm_x 6mm, 3T, N =22-28)
= 700 |
b% - - Pixel'readout (500im x 500um, 3T, after clustering) field cage amplification gap o
[ = 8
600 E Single electron, 3T / T :_;-;: - -' - -'- - - ------ ?ad response w00
C e drift & diffusion
500 B // T '-e L 0
400 E // ©e- amplification & o
C / 0 e diffusion -:'Hﬁ
N - 2000
300 £ / o 9 e
C 0 e . 1000
200 / drift volume ionization
E ---------------------- 46 455 45 45 44 435 43 -5 -4
100 [ X [em]
S electric field readout pads
0 50 100 150 200 250
Drift Distance [cm]
S A _— KRS - ==L ==
TPCHENE D SIE D HHERERNL CEPC TPCE1&EIHRAELE
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o [UBERDYPER<BOumM: MTEMREZRREWMEE, BERBOCES
o KFERIME/X ~3.4 % : LT EPRESEFREIE/dX ~4% (FBRFAMEEIRRK)
- EfF BRI RESIHEEE AEIEEK (0.1%)
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TPCJRBINSCIEtHF

o (ESpadBHEHTPCHEIN EGRERENTHTPCILIOIAR
«  BSeRkEER266nMERINECIRIETPCIRE AT
o FEUBEDHE: ore<<100um @50mmERIEE, #ECEPC Higgsiz{THET!,
« dE/dx¥E: <3.6% @1.2 M{ZTM<E (CEPC Ref-TDR)

Publications by CEPC TPC group in 2018-2025:

https://doi.org/10.1088/1748-0221/20/02/P02025

https://doi.org/10.1088/1748-0221/20/04/P04011

* https://doi.org/10.1016/j.nima.2025.170776

+ https://doi.org/10.1088/1748-0221/18/08/E08002

* https: i.or X 449,

* https://doi.org/10.1016/j.nima.2022.167241

* https://doi.org/10.1109/NSS/MIC44867.2021.9875566

* https://doi.org/10.1109/NSS/MIC44845.2022.10399097

* https://doi.org/10.1088/1748-0221/15/09/C09065

* https://doi.org/10.1088/1748-0221/15/05/P05005

+ https://dx.doi.org/10.1142/50217751X20410146
https://doi.org/10.1088/1674-1137/41/5/056003
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o Jum|

- Without the magnetic field B=0T
UV laser mimicking the tracks
[Neff ~40 (Calibrated using **Fe)

[ == Micromegas Beam Test with 1 « 6mm pad
18F 1

—&= CEPC TPC Prototype Laser Test with 1 < 6mm pad
6F |

— Simulation Results with 500pm = $00pm pad

Gy (AE/AX)[ %

"
-
LI L LA LA LA LN LN LA N

i i A i i i i A
£ 100 150 200 FET 300 350 400 FE E
= [mim]

TITITT

- %%% =

ULLJILLELLR]

% [mm]

] 200 400 60 800 100

* https://doi.org/10.1088/1748-0221/15/02/T702001

1200
Track Length in TPC [mm]

10.1088/1748-0221/12/07/P07005
https://doi.org/10.1016/j.nima.2025.170776
https://doi.org/10.1088/1748-0221/20/04/P04011
https://doi.org/10.7538/yzk.2024 .youxian.0916

https://doi.or




TPC technology detector for
| et+e- collider |

Pixelated readout TPC
* To meet Low-lumi Z physics
* TPX3 and TPX4
* ~1W/cm?
dN/dx+dE/dx

Pad readout TPC
* To meet Higgs physics
* ImmX6mm of Pad
* <100mW/cm? -
« dE/dx -

e

ILD §1FB2026F£HRE + CERN DRD1 &1FH1st, 34, 6"FESIRES
(Huirong Qi and Maxim Titov)



{G=BITPCIRBIHNZEISTHR

BlimFF

G =B TPCRIIR{RINFEASICE B TEP I XHHHI :

180nmEIFE, 1281@1E

TS IELMEINL<1%, BYElRSE<1LSB(<10ns), ENC<300e"

{KIHFE: ~200 mW/cm? @180nm mmmmmp 100 mW/cm? @65nm

Parameter Spec

Number of channels 128
Analog<30mW
Power Consumption
Digital<30mW

5.6mm

ENC

~300 e(high gain)

Dynamic Range

25fC(high gain)

150fC(low gain)

INL

<1%

Time Resolution

<10ns

0
7427

4000

7431

7428 7429 7430

Timing Results

3500 -

Energy Output (LSB)
N w
{3} o
8 8

2000
2

—#-Block1
—F-Block2

Ga|n=3142LSB/fg + Blocks

~#-Blockd ||

3 4 5 6 7 8 9
Input Chaege (fC)
Gain

- Sigma=14.7LSB

" o
7 FEERSHEIING 7 60 3780 3800 3820 3840 3860
Time Output (LSB) sl

Energy Output (LSB)

Energy Results

ElTest
—Fit

3880 3900

—+Block1
—+—Block2

Block3|
600 —~+-Block4|

0 20 40 60 80 100
Channel ID
Noise

FEE ASIC: TEPIXE Filllliz



{GZ=BITPCIRBIN LIS R —I RN B = IR

EHPCBEIT PCB & readout pixels

SShkMicromegasizNizsHE 2 Hl
PilarsEE100Lm, PilarfsEiFF1m
ET{ESHADTERYF

KATFIRE2

HRERNEEEFFE0E, BosfIRmsLls
N

FATFERE

.|
PCB & readout pixels

BulkTZ -
MicroMegas PCB & readout pixels
£ w
e
10 Lo
i
...-
1
Ed.nﬂ_ '''' O 1. "I}_:_

320 M0 360 380 400 420 440 460 430
Vane [V]




SEISHE- (REB TPCIER T

SBHEXFEEE, SRIERREEHT R TEPIXEININ, et HRAIEREIMF
ENTRES, SMERER, THEREHEES LORE
ETTEPIXG A FIDAQEIEISTL, SehkESAUEMRIEFRIIZH A

SSILE R SRR RIS BE IR DT
OHIBESMAEZE/NTL0LSE, FMBE—EHMETT5%

Readout

2 e aes Z5000
= s ’ [
| &) C 1 -II ;::k 19‘9913:3 5’4800 o
70 Constant A2 + 266 ) F . .
£ ’l_l Mear 4163 02 = o —e— High gain, 300ns
F , Sigma 6.187 + 0.14 <4600 N
60 [- g [
c ry - \L 00
50 J \ F
F 4200 oy
. r - os, T8 - *® ofe M
F ¥ f.:c...".t W e My h‘f R
40 4000 3 v gy e®
E j SR R e
s0f 3800 |
E / 3600 |
20 il r
r }t 3400 -
10F 3200
ot =3 3000 £
4130 4140 4150 4160 4170 4180 4190 4200 0 20 40 60 80 100 120 140

Q [LSB] Channel

SRR SE mHEEREESh () DURSBE—EEUNERA)
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SThKCEPC TPCE{NIRITHZE, RRREES, kg, 2, SANFRNEEESS R AR;
TRk 7 B RN HHIREREB A AIRNES ARSI, e E TN —250

RMBICEPCHIIERIBA, IR, MDIEIRA, #UmR T ML ekEI A =28 R AN SRR

RgILCTPCEPRE{EZEFICERN DRDISARNEE S1EAIIT IS FISRMA
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