Progresses of future colliders
-—- STCF & CEPC
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After the Higgs discovery in 2012, lots of achievements, still §
many fundamental questions remain unanswered
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Two circular ete- colliders proposed by Chinese scientists
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Super Tau-Charm



o(e*e” - hadrons)

Physics at t-Charm Region

_____________ ol
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Opportunities at 5~7 GeV
-1 New XYZ particles

-{ Di-charmonium states

Hidden-charm pentaquark ;

More charmed baryons

-{ Hadron fragmentation

Hadron form factors
Y(2175)

Mutltiquark states with
s quark

oooooo

Light hadron spectroscopy
Gluonic and exotic states
Process of LFV and CPV
Rare and forbidden decays
Physics with t lepton

© Ns (GeV)

XYZ particles
Physics with D mesons
fD and fDs

D0-DO0 mixing
Charm baryons

Rich of physics, unique for physics with ¢ quark and t lepton
important playground for study of nature of non-pQCD, exotics, flavor
physics, and search for new physics.



STCF In China

- CME: 2-7 GeV « Double storage ring : ~800 m ,
. Peaking £ : >5x1034 cm2 s-1 injection : ~ 300m
. Potential to further improve the ° BESIII-Like detector

lumi and realize polarized beam -+ Cost 4.5B RMB



Project progress and plan

Several domestic and
international workshop
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Accelerator Conceptual Design
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Interaction region :
« Large Piwinski-Angle Collision + Crabbed Waist
Linac Injector:

« No booster, full energy injection (1-3.5 GeV)
« Possible polarized e- beam

Parameters Unit Value
amircumference m 27478
Distance from final defocusing quadrupole to IP m 0.9
Optimized energy GeV 2.0
Total beam current A 2
Horizontal/Vertical beta @ 1P m 0.09/0.0006
Total crossing angle (26) mrad 60
Piwinski angle (¢) rad 18.9
Beam-beam tune shift (£,/&y) — | 0.0038/0.0835
Coupling ratio - 0.5%
Natural chromaticitics (Cy/Cy) — -87/-513
Horizontal cmittance (e, ) without/with IBS nmrad 2.76/4.17
Horizontal beam size @ IP without/with IBS pm 15.77/19.37
Vertical beam size @ IP without/with IBS pm 0.091/0.117
Encrgy spread (“2£) without/with IBS x107* 5.3/1.2
Momentum compaction factor — 7.2x 1074
RF frequency MHz 499.67268
RF voltage MV 1.2
Harmonic number — 958
Bunch length (o) mm 12.2
Particle number per bunch (N}) . 5.0%x10'0
Energy loss per turn MeV 0.1315
Synchrotron tune (vy) — 0.00388
Damping times (7y /ry /7s) ms | 58.51/58.33/29.12
Pcak luminosity cm 25! 1.2 % 10*
Touschek lifetime s 35

Electron source 15 nC/5nC

Electron transport

¢" damping ring

Toring

e" e Linac 35 GeV/



STCF Detector

A BESIII-like detector but better than BESIII

Inner Tracker

« ~0.15% Xq / layer
* Oy ~ 50 um
Out Tracker

*  Oy~130 tm, 0p/p~0.5%@1 GeV/c

« dE/dx ~ 6%
PID system

«  1/K(K/p) 3-40separation up to 2 GeV/c
Electromagnetic Calorimeter

« Range: 0.02 -3 GeV

« Resolution (1 GeV): 2.5% (barrel) and 4% (endcap)

Muon system

« Tt suppression power: >10 and lower to 0.4 GeV/c

mEE e e
105 E v in continuum @ 7.0 GeV
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Mictro/Fast Readout Electronics
High capability of Trigger, DAQ,

Storage

Inner Track

Monolithic active Pixel sensotr

« Low mass yRWELL MPGD

Outer Track
Main Drift Chamber (MDC)
Ultra-low mass

Muon detector
RPC-plastic scintillator mixture
High neutral hadron ID efficiency

EM Calorimeter
pCsl crystal based : fast
High energy and timing resolution

Particle Identification

MPGD-based RICH (barrel)

High-precision timing DIRC (Endcap)




Data Samples

1 ab-! data expected per year

Hyperon Factory

Table 1: The expected numbers of events per year at different energy points at STCF Decay mode B(units 107%) Angular distribution Detection No. events
CME (GeV) | Lumi (ab™") samples o(nb) No. of Events remark parameter ay, efficiency expected at STCF
12
3057 ! jf v bl X '09 JIw — AR 1943 +0.03+033  0.469 +0.026 40% 1100 x 106
3.670 ! Lok 24 2410 ¥(25) - AR 397£002£0.12  0.824+0.074 40% 130 x 10°
¥(3686) 640 6.4 x '09 Iy — ZOZ0 11.65 = 0.04 0.66 + 0.03 14% 230 x 106
3.686 ! S S 2310 w(2S) — =050 273003 0.65 = 0.09 14% 32 x 10°
W(3686()) o 20 109 Jjy - = E 10.40 + 0.06 0.58 +0.04 19% 270 x 10°
D°D 3.6 3.6x10 W(2S) —» ==+ 278 +0.05 0.91+0.13 19% 42 % 10°
DD 2.8 2.8%10°
3.770 1 D°po 7.9x 108 Single Tag o
DD 55%10° | Single Tag Li g ht meson Facto ry
T 2.9 2.9 % 10°
yD"D° 0.40 4.0x10° CPpopo = +1 Decay Mode B (x10~%) [2] 15/#n events
A 6 ap = -
4.040 1 ”;)?00130 8;3 ;gx igx CPopgyo = -1 J/w — yi' 52.1+17 1.8 x 10"
o 35 3'5:109 J/v — yi 11.08 = 0.27 3.7 < 10°
. . 7 9
D;"D;+CAC. 0.90 9.0 % 108 J/d’ = (b’] 7.4 = = 0.8 2.5 X 109
4.180 1 DD +cc. 13x10° | Single Tag J/Iv — on 4.6+0.5 1.6 < 10
™ 36 3.6x%10°
Juntn™ 0.085 8.5x 107
4.230 1 T 36 3.6% 10° XYZ Facto ry
yX(3872) A X L
v(3686)r 0.058 58x 107
4.360 1 e 35 3.5% 10° XYZ Y(4260) | Z.(3900) | Z.(4020) | X(3872)
g T ~
4420 ! yGesor'x | 0040 | 40x 107 No. of events | 10" 10° 10 5% 10°
T 35 3.5x10
W(3686)n 1 0.033 33x 107
050 i A, 0.56 5.6x10%
AA, 6.4 x 10 Single Tag
- 34 34x%10° 1cks
rr__| 34 1 Belle-II : more statistics (50/ab
4.0-7.0 3 300 points scan with 10 MeV step, 1 fb™ /point
>5 2-7 several ab™! high energy data, details dependent on scan results

LHCb: much more statistics, huge bkg

- STCF : high detection efficiency, excellent resolution, kinematic
constraining, low background, threshold production

11



Highlighted physics

* QCD and Hadronic Physics

@@ 00 ‘
* Exotic states and hadron spectroscopy .
* Hadron structures 00
° @

* Precision test of SM parameters i

* Flavor Physics and CP violation
e CKM matrix, D® — D° mixing

* CP violation in lepton, hyperon, charm

* New Physics Search
* Rare/Forbidden
* Universality test

* Dark particle search

Several benchmark processes analyses performed to

optimize the detector design, and the physics potential 12



Charmonium(Like) Spectroscopy

platform to explore non-pQCD, Fruitful results in past decade,
a new territory to study exotic hadrons, but controversy

10000_""'llllllllllllll||||| 70‘

A N E— + data o~ 100 :_ i :a:a| fi
B L 60F — Fit 2 BZ:L I:ound fit
— soo . @.4.26 GeV for ntnJ/y / % b — Background > 80 R
> N o ' - O] 50 E— ---- PHSP MC O C |:| Sideband
2 tepesm = 46%, egelle = 100 | & wof 5 6o .
o = ” o [
2 6000 /’ P 3°;‘+ i + 2 4o0f L ﬂ
= € 200 Ty } S I B
‘é 4000 gaop"‘“ 2 TI/4 S g 200 et
- 63" -1 I I T s i 5 n L Pl S S S L :
£ - e 1 0737 38 39 4 41 42 0=737 3.8 3.9 4.0
— 20001 o/ab, 20207 Muax (/) (GeV/c?) Mmax(:J/y) (GeV/c?)
5 W\, 1080~ i .
——  wemr" ] Belle with ISR: PRL110, 252002 BESIII at 4.260 GeV: PRL110, 252001
% 3 4 5 6 7 8 967/fb in 10 years running 0.525/fb in three month running
Ecm (GeV)

- Belle-II : integrate eff. Lumi. between 4-5 GeV is 0.23 ab! for 50 ab-! data
« STCF: scan in 4-5 GeV, 10 MeV/step, 10 fb-l/point/year, 5 x Belle-II (50 ab-1)
« STCF : much higher efficiency and low background than Belle-II

STCF : XYZ Factory Large statistics and much wider CME data provide
——— opportunity to perform precise .studY and to pin
No.ofevents | 100 | 100 | 100 | 5xI0° down the nature of Charmomium-like states

See Fengkun Guo’ s Snowmass talk 13



https://indico.fnal.gov/event/51844/contributions/240619/attachments/155336/202232/Snowmass_RF7_STCF_FKGuo.pdf

QCD and Hadronic Physics

Physics at STCF

XYZ properties

Pentaquarks,
Di-charmonium

Hadron
Spectroscopy

Muon g-2
R value,
T Mass

Fragmentation
functions

Nucleon Form
Factors

Benchmark Processes
efe”™ > Y - yX,nX, pX
ete” >Y >nZ,KZ

ete™ = J/Ypp, Acﬁﬁ» Zcﬁﬁ
ete™ = J/Un., J/Yh,

Excited cc and their transition,
Charmed hadron spectroscopy,

Light hadron spectroscopy

ete” sntn~,ntn n® KYK~

Yy — 7.[0’ 77(’)' 7T+TL'_

ete™ - inclusive
ete” - tt1™

ete” - (m,K,p,A,D) + X
ete™ - (nmm, KK, nK) + X

ete™ = BB from threshold

Key Parameters*

Ny(4260)/2,./x(3872)~
1019 /10%/10°

a(e*e” - J/hpp)~4 fo;
og(ete™ - J/yYct)~10 fb
(prediction)

Ny ppese)/a.~
10%2 /1011 /108

Aajl"F « 40x10711

Am;~0.012 MeV
(with 1 month scan)

AACellins - 002

*Sensitivity estimated based on L = 1 ab™?!

14



A unigue Charm factory

Low backgrounds and high efficiency; missing technique and
absolute measurement; Quantum correlations and CP-tagging

STCF data/year : 4x10° pairs of D0, 108 D, and A, pairs
Highlighted Physics programs
Precise measurement of (semi-)leptonic decay (fp, fp;, CKM)
- D° — D° mixing, CPV
« Strong phase, decay parameters...
« Rear decay (FCNC, LFV, LNV....),
« Charmed baryons (JP¢, Decay modes, absolute BF)
« Excited charmed meson and baryon states: like D,, D, A;
(mass, width, JPC, decay modes)

« Light meson and hyperon spectroscopy studied in charmed
hadron decays

See Xiaorui's Snowmass talk 15



https://indico.fnal.gov/event/51844/contributions/240647/

Charm meson leptonic Decays

Veq et
o -°  Excellent platform for CKM
oA FH my el ts and d tant
g “..j, elementsand decay constants
\ () . and universality test
BESIII STCF Belle 11
Luminosity 2.93 fb~! at 3.773 GeV 1 ab~! at 3.773 GeV 50 ab—! at Y(n.S)

B(D+ — ;L+1/#) 5-1%stat 1-6%syst [6] 0.28%51;31; -
fp+ (MeV) 2.6%stat 0.9%syst [6] 0.15%stat ol -
|Ved 2.6%stat 1.0%gy [6] 0.15%stat - LQCD :0.2%
B(D* — tv) 20%stas 10%syst, [7] 0.41%stat - | (0.1% expected)
B(D™ = 7~vy) 91 %stas 13%var [7] 0.50%stat =

B(D™ = utv,)

~ LQCD : 0.2%

(o)
0.6% e 2.7%(0-1% expected)

0.3%stat_1'09sto,1% expected)

Luminosity 3.2 fb~! at 4.178 GeV 1 ab—! at 4.009 GeV 50 ab—! at Y(nS)
B(DF = ptvy)  2.8%gtar 2-7%syst 18] 0.30%stat 0.8%stat 1.8%syst
fD;" (MeV) 1-5%stat 1-6%syst [8] 0.15%51;3(; -
| Ves| 1.5%stat 1.6%syst [8] 0.15%stat
Ip+ /fp+ 3.0%stat 1.5%syst [8] 0.21%stat = P
B(D} — tv,) 2.2%stat 2-6%, st 0.24%ta A\
for (MeV) 1.1%stat 1.5%] s 0.11%stm -
|V 1.1%stat 1.5%. 0.11%5;:\J LQCD : 0.2%
Fiol (MeV) 0.9%stat 1.0%] s 0.09%gtat
|753&T| O-g%stat ]--O(yosyst]L O-Og%sta.t
B(D} — t7v,) 3.6%stat 3-0%13’5t 0.38%stat 0.9%stat 3-2%syst

B(D5 — ptv,)

* assuming Belle II improved systematics by a factor 2
Statistical uncertainties comparable with theory precision
Systematic uncertainties are challenging



D°-D° mixing and CPV
STCF provide an unique place for the study of D° -D° mixing and CPV
by means of quantum coherence of D° and D° produced through
¥(3770) — (D°D%)p__ or ¥(4140) — D°D*0 — 7%(D°D%) p__ or y(D°D°)cp_,

as well as incoherent flavor specific D° samples: D** - Dz
x2+y?

Mixing rate Ry, = —> ~107> with 1 ab-ldata at 3.773 GeV via
same charged final states (K*n")(K*r') or (K*1*v)(K*lTv)
A p~10~3 for KK and nn channels

1/ab @4009 MeV BELLEII(50/ab) LHCb(50/fb)

(only QC | QC+incoherent) | [PTEP2019,123C01] (SL | Prompt)

(very preliminary estimation) [arXiv:1808.08865]

x (%) 0.036 0.035 0.03 0.024 0.012
y(%) 0.023 0.023 0.02 0.019 0.013
Tcp 0.017 0.013 0.022 0.024 0.011
acp(®) 1.3 1.0 1.5 1.7 0.48

« The only QC results: contains D° - Ksnmr, D° - K-t and general CP tag decay
channels; needs to be tuned

« The QC+incoherent results: combines coherent and incoherent D° meson samples
« The BELLE II and LHCb results only contain incoherent D® —» Ksnr channel



Precision Study of Charm Baryon

Era of precision study of the charmed baryon (4., £, and 2,.) decays
to help developing more reliable QCD-derived models in charm sector

« Hadronic decays:

to explore as-yet-unmeasured channels and understand full picture of
intermediate structures in B, decays, esp., those with neutron/z/=

« Semi-leptonic decays:

to test LQCD calculations and LFU
« CPV in charmed baryon:

BP and BV two-body decay asymmetry, charge-dependent rate of SCS
« Charm-flavor-conserving nonleptonic decays: =, - Afn , Q) > E.
- Electro-weak radiative decays : = - Aty, AL - Zy,py, E:/O — 2*+/0y
« Rare decays: LFV, BNV, FCNC

STCF will provide very precise measurements of their overall
decays, up to the unprecedented level of 10-¢ ~10-7



Polarization of hyperons and CPV

Nature Phys. 15, 631-634 (2019) BEST]

1.31 B J/y events
Quantum correlation in A pair

Parameters This work Previous results
Oty 0.461 +=0.006 +0.007 0.469+0.027 ™
AD (42.4+0.61+0.5)° -

oL 0.7504£0.009£0.004  0.642£0.013 '
oLy —0.758 +£0.010+0.007 —0.71+0.08 ™
0L —0.6924+0.016 +0.006 -

Acp —0.0064+0.0124+0.007  0.006 +0.021 '
0o/ 0L 0.913%&0.012 -

4 \

2% level sensitivity for CPV test
SM prediction:10-4~10->

(X_+a+

cosh, ' CP test Acp= o, 19

19



Polarization of hyperons and CPV

4 trillion J/y events = A p~10~*

« Luminosity of STCF: x 100

0.01— (&'

él’ 0; : 31—0.0045
* No polarized beams needed
: -0.005
« Systematic is challenging o
_0-05.71 — I().72 — I(),73I - I(),74 oo 0.727 0.7275 0.728 0.7285 0.729
AD
? 9 Pa
c‘ l“ : .>’
= = Pz =
o(AL) oA o(BS) Comument —\"/'
BESII|  1.0x107%2*  13x107%2  35x1072 1.3 x 109 J/4 [28, 29] n ‘
BESIII|  3.6x107° 48x107%  1.3x 1072 1.0 x 10 J/4 (projection) % il z e+~
SCTF 2.0x 107 26x107*  68x107* 3.4 x 10'2 J /) (projection) AD, . 0D +tap B, = Bp + ?u ,
ap — ap ap — dp
1.0 1.0
0.8F==~e_ - — N e .--10.8

| Pl

~ -
S -
~~~~~~

« Magnitudes of the
hyperon polarization
versus e~ polarization

20



Flavor Physics and CPV

oV, ~0.15%;
. + + + cd/cs ’
CKM matrix D(gy = U"v,D > Pl*y, /5. ~0.15%
A(cosdg,) ~0.007;
Y/ ¢$3 measurement D® > K.tn~ K, KYK~™ ... (cosdy,) ;
A(Skn) ~2°
0 _ 70 usus Y(3770) - (D°D®)p-_, Ax~0.035%;
P = 17 e W(4140) - y(D°D®) cp_, Ay~0.023%
Charm hadron decay D5y, At Z¢, B, QO decay Np,/p,/n,~10° /10%/10°
Y polarization D° - K etv, AAyp~0.015
CPYV in Hyperons J/W - AN, X, E7E", EOEO AA,~107%
: T - K v, EDM of 1, Ay ~1073;
EIYD 5 T - m/Kn°v for polarized e~ Ad;~5%x1071 (e cm)
. D° - K*K~/n*m™, AAp~1073;
CPV in Charm A, - pK-m*m0 . AAy ~107

*Sensitivity estimated based on £ = 1 ab™?!



Forbidden/Rare decay and NP

Benchmark Processes

Physics at STCF

Key Parameters®
(U.L. at 90% C.L.)

t > yl, UL, IP,P,

LFV decays J/W > W,DO =1 #1D)...

D = IFI* X~ ]/ - Ace™,

LNV, BNV _
B - B..

Symmetry violation n" > Un® n' ->ll...

FCNC .
pl™l™...
Dark photon, ete” - (J/Y) o yA' (> 1H)...
millicharged ete™ = xxy .-

D-yV,D% >t~ ete” > D* =t -

B(t — yu/upu)<12/1.5x107%;
B(J /Y - e1)<0.71x107°

B(J /Y - AeT)< 1071

B(n' - ll/m’l)< 1.5/2.4 X
10710

B(D? » ete " X)< 1078

Mixing strength
Aeyr~107% Ae,~107*

Please find more details in backup slides

*Sensitivity estimated based on £L = 1 ab™?!
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CEPC
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Circular Electron Positron Collider (CEPC)

The CEPC aims to start operation in 2030’ s, as a Higgs (Z/W) factory

To run at v/s ~ 240 GeV, above the ZH production threshold for 4 M Higgs; Tera Z @ 91 GeV, 100M W pair,
and possible tt pair threshold upgrade

Higgs, EW, flavor physics & QCD, BSM physics (eg. dark matter, EW phase transition, SUSY, LLP, ---.)
Possible Super pp Collider (SppC) of 4/s ~ 50-100 TeV in the future.

Booster

IP 2 Potential CEPC Sites / o e

/ ‘*
$ Positron Ring | \ Electron Ring

ete” Higgs (Z) factory
Ring length ~ 100 km i 2

Huzhou

IP 1
http://cepc.ihep.ac.cn/

24
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+, CEPC Roadmap and Schedule (ideal)

» 2013-2025 : Key technology R&D , from CDR to TDR, Site selection, Intl. Collab.

etc.
” CEPC Project Timeline rs)
qs;? qsgﬁb 14th 5Y q“/g? 15th 5Y q(/g? 16th 5Y {§‘9 q§ o _g»
Pre- Constructi
Construction ONSErECtion S
e | | eiccsmm— e v+ S
Ideal Accelerator Roadmap ring de Ideal Detector Roadmap
erificat
'% 2016-2021 MOST phase-1 accelerator R&D 2016-2021 MOST phase-1 detector R&D
8| 2018-2023 MOST phase-2 accelerator R&D  [fon__| 2018-2023 MOST phase-2 detector R&D
4| 2023-2028 MOST phase-3 accelerator R&D 2023-2028 MOST phase-3 detector R&D
§ 2022-2023 Accelerator TDR completion Now -2024 Seek collaboration, detector R&D
=M | 2023-2025 Site selection, engineering design, 2025-2026 Prepare international collaborations
prototyping and industrialization 2027-2028 Detector TDR completed
2026-2034 Construction and Installation 2028-2034 Detector construction
2033-2034 Installation
2018.2 1t 10T SC dipole magnet ZU T ST UTPOTE [TTagITET NS WITTT

Nb;Sn+HTS or HTS
15 T SC dipole magnet & HTS cable R&D

HTS Magnet R&D Program 25



R CEPC Major Milestones

= . = Public release: November
— - & CEPC CDR Released (2018.11)

CEPC

CEPC
Conceptual Design Report

Conceptual Design Report

Volume | - Accelerator
Volume Il - Physics & Detector

arXiv: 1809.00285 arXiv: 1811.10545

The CEPC Study Group The CEPC Study Group
August 2018 October 2018

Editorial Team: 43 people / 22 institutions/ 5 countries -BEH



¢ CEPC Accelerator Design Improvement & TDR

B 100 km double ring design (30 MW SR power, upgradable to 50MW).
B Switchable between H & Z, W modes without hardware change (magnet switch).
B New baseline for Linac (C-band, 20GeV) .

—h
=

T T T TTTT

Off-axis injection Off-axis injection

--= FCC

—eo— CEPC

=== CEPC-Upgrade
ILC
ILC-Upgrade

—4— CLIC

-4-- CLIC-Upgrade

2

T IIIIIIII

—
o

T IIIIIII|

Luminosity [ 10** cm2s]

On-axis injection On-axis injection

IIII|

1 | | A I
10°
s [GeV]

—
o
N

[ =» Details at Yuhui Li's talk ]
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CEPC SCRF Test Facility
CEPC SCRF Test Facility is available : Beijing Huairou (4500m?)

Cryogenic
300W@2K |y

Module test
One per 2 wks

Cavity VT -2 Cleanroom: N
4 cavities / wk 8 cavities & couplers,
/A%ﬂ = 1 string/ 2 wks
e 2~ g

w SC sign (560m2 | SC New Lab is avai.lable in 2021

Nb3Sn furnace

Crygenic system hall

Temperature & X-ray Second sound cavity Helmholtz coil for Vertical test dewars Horizontal test cryostat 28
mapping system quench detection system cavity vertical test
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CEPC R&D: High Q SCRF Cavities

» 1.3 GHz 9-cell SCRF cavity for booster: Q, = 3.4E10 @ 26.5 MV/m
» 650 MHz 2-cell SCRF cavity for collider ring: Q, = 6.0E10 @ 22.0 MV/m
> SCRF cavities for both booster & collider ring reach CEPC design goal

IHEP 1.3 GHz 9-cell Cavity Vertical Test

Vertical test of 650 MHz 2-cell cavity
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Medium-temperature (Mid-T) annealing
adopted to reach Qy = 3.4E10 @ 26.5 MV/m

N-infusion adopted to reach

Qo = 6.0E10 @ 22.0 MV/m
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CEPC R&D: High Efficiency Klystrons

The 15t prototype finished fabrication & passed the max. power test.
Output power reaches 700 kW in CW mode, 800 kW in pulsed mode.

Design efficiency is 65%, achieved efficiency ~ 62%.

The 2nd klystron prototype is manufactured and under test at PAPS,
design eff is ~ 77%, achieved efficiency ~70%.

Multi-beam Klystron design is finished, design efficiency is ~ 80.5%.

High efficiency Klystron helps to reduce electricity consumption.

The 2nd Klystron (under test)

g CEPC at 800 RMB/MWh and 6000 hours/year
o 700 | :
s Save Money | 130M RMB i
~ 20 i > 1 year
‘S s00 | ' 90 M RMB i
> i
-"5 400 - { /
.:d 300 1 iI M
@ - ,
‘% 100 - i ]
4 : :
Q o : : . ( . ; ; . ; ; ; .
25 40% 4% 50%  55%  60% 6%  70%  75%  80%  85%  90%  95%  100% Multi-beam K|y5tr0n

Efficiency, %

The 15t Klystron (tested)
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G2 HTS SC Magnet (>12T)

Domestic SC dipole magnet exceeded 12T (IHEP, June, 2021)
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5 N££+Nb3t5n quench protection
i aperture
. LPFI-U test after the 2™ thermal cycle 10T @ 42K
Challenges: Fabrication
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C 2*(p45 aperture
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- With 10 field quality
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<l Conceptual Detector Designs

(Baseline Design)
Magnet Particle Flow Approach

(3T/2T) Yoke + Muon (RPC or u-RWELL)

LumiCal

PFA ECAL

Si Pixel Vertex

SIT TPC SET
FTD ETD

FST concept
(Full Silicon Tracker)

IDEA concept
(also proposed for FCC-ee)

2T Magnet

Preshower (u-RWELL)

Yoke + Muon (u-RWELL)

The 4th Concept

PFA HCAL
Partially Yoke

Magnet (3T/2T)

PID (DC+ToF)

Crystal ECAL

Silicon Tracker (Transverse bar)
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Advantage: Cost efficient, high density

Scint Glass

Challenges: Light yield, transparency,
massive production.

PFA HCAL

200 The 4t Conceptual Detector Design

Advantage: the HCAL absorbers act as part
of the magnet return yoke.

Challenges: thin enough not to affect the jet
resolution (e.g. BMR); stability.

Jd A

Advantage: better 1%y reconstruction.

Challenges: minimum number of readout
channels; compatible with PFA calorimeter;
maintain good jet resolution.

U |1 NIRRT
m -
| _J |
T
|W :
1
Muon+Yoke Si Tracker Si Vertex

A Drift chamber
that is optimized for PID
Advantage: Work at high luminosity Z runs

Challenges: sufficient PID power; thin
enough not to affect the moment resolution.

Det | Technology | | Det Technology
JadePix Crystal ECAL
E TaichuPix Si+W ECAL
%’ Arcadia 5 |Scint+W ECAL
X [cPv(sol) "’g"' Scint AHCAL
Stiching S [ScintGlass AHCAL
TPC S RPC SDHCAL
2 |CEPCPix MPGD SDHCAL
°E Drift chamber DR Calorimeter
< |PIDDC _ |Scintillation Bar
S |LeaD é RPC
Silicon Strip u-Rwell
§ SiTrk+Crystal ECAL
- |SiTrk+SiW ECAL
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CEPC R&D: Machine Detector Interface (MDI)

Final focusing magnets (QD0, QF1) with
Segmented Anti-Solenoidal Magnets

Crossing angle: 33 mrad
Focal length: 2.2 m

300
7
arccos0.99 /

T
AY
\
\
\ /7
\ /7
\ I,
AY
200 \ \/
7
7
/

\
\
\
\

100
€
€ 0
<
-100 |
! \ f"“‘f | \ |
/ \ : - |
—200 AN Ay IP || Be-Al chamber | Remote Y-shape IP BPMs Lumical body | | &
/ arccos0.99 \ Z:-700~700mm | Vacuum chamber Z:855~950mm | Z:950~1110mm | | 20211022, 7R, 73
/ \ .
' * Connector Z:783~855mm
. A L A L A Qbo
—300_G ~2 % 0 > 2 Z:700~783mm Z: 2200~4200mm 2021 WO I‘kShOp on CEPC Detector

S(m)

All the devices are within the detective angle, acos0.99.

& MDI Mechanical Design, Oct.22-23

Beam Pipe
¢ 28—20 mm, Be thickness: 0.85—0.35 mm

Workshop on CEPC Central Beampipe and Beryllium
Application May 6, 2022 34



https://indico.ihep.ac.cn/event/14392/
https://indico.ihep.ac.cn/event/14392/
https://indico.ihep.ac.cn/event/16173/

&4 CEPC R&D: Silicon Pixel Chips
2 layers / ladder  R,,~16 mm Goal: o(IP) ~ 5 um for high P track Ej;/iilggfiﬁizi;;&;acﬁj%ﬂ?ggé

CDR design specifications TSI 180 nm HV-CMOS
= 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, TaichuPix, CPV, Arcadia, CEPCPix

% . : % % Arcadia by Italian groups
TaichuPix-2, 64x192 array

CPV4(SOI-3D),64x64 array for IDEA vertex detector
~21x17 um?pixel size LFoundry 110 nm CMOS

25><24 umz p|xel size

Tower-Jazz 180nm CiS process
Resolution 5 microns, 53mW/cm?
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CEPC R&D: Time Projection Chamber

Baseline main tracker

N

TPC Prototype + UV laser beams

IBF*Gain)

I":IEFl:

Low power FEE ASIC

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

h116

GEM

6y < 100 um for drift length of 27cm

X-position (um)

36
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CEPC R&D: PFA Calorimeters

Calorimeter options _PFA Calorimeter | |

Chinese institutions have been " HCAL
focusing on Particle Flow calorimeters

R&D supported by MOST, NSFC
and IHEP seed funding

M|cr0

Silicon Scintillator MAPS RPC ‘ GEM | megas

'ECAL with Silicon and Tungsten (LLR, France)

Eleciromagnetic ECAL with Scintillator+SiPM and Tungsten (IHEP + USTC)

SDHCAL with RPC and Stainless Steel (SJTU + IPNL, France)
Hadronic SDHCAL with ThnGEM/GEM and Stainless Steel (IHEP + UCAS + USTC)

HCAL with Scintillator+SiPM and Stainless Steel (IHEP + USTC + SJTU) |

Some Crystal Calorimeter (LYSO:Ce + PbWO)

longitudinal

granularity Dual readout calorimeters (INFN, Italy + lowa, USA) — RD52
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2 CEPC R&D: Calorimeters

Scintillator-W ECAL Prototype Scintillator + Si

3 batch testing platforms built
(USTC, SJTU, IHEP)

Plastic scintillator s

Uniformity within £15%

72 cm
B —

3 readout;
']', Lo el |
oo o |00

Jolo]o @ oo oo]olo o

SITU

\
HBU:HCAL Basic Unit
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CEPC R&D: High Granularity Crystal ECAL

Goal

e e

3 Crystal .Scinﬂlla?r (eg. B6O, LYSO.) :
| .
ﬁ/ 1x1x40cm m

\\Phofodetectors (eg. FPMT, SiPM. Y'

* Boson Mass Resolution < 4%
* Better BMR than ScW-ECAL

* Much better sensitivity to y/e,
especially at low energy.

A

Incident

4 particles
Timing at two ends for positioning along bar. Benchilest
Full Simulation Studies + Optimizing PFA for crystals

Significant reduction of number of channels.

Conceptual Design

Performance with photons Performance with jets

Reconstructed Mass of Higgs

Performance Test

a : : L L. [ ' U7 ' hllnvMass
] . N é o ﬁ .:,:.‘:‘ ?, 1 i Entries 1067 |
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1600 - »2 I ndf 25.31124 E &2
E E.R:=23.71% aoof- i : = : Sigma  4.517 +0.137 1
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1400 ﬂ Constant 1375+ 103 - BMR =1.2% , : 2 a0l 1
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® =ics : . ]
ﬂ% / \\ i | el | b | 1BMR:3.6%
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ZH(Z - vv,H - gg) at 240 GeV

udies

Energy Resolution
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? CEPC R&D: New HCAL with Scintillating Glass Tiles

Goal
Better hadronic energy resolution
Further improve BMR

as Development
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¢, CEPC R&D: IDEA Tracker and Dual Readout Calorimeter

— g F Bt . O n

Main IDEA tracker

e g . WMy et} Dual Readout CAL

1.0 S

04 1 5

@ e e e e e g
@V e )@

Italian groups and IHEP colleagues participated the test beam at CERN.
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Y, International Efforts
Workshop on the Circular The International Workshop on the

“*The 7t annual IAC meeting was held on Nov 1-5, 2021. FEFiiit s R el suiesimi i

ELECTRON POSITRON COLLIDER N F A EU EDITION 2019
: - Oxford, April 15-17, 2019

Roma, May 24-26 2018
University of Roma Tre

**International Accelerator Review Committee (IARC),
and International Detector R&D Review Committee
(IDRDRC) started operating in 2019.

s Currently the CEPC study group consists of ~1/3
International members. By year 2025-26, two
international experiment collaborations should be
formed.

“*International collaborating R&D through different
channels, including CALICE, LCTPC, RDx,

< .3\

u A

*The R&D research are supported by MOST, NSFC, CAS, | > “'“
institutes, local government, - TR T

International workshops (Wlth emphasis on CEPC® TF '% pm K
In China: Beijing (2017-2019), Shanghai (2020.10), :f:ﬂ DS (DS i

IAS PROGRAM

Nanjing (2021.11 online, 2022.10) Ak — -
Annual HKUST-1AS HEP program (since 2015) 7 : Ja,,'ugm'lf,rgy ——
In Europe: Rome (2018.05), Oxford (2019.04), Marseille 8 *ﬁ K ,N

INUSA: Chicago (2019.09), DC (2020.04 / online) JLFEY



https://indico.ihep.ac.cn/event/14938/
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CEPC 650MHz Klystron at Kunshan Co.

CIPC was established in Nov. 2017, there are
70+ companies join the CIPC so far.

CEPC SC QDO coll
winding at KEYE Co.
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0 I qﬁﬂxfﬂ Q_& \'/ I’b EEEJ'E-’.TIT';L!% ) Superconduting materials (for 9)Electronics

CEPC Detector SC coil winding tools
at KEYE Company (Diameter ~7m)

CEPC long magnet
measurement coil

i = cavity and for magnets) 10) SRF
':_: J REVE o s st /\\ C ? = Fe=e) ——— 2) Superconductiong cavities 11) Power sources
. ——— Ruivuan = == emee oTiC 3) Cryomodules 12) Civil engineering
AT | H . .
0 v r© 55 @ 21758 A% ownros CBYAC ) Cryogenics 13) Precise machinery
@ ARRHRIRNT @ sxmmasmn §) macsmarmssiens SAEARAERAT DERzE 6) Magnet technology More than 40 companies joined in
Yellow River Engineering Consaltng Co., Ltd. o e e HZE FHDTDNI:E POWERCHINA 7)Vacuum technologles first phase of CIPC,

8) Mechanical technologies and 70 companies now.



\
oy
=

'/ k_.:
\ .

0

CEPC Physics Program (White Papers)

| F B J .

§ = |
Eflemationaliiapicalfworkshogon'thelCEPC PhyEéiE’s and DetectorJuly.1:=15, 20197 Peking Upiversity, B

CEPC Operation mode ZH Z W*W- | ttbar | # - Peking U. (2019) :

s e | - N

1

Vs [GeV] ~240 | ~912 | ~160 | ~ 360

Run time [years] 10 2 1 3)
L/ IP [x103* cm™2s-1] 8.3 192 27 0.8
Latest 1
(50MW) [Ldt[ab? 2IPs] 20 96 7 1
Event yields [2 IPs] 4x106 4x1012 ~108 | 5x10°

Physics similar to FCC-ee, ILC, CLIC

2019.3 Higgs White Paper published (CPC V43, No. 4 (2019) 043002)
2019.7 Workshop@PKU: EW, Flavor, QCD working groups formed
2020.1 Workshop@HKUST-IAS: Review progress, EW draft ready

X/ X/ X/
> °e °e °e

o
*

2021.4 Workshop@Yangzhou: BSM working group formed 44
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arXiv: 2205.08553

70 CEPC Physics Program: Snowmass Lol

Submitter Title
1 | Xin EF01 Higgs boson CP properties at CEPC
2 | Yanping EF01 Measurement of branching fractions of Higgs hadronic decays
3 | MJRM & Shu EF02 Study of EWPT in Exotic Higgs decays with CEPC detector simulation
4 | Mingrui Zhao EF03 Feasibility study of CP violation phase Phi-s measurement via Bs->]/psi Phi at CEPC
5 | Peiwen Wu EF03 Probing top quark FCNC couplings at future electron positron collider
6 | Lingfeng Li EF03 Searching for Bs->Phivv and other b->svv processes at CEPC
7 | Siqi Yang EF04 Measurement of leptonic effective weak mixing angle at CEPC
8 | Jiayin Gu EF04 Probing new physics with measurement of ee->WW at CEPC with optimal observables
9 | BolLi EF04 Measurement of Rb in hadronic Z decays at the CEPC
10 | Zhao Li EF04 NNLO electroweak correction to Higgs and Z associated production at future Higgs factory
11 | Shuang-Yong Zhou | EF04 Positivity bounds on quartic-gauge-boson couplings
12 | Qin gin EF05 Exclusive Z decay
13 | Zhao Li EF05 NNLO EW correction to Higgs and Z associated production at future Higgs factory
14 | Yang Zhang EF08 SUSY Global fits with future colliders using GAMBIT
15 | Tianjun li EF08 Probing SUSY and DM at CEPC, FCC & ILC
16 | Mengchao Zhang EF09 Search for Asymmetric DM model at CEPC by displaced lepton jets
17 | Peiwen Wu EF09 Search for t+j+MET signals from DM models at future electron positron collider
18 | Xin Shi & Weiming | EF09 DM via Higgs portal at CEPC
19 | Kepan Xie EF10 Lepton portal DM, Gravitational waves and collider phenomenology
20 | Taifan Zheng RF1 Exploring NP with Bc->Tauv

v' Many talks presented at Snowmass meetings
v" Many relevant performance studies, and extra physics analyses
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Precision of Higgs coupling measurement (kappao fit)

Z-pole + WW threshold
+ 240GeV(20/ab) + 360GeV(1/ab) + HL-LHC |,
light shade: individual fit (one operator at a time)

solid shade: global fit
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CEPC Physics Program: Higgs and EW

Observable

current precision

CEPC precision (Stat. Unc.)  CEPC runs

main systematic

Amy

AmW

2.1 MeV [37-41]

9 MeV [42-46]

ATy 49 MeV [46-49]

0.1 MeV (0.005 MeV) Z threshold Epeam
WW threshold

WW threshold

0.5 MeV (0.35 MeV)
2.0 MeV (1.8 MeV)

Epeam

Epeam

AA,  4.9x107% [37,51-55]  1.5x107° (1.5x 107°)  Z pole (Z — 77) Stat. Unc.
AA, 0.015 [37, 53] 3.5x107° (3.0x 107°)  Z pole (Z — pu) point-to-point Unc.
AA,  4.3x10~% [37,51-55]  7.0x1075(1.2 x 10~°) Z pole (Z — 1) tau decay model
SM
DO | 80478 + 83 @
CDF | 80432 + 79 ©
DELPHI 80336 + 67 —_——
L3 80270 £ 55 —mmo——
OPAL 80415 £ 52 —_——
ALEPH 80440 + 51 —_——
Dol 80376 + 23 ——
ATLAS 80370 + 19 -
CDF 2012 80387 * 19 —8—
LHCb 80354 * 32 -
CDF Il 80433 £ 9 [l
IIII|II|IIIIII|IIII|IIIIIIIII|III
79900 80000 80100 80200 80300 80400 80500
BR(Z — pe) <7.5x1077 1078 - 1010 0(1079) PID limited
BR(Z - 7tn™) 0(10710) 0 (Ptrack) limited, good PID
BR(Z — 7t~ n0) 0(1079) 77 bkg
BR(Z — J/¢y) <14x1076 1079 — 10710 L0y+777 bkg
BR(Z = py) <25x107° 0(1079) 777 bkg, o (Ptrack) limited
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Discovery Potential for New Physics

h h—>2-3-4
Standard Dark h h—+2-3 +23- h—2-(143)
Dark
o e [ {< {<< f <§
h— X, X "
dm“*dm D

Higgs decays into BSM particles, H> XX,

ecay back to SM

-43

% 10 e ,{'s@a/‘ . ""--'.\;_ LHC BR(h—>inv) < 24% (3.5%)

L, 10_44 New f.f_aw CERC BR(h=inv) < 0.-31% k { 95% C.L. upper limit on selected Higgs Exotic Decay BR

C ..h. :
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=10 e Soatering I8 I8 08 08Il 08 08I I8 18 6 IR
% a Coherent Neutrino Scattering - I _ I I
w 10—50 Loy ! I L MET (bb)+ i -+ (TI‘}+ b + .U‘.LM T%M (bb) (b Cc) (c (]j) (U)(bb) (r (TT)(I- (U)( (}’}’)(
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WIMP mass [GeV]

Significantly better sensitivity for
dark matter and selected Higgs exotic decays than HL-LHC

47



Summary

O Two electron-positron colliders proposed by Chinese scientists

» CEPC: Ecm = 90-360 GeV, peaking £ > (5, 115)x1034 cm-2s-1 at (240, 91) GeV
STCF: Ecm = 2 - 7 GeV, peaking £ > 5x1034 cm-2s-1
Both aim precision study of the SM, as well as the new physics searches
Milestones: CDRs released
Active R&D on machine, detector, physics, and MDI ongoing

Made major progress + breakthroughs in common technologies

vV 'V V Vv V VY

Industrial involvements
> International collaboration and engagement
O Efforts on “"FlFERARIZFEME” to realize at least one of them
O The SM has been “normal science” for 50+ years, we need new paradigms in our field

O China should/could play a more important role in the future
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Tau-Charm Factory in China
30 yields history , Successful and fruitful physics results

BEPCII/BESIII ‘
(10¥3cm?s1) (1035cm-2s1)?
® 2030  BEPCII/BESII

2010: = I Natural extension

BEPCI /BESI-II
(103em2s!)

i
]

Challenge of BEPCII/BESIII experiment :

« Successful operation for 13 years, but limited

potential for further upgrade

« BEPCII/BESIII lifetime is less than 10 years,

- Some key scientific questions require higher
luminosity and wider CME.
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Electromagnetic Form Factors

Fundamental properties of the nucleon, connected to charge and

magnetization distributions, crucial testing ground for models of the

nucleon internal structure

Several “Surprise” results from BESIII

3&1 0 B | . PREEa B
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102 = . +<ﬁi> ﬁijﬁi‘ ’ofﬁ* p? > e o ‘:_\“ S .
; L] T + . . —*. (:)‘:#%] :;;\Jc Belle

10 — ¢ ﬂ.ﬁ ﬁ% _

f hod

, \ 1 , \ l‘u E

0.0 0.5 “

B=\1-am
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STCF unique features :

2 l. L]
10°F ®°t . © nA STCF
- 4

L 4 =
10 E _®e ® AA, STCF

Threshold Production
Low background
Almost all baryons
Incomparable precision

Z
Z
>l

® AA STCF
P e »'F STCF
P . =3 STCF
=T STCF

© A, STCF

1...II.'.'I...I...’.I....I....I‘4|..

LN B i B I B e
T EE= ele) NeAe

STCF provide opportunities for systematical and precise measurements,
and to understand the nature the nucleons



T production at STCF :

* Peaking x-Sec in 4-5 GeV
At 4.26 GeV, tau pair number/year: 3.5x10°

LFV In T decays

LFV is a sensitive probe for NP, t decays are an ideal processes for LFV

« ete” -yttt is not the main background

Tg}
& 10°
Q. s
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Improved /u mis-id rate at STCF

Entangled topology of ete™ — 41~

Large ete™ — gq background at low c.m.e
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(1/N) dN /dx

TMVA overtraining check for classifier: BDT
2 TSIl [T S 3 o | "] « Tag side: t - evv, nv, nnv
2 Background (test sample) | | « g (tralning samp ,_f 0.8 _
18 g_maw-swwzclaml Mmu)wmbﬂlty:ﬁ 0.296) _g 07 —; (B r — 5 4% )
3 E 0.6 E .
“E ¥ s i+ Dominant background:
E 3 0.4 3
o.;:i- ¥ 03 : ete” > utpu~ and ete™ - tt17,
06 -;i 0.2 _; _
e §i 0 : ™t > v, 17 - pov
020- e 085 vV 05 1.0
02 04 06 08 cut value

BDT response

90
B (1 - yp) < Z’Z;it~1. 2x1078 (1ab!)
decron oo ¢ 277+ Tagside: T - evv, pvv, nv + nn’
WA >/ R ik é o (Br = 82%)
— g o 1l i1+ Almost background free, the
03- > sensitivity : B (r - ppp)~1/L
Zi * « Best efficiency (t > ppp ): 22.5%
e °  (including tag branching fraction)
AM (GeV/c?)
B0 ( N} -9 1
(T = pup) < 25N,,~1' 5x10~7(1ab™)
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LFV in J/y decays

The cLFV decays of vector mesons V — [;1; are also predicted

in various of extension models of SM:

Bor( /1 — en)< 10713
B/ — e()r) )< 107°

Taking efficiency from BESIII, 1 trillion
J/y result the upper limit to be:

B (J /Y — en)< 3.6x10711

B (J /Y - er) )< 7.1x10710

The BYY(J/¥ — et) ) can be further

optimized with better PID.

A Jy— ey (BESII, BESIII)
W J/y- et (BESII, BESIII prospect)
V¥ Jiy- ut (BESII)
A Yy e (STCF)
Il /v- ex(STCF)

11 IIIIIII L1 IIIIIII L1 IIIIIII 11 IIIIIII 11 IIIIlII L1
10° 10”7 10® 10° 10" 10" 10" 10"
Jhy
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il CEPC Financial Model

Funding Sources Financial Model #1 (RMB) Financial Model #2
(RMB)

Central Government 30B 6-10B
Local Government 25-18B

Land, Infrastructure Land, Infrastructure
International Partners 1-5B 1-5B
Companies & 0-3B 0-3B
Donations

In Oct., 2021: Institute of Science and Technology Strategic Consulting, CAS is
carrying out an independent assessment of Social Cost Benefit Analysis for the
CEPC project, the report will be available in this year.
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Dampang tiune 5/ 5/ fe (ms)
| Matural Chromaties

\i’Base‘ i

9‘?10‘?1“;0

Higes | W | zom | z oD

Number of IPs 2

Beam energy (GeV) 120 | &0 | 455
Cireumference (km) 100

Synchrotron radiation - . o

lc:ss turmn (GeV) 173 0.34 0.036

Crossing angle at IP (mwrad) 16.5 = 2

Piwinsk angle 348 7.0 238

Particles bunch N; (10'%) 15.0 12.0 8.0

Bumich minmber 242 1524 12000 (10% gap)
Bunch spacing (ns) 680 210 25

Beam current (mA) 17.4 879 461.0

Synch. radiation power (MW) 30 30 16.5

Bending radius (km) 10.7

Momentum compaction (107) 1.11

p fimetionat IP 8,%*/5,*% (m) | 0.36/0.0015 03600015 0200015 020001
Emittance X'y (nm) 1.21/0.0024 0.54/0.0016 0.18/0.004 | 0.18/0.0016
Beam size at IP o/ (pum) 20.9/0.06 13.9/0.049 65.0/0.078 6.0/0.04
Beam-beam parameters 5 /5 | 0.018/0.102 0.013/0.123 0.004/0.06 | 0.004/0.079
RF voltage Fer(GV) 2.17 0.47 0.10
BF frequency far (MHz) 650

Hammome number 216816 _
Natural bunch length o (mm) 2.7 I ‘g“

Bunch length o (nun) 4.4 ! Des

.10l |-491 -1161 | -513/-1594

363.10/ 365.22

Bc atr- ‘ D

20 ‘ 8 0.065 0.040 0.028
E (4 cell) 046 0.75 1.94
(ks
Natural energy spread (%) 0.100 0.066 0.038
Energy spread (%) 0.134 0.098 0.080
Ene:g}' acceptance 135 0.90 0.49
requarement (%a)
Energy acceptance by RF (%) 2.06 1.47 1.70
Photon number due to 0.082 0.050 0,023
beamstrahlung
Beam-','rnﬂll_n.l.}lg lure'mn_e 80/80 ~400
quantin lifetime’ (min)
Lifetune (hour) 0.43 1.4 4.6 | 2.5
F (hour glass) P 0.94 0.99
menmm IP (10* cm’s ( 3 ) 10 17 | ( 32 )

T melude beam-beam ‘311.I1L1] ation and Teal lattice

(ttbar) Higgs | W Z
Number of Ips 2
Circumference [km] 100.0
SR power per beam [MW] 30
Half crossing angle at IP [mrad] 16.5
Bendimg radius [km] 10.7
Energy [GeV] 120 80 45.5
Energy loss per turn [GeV] 1.8 0.357 0.037
Piwinski angle 5.94 6.08 24.68
Bunch number 249 1297 11951
Bunch population [1010] 14 13.5 14
Beam current [mA] 16.7 84.1 803.5
Momentum compaction [10"-5] 0.71 1.43 1.43
Beta functions at IP (bx/by) [m/mm] 0.33 0.21/1 0.13/0.9
Emittance (ex/ey) [nm/pm] 0.64/1.3 0.87/1.7 27/1.4
Beam size at IP (sigx/sigy) [um/nm] 15/36 g“ 35

5/ \
Bunch length (SR/total) [mm] P o\,ed Des 2.5/8.7
Energy spread (SR/total) [%o] “‘\pr v.07/0.14 0.04/0.13
Energy acceptance (DA/RF) [%] .ul2 1.2/2.5 1.3/1.7
Beam-beam parameters (ksix/ksiy) 0.015/0.11 0.012/0.113 0.004/0.127
RF voltage [GV] 2.2 0.7 0.12
RF frequency [MHz] 650 650 650
HOM power per cavity (5/2/1cell)[kw] 1/0.4/0.2 -/1.8/0.9 -/-/5.8
Qx/Qv/Qs 0.12/0.22/0.078f 0.12/0.22/0.049 0.12/0.22/ 0.12/0.22/
Beam lifetime (bb/bs)[min] 81/23 39/18 60/717 80/182202
Beam lifetime [min] 18 12.3 55 80
Hour glass Factor 0.89 0.9 09 097
Luminosity per IP[ le34/cm”2/s 6!“@ C\{D 16 Ql“\)

259%1]




CEPC Accelerator TDR Design (Upgrade)

7,

Higgs w Z ttbar
Number of IPs 2
Circumference [km] 100.0

| [SRpowerperbeamivw) | 5%

Half crossing angle at IP [mrad] 16.5
Bending radius [km] 10.7
Energy [GeV] 120 80 455 180
Energy loss per turn [GeV] 1.8 0.357 0.037 9.1
Piwinski angle 5.94 6.08 24.68 121
Bunch number 415 2162 19918 58
Bunch spacing [ns] 385 154 15(10% gap) 2640
Bunch population [101] 14 13.5 14 20
Beam current [mA] 27.8 140.2 1339.2 5.5
Momentum compaction [107] 0.71 1.43 1.43 0.71
Phase advance of arc FODOs [degree] 90 60 60 90
Beta functions at IP (bx/by) [m/mm] 0.33/1 0.21/1 0.13/0.9 1.04/2.7
Emittance (ex/ey) [nm/pm] 0.64/1.3 0.87/1.7 0.27/1.4 1.4/4.7
Beam size at IP (sx/sy) [um/nm] 15/36 13/42 6/35 39/113
Bunch length (SR/total) [mm] 2.3/3.9 2.5/4.9 2.5/8.7 2.2/2.9
Energy spread (SR/total) [%)] 0.10/0.17 0.07/0.14 0.04/0.13 0.15/0.20
Energy acceptance (DA/RF) [%] 1.7/2.2 1.2/2.5 1.3/1.7 2.3/2.6
Beam-beam parameters (xx/xy) 0.015/0.11 0.012/0.113 0.004/0.127 0.071/0.1
RF voltage [GV] 2.2 (2cell) 0.7 (2cell) 0.12 (1cell) 10 (5cell)
RF frequency [MHz] 650
Beam lifetime [min] 20 55 80 18
Luminosity per IP[103%/cm?/s] 8.3 26.6 191.7 0.8

CEPC accelerator whitepaper for
Snowmass21, arXiv:2203.09451

10°
- -~ FCC
- —eo— CEPC
% B == CEPC-Upgrade
L L ILC
g £ ILC-Upgrade
o B —4— CLIC
9 B -4-- CLIC-Upgrade
o L
‘a 10
o =
£ &
E -
5 L
-l L
1=
:I | | | | | | | | | |
107 10°
s [GeV]

Higher SR power of 50MW,
the Lumi. will increase ~66%.
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CEPC R&D SDHCAL
e R hﬁa =

04F 5 RD51 GDD tr:gger +tracker M
F —e— PS(3-11GeV) + SPS(20-80GeV) | — . IR

Scintillator( RPC  MPGD [ SOOI
AHCAL SDHCAL / A e " _
JINST 15, P10009 (2020)
SDHCAL-GRPC (1.3 m3, IPNL) arXiv: 2202 09684 SDHCAL-RPWELL ( 50x50cm?, WIS)

B
R&D Plan: 5-D SDHCAL (X, Y, Z, E, Time)

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

Top steel plate

MOST 1: RPC and MPGD (RWELL) R&D, MIP Eff > 95%

Electronics

IPNL
SJTU
IJCLab
OMEGA
CIEMAT

GRPC 1m x 1m (SJTU) RWELL 0.5m x 1m (USTC+IHEP)

128 pads with the
cell size 1cm x 1cm

JINST 16 (2021) P12022



https://iopscience.iop.org/article/10.1088/1748-0221/15/10/P10009
https://arxiv.org/abs/2202.09684
https://doi.org/10.1088/1748-0221/16/12/P12022

Confusion Matrix ZH Decay & ZZ Bkg
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» Event classification with e
Graph neural network e
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achieves an average

True

TTrr

accuracy of ~89% w
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