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e Some inputs from IAS FP2025 meeting
 Motivation and physics requirements

e Status of TPC in CEPC TDR

e Simulation and prototype preparation

 Work plan and Summary
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https://indico.global/event/12247

First Question: What does TPC technology need to face?

* Some inputs from IAS FP2025 meeting
 Update CEPC and FCCee
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High Energy Collider and Factories
A Brief Historical Recall: High Energy Colliders and Factories

SppC, FCC-hh
Year Muon collider
FCC-ee

(H,t, ZW...Dark matter)

CEPC/ILC/CLIC: new e*e™ ¢

(B physics...)

The era of Higgs
boson started
from 2012

SuperKEKB:+/s ~ 10 GeV,

el
L~ 35

LHC:\/s ~ 14TeV, £

Future Large Colliders:

new paradigm/theory
new colliders equipped with advanced
detectors

(=
- Higgs,...

N

(T — charm,...)

LHC/CERN: -

BEPCll:\/s ~ 2 — 5 GeV,

In the last 60 years
we have made a
tremendous
progress in particle
physics, and we
have to prepare
for the next
exciting and
discovering years
of human being

(T mass, charmonium,...)

VEPP-4:\/s ~ 1.5 — 2.0GeV,

(B-quark, CP violation, CKM...)

(Z, W bosons,...)

BEPC:ys ~ 2 — 5 GeV, £ ~ 103!

CESR:\/s ~ 10 GeV

To
Top quark 1995

CEPC-SppC was proposed
by Chinese scientists in Sept.
2012 after Higgs Boson was
discovered on July 4, 2012 at
CERN

J. Gao, “Review of Different Colliders”,
International Journal of Modern Physics A,

(2021) 2142002 (25 pages).

b S—

In 60’s, Ada, VEP-I,
VEPP-II, ACO...

(J/Y,c-quark, t...)

Fermilab: 400GeV p on Cu, Pt

SPEAR&BNL:/s

The Status of CEPC Project-J). Gao

Huirong Oi

(ete collid

rogra

ers

on Fundamental Physi
Hong Kong

(proton-accelerators)

Higgs boson 2012

W,Z bosons 1983

Bottom quark 1977

Jie Gao’s presentation
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CEPC Higgs Factory and SppC Layout in TDR/EDR

CEPC as a Higgs Factory: H, W, Z, upgradable to ttbar, followed by a SppC (a Hadron collider) ~125TeV
30MW SR power per beam (upgradable to 50MW), high energy gamma ray 100Kev~100MeV

Ip
H/tt-ba

r

SPPC injectoar ochain

Drsavipriieg rivig

CEPC collider ring (100km) CEPC booster ring (100km)
CEPC TDR S+C-band 30GeV linac injector

ESBS: Electron source & bunching system PSPAS: Positron source & pre-accelerating section

FAS: First accelerating section SAS: Second accelerating section | CEPC/SppC in the same tunnel I

EBTL: Electron bypass transport line TAS: Third accelerating section

EBTL DR: Damping ring

-'55'35 ‘ FAS pESPAS _SAS TAS
t 1 t" 1 Ll

50MeV 1.1GeV A4GeV 200MeV 1.1GeV 1.1GeV 30GeV

I 335.5m -

102._4m B0.9m j11.1m 1163.4m
'

1601 .3

1800.0m

HKUST IAS Program on Fundamental Physics, Jan. 14-17, 2025 Hong

The Status of CEPC Project-J. Gao
Kong

Huirong Oi

Jie Gao’s presentation
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Operation mode ZH Z WW- tt
Vs [GeV] ~240 ~91 ~160 | ~360
Run Time [years] 10 2 1 5
L /1P [x10% cmZs™] 5.0 115 16 0.5
30 1
MW [ L dt [ab™, 2 IPs] 13 60 42 0.65

Event yields [2 IPs] | 2.6x10° | 2.5x10%2 | 1.3x108 | 4x105
[LIP[x10%om?s) | 83 | 192 | 267 | 08

78 e pe— :
mw | fLdt[ab?, 2IPs] | 216 100 69 | 1

~Event yields [2 IPs] | 4.3x105 | 4.1x10"2 | 2.1x108 | 6x10°

* Higgs is the top priority. The CEPC will commence its operation with a focus on Higgs.

**  Detector solenoid field is 2 Tesla during Z operation, 3Tesla for all other energies.
*** Calculated using 3,600 hours per year for data collection.

CEPC physics white papers:

1: Higgs physics, Chinese Physics C Vol. 43, No. 4 (2019) 043002
https://arxiv.org/pdf/1810.09037

2: Flavor physics, https://arxiv.org/pdf/2412.19743 (2024)

3: New physics, to be published

4: QCD, to be published

Huirong Oi

CEPC Operation Plan and Goals in TDR/EDR
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CEPC Accelerator System Parameters in TDR/EDR

Linac Booster Collider
Higgs z W tt
Parameter Symbol Unit Baseline f:t - H - W. Z 28
.0. axLs .O.ffa).‘ls .0.n s .O.ffa).ns Off axis injection [Number of IPs 2
injection | injection linjection] injection
Energy E,/E,, GeV 30 C‘i.rcul.nfer. km 100 Circumference (km) 100.0
Tny ef:tmn GeV 30 SR power per beam (MW) 30
Repetition f Hz 100 — 155 Energy (GeV) 120 45.5 80 180
rate Jrep Exu‘acrlon GeV 180 120 80 5.5 g SIS
Buncl chergy Bunch number 268 11934 1297 35
llmj'l _ ) Bunch number 35 268 |261+7] 1297 3978 5967 -
number per lor2 Maxinmm ‘ ﬂ R Emittance £/g, (nm/pm) 0.64/1.3 | 0.27/1.4 0.87/1.7 1.4/4.7
pulse R ] nC 0.99 0.7 20.3 0.73 0.8 0.81 -
bunch charge Beam size at IP o,/c, (um/nm) 14/36 6/35 13/42 39/113
Bunch 0C 15(3) Beam current mA 0.11 0.94 0.98 2.85 9.5 14.4 :
charge ' T SR power MW | o093 0.94 1.66 0.94 0.323 0.49 Bunch length (natural/total) (mm)| 2.3/4.1 2.5/8.7 2.5/4.9 2.2/2.9
Energy Emittance ni 2.83 1.26 0.56 0.19
spread or 1.5X1073 RF frequency | GHz 1.3 Beam-beam parameters é’_\_/';“} 0.015/0.1110.004/0.127]0.012/0.113| 0.071/0.1
RF voltage GV 9.7 2.17 0.87 0.46 RF frequency (MHz) 650
Emittance g, nm 6.5 E“:ﬁlﬂiiﬁ;n h 0.1 0.14 | 016 | 027 1.8 0.8 Luminosity per IP (103 cm s7) 5.0 115 16 0.5
_ _ _ Luminosity per IP (103 cm 2 s 1) 5 115 12 0.59
| Running scenarios: Higgs 10 years, Z 2 years, W 1 year, ttbar 5 years I From J. Gao’s formula below ‘t
Factory of (1 + ) R \;"¢p
e o r 322
s |Lmax [em™2 s71]= 0.158x 103 2oy i G[;’?/L]N!P (Pp[MW]/E[GeV]?)es2z (1+0.000505+d2) (I Gao's formula)
= Z) Million W W puirs y
Transport lines SIOK 0 pais
®) @
5] 7 - ; N
_ CEPC Technical Design Report (TDR) includes:
Booster \@ @/ Collider © 1) CEPC Accelerator TDR released on Dec. 25, 2023
—— .
DR 30~180GeV 180GeV >| dump 2) CEPC Detector TDRrd (rd=reference design)
[.1GeV 10 will be completed by June 2025
e ~

Jie Gao’s presentation
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CEPC Milestones, Timeline and Human Resources https://indico.global/event/12247

Year 2012 2013 2015 2017 2018 2023 2025 2027 2030 2035
Human resources ~50 ~200 ~300 ~500 ~2800 ~2500

Accumulated
Accelerator human | accelerator

Year resource spending
Billion RMB » ccumulated investment Proposal (2025) for CEPC entering 15™ five year plan
2015 50 § Investment peryoar
2018 100 - § '
2023 200 0.2 =
36.4B RMB
2025 Total construction
CEPC EDR site
. . study and civil
CEPC Kkickoff meeting in Sept. 2013 CEPC detector reference design engineering design
will be completed by June 2025
2012.9 2013.9 2015.3 2017.4 2018.11 2023.122024 ~ 2027 ~2035
CEPC proposed Pre-CDR Progress report CDR TDR EDR start of construction  Completion

Jie Gao’s presentation
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CEPC IDRC and IAC Meeting in Oct. 2024

+ The IDRC report is positive. The CEPC International Detector
Committee Meeting in 2024

Our initial evaluation of the information that we have received has not shown any showstoppers, Oct 21.2, IHEP
but R&D remains to be completed, and the industrialization of some of the more novel
technologies has yet to be demonstrated. Furthermore, full-size prototypes are essential to
confirm that the required performance can be achieved. The integration of services with the
mechanical design will also require further work. In addition the interfaces between detectors 2&: P ¢ 5:*
require special attention. A key challenge is the development of multiple Front-End ASICs, a e - f’ GL womp g r& ; Ji” :
process that demands long-term investment and has proven difficult during upgrades of LHC J l:‘ : ¥
experiments for the HL-LHC. , B

The International Detector Review Committee (IDRC) held its inaugural
meeting at IHEP, Oct 21-23, 2024, to review the status and plan of Ref-TDR.

https:.//indico.ihep.ac.cn/event/23265/ access key: cepcidrc

CEPC IAC meeting in 2024 was held from Oct. 29-30, 2024, IHEP
IAC listened also the reports from IARC and IDRC on CEPC EDR
progresses

https://indico.ihep.ac.cn/event/23450/timetable/

Final IAC report will come soon
Jie Gao’s presentation
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CEPC in Synergy with other Accelerator Projects in China

Project name Machine type Location Cost (B RMB) Completion time
CEPC Higgs factory Led by IHEP, China 36.4 (where Around 2035 (starting time
Upto ttar energy accelerator 19) around 2027)
BEPCII-U et+e-collider 2.8GeV/beam IHEP (Beyjing) 0.15 2025
HEPS 4 generation light source of 6GeV IHEP (Huanrou) 5 2025
SAPS 4th generation light source of 3.5GeV IHEP (Dongguan) 3 2031 (in R&D, to be
approved)
HALF 4th generation light source of 2.2GeV USTC (Hefe1) 2.8 2028
SHINE Hard XFEL of 8GeV Shanghai-Tech Univ., SARI and 10 2027
SIOM of CAS (Shanghai)
S3XFEL S3XFEL of 2.5GeV Shenzhen TASF 114 2031
DALS FEL of 1GeV Dalian DICP - (in R&D, to be approved, )
HIAF High Intensity heavy ion Accelerator Facility | IMP, Huizhou 2.8 2025
CIADS Nuclear waste transmutation IMP, Huizhou 4 2027
CSNS-II Spallation Neutron source proton injector of | IHEP, Dongguan 2.9 2029
300MeV

| The total cost of the accelerator projects under construction:39B RMB more than CEPC cost of 36.4B RMB |

Jie Gao’s presentation
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CEPC Planning, Schedule and Teams

TDR (2023), EDR(2027), start of construction (~2027)

CEPC Project Timeline 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

Technical Design Repert (TOR)

152 FY 160 FY

Engineering Design Report (EDR)
R&D of a series of key technologies

Prepare for mass production of devices though CIFC

Accelerator

Civil engineerng, campus construction

Construction and installation of accelerator
We will submit in 2025 the CEPC

I | p;onosal (in Chinese) to China’s

“15t five year plan” process

Mew detectar system design &
Technical Design Report (TDR)

-—

o

[ Detector construction, inatallation &

% joint commissioning with accelerator

(=]

Experiments operation

E S Further strengthen international cooperation in the
o ﬁ filed of Physics, detector and collider design
=
g8
£ ° Sign formal agreements, establish at least two
- o international expenmeant coliaborations, finalize
=& details of international contributions in accelerator

-CEPC team (domestic)

CEPC accelerator and
detector/experiments/theory

group is an highly experienced
team with strong international
collaboration experiences. It has
demonstrated its expertise and
achievements in the following
relevant projects, both domestic
and international ones, such as:
BEPC-BEPCII (BES-BESIII), BFELP,
CSNS, ADS, HEPS, LEP, LHC,
LHCb, ILC, EXFEL, HL-LHC, BELLE,
BELLE-II, CLEO, Daya Bay, JUNO,
LHAASO, etc.

-CEPC international partners and
collaborators

Jie Gao’s presentation
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FCC integrated program -timeline

Note: FCC Conceptual Design Study
started in 2014 leading to CDR

H: E s B8 ' BN KB+ R o Fcces. || 10years J  Fecon
~ 15 years operation ~ 25 years operation
Fonsiyouy | 67 ]

FCC-ee dismantling, CE in 2018
Geological investigations, infrastructure Tunnel, site and technical & infrastructure
detailed design and tendering preparation infrastructure construction adaptations FCC-hh,

FCC-ee accelerator and detector R&D and technical FCC-ee accelerator and delpc!or ‘

design construction, installation, commissioning

Long model magnets High-field magnet
Superconducting magnets R&D g anes, industrialization and
prototypes, pre-series : .
series produciion

FCC-hh accelerator
and detector R&D FCC-hh accelerator and detector

and technical design construction, installation, commissioning

Ambitious schedule taking into account:

~ ~2046 O past experience in building colliders at CERN
O approval timeline: ESPP, Council decision
Q that HL-LHC will run until 2041
®

O project preparatory phase with adequate

® ° ° Py resources immediately after Feasibility Study
HL-LHC

Feasibility Study Project approval by Construction starls ends Operation of FCC-eg Operation of FCC-hh

(geology, R&D on accelerator, CERN Council (15 years physics exploitation) (- 20 years of physics exploitation)
detector and computing

technologies, administrative
procedures with the Host States,
environmental impact, financial

(or alternative project selected)

fasibiy otc) Angeles Faus Golfe ’s presentation
Huirong Oi




Reference layout and implementation:PA31 -90.7 km

L . V. Mertens, "
Layout chosen out of ~ 100 initial variants, based on geology and

1. Gutleber !
surface constraints (land availability, access to roads, etc.), i _ \ 3
environment, (protected zones), infrastructure (water, electricity, p oo el e Lt
transport), machine performance etc. TN : iy - B teCh”'Cal
B o T et xs\ JoR
“Avoid-reduce-compensate” principle of EU and French regulations { ol K ;gen;&;‘ m
" ngg.a PL technlcal = ‘:' I-E ' ’/ Iaq;;ﬂ:sa‘lm o :pe Ché E?u enes-.y::gﬁﬁemasse x
= = = - P Ausai L \ “Thénex_ :
Overall lowest-risk baseline: 90.7 km ring, 8 surface points, ik - oy Mot f sskd AN o M;w?
4_f0|d Sym metry iﬁ f m;u"y Loy - ~Benex 4| Grarlﬂ\tfjk" i };JF_ i\i\mﬁz.r.ium_hcux 4
Number of surface sites 8 i,
Injection o S Surface requirements ~40 ha : .
into booster R (Experiment site) Azimuth = -10.2 Msémg i : q PD experlment
—— “““‘w LSS@IP (PA, PD, PG, PJ) 1400 m \ %
= Injection into collider \
Tecmiai ke  dhviodiiia ; A LSS@TECH (PB, PF, PH,PL) 2032 m gt
Booster RF R\ Besm cump P  Arclength 9.6 km i
il * Parsdussy ) o
N3 s e . \.\_ .‘;.'/'“.
i PJ: eXpe”m_ent Sum of arc lengths 76.9m Bk
i i Total length 90.7 km ; '\\ i
L SSSEMOm N 1 R A o T e - B [
(optional {Qptional i \ L . i 5 e |
Experiment Experiment : e s f R h e =
site) site) 4 experlments
Tecmca! N Lss = 2160m LSS = 2160 m Jof Technicelsle ' PH: technical =~ 2
Collider RF e Betatron & \ e PR Y T R
momentum ‘ . ' -' ‘AHT&Z"'(;IZ m*'ml‘s‘f o
PG Esporiment st cfimation  Apgeles Faus Golfe ’s presentation
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Possible timeline till start of construction

2024 ‘ 2025 ‘ 2026 ‘ 2027 2028 ‘ 2029 ‘ 2030 ‘ 2031 2032 ‘ 2033
feamlollyy Pre-TDR Phase TDR Phase Construction »—=2>->
Study L
[ FS Report ESPPU pre TDR " TDR &)
cost update 2025/26 cost update § _ cost update
Project
Decision
1 .
[ accelerator design, technical infrastructure design, R&D, towards TDR [engineer]ng design 9}
L [ [T T T I it Tt T i1 i I 10111 1]
Environmental Impact study & Authorization Process
| [ [ [ W[ [ [ [ T T T ] ”
Phase 1 Site . : .
InvesTigo’rionsj Phase 2 Site Investigations E
I [ | | [ 1 1 1 1 [ | Start
CE Concept Design update CE Tender Design Construction Design ] consfrct'lrcfion
Detector EOI FC3 formation, Detector CDRs |
submissions | call for CDRs | submitted fo FC3)

Angeles Faus Golfe ’s presentation
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Status of ILC

7) Comments on the Japanese community approach

The first stage of the process, 1.e. Starting first general discussion on a global project at a
government level would be very useful, or even mandatory, for the other future very large
projects in general. Since the initial decision will be made globally, it can access the
global resources and responsibilities are shared 1n a fair way.

In the current situation in Europe, where the coming update of the European Strategy for
Particle physics, 2025 to early 2026, will highly focus on the next CERN flagship project,
it 1s not likely for Europe to take a lead in initiating a consensus building of a global Higgs
factory project. China is also busy with the CEPC.

Could Japan take an initiative to invite other countries to exchange their view on the
global project to start? What can we do to help this to happen?

Tatsuya Nakada ’s presentation
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Second Question: What does TPC technology need to solve?

 Motivation and physics requirements
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Motivation and physics requirements

« ATPC is the main track detector for some candidate experiments at future e+e- colliders.
« Baseline detector concept of ILD at ILC and CEPC
« TPC technology can be of interest for other future colliders (EIC, FCC-ee)
* Pixelated readout TPC can improve PID requirements of Flavor Physics at e+e- collider.

Injection
into booster PAExperiment s i Azimuth =-10.2"

————————

Injection into collider

Technical sil Beam dump
Lss =2160m Ryen e
=

booster

|/
N — - — = = = = = = y PO

§55=1400m | (gptional
Experiment
site)

Technical sité Yy o “Technical sie Betatron &
m PF momentum

800 MHz RF collimation

PG [Experiment site)

Circular Electron Positron Collider (CEPC) ' e ’ Future Circular Collider (FCCee)

https://arxiv.org/abs/1811.10545 https://arxiv.org/abs/2203.08310
Huirong Oi 17



https://arxiv.org/abs/1811.10545
https://arxiv.org/abs/1811.10545
https://arxiv.org/abs/2203.08310

Motivation and physics requirements

* Circular e+e- collider operation stages in TDR: 10-years Higgs @3T — 2-years Z pole — 1-year W

* Physics Requirements of the tracker
»  High momentum resolution for Higgs and Z Calibration: Low luminosity Z at 3T

_ _ Approximately 10%cm-2s?1
« PID for the flavor physics and jet substructure 1%-20% of high luminosity Z

High momentum muons from the Z recoiling against Higgs: 20~90GeV

\ | Hadrons: most of them <20GeV | U 4

10
|

106 PC Preliminary 106 - CEPC Preliminary P
momenta of charges momenta of charges t?o
10° 105} -
= _» Silicon Tracker
- - n....
S
103 - 103 o ete- 9 7 9 aq E_'_ ........................................................................................................................................
- L 91GeV =

10 e+e- = ZH (mmH) 10 I SRR S o SRS o
» 240 GeV ﬁ N - L Silleon Tracker TRPG e
_1 M I | _1 L | N B L 1 | ""J" -.-l.""l“.“l“"l""‘““"""" """.-J".""".““"J“". L 1 1 1 1 1
107, 50 100 197 50 100 10 100
P(GeV/c) P(GeV/c) P.[GeV/c]
t

https://doi.org/10.1140/epjc/s10052-018-5876-z
18



https://doi.org/10.1140/epjc/s10052-018-5876-z
https://doi.org/10.1140/epjc/s10052-018-5876-z
https://doi.org/10.1140/epjc/s10052-018-5876-z
https://doi.org/10.1140/epjc/s10052-018-5876-z
https://doi.org/10.1140/epjc/s10052-018-5876-z
https://doi.org/10.1140/epjc/s10052-018-5876-z
https://doi.org/10.1140/epjc/s10052-018-5876-z
https://doi.org/10.1140/epjc/s10052-018-5876-z

Readiness and status of TPC in LCTPC

e Large Prototype setup has been built to compare different detector readouts under identical conditions
and to address integration issues.
JINST 5:P10011, 2010

e PCMAG: B < 1.2T, bore J: 85cm JINST 16: P10023, 2021

e Two end plates for the LP made from Al with 7 module window

 LP Field Cage Parameter
e Length=61cm, inner @ = 72cm drift field up to E # 350V/cm

e Made of composite materials: 1.24 % X,

https://doi.org/10.48550/arXiv.2006.08562

q O 19



Readiness and status of TPC in LCTPC

e GridPix detector have moved from Timepix to Timepix3 ASICs. Tests with
quad devices have been successfully done under B=1.0T at DESY in 2021

and 2022.

* Very high detection efficiency results in excellent tracking and dE/dx

performance. Timepix4 development is ongoing.

o All results showed that a pixel TPC is realistic.(~10° events )

(Octopuce) NN

TimePix1 TPX3 chip Quad Module
NIM A535 (2004) 506-510

2007 2017 2018 2019
https://arxiv.org/abs/1902.01987 NIM A845 (2017) 233-235

20



Readiness and status of TPC in LCTPC

CEPC TPC detector prototyping roadmap:

From TPC module to TPC prototype R&D for Higgs and Tera-Z

Achievement so far:

IBF X Gain ~1 @ G=2000 validation with a hybrid TPC module
Spatial resolution of 6_ <

ro=100 pm and dE/dx resolution of 3.6%
FEE chip: reach ~3.0mW/ch with ADC and the pixelated readout R&D

150
100

[wwilA
o

-100
-150

21



e Status of TPC in CEPC TDR
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CEPC Detector Progresses

(Baseline Design)

The 4t Concept

SC Magnet Yoke + ' Ref_—TDR is_ basgfi on
(3T/2T) Muon (PS+SiPM) this configuration

Full Silicon 2

Tracker PFA HCAL

(Scintillation Glass)
LumiCal

Crystal PFA ECAL
(Transverse bar)

IDEA concept

(also for FCC-ee) OTK

(AC-LGAD)

Vertex
(MAPS SiPixel + Stitching)

TPC
(Pixelated readout)

ITK
(MAPS SiPixel)

Huirong Oi 23



CEPC TDR-ref Detector Specifications

Sub-system Key technology Key Specifications
Vertex 6-layer CMOS SPD Gy ~ 3 um, X/X, < 0.15% per layer
: CMOS SPD ITK, AC-LGAD SSD OTK, 1 _s 1x107° _1
Tracking TPC + Vertex detector ? (E) ~2x 107 @ g ez g (G8V )
Particle ID dN/dx measurements by TPC Relative uncertainty ~ 3%
Time of flight by AC-LGAD SSD o(t) ~ 30 ps
| ~ 20 /

EM calorimeter High granularity crystal bar PFA calorimeter . re_solutlon 3_/0 /VE(GeV)
Effective granularity ~ 1x1x2 cm3
Support PFA jet reconstruction

Hadron calorimeter | Scintillation glass PFA hadron calorimeter Singlg hadron g%~ 40% /., E(GeV)
Jet 0)°“~30%//E(GeV)

 Huirona Oi o el



Status of TPC in CEPC ref-TDR

* From January 2024, the CEPC community initiated the technical comparison and selection, balancing
factors including R&D efforts, detector performance, cost, power consumption and construction risks.

Baseline For comparison Barrel Yoke Base E—
Beam pipe Magnet Barrel Yoke ; i ==
LumiCal Barrel HCAL Barrel Yoke | L i
Vertex CMOS Pixel Barrel ECAL Barrel HCAL P —
‘3 TPC+ Barrel OTK Barrel ECAL
Tracker PID Drift Chamber E ITK TPC
SSD / SPD OTrk Beampipe+VTX+LumiCal ITK
LGAD ToF Endcap Yoke Base
ECAL PS+SiPM+W, GS+SiPM, etc Endcap HCAL Barrel HCAL
HCAL PS+SiPM+Fe, etc ¥ Endcap ECAL+OTK Barrel HCAL
Magnet HTS a The CEPC study group started to compare different technologies in
Muon RPC January, 2024
TDAQ - Software Trigger a By the end of June, 2024 the baseline technologies were chosen.
a Multiple factors were considered in the process: performance, cost,
BE electr. Independent R&D efforts, technology maturity, ...

Huirong Oi 25



Timeline of CEPC TRD-ref Detector

Date Actions and/or Expectations

Jan 1, 2024 Start the ref-TDR process by comparing different technologies
Jul 1, 2024 Baseline technologies are chosen; start to write TDR and address key issues
Aug 7, 2024 Report to the IDRC chair Prof Daniela Bortoletto

Oct 21-23, 2024 | Review of the Ref-TDR plan by the IDRC

Oct 23-27, 2024 | Report at the CEPC workshop

Oct 29-30, 2024 | Report progresses to the CEPC IAC

~January 2025 The first draft of the ref-TDR is ready for internal reviews

~April 2025 Finish international reviews

Jun 30, 2025 The ref-TDR is ready to release

 Huirona Oi o Y



Some contributions from LCTPC in 2024

Discussion of a bi-weekly meeting has been raised to toward TDR preparation in LCTPC.

Paul and Maxim joined the IDRC meeting as the TPC experts.

* Pixelated readout TPC successfully has been selected as a benchmark detector in TRD stage.
In ILD monthly meeting, Jochen gave a talk to indicate the status of TPC in TDR.

The CEPC International Detector (MR
Committee Meeting in 2024 L | e

Oct 21-23, IHEP

Huirong Oi 27



Baseline design of TPC technology in CEPC ref-TDR

« Tracking system: Silicon combined with gaseous chamber for the tracking and PID
Pixelated readout TPC as the baseline gaseous detector in the CEPC ref-TDR
« Radius of TPC from 0.6m to 1.8m

- - -

TPC

.
B
.

..
........
aes®
_______

......

_____

Huirong Oi

Geometry of the tracking detector system of the CEPC TDR
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Parameters of TPC technology in CEPC ref-TDR

TPC detector Key Parameters

Modules per endcap 248 modules /endcap T R1855
Module size 206mm X 224mm X 161mm L1
Geometry of layout Inner: 1.2m Outer: 3.6m Length: 5.9m }:13717%
Potential at cathode -62,000 V }:1641 510
Gas mixture T2K: Ar/CF4/iC4H10=95/3/2 R 1280
Maximum drift time 34ps @ 2.75m R1128
Detector modules Pixelated Micromegas ;{89062
OTK &= LT =Tk 1
= R625

Tota\I mass
1500Kg

3.6m

Detailed design of TPC detector in ref-TDR

—
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* Pixelated readout TPC R&D for Higgs and Z
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Pixelated readout TPC for Higgs and Z

. EB
« Space charge in TPC chamber 100 fonizations/em in Ar gas
HV Plane “ Endcap
* Physics events: H—ss/cc/sb, Z—qq...(High P;) T2K gas |
» Higgs/Z background sources .
 |. Pair production (Luminosity related)
* 1l. Single Beam (BGB, BGH, Touschek Scatter...) _?*

« |Il. Synchrotron Radiation
* V. Injection background - .l v~

e Simulation framework zigm drift length

MDI Optimization ~0.04ms (for electron)

\ ] ~0.58s (for ion)

_ | Hits distribution in TPC | a5 Hits Density &
volume EEE— Occupancy
.Bnun-Th-'nll photan L)
:> CEPC Det. | _ . | Seatiurieg T
Solving LANGEVIN equation i —

A e Energy Loss > 1.6% 135 1 el el
f h ‘“-.x;,f' robinlelde i S LA w 101
Space ¢ i i o =
b t::::"b‘ﬂf,ic Field Distortions Space Point distortions Pair Prod un“:"f':' _=—
p(r.0.2) (AERAEQ,AEZ) under the different BK :r Ioc }4 K W’ o
"\. }7s 3 AR © Beam-Gas Brem
. o = LS b Scattering
Solving Fequation e e S
Simulation flow of CEPC Beam Backgrounds
s Photon BG Beam Loss BG
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Gamma (<10MeV) events at low luminosity Z @3T

Initial kE of v, just cross TPE hKE2

RS [Toe -
2200 = fr— -
20000 s s
1 S0
wet | 0.511MeV y
140 p-
120000 |-
1 e
S0 -
b -
Jib -
m[:m:
!iln ] 1 3 4 5 ﬁ 7 ]
kE [MeV]
The first step kE in TPC | hKE1
250 - :
m.
150 F
(1L1] o
H-
uli“ ; 2 _.; _._4_‘ ;_ ] 7 8
kE [MeV]

Huirong Oi

t]0511Mevy

0 I 4 & ® 0 1 M 16 I8 I

Initial kE of y (interact with gi}h]{Eﬂ

6 T 8
KE [MeV]

Initial kE of v, startin TPQ hKE}

.

kE [MeV]

vy energy distribution (10BX Wholel.Z241204 log)

1.2e+7 tracks (y.e-.e+...) in total

8.4e+6 y tracks (~70.0%)

9.9e+4 y will cross TPC and I454 y will interact with T2K gas
through “compt, phot, conv” process, 96096 y just cross TPC
without energy deposit

~1.3% vy energy > 10 MeV

Large number of 0.511 MeV y (through e+ annihilation)
Average energy deposit: 27.12 MeV/BX by sum all secondary
e- dE, small less than the result from .root file (32.3 MeV/BX)
So, low energy 7 is the main contributions of beam

background for TPC, similar to Higgs mode.
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TPC distortion caused by primary ions

» Radial distortion (A,) is much smaller than azimuthal distortion, almost imperceptible
when along the track for most P track | IBF X Gain=1, same primary ion level
*Azimuthal distortion (A,,) has much serous impact both on high/low P+ tracks
¢ The maximum A, is 10um@Higgs (acceptable)
¢ The maximum A, can be reduced to <100um@Z-pole (optimization of MDI)
* Including Pair + Single Beam

+ Azimuthal distortion
+— Radial distortion

L or E
ro = J.O > 7 x—'dZ
l+o°c° E,
L1 E
.
ALl Unit: m Unit: m A :J‘ X—dZ
E I CEPC Higgs, p_ ~0.04nC/m’ 3 | CEPCLowLumi.Z, p_,~0.62C/m’ 3
- LW SR B AP v SRR =
o . . : . =
4 ________—-—“__'_-_—-_ r=1.400 d% r=1.775 1)
0 r=1.200 501- i i el =
—_ r=1.000 S S S s v — T g
— r=0.900 0 _{‘c—/ s 5 r=1.000 =
-5 T r=0.800 e e e e a— T g
e e 7Y AN S et S SR I N g
” — Mr=0.700 ; 5 ""“MR“:"‘_“‘*—--_h — Be=0350 0
BT ...... "‘*‘--..__1_%—_ ..... o0 ,:-i
-15 T2K gas 150 TKgas | ] | N B %
20 E-230V/em B-3T wol  EABWemBsT 4 el DU —
w1~10. - e
. o1 [ By 50%p,
= i, T USNSE——— ———— A N S i |
e L
P (S N N A R S A N e —— :
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500 TR E R TECETETETE
Drift Length [mm] Drift Length [mm] 07 072 074 076 078 08 082 084 086 088 09

Radius [cm]

Numerical calculation results of TPC distortion
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. . . Guang Zhao’s talk in 3" DRD1 meetin
Full Slmulatlon Of PlXElatEd ]_“ead()ut TPC ht;ps://indico.cem.ch/event/144g2324/contributions/6262871/attachments/2984481/5255933/DRD1 cm3 Tpg SIM_Guang.pdf
Simulation: Digitization (Refer to the TPC module and prototype):
e With the full TPC geometry * Electronic noise: 100 e-
e lonization simulated with Garfield++  Amplification:
e Drift and diffusion from parameterized model * Number of electrons: 2000
based on Garfield++ e Profile of signal size : 100um
A B C D lonization Electrons (Truth) lonization Electrons (After Drifting)
A 7 B
“©/e- drift & diffusion o i
©/e-
“©/e- P
a1 ification 1000
/e v
‘_e e_’ ) a E x[_cT:nl ) 6 . e 2 x(_cTnDﬁ} )
<_e e_' lonization Electrons (After Amplification) os Pixel Readout
ionization C D
readout pads _una R ia
§ E n

Garfield++-Based Simulation / Digitization Framework

=N - ==== r— - =-=-= DR

100.0 100.0 4 .

.. Signal n
j[onization III*I Transport ||»I Amplification | |.| & |

1 Generation | e o] |

- e = = e e e o e o omm omm omm omm ¢ mm omm mm omm = e — 1. 12 —2.0

chml % (cm)

Simulation of TPC detector under 3T/2T and T2K mixture gas

 Huirona Oi o e


https://indico.cern.ch/event/1442324/contributions/6262871/attachments/2984481/5255933/DRD1_CM3_TPC_SIM_Guang.pdf
https://indico.cern.ch/event/1442324/contributions/6262871/attachments/2984481/5255933/DRD1_CM3_TPC_SIM_Guang.pdf

Full Simulation of Pixelated readout TPC — Readout size

« Simulation of the readouts in pixel sizes
« Actually, TPX3/4 option existing and the power consumption will be optimized.
« Optimization started in this ref-TDR at IHEP to meet Higgs/Z at 3T.

B Concerning pixel sizes for a TPC
m A pixel size of 55 (110) microns is optimal; one can profit from cluster Peter’s comment
counting and high precision tracking .
m Larger pixel/pad sizes have larger occupancies and one should question In CEPCWS at Hangzhou.
whether they can handle the very high beam-beam rate
Pixel size = 110 um Pixel size = 300 um Pixel size = 500 um
lonization Electrons [After Drifting) N Pixel Readout ' - Pixel Readout g o Pixel Readout .
_ | . m w
Emm E" " m’g z ] Img | ‘m!
: Pl Lo |
1 s -~ I » . -
- n - | -
“ 7 72 EN 63 6 =4 - = .
x {em) “Optimizagjion of readout size

Balancing of performance, cost
power consumption, etc.




Full Simulation of Pixelated readout TPC - Reconstruction

Reconstruction: Preliminary PID performance:

* Reconstruction by counting the number of fired pixels  1t/k separation power simulation with different

over threshold momentum
. . . . . 1eps . | Ha—UB |
e Reconstruction with good linearity and reliability Separation power: 5 TFop
2
v r 6
E 40+ i :| ! —e— 500 um X 500 Lm pixel by dN/dx, 6 = 60°
I
o [ | i —e— 500 um % 500 Lim pixel by dN/dx, 6 = 85°
® 4014 oyff «2.611 = 3.79(cos6)* +1.32* (cos6)*(e) | 3 —e— 1mm X 6mm pad by dE/dx, 8 = 60°
- 38 - | 1 _
s 7l 351 4 --{ B
S —_ 1 1 -
7 [ SRR Pl s
2 i =30 ! I z
§ 36 : :g |‘|t = o = - t;l g‘
~! 22514 S AT Bpc {8,
[ é I‘ r',* = ! E
M- w 2.0 “ 5 "2 JJ g.
L E |\ ! \ '; g
I Sis{ A N £
r % Nad =
RN R
- 1.0 -
= l_
30 L 0.5 h
[ 1 1 1 L " 1 L 1 " 1 L " 1 1 i n n 1 i L L 1 1 ‘].0 ; ; ; ‘ ; ; ; : : ; ; 0 ; ; : ; ; ; ; ; ; ;
26 28 30 32 34 36 -1 09 07 05 03 01 0.1 0.3 0.5 0.7 0.9 0 2 4 6 8 10 12 14 16 18 20
cos 6 Momentum [GeV/¢]

Truth dN/dx
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Full Simulation of Pixelated readout TPC — PID performance

Performance of the pixelated readout TPC
« Simulation of n/K, w/p, and K/p separation power with varying momentum and cos6

OTK {+TOF)
750 Nt TryIre -‘.\.ﬁ
__.;\{{\‘e@

.500 A

.250 T PC 6&6{3\3

000 Pixelated readetit TPC e
. k-d.;éka'\

750 W e

Huirong Oi

Separation Power (pi/K)

T

[T 1 3 4 5 67890 m
Momentum [GeV]
Separation Power (pl/K, &07)

T A RIe ]
Mllomrntum [CGe¥]

Separation Power (pi'p)

1.' \

m
Momentum [GeV]
Separation Power (plip, 607)

4
k]
H

1

Beparglion peser
- - - -

I". ] /—“.\\

" T A AIe F
Nbomarnd um [Liey]

- - -

Separation power

)

Separation Power (K/p)

% 3 i 4 5 67 HESI m
Momentum [GeV]

. Separation Power (K/'p, 607)

.E— |III

i '.I

\

E— "l"l _'__._._—i—\_.

3 ‘\\/f"

B )
Slementum [GeV]
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Full Simulation of Pixelated readout TPC — Spatial resolution

Estimation of the spatial resolution using pixelated readout.
« The granularity readout and the transverse diffusion are also taken into consideration..
» TPC can operates effectively at 3T B-field.

* Pixelated readout TPC can achieves superior spatial resolution at 3T compared to 2T.
Hit resolution (r¢) |

wem Pad readout (1x 6 mm?), 2T

8007 4w Pad readout (1x 6 mm2), 3T

m— Pixel readout (0.5 % 0.5 mm<, single electron), 2T :
= Pixel readout (0.5 x 0.5 mm?, single electron), 3T

700 A
mmm= Pixel readout (0.5 x 0.5 mm?, after clustering), 2T

Pixel readout (0.5 x 0.5 mm?, after clustering), 3T 2 )
] I pad _ pad\9 2 Gin2(4 re

“
P
.t
..
at®
.
.®

Pixel readout:
0.5mm X0.5mm@3T |
Single electron

Org[UmM]

400 1

Pixel readout:

Pad readout:

ImmX6mm@3T
200 1 L- | - -
— pixel __ pixel\ o 2
-------------- I {TT¢ - (J,rqbﬂ ) + LDT¢

100 A

Pixel readout:
0.5mm X0.5mm@3T
ol Cluster

(I) 5:0 l(I)O 15;0 2{|)0 250 360
Drift distance [cm]
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Full Simulation of Pixelated readout TPC — TEPix with 500pm X 500pm

* Pixelated Readout Electronics: TEPix development

* Multi-ROIC chips + Interposer PCB as RDL
* Four-side bootable

« TEPix: Low power Energy/Timing measurement

* Low power consumption: 0.5mW/ch@2nd Chip | Sigma=0.57LS . o] Sigma=14.7158
« Timing: 1 LSB(<10ns) e |
- Noise: 300e- (high gain)

/ AN
0
Para mEter spec 7427 7428 7429 7430 743

) 3780 3800 3820 3840 3860 3880 3900
Time QOutput (LSBY

Energy Output (LSB)
Number of channels 128 Timing Results Energy Results
4000
Analog<30mW ; i [ Bode
Power Consumption . Gain=314.2LSB/fC | 5o 600 f - T B
Digital<30mW 0T \ 1 "
£
§ ENC ~300 e(high gain) 3000
[¥p]

Energy Output (LSB)

[ne]
h
=}
=]

25fC(high gain)
Dynamic Range

150fC(low gain)

2000
2

3 4 5 6 7 8 9 0 20 40 60 80 100 120 140
INL <1% Input Chaege (fC) Channel 1D 18
. . Gain Noise
Time Resolution <10ns

FEE ASIC: TEPIX—Test Results in May
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Validation and commissioning of TPC prototype

 R&D on Pixelated TPC readout for CEPC TDR.
e ASIC chip developed and 2"? prototype wafer has been done

__ Power Supply(opt)
+HV ' '
a.nd tested- o ) ) ] J d | +C00“ng —r— O CU BES-C
e« The TOAand TOT can be selected as the initiation function in the - TEPIX_FE FE-Link Summarize
ASIC chip | resce I ——— e
[ _F—EE:-LI—D-k— /| - Catljcnulra?ce

« Beam test of the pixelated readout TPC prototype in
preparation. (May , 2025 at DESY)

Photos TPC modules assembled for the beam test
Huirong Oi 40




Work plan in CEPC stage

« Short term work plan (before June, 2025)
- Optimization of TPC detector for CEPC ref-TDR
- Prototyping R&D and validation with the test beam
- mechanics, manufacturing, beam test, full drift length prototype
- Performance of the simulation and Machine Learning algorithm
- Long term work plan (next 3-5 years)
- Development of TPC prototype with low power consumption FEE
- Collaboration with LCTPC collaboration on beam test
- Development of the full drift length prototype
- Drift velocity. Attachment coefficient, T/L Diffusion, etc.

Milestones achieved Before June, 2025 Beyond TDR
lon backflow suppression IBF X Gain<1 (Gain=2000) Graphene technology
Pixelated readout Validation with beam test Prototype with Multi-modules
prototype
Power consumption ASIC ~100mW/cm? (60nm ASIC) Optimization 330um - 500um
PID resolution 3% (dN/dx) <3% (dN/dx)
Material budget (barrel) Carbon Fiber Full size prototype
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Third Question: What’s the critical issues and how to R&D?

We would like to discuss the critical issues we are facing and outline
potential R&D strategies to address them in this LCTPC CM.

e Low luminosity Z pole (ALICE TPC)
e Pixelated TPC (Peter’s R&D)
e ILD detector concept (FCCee and CEPC)
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* In LCTPC collaboration, TPC detection technology R&D using the pad readout towards
the pixelated readout for Higgs and Z run at the future e+e- collider.

 Pixelated TPC is chosen as the baseline gaseous tracker in CEPC ref-TDR. The
simulation results show that both of PID performance and the momentum resolution are
good. Validation with TPC prototype in preparation before TDR.

« Synergies with CEPC/DRD1/FCCee/EIC/LCTPC allow us to continue R&D and
ongoing with the significant international collaboration. All of contributions will input to
CEPC ref-TDR In next few months.

CEPC2025 workshop to be held in May in Barcelona.
All information will be announced soon.
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