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Circular Electron Positron Collider (CEPC)
0 CEPC is an e*e- Higgs factory producing Higgs / W / Z bosons and top quarks,

aims at discovering new physics beyond the Standard Model
0 Proposed in September 2012 right after the Higgs discovery

Q Upgrade: Super pp Collider (SppC) of v/s ~ 100 TeV in the future.

IP 2 Potential CEPC Sites -

Booster

Positron Ring | | Electron Ring

ete” Higgs (Z) factory
Ring length ~ 100 km

Linac

||||||

http://cepc.ihep.ac.cn
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CEPC Major Milestones

CEPC-SPPC Kickoff (2013.9) First CEPC IAC Meetlng (2015 9)

CEPC

Conceptual Design Report
Conceptual Design Report

Volume | - Accelerator
Volume Il - Physics & Detector

arXiv: 1809.00285 arXiv: 1811.10545

Editorial Team: 43 people / 22 institutions/ 5 countries
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CEPC Mainr Milngt 1 O
CEPC Accelerator TDR =

released in December, 2023

IHEP-CEPC-DR-2023-01

o

CEPC Accelerator TDR Review

June 12-16, 2023, Hong Kong IHEP-AC-2023-01

P

CEPC -

Technical Design Report Distribution of CEPC Project TDR
cost of 36.4B RMB (~4.7B Euro)

Table 12.1.2: CEPC project cost breakdown. (Unit: 100,000.000 yuan)

Accelerator

CEPC Accelerator TDR Cost Review
Sept. 11-15, 2023, Hong Kong

Total 364 100%
arXiv:2312.14363 Aeecersor fod EA
1114 authors ——E=a=
278 institutes z
i AT (159 foreign institutes)  Prject management
Domestic Civil Engineering 38 countries R ——

Cost Review, June 26, 2023, IHEP

u Conventional facilities

= Gamma-ray sources

® Experiments

The CEPC Study Group
December 2023

u Contingency

9th CEPC IAC 2023 Meeting
4/8/24 Oct. 30-31, 2023, IHEP




China
JAHEP
Japan

2020 UPDATE OF THE EUROPEAN STRATEGY
FOR PARTICLE PHYSICS

4/8/24

Global HEP Consensus on Higgs Factories

The scientific importance and strategical value of e*e- Higgs factories is clearly identified.

2013, 2016. China Xiangshan Science Conference
concluded that CEPC is the best approach and a
major historical opportunity for the national
development of accelerator-based high-energy
physics program.

2017: Japan Association of High Energy Physicists
(JAHEP) proposes to construct A 250 GeV center
of mass ILC promptly as a Higgs factory.

2020: European Strategy for Particle Physics,

An electron-positron Higgs factory is the highest
priority next collider. For the longer term, the
European particle physics community has the
ambition to operate a proton-proton collider at the
highest achievable energy.

2022, ICFA “reconfirmed the international
consensus on the importance of a Higgs factory as
the highest priority for realizing the scientific

goals of particle physics”’, and expressed support
for the above-mentioned Higgs factory proposaly @ HUST

&prring Pathways to Innovation and Discovery in Particle Physics
e

8#32}%’;1 Report of the Particle Physics Project Prioritization Panel 2023

Exploring
the

Quantum
Universe

Recommendation 6

Convene a targeted panel with broad membership across particle physics later this
decade that makes decisions on the US accelerator-based program at the time when
major decisions concerning an off-shore Higgs factory are expected, and/or significant
adjustments within the accelerator-based R&D portfolio are likely to be needed. A plan
for the Fermilab accelerator complex consistent with the long-term vision in this report
should also be reviewed.

The panel would consider the following:

1.The level and nature o! US contribution in a specific Higgs factory Including an evaluation
of the associated schedule, budget, and risks once crucial information becomes available.

2.Mid- and large-scale test and demonstrator facilities in the accelerator and collider R&D
portfolios.

3.A plan for the evolution of the Fermilab accelerator complex consistent with the longterm
vision in this report, which may commence construction in the event of a more favorable
budget situation.

P5 report, USA, 2023
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Comparlson of ngg‘s factorles Clrculgcxcceha{gr AL Caper for

Snowmass21, arXiv:2203.09451

10°E
- —-a— FCC
= —eo— CEPC
‘..‘_‘ B -e-= CEPC-Upgrade
i 1L ——ILC
g 2 -« - ILC-Upgrade
5 C —4— CLIC
S—) B -4-- CLIC-Upgrade
=
‘o 10
e £ F
et R 4 = B
3 [
L3
CEPC has strong advantages among mature = i@
e*e~ Higgs factories (design report delivered) /s [GeV]

Versus FCC-ee Versus Linear Colliders
o Earlier data: collisions expected in 2030s (vs. ~ 2040s) o Higher luminosity / precision for Higgs & Z

o Large tunnel cross section (ee & pp coexistence) o Potential upgrade for pp collider
o Lower construction cost




CEPC Physics Program
» Unprecedented precision on Higgs, EW and QCD, rich flavor physics

» Probing new physics up to 10 TeV (direct or indirect)

« We have a very successful Standard Model * “Small cost” to look for hints. If yes, go for direct searches

e But we still have a lot of issues and

guestions:
— Anything fundamentals behind the flavor
symmetry ?
— Mass hierarchy of elementary particles normal ?
— Fine tuning of Higgs mass natural ?
— Why a meta-stable vacuum ?
— What are dark matter particles ?

G '2
L=~Lsy+ Z W()G.i 5~ Cz’%

No signal at LHC:

Direct searches: M~ 1TeV
10% precision: M~ 1 TeV
Look for signals at CEPC/FCC-ee:

— No CP in the SM to explain Matter-antimatter | » Z 1] .

asymmetry """"“% ' Precisions exceed HL-LHC ~ 1 order of
— Dirac or Majorana Neutrino mass ? % 150 &,5@““ [ % magnitude (1% precision) = M ~10 TeV
— Unification of interactions at a high energy ? = " 2 o %

- Bk g1 ubikty . 1. .
* We are at a turning point: g g New Physics likely < 10 TeV ? = e*e” machine

- ? = | & . . . .

a new, much deeper theory : * | = If not, = a 1% machine is valuable even for not-seeing new physics
— Choices of experimental approaches ? _

* e’e’, pp, ep, WL~ or no machine ? W 0w I
Higgs mass M;, in GeV

Pressing science questions, best addressed by a Higgs Factory (~1% precision)

Heavy Flavor @ HUST
4/8/24
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CEPC Physics Program: Precision Measurement

Higgs coupling precision can
be improved by an order of
magnititude

Precision of Higgs coupling measurement (7-parameter Fit)
1

#- T HC300/3000fb! 1
2 CEPC 240 GeV at 5.6 ab ' wi/woHL-LHC
= | '
210 =
0
]
2
=
E 102
10°
Ky KiK. Kg K K Kz K}'

EW measurement can be
improved by 1-2 orders of

Precision Higgs physics at the CEPC”

Fenfen An(%25 29" Yu Bai('13)" € hu- hui Chen(WfEF¥)”"  Xin Chen(4i)"  Zhenxing Chen(Fidhi 2%’
e oy 160

Direct and indirect proble to
new physics up to 10 TeV, an
order of magntitude higher

magnitudes
Electroweak Fit: S and T Obllque Parameters than the H L-LH C
0.15F Cun'em (68 6) E 1
0.10fF .
0.05}F .
~ 000} i
] =101
] & bounds
-0.05} .
-0.10F .
-0.155
2015 -010 —005 000 005 010 015
s )
95% CL reach from SMEFT fit
10?4 M HL-LHC S2 LEP/SLD included
F I CEPC for all scenarios
[l Z-pole + WW threshold
‘24OGeV(20 ab) + 360GeV(1/ab) + HL-LHC |,
[ Tight shade: individual fit (one operator at a time; I I
H solld shade global fit | I

Chinese Physics C Vol. 43, No. 4 (2019) 043002

s ~ 300 Journal / arXiv papers

-
o

N+ |ci| [Tev]
=]
|

-
vnnl

0.1

Energy scale probed

Oy Oww Oss Oww Owg Osc O, O, O, O, O,

u

’Ie@EP@r@hUPéveal new physics at energy ~ 10 TeV or higher

Osw Ows Or One Ong Ohg Oy Owg




CEPC Physics Program: Discovery Potential

h—=2-4
h h—2-3 h—=2-23—4 h—2-(1+3)
Standard Dark Standard Dark
Model H Sector Sector {< {( *<é
h ) X X u
dm“*dm Decay back to SM

. _43 . . N | | | | ; " - »
e =N = Higgs decays into BSM particles, H> X, X,
L, 10-% --.iiigfw \[CERC BR(h-inv) <0.31% | | 95% C_.L. upper limit on selected Higgs Exotic Decay BR
c "."-.. :
g CE/% f— — \ Ny, = I‘IL-LHC
3 1074 (SCG’arB/T,;'-. m CEPC (5.6ab1)
- V. ;1 o CEPC’ (5.6ab!
8 1074077 £ 3
o onOM)_ _ e ce N ===" 5 2 107
G et e === rnnd?| =
§ 10747 544" 0BXAT (5.6 e S 1 |
Ei N Ll .oz 107 5
‘:T"j 10748 CerC (fermion M) E /@ | I
% 10_49 \ 200 txyr Xenon_ 4 101 I I I | I I
= — e E 1 1
% Coherent Neutrino Scattering 3 il I I I _ I I I I I I II il I
»n 10750 Lo ! L METp (bb) G7) 4, (T2) 4 \Bb ) i+ Ny FEs,, () b5 (cer @) (i) ©b) (10 (T0) o0y D) (30, 77) ¢
1 5 10 20 3040 60 MEY a4g3) * M iy MEF M) 6] ) i) O a0 ) 70
WIMP mass [GeV]
Zhijun Liang’s talk CEPC has significantly better detection sensitivity for

dark matter and selected-Higgs exotic decays than HL-LHC
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Flavor physics: sensitive to NP with energy scale of 10 TeV or higher

CEPC provides a unique opportunity to study Z LFV decays,
rare B decays, tests of LFU in tau decays or Bc decays etc.

F M Belle 1l :
104 B [TILHCb 7
o E M Tera-z -
pe i M cePcC :
2 10°: [ 10xTera-Z 3
2 : ]
Z F 1
g 1" E
107 3
i ‘ 1
B'-K*Or+ T BS—)¢r*r‘ B*'»K*'t'r Bs»tT Beo>tv C—)J/wrv s—)D v Bs~»Ditv NNV Bs—»¢pvv
0.010¢ 10.0
el —— Sensitivity (CEPC)
0 001—; - LHCb ---~ Upper limit (LEP)
. : W Giga-Z 8.0 BN SM prediction
an | M Tera-Z
% 107*}| @ 10xTera-z 9
o &n 6.0
> ~
= 10 2
= +
@ n 407 !
o -6 > i
$ 10 E
2.0 !
107 |
0 0.+ — - + i +o— 0.0 6 5 \—4 -3 I 2
B°»>KOt'tT B¢ttt BYosK'r't Bs>tT'T 10 10 1010 10
Li L. and Liu T. '20 BR (Bs—=¢uv) Li et al. '22
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CEPC Concepts

CEPC Key Scientific Issues and

High Precision
~1%

v Higgs: 1%-0.1%
<P
v EW:0(102-103) €9

New Physics
~10 TeV.

v' Dark Matter
v Extended Higgs

Technologies Route

[

v New concept Detector
v High Granularity < v Cost, added values
v' Good Resolution v Spill-over
v Reliable PID J—

Detector Detector & Accelerator

Particle Flow

] [ Design & Implementation j

v Multi-purposed Acc.

v' Management
v Collaboration

v Composite Higgs Vs current
v Supersymmetry v Flavor
Operation mode Z w Higgs
Center-of-mass energy (GeV) 91 160 240
Operation time (year) 2 1 10
Instantaneous luminosity/IP (10**cm—2s~1) 115 16.0 5.0 -

Integrated luminosity (ab~?!, 2 IPs) 60 3.6 12

Event yield (30 MW) 25x 102 1.0 x10% 2.5 x 10°

Event yield (50 MW) 4.0x 102 1.6 x10% 4.0 x 10°

High Lumi.
—> ~1034-36cm-2s-1 Accelerator
2 IPs/100 km
v Higgs: 20 ab!l <—p
vz 100 ab-1 v Switchable Operations
——=Y W: 6 ab?? v Upgradability
v Top: 1 ab?? v Large Piwinski angle

with Crab-waist

eeense

Heavy Flavor @ HUST
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CEPC Accelerator Design a xout
® 100 km double ring design (30 MW SR, upgrad Iet M ,

B Switchable operation for H, Z, W and top modes Yuhui Li’s talk
B Shared tunnel compatible design for booster, CEPC and SppC

Inner Ring R sggsagomeentinnsessnseses” =

Outer Ring

3-in-1 tunnel

TUNNEL CROSS SECTION OF THE ARC AREA

Cost optimization  '©st(H+Z+TOP) o s .

e 41P_30MW_2M higgs +1T Z
S ©— 30MW_2M higgs+1T Z
% 1600 ® 30MW_1M higgs+1T Z
S —e—41P_30MW_2M higgs+1T Z+1M top
= 1400 —e—30MW_2M higgs+1T Z+1M top
o «
S ®— 30MW_1M higgs+1T Z+1M top
N 1200 | 9 i g
N \ —e— 50MW_1M higgs+1T Z+1M top(50MW) H
I| \\
. 1000 \
S
] 800 ) - -
] 650 MHz 5-cell cavities [l 650 Mz 2-cell cavities [Z] 650 MHz 1-cell cavities
600
400

40 60 80 100 120 140 160 180 200 220

SJINST 17 P10018 (2022)  cramivercstn arXiv:2312.14363
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CEPC Operation Plan

SR Lumi. per IP Intlt-egra.ted Total
Power  (10**cm?s) S Integrated Lumi | Total Events
(MW) (a'i’o‘f[’yzef;s) (ab~, 2 IPs)
240 10 50 8.3 2.2 21.6 4.3 x 10°
30 5 1.3 13 2.6 x 10°
o , 50 192** 50 100 4.1 x 1012
30 115** 30 60 2.5 x 1012
50 26.7 6.9 6.9 2.1 x 108
160 1 30 16 4.2 4.2 1.3 x 108
S 5 50 0.8 0.2 1.0 0.6 x 10°
30 0.5 0.13 0.65 0.4 x 10°

* 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, 3 Tesla for all other energies.

*** Calculated using 3,600 hours per year for datacollection°( ~250 days with 60% efficiency).
4/8/24
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New Lab (4500m?) at Huairou Beijing, next to HEPS
A cryogenic system: 2.5KW@4.5K or 300W@2K
Ovens and clean rooms for cavity production

2 horizontal and 3 vertical SRF test stands

About 200 SRF cavities / year

Testing of klystrons, electron guns, magnets, etc.,

NEG coating of vacuum pipes, ATF in the future
: PF=Tl = P

Cryogenic
300W@2K

= i 7 -
f e 8 |

g . |
|
eud i3 J R :

| - ’ :

¥ g " [

g

hhhhh

-~
|

\1 E/!.E

Ll _ Optic inspection,
pre-tuning

J/

’ ,\

VT dewars

g Cleanroom

| 4 C?Y.,(ggeek ‘ 4 ﬁ 8 cavities, 8 couplers,
HUST /é}H A

& 1 CM every 2 weeks
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CEPC R&D: ng}%m

> 1.3 GHz 9-cell SRF cavity for booster: Q,
» 650 MHz 2-cell SRF cavity for collider ring: Q, = 6.0E10 @ 22.0 MV/m
» 650 MHz 1-cell SRF cavity for collider ring: Q, = 6.0E10 @ 31.0 MV/m

Vertical test of 650 MHz 2-cell cavity

26.5 MV/m

6E10 [ T T T T T T T

SEESsss Lo ooohnnrnn /Jﬂ G

F e . T T T T T T T T
5E10 F ” : > ’\ : :>:> —<‘ : | ) | *\ 1011 Amw““.mm“

. . 4 —

e Al Q Multipacting A I\ ' Ad

4E10 EEE SR e Ao B CEPC spec for Y Ada N
34 5 = 2 e | vertical test ‘# Ada, . "
% ;‘ a5 - -
OQ [ : « T CEPC spec

3E10F = : spec K

: <menee X SRF cavities exceed CEPC specifications

F LCLS-II-HE spec o NTTmET]
SRR S

Eoy (e Sme + MismaT : id-T baking, A Col

: L R = -'msm-r Y% CEPC spec
1E10 ’E- Note: stainless steel flange loss corrected EXF;‘L’spec : :b; : *v"_c spe: At Z K 20 K
5E9 e e L e e e e J 109 1 1 1 1 1 L 1 1

0 5 10 15 20 25 30 35 40  1.0E+09 0 5 10 15 20 25 30 35 40

E,.. (MV/m) 0.00 5.00 10.00 1500 2000  25.00 E.. (MVim)

Medium-temperature (Mid-T) annealing
adopted to reach Q, = 3.4E10 @ 26.5 MV/m Q, = 6.CEL0-@-22.0MV/m

4/8/24

Eacc (MV/m)

N-infusion adopted to reach

Cold-EP and Mid-T baking
Q, = 6.0E10 @ 31 MV/m

45

16



CEPC R&D: 8 x 9-cell High Q Cryomodule

CEPC Booster 1.3 GHz SRF R&D and industrialization
in synergy with CW FEL projects

Horizontal test| CEPC Booster LCLS-II, SHINE LCLS-II-HE
Parameters .
results Higgs Spec Spec Spec
Average usable CW E, .. (MV/m) 23.1 3.0x10"° @ 2.7x10"" @ 2.7%x10" @
Average Q)@ 21.8 MV/m 3.4x101° 21.8 MV/m 16 MV/m 20.8 MV/m

Heavy Flavor @ HUST
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CEPC R&D: H%l! Efficiency Klystrons

o The 1st Klystron prototype, achieved efficie
0 The 2nd Klystron prototype was tested in Feb. 2024, achieved efficiency ~ 77.2%
o The 3 Klystron prototype (MBK) with manufacture underway, design efficiency is ~ 80%
o High efficiency Klystron helps to reduce electricity consumption
z CEPC at 800 RMB/MWh and 6000 hours/year The 3 multi-beam Klystron
g 70 , , (MBK) under fabrication
s | Save Money ! 130M RMB | B
< L : 1 year
E 500 \ 90 M RMB :
"? 400 -|
2 .\40'\ )
E 300 i \%'_‘\
02) j:: Plot Area i T 5 & -h _@) F b f“
3 0 B
i —+—EMSYS-2.5D M et

75 - —a— CST-3D T 1

The 2nd Klystron

40% 45% 50% 55% 60% 65% 70% 75% # 80% 85% 90% 95% 100%

tested) Efficiency, %

-
<
T

Efficiency (%)

f=2)
o
T

60
klystron prototype

75 80 85 90 95 100 105 110 11f
High Voltage (kV)

55




CEPC R&D: Accelerator Key Technologies P

» CEPC accelerator key technologies R&D in TDR covers Specification Met Q¢ Manufactured

all component listed in the CDR. ‘

» About 10% remaining (e.g. machine integration, control,

alignment, commissioning) to be completed by 2026. +/ Magnets 2L3%
J Vacuum 18.3%
f RF power source 9.1%
J Mechanics 7.6%
J Magnet power supplies 7.0%
</ SCRF 7.1%
J Cryogenics 6.5%
‘/ Linac and sources 5.5%
J Instrumentation 5.3%
& Control 2.4%
y’ FSurvey and alignment 2.4%
J Radiation protection 1.0%
LJ SCmagnets 0.4%

./ Damping ring 0.2%
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CEPC Accelerator EDR

CEPC Accelerator EDR tasks start with 35 WGs aiming for key issues,
detailed working plan and scope will be reviewed by IARC in Sept. 2024.

CEPC Alignment and Installation Plan in EDR

CEPC Accelerator Main EDR Development: SRF CEPC Accelerator Main EDR Development: Klystrons

; . v * Alignment accuracy requirement Component [~ seama —
arameters alue -ali -
Component Ax(mm) | Ay (mm) | A6, (mrad) Pre-alignment //\ —
Frequency 5720 MHz
Dipole 0.10 0.10 0.10 = b .
i '
Output Power oMW Arc Quadrupole 0.10 0.10 0.10 i = <
Pulsed width 25us IR Quadrupole 0.10 010 0.10 . 5 e 1
Repetition rate 100Hz Sextupole 0.10% 0.10¢ 0.10 ?
2022 Gain 54dB *implement beam-based alignment |
Pulsed RF Modo (30% duty factor, 60ms/SHz) 70 5y, @ saokw o e GPS racaiver Surfara Control " i
g fdidsanidiin sicl-Lo B o~ I Te—" 3PS ranaiv e Conrol
(= -
Wall Control Point

CEPC Tunnel Mockup for Installation in EDR T

¥ i i i Ground Control Point
—— 4 AN
/ \ckbone Control network Tunnel Control network
The collider Higgs mode for 30 MW SR power per beam will 7 - sort line:300m; long line 600m) 2024, 1 (interval of 6 meters)
contain six 650 MHz 2-cell cavities, and therefore, a full siz T
— k1
CHPC Accelerator EDR PlanJ. Gio HKUSTIAS HEP Conference, Jan -
— T —
I = |z
= s
CllierS38_ | | 8 Bl .
. . !
CEPC Magnets’ Automatic R b CEPC MDIlin EDR
| < I
.. LIS 27800
To reduce the fabrication cost of the ma GliedEEE | T General Parameters
production lines will be demonstrated i1 J w0 | 10 - 60000 r
1 ;
o

ground e Radiation Mitigation
mGas, ; Masks, collimators, shielding |-
Giaarboan Fiecionbeam =

scattering
il 1

g Y,

s

| = ADI need to be done in EDR together with

Jan.-Sept. 2024 :  Complete the CEPC booster magnet auton = =
design. 60000 . . ipe, RVC, integration, al; t, mechanics,..| &
Oct. 2024-Jun. 2025: Complete the small scale demonstratic L CO”ldCr ring magﬂets Supports RS INEGIEHOn, SCIMER, MESIANE,
core fabrication. _

[ e e A 60 m long tunnel mockup, including parts of arc section and part of RF section = -

To demonstrate the inside tunnel alignment and installation, especially for booster installation on the roof of the tunnel ‘

Heavy Flavor @ HUST
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’ IDEA concept
=== A} (also proposed for FCC-ee)

CEPC Conceptual Detector Designs

(Baseline Design)
Magnet Particle Flow Approach 2T Magnet

Yoke + Muon (RPC or u-RWELL)

Preshower (u-RWELL)

PFA HCAL Yoke + Muon (u-RWELL)

PFA ECAL

The 4t Concept
Si Pixel Vertex

PFA HCAL
SIT TPC SET .
FTD ETD Partially Yoke
Magnet (3T/2T)

PID (DC+ToF)

FST concept
(Full Silicon Tracker)

Crystal ECAL

ili Track
Silicon Tracxe, (Transverse bar)

Heavy Flavor @ HUST
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Idea of the “4t Concept”

Novel detector design based on
PFA calorimeter. Aim at improving

Zhijun Liang’s talk

BMR from 4% to 3%
Detector World-class level 4" concept
PFécb:E‘;’d ~ 20% / VE <3% / VE
Piﬁg:i)ed ~ 50% / VE ~ 40% [ VE
0.07 T e

CEPC [ ]2z - vvqq (ud) Cleaned ]
0.06 [CJWW — uvqq (ud) Cleaned |

C ZH — vvgg Cleaned ]
0.05 — -

Muon+Yoke

Si Tracker Si Vertex Tracker (TPC/DC)

r with outer layer
0.04r

» Silicon combined with TPC or DC for better tracking & PID
1 | » Crystal ECAL with timing for PFA and better EM resolution
> Scintillating glass HCAL for better sampling and resolution

0.03F

A.U. /0.5 (GeV)

0.02F

0.01F

0 120 140 160
m; (GeV)

Heavy Flavor @ HUST
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CEPC R&D: Silicon Pixel Chips

~ . : Develop COFFEE for a CEPC tracker using
2 layers / ladder Rin~16 mm l: o(IP m for high P track
vers / SEELE G e [ trac SMIC 55nm HV-CMOS process

CDR design specifications
=  Single point resolution ~ 3um
*  Low material (0.15% X, / layer)
*  Low power (< 50 mW/cm?)
=  Radiation hard (1 Mrad/year)

Silicon pixel sensor develops in 5 series: JadePix, f -
TaichuPix, CPV, Arcadia, COFFEE e

% @ % % Arcadia by Italian groups

TaichuPix-3, FS 2.5x1.5cm2 ~ CPV4(SOI-3D),64-64array  for IDEA vertex detector
~21x17 um? pixel size LFoundry 110 nm CMOS

[173]3 bbb )
b [ TR i 5
g | A | 1
| il il

Tower-Jazz 180nm CiS process
Resolution 5 microns, 53mW/cm?

.
. -
=

osm s | wtusnpes: o asiee
heiam, ‘-lwannw o g g

MOST 1 Mosrraz/ Flavor @ HUST
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CEPC Detector R&D:

Test beam @ DESY

Silicon, TPC. DC Prototvnes

Goal: 3o /K separation up to ~20 GeV/c. A DC between
2 outer layers

. - Cluster counting method, or dN/dx, measures the
. 2nd testbeam: April 11-23 2023 DESY test beam in Germany (4-6 GeV electron) number of primary ionization ‘
- Vertex detector prototype testbeam Can be optimized specifically for PID: larger cell = ti:l(l:lfellrlgon
- 1sttestbeam: Dec 12-22 2022 DESY test beam in Germany (4-6 GeV electron) size, no stereo layers, different gas mixture.
- TaichuPix Beam Telescope testbeam Garfield++ for simulation, realistic electronics, peak
finding algorithm development.
2022 DESY test 2023 DESY test
bgam 3 H' " - 1 / = i ) K/m separation vs momentum (8=90" )
| - Noise | , ® .
:
8 &
g
I
i
300 400 00 6( Q(‘ 5 10 5 20
Time (ns) Momentum (GeV/c)

IHEP and Italian INFN groups have close collaboration and regular meetings.
IHEP ioined the TB (led bv INFN aroup) in 2021 and 2022

Baseline main tracker
o(r-¢) ~100 pm

Main IDEA tracker

GEM-MM cathode TPC Prototype + UV laser beams Low power FEE ASIC

Challenge: lon backflow (IBF) affects the resolution.
It can be corrected by a laser calibration at low
Iumlnosny, but difficult at hlgh luminosity Z- pole

AHTCAH10(055) |
8 |
3 (

98.42um

v

6.<100 um for drift lenath of 27cm Italian groups and IHEP colleagues participated the test beam at CERN.
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CEPC R&D: PFA Calorimeter Pro oty
ScW ECAL Prototype (32-layer, 6720-ch) Scintillator + SiPM AHCAL P

3 batch testing platforms built 5
(USTC, SITU, IHEP) J '9"9"[‘3 -

Plastic scintillator

Uniformity within £15%

tungsten o EBU +DIF

‘coudl Tastbeam at CERN for two prototypes in 2022 and 2023
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CEPC Detector R&D: Calorimeter Prototypes

——\ Aamecme Goal

Cry el Skt (og. 860, 1¥80.)

 —r—

X .
Photodetectors (eg. FPMT, SoM ) |

7 4
7 /
v*v-*rr—yﬂ’ Incident =

particles

CEPC calorimeter prototypes: beamtest in 2022

+ Boson Mass Resolution < 4%
+ Better BMR than ScCW-ECAL

* Much better sensitivity to yle,
especially at low energy.

Bench Test
C Long bars: 1 x 40 cm, super-cell: 40x40 cm?
xrv:b e 10 Timing at both ends for positioning along bar. Full Simulation Studies |8 Optimizing PFA for crystals

U OrscEN Significant reduction of number of channels.

i

Performance with photons Performance with jets

(WSEIRZNIESTG M Fine segmentation in Z, ¢, r s Reconsimuced Wass of HORS e ‘ T

aipha il
2 H=l) {Ul

" ‘ e £ [T= 2=
I3 = 40} | 4
« Successful beamtest at CERN SPS H8: Oct-Nov, 2022 ' - o [ ‘_
- High energy particle beams: muons, positrons and hadrons (10 - 160 GeV) K& o itz | | A ;.M\' R:3.6%
- Suffered from beam purity issue in pion and positron beams - Y L ok ",mm m ID:" el
i BMR of SiW ECAL~ 2.3% Higgs Invariant Mass / GeV.

HCAL

Steel

Scintillator
AHCAL

JINST 15, P10009 (2020) - -
SDHCAL-GRPC (1.3 m3, IPNL)  jinsT 17, P07017 (2022) RPWELL ( 50x50cm2, WIS+IT, Israel)

MOST 1: RPC and MPGD (RWELL) R&D, MIP Eff > 95% [ R&D Plan: 5-D SDHCAL (X, Y, Z, E, Time)

- MRPC + fast timina PETIROC ASIC (~40 ps)

Top steel plate
fecironics

oesTEh Cere otrsed o
for prot

JTAG
UART

Ethernet 0 .
" * Achieved major goals

ﬁ;’,&l Zeuie \ i - Sl * Commissioning of the first crystal module
1JCLab DIF Card - * Validation of simulation and digitization
OMEGA

CIEMAT

GRPC 1m x 1m (SJTU) RWELL 0.5m x 1m (USTC+IHEP)
JINST 16, P12022 (2021

Heavy Elavor @ HUST
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Physics Benchmarks towards the Ref. Detector TDR

Processes @ c.m.s. Domain Total Det. Performance Sub-D
H->ss/cc/sb vwH @ 240 GeV Higgs PFA + JOI (Jet origin id) All sub-D, especially VTX
H->inv qqH Higgs/NP PFA All
Vcb WW@ 240/160 GeV Flavor JOI + Particle (lepton) id All
W fusion Xsec vwH @ 360 GeV Higgs PFA +JOI All
Qg Z->tautau @ 91.2 GeV QcD PFA: Tau & Tau final state id ECAL + Tracker material
B->DK 91.2 GeV Flavor PFA + Particle (Kaon) id All, especially Tracker & ToF
Weak mixing angle z EW JOI All
Higgs recoil IIH Higgs Leptons id, track dP/P Tracker, All
H->bb, cc, gg vwH Higgs PFA + )OI All
qqH Higgs PFA + JOI + Color Singlet id All
H->di muon qqH Higgs PFA, Leptons id Calo, All
H->di photon qqH Higgs PFA, Photons id ECAL, All
W mass & Width WW@160 GeV EW Beam energy NAN
Top mass & Width ttbar@360 GeV EW Beam energy NAN
Bs->vvPhi z Flavor Object in jets; MET All
Bc->tauv z Flavor - All
BO->2 pi0 z Flavor Particle/pi-0 in jets ECAL

Heavy Flavor @ HUST
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Jet origin identification: concept & realization

« Jet origin identification: 11 categories (5 quarks + 5 anti quarks + gluon)
« Jet Flavor Tagging + Jet Charge measurements + s-tagging + gluon tagging...

« Realization: PFA algorithm Arbor + ParticleNet (Deep Learning Tech.)

1.0

b 0.033 0.022 0.004 0003 0002 0.03 0002 0002 0.017 —— = = e s a prnn s
; £ pE p 0
_ effﬂavortagging Wlth l ’ K ’ KL/S |d.
b H 0172 0.022 0.032 0.003 0004 0.003 0.002 0002 0002 0.018 i () o o s
i + + 0 i

0.8 Pcharge flip with £ , K%, KL/S id.

c 4 o018 0.038 0030 0.25 0009 0010 0.017 0.046 Sra,

(QvEYEl 0.060

C -4 0.016 [(QVEZE 0.030 0.037 0.010 0.024 0.018 0.009 0.047
®
-
S < 0.003 0.002 0.030 0.077 0.063 0.046 0.093
s
S S <4 0002 0003 0021 0025 0.079 0.026 0.048 0.060 0.091
-
=
U 4 0.002 0003 0.023 0.012 0.041 0123 H 0.057 0.088 0.166 0.111
..

U - 0003 0.002 0014 0022 0.122 0041 0.064 . 0.183 0.079 0.113
d 4 0003 0002 0015 0.022 0096 0087 0.086 0210 H 0.077  0.115

d - 0.002 0.003 0.023 0.013 0.088 0.099 0.222 0.079 0.086 01212 0.112

G 4 0014 0014 0027 0027 0.050 0051 0.044 0.042 0.036 0.035 ﬂ
T T T T 0.0 T T T T T

b 5 C c S s u u d a G b c S u d
Prediction
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Jet origin identification: impact

105 — 10 10° 10° 106
— Upper limit on f-ss Accuracy o B Relative accuray, HL-LHC S2 —— Accuracy
e ;;)xH—»ss . \ H-»cc_ é B Relative accuray, CEPC — UV - (2vo)uv,ch
104 - W-qq lg O 10 H- bblgg =) B 95% CL upper limit, CEPC 105 2V — (2vucds
B Z-other x Z-q4 'Y 10-1 4 TV ) HVy L a
M.Z555 & W-qg :,T; B (2v)uvW - (2v7)uvyud/s
., 100 H - bb/cclgg = o 103 5 104 W-qg
g e ? g < other
~ T = N 1072 4
2 = 10 5 103
< S c >
[ o 19} 9
2 k= > o
€ e 3 2
= 9] 1073 4 10
— O
o < [
g g
=) 10° = 1
E 10
& 1074 -
1071 Kb Kc Kg Kw Kr Kz Ky/Bsd Bug Bdd Bsb Bab Bu 100
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Combined scores for H - cé Improved by ~3 times Combined scores for (2vr)uvych
Improved by 1-2 orders of magnitudes
o orsae . ] . -
Expected statistical uncertainties on sin? Geff measurement. Presumably... firstly quantified
(Using one-month data collection, ~ 4e12/24 Z events at Z pole) 0.6
Uncertainty of sir?@¥" at different energy
2 10°E 05 Branching Ratio (BR) of b/ to b hadrons
g F '
g I 004 mmm 0.1%<BR<1%
£ :
A ‘ e w— 1%<BR<10%
= N :
g 107 3 70 G | Smsal® | pas 3 0.3 mmm 10%<BR<20%
(2} E (]
F 5 13505 8 1 N B 1l g
r 502 charge flip rate for b quarks
r 92 1.6x107¢  22x10°  22x1076
e 105 10x107°  24%107°  14x107° 0.1
E 115 1.9%10°% | eBx 1075 | 27x10°5
L 0.0
s _ =
P TSN - T T .. 130 3.9x10 23x107*  54x107° ghghggéi\%g@ 557’55&5\&% 5£\<’§°*"Q*Iﬁi"&°%@"ﬁ‘l"gﬁ‘z&j
70 80 EY 100 10 120 130 ] o NN S o NN
Energy (GeV) Q © o 9 Q' Q@ o *@
Q@ 5 &
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CEPC International Collaboration
CEPC attracts significant International participation m mRmﬁ onﬂsubp o HmN&E W,

> Both CDR and TDR have significant intl. contributions
» 20+ MoUs signed with Intl. institutions and universities
» CEPC International Workshop since 2014

» EU-US versions of CEPC Workshop since 2018

» Annual working month at HKUST-IAS since 2015

o | ) S oo by
- ;
Hioh Enerov Phvsice
February 12 — 16, 2023 ‘

Conference: February 14 — 16, 2023

CEPC CDR released (2018) CEPC TDR released (2023)

IAS PROGRAM

Public release: November 2018

Technical Design Report
CEPC
Conceptual Design Report
I Do arXiv:2312.14363
1114 authors
278 institutes
(159 foreign institutes)
38 countries

Accelerator

arXiv: 1811.10545

The CEPC Study Group
December 2023

Editorial Team: 43 people / 22 institutions/ 5 countries
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" :fsa!‘, &i‘h. a&sﬁ'ﬁ

=N i i

CEPC (d) Rome Italv May 2018

5 ,‘

k (/. The=2023 on the Collider [Ei

CEPC @ Edinburgh, UK, July 2023

44"( )

Heavy Flavor @ HUST

CEPC @ U. Chicago, USA, Sept. 2019

CEPC @ Washington DC, USA, April 2020
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https://agenda.infn.it/event/14816/?ovw=True
https://confs.physics.ox.ac.uk/CEPC2019/index.asp
http://cepc.uchicago.edu/
https://indico.cern.ch/event/863751/
https://indico.ph.ed.ac.uk/event/259/overview

Industrial Partners and Suppliers Worldwide

System
1 Magnet
2 | Power supplier
3 Vacuum
4 Mechanics
5 RF Power
6 SRF / RF
7 Cryogenics
8 | Instrumentation
9 Control
10 Su_rvey and
alignment
11 Radiati_on
protection
12| ee'Sources
4/8/24

CEPC Industrial Promotion Consortium

Potential international collaborating
suppliers and partners worldwide

(CIPC, established in Nov. 2017)
'_-::-= &atf%‘h&

%ﬂ%*mmncsmna = £ 4 BBEF I @E% @ "“m"mec"mm
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Summary

» CEPC addresses many most pressing and critical science problems
in particle physics.

» Accelerator design and technology R&D are reaching maturity, TDR
completed, enters EDR phase, ready for construction in 3-5 years.

> Reference detector TDR under preparation, to be completed by the
mid-2025 for the proposal of China’s 15t 5-year plan.

> CEPC schedule will follow the 15t 5-year plan, call for international
experiment collaborations and proposals once CEPC is approved.

» Continue to work with government and funding agencies for support.

» CEPC will offer the worldwide HEP community an early Higgs factory.

Heavy Flavor @ HUST
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CEPC Site Selection

92\

) LB E

Sinuaneces “ chanesha

Qinhuangdao
b J»T\Jf’\\._,-l—,/\/\w\,__,ﬂ
ol “ i 100
ZU :EWJP@‘ ® : H ‘ o
1P1 P2 IP3 1P4 !
i Huzhou

1P4
: _Changsha o

- 3 sites documented
in accelerator TDR

- 75-95% of tunnel in
granite, low cost

) 4
RF Auxiliary Tunnel
Huzhou =
Huzhou Changsha
Q) mEE® PRGNS RONOH AABHRAT () e ):cked IR H AR R AT
POWERCHINA IADGHNG SIGINTEAING COMOMTION LTI POWERCHINA ZHONGNAN ENGINEERING CORPORATION LIMITED

TBM tunnel Drill-blast tunnel
4/8/24
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CEPC Planninge and Schedule

2012.9 2015.3 2018.11 2023.12
proposed Pre-CDR CDR Acc. TDR

2025.6 2027 15t five year plan (2026-2030)
Det. TDR EDR Start of construction

CEPC EDR Phase: 2024-2027

>

>

CEPC Accelerator EDR starts with 35
WGs in 2024, to be completed in 2027

CEPC Reference Detector TDR will be
released by June, 2025

CEPC proposal will be submitted to
Chinese government for approval in 2025

Upon approval, establish at least two
international experiment collaborations

CEPC construction start during the 15
five year plan (2026-2030, e.g. 2027)

CEPC construction complete around
2035, at the end of the 16t five year plan

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

Technical Design Report (TDR) 15th FY 16th FY

Engineering Design Report (EDR)
R&D of a series of key technologies
Prepare for mass production of devices though CIPC

Accelerator

Civil engineering, campus construction

Construction and installation of accelerator

New detector system design &
Technical Design Report (TDR)

Detector construction, installation &
joint commissioning with accelerator

Detector

Experiments operation

Further strengthen international cooperation in the
filed of Physics, detector and collider design

Sign formal agreements, establish at least two
international experiment collaborations, finalize
details of international contributions in accelerator

International
Cooperation

Heavy Flavor @ HUST
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Jet origin identification: concept, realization, validation & impact

1.0
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