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The Higgs field: one of the two pillars of
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Higgs: linked to many known
unknowns of the SM

« Hierarchy: From neutrinos to the top
mass, masses differs by 13 orders of 1 7-36127,890,984,789,307,394,520,932,878,928,933,023
magnitude -36,127,890,984,789,307,394,520,932,878,928,917,398
= (125 GeV)? 1 ?

* Naturalness: Fine tuning of the Higgs
mass

- Masses of Higgs and top quark: meta- | s | "
stable of the vacuum o e & A

 Unification?

« Dark matter candidate? primordial
« Not sufficient CP Violation for Matter & ; RET
. Cosmic microwave
Antimatter asymmetry background

Most issues related to Higgs
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Higgs measurement at e+e- & pp

DRUID, RunNum = 0, EventNum = 5401

CMS Experiment at the LHC, CERN  §
a recorded: 2012-May-27 23:35:47.271830 GMT
n/Event: 195099 / 137440354

Yield efficiency Comments
Run 1: 10° High Productivity & High background, Relative
LHC ~0(107) Measurements, Limited access to width, exotic ratio,
Run 2/HL: 1078 etc, Direct access to g(ttH), and even g(HHH)
CEPC 106 ~0(1) Clean environment & Absolute measurement,
Percentage level accuracy of Higgs width & Couplings
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Electron Positron Higgs factories

' High-priority future
Initiatives

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. Accomplishing these
compelling goals will require innovation and cutting-edge technology:

DELIBERATION DOCUMENT

ON THE 2020 UPDATE OF THE EUROPEAN STRATEGY
FOR PARTICLE PHYSICS

The European Strategy Group

Europ%ar} SLtrategy
Update
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FCC (b):
CEPC (c):
CLIC (d):

TDR @ 2013
CDR @ 2019
CDR @ 2018
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Key figures of the CEPC-SPPC

e Tunnel ~100 km

« CEPC (90 - 250 GeV)
- Higgs factory: 1M Higgs boson

» Absolute measurements of Higgs boson width and couplings
« Searching for exotic Higgs decay modes (New Physics)
- Z & W factory: ~1 Tera Z boson
* Precision test of the SM
 Rare decay
- Flavor factory: b, c, tau and QCD studies

- SPPC (~100 TeV)

- Direct search for new physics

- Complementary Higgs measurements to CEPC g(HHH), g(Htt)

« Heavy ion, e-p collision... Complemen tary
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Timeline

CEPC Project Timeline
O ] O
2 v % >
& ¥ D v
Pre-
Construction SPPC
Construction (pp/ep/eA)
t
* Release of accelerator TDR
* Site selection, engineering design,
§ technology & system verification * Tunnel and infrastructure construction
g * MoU, international collaboration * Accelerator components production;
8 Installation, alignment, calibrationand
& - 2016.6 R%Dfunded by MOST commissioning
. S i I ..
g_, 2018.5 1% Workshop outside of China  Decision on detectors and release of
o] * 2018.11 Release of CDR detector TDRs; Construction,
. 2013.9 Project kick-off meeting installation and commissioning
* 2015.3 Release of Pre-CDR

* 2018.2 1°* 10T SC dipole magnet * 20 TSC dipole magnet R&D with
NbsSn+HTS or HTS

* 15 TSC dipole magnet & HTS cable R&D

HTS Magnet R&D Program
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CDR released in Nov. 2018

CEPC
Conceplual Design Report

Conceptual Design Report

Volume Il - Physics & Detector

Volume | - Accelerator

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

« Baseline designs for the Accelerator, Detector & Software
- Subsystems' designs supported with Prototype construction & test

* Physics potential
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CEPC Accelerator Baseline Layout

Electron Ring

Positron Ring

Injection energy 10GeV

Linac

CEPC collider ring (100km) CEPC booster ring (100km)
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CEPC CDR Parameters D. Wang

Higgs W Z 3T) Z QT)
Number of IPs 2
Beam energy (GeV) 120 80 45.5
Circumference (km) 100
Synchrotron radiation loss/turn (GeV) 1.73 0.34 0.036
Crossing angle at IP (mrad) Gy
Piwinski angle 2.58 7.0 23.8
Number of particles/bunch N, (1019) 15.0 12.0 8.0
Bunch number (bunch spacing) 242 (0.68us) 1524 (0.21ps) 12000 (25ns+10%gap)
Beam current (mA) 17.4 87.9 461.0
Synchrotron radiation power /beam (MW) 30 30 16.5
Bending radius (km) 10.7
Momentum compact (10-5) 1.11
B function at IP B.*/ B * (m) 0.36/0.0015 0.36/0.0015 0.2/0.0015 0.2/0.001
Emittance g/g, (nm) 1.21/0.0031 0.54/0.0016 0.18/0.004 0.18/0.0016
Beam size at IP ¢, /o, (um) 20.9/0.068 13.9/0.049 6.0/0.078 6.0/0.04
Beam-beam parameters &£/, 0.031/0.109 0.013/0.106 0.0041/0.056 0.0041/0.072
RF voltage V- (GV) 24K 0.47 0.10
RF frequency f z» (MHz) (harmonic) 650 (216816)
Natural bunch length o. (mm) 2.72 2.98 2.42
Bunch length . (mm) 3.26 5.9 8.5
HOM power/cavity (2 cell) (kw) 0.54 0.75 1.94
Natural energy spread (%) 0.1 0.066 0.038
Energy acceptance requirement (%) 1.35 0.4 0.23
Energy acceptance by RF (%) 2.06 1.47 1.7
Photon number due to beamstrahlung 0.1 0.05 0.023
Lifetime simulation (min) 100
Lifetime (hour) 0.67 1.4 4.0 | 2.1
F (hour glass) 0.89 0.94 0.99
Luminosity/IP L (1034cm-2s1) 2.93 10.1 16.6 321
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Detector & Software

Physics
Models

Whlzard ‘¢
Parton

 MokkaPlus |
~ G4-Simulation

Simulated
Detector Hits

Nl
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_ Pythia
~—_Fragmentation
o " Fast

- 4-—> Detector Hits

Physics
Parameters

<>

Physics Object

e

. Reconstructed

Particle

/<>

Tracks & calorimeter hits

>

Full simulation reconstruction Chain functional, iterating/validation with hardware studies
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AU./0.8 GeV

A.U./0.067 GeV

Reconstructed Hig
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Clear Higgs Signature in all SM decay modes

Massive production of the SM background (2 fermion and 4 fermions) at the full Simulation level
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Quantify the physics potential

15

Higgs 4 Electroweak Fit: S and T Oblique Parameters
Final Precision of Higgs coupling measurement (7-parameter Fit) A5F " T T T T
states i Current (68%) ——— ]
= LHC 300/3000 fb~' ] ]
0.10f ]
qq, Po— m CEPC 240 GeV at 5.6 ab™" wi/wo HL-LHC ]
g9 _ L 0.05F ]
o [ ]
= I ]
L ]
o) ~ 0.00f 1
2 [ ]
© [ ]
, ) -0.05} 4
MM, YY s [ .
T .
-0.10F ]
Ww, 77, [ ]
2y [ ]
. SR L) S
-0.15 -0.10 -005 000 005 010 O
Il ffH Kp K¢l K¢ Kg Kw Kt Kz Ky
S
70 OVERVIEW OF THE PHYSICS GASE FOR GEPC Observable Current sensitivity Future sensitivity Tera-Z sensitivity
BR(B, — ee) 2.8 x 1077 (CDF) [438] ~ 7 x 10719 (LHCb) [435] ~ few x 10710
Particle Tera-Z Belle IT LHCb BR(B, — uu) 0.7 10°° (LHCb) [437]  ~ 1.6 x 101 (LHCb) [435] ~ fow x 10710
b hadrons BR(Bs — 77) 5.2 x 1073 (LHCb) [441] ~ 5 x 10~ (LHCb) [435] ~107°
Bt 6 x 1010 3 x 10 (50ab~'on T(45)) 3 x 1013 Ry, Rg- ~ 10% (LHCb) [443, 444]  ~few% (LHCb/Belle IT) [435, 442] ~few %
BO 6 x 1010 3% 10 (50ab ' on T(45)) 3 x 103 BR(B — K*77) - ~107° (Belle II) [442] ~107°
B, 2 % 1010 3% 10% (5ablonY(5S))  8x 1012 BR(B — K*vv) 4.0 x 107° (Belle) [449] ~ 1075 (Belle II) [442] ~ 1078
b baryons 1 % 1010 1% 1013 BR(B, — ¢vp) 1.0 x 1073 (LEP) [452] - ~ 1078
Ay 1 x 1010 1% 1013 BR(Ab — Avﬂ) - - ~ 1076
had BR(7 — u7) 4.4 x 107# (BaBar) [475] ~ 107 (Belle II) [442] ~ 1077
o hadrons . BR(r — 3u) 2.1 % 105 (Belle) [476]  ~ few x 107 (Belle II) [442]  ~ few x 1010
ng 2 * 1310 % 3.9 x 1073 (BaBar) [464] ~ 1073 (Belle II) [442] ~ 1074
" * 0 BR(Z — pe) 7.5 x 1077 (ATLAS) [471] ~ 1078 (ATLAS/CMS) ~107% — 1071
Di 3 x 1010 BR(Z — Te) 9.8 x 1075 (LEP) [469] ~ 1075 (ATLAS/CMS) ~ 1078 — 10711
A 210 BR(Z — Tu) 1.2 x 107® (LEP) [470] ~ 107% (ATLAS/CMS) ~ 1078 -10"10
Tt 3 x 101 5 x 101° (50 ab=! on T(45)) ) . " ) ) . . -
Table 2.5: Order of magnitude estimates of the sensitivity to a number of key observables for which the tera-Z factory at CEPC might have interesting capabilities.
The expected future sensitivities assume luminosities of 50 fb—* at LHCb, 50ab—" at Belle II, and 3ab—' at ATLAS and CMS. For the tera-Z factory of CEPC we
have assumed the production of 10'? Z bosons.
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Recent Progresses

e Pursue higher luminosity... and develop upgrading plan to 360 GeV
center of mass energies

 Accelerator Critical R&D

- SRF
- Klystron
- High Temperature Iron Based Super Conductor & Magnets

« Detector & Software innovative R&D
* Physics studies: white papers, etc

11/6/2021 FPCP 2021@Shanghai
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New beam parameters: in progress

* Luminosity @ Higgs: increases by 60%
(3—5*10* cm™s™"/IP) by squeezing the
beam size at IP

N 650 Muz2-cell cavity | Z | 650 MHz1-cell cavity | ¢ | 650 MHz5-cell cavity
| | | .‘;itilf_"d! 1: | H/W/Z and H/W upgrade
1 1 H . Outer Ring | = ‘ H Mode | = |
 Luminosity @ Z: increased by ~4 times _ /+-- _ e
(32—115*10* cm™s™"/IP) by increasing —
bunch charge

& W/ZMode B

« Upgrading option: Luminosity @ top ~ s
05*1 034 Cm-23-1/IP Stage 2:  HL-Z upgrade

Outer Ring ‘ ‘ ‘ B ‘ /W Mode ‘ 5 )
- F | - - —e L |
Stage 1 (H/W run) / =
Inner Ring \\
» Layout and parameters are same with CDR except )
longer central part - al  ML-ZMode D
uter ing X
» Medium or low luminosity at Z - —— T
Inner Ring ,* -
Stage 2 (HL-Z upgrade) - - "
» Move Higgs cavities to center and add high current Z Stage 3¢ tthar-upgrade
cavities. . LB wabarede (BB
Outer Ring
.. - f |- - - — 7 |
* By-pass low current H cavities. / [ - = .
Inner Ring /
P
Stage 3(ttbar upgrade) )
+ Add ttbar cavities (low current, high gradient, high Q) Srutering LA HL-ZMode (8] ®
.. . — I | L t _ t T —
» Nb3Sn@4.2 K or others to significant reducing the o -
Inner Ring
cost of cryo-system and AC power. -— - -
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ngh Performance SRF Cavity

1.0E+11

Q
° 'Y ® ® [ ] o o 0 o
s« ° ¢ *
* CEPC VT
LCLS Il SPEC. SPEC
1.0E+10
1.0E409 -
0.0 5.0 10.0 15.0 20.0 25.1
Eacc (MV/m)
1.0E+11
ooooo.oo.ooLo...-
i Lk J T .
PRy RF Cavity for both
. / >N Booster &
ultipacting 0. i
s, Collider ring reaches
. Design goal
@ After N-infusion 0‘
A SO + Before N-infusion
1.0E+10 ‘
0.00 5.00 10.00 15.00 20.00 25.00 30.00

Eacc (MV/m)
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ngh efﬂcnency Klystron

Tests show

» the output power reaches
pulsed power of 800kW
(400kW CW due to test
load limitation)

| Na ---." » efficiency 62% and band
width £0.5Mhz.

n
— — - -_— — §
—= =Tl s of m— e e ﬁ
— — — || .

—
CST 343N /127 i RFET77%

RARERERRRERRE J

—_—

ALLA \ARILLS
WY . N

R R T
» High efficiency prototype (eff~77%) in construction: to be delivered soon!

* New design (eff ~ 81%) starts mechanic design
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IHEP SC Lab @ Huairou: in operation

Facility: CEPC SCRF test facility (lab) is located in IHEP Huairong Area of 4500m~2

N-doping and g
Cryogenic |8 Nb,Snoven
300W@2K [ i S

Inspectios
pre-tuning

1 string/ 2 wks
a

New SC Lab will be fully functional in 2021

f=i 1h 21 min kel g

BR7 ki

g == S

© = 1h21 min %
B1.1 b R

N iling [ e |
a . R 8 AN

ol A e GO gle

Vacuum fumace (doping & annealing) Nb3Sn furnace

s A i i WK _ _
Crygenic system hall in Jan. 16, 2020 " o delechom ostem oty vriea verialtestdevers S
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Joint test of critical components

Gate valve

(a) HOM coupler
HOM coupler

Taper
Tuner

G

Upstream

11/6/2021 FPCP 2021@Shanghai



11/6/2021

J

= 14 i e e

L] d Ll
— y
Yy _ . ——— e
(b) Dlstnbutln valve box DC photocathode gun
« 10~15 MeV
« 1~10 mA

Beer’ 650 MHz test cryomodule
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J. of IBS: 2016-2025

1 04 B 42K ILHC inserti . IR wmm
B . insertion
L Nb-Ti quadrupole strand ) AG LAB
= (Bourb?w‘ et al. 2006) ‘
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Performance of the 1st IBS solenoid Coil

Fabrication and test of IBS solenoid coil at 24T

/'? s Ml
7 =

HOP Publishing Supercandactor Sciencs and Tachnalogy
Supercond Sei. Technal. 32 @019) 04LTO1 (Spp) htips:/ /dolorg,10.1084/1 36146668, 200924
Letter

First performance test of a 30mm iron-based
superconductor single pancake coil under a
24T background field

Dongliang Wang'*”©, Zhan Zhang™”, Xianping Zhang'= o,
Donghui Jiang”®, Chiheng Dong' ©, He Huang ', Wenge Chen’,
Qingjin Xu™* and Yanwei Ma'~*°

! Kew Laboratory of Applied Superconductivity, Institute of Elecirical Engineering. Chinese Academy of
Sciences, Beijing 100194 People’s Republic of China

2 University of Chinese Academy of Sciences, Beijing 100049, People’s Republic of China

*Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, People™s Republic of
China

;I[i-:',h Migme e Field Laboratory, Chinese Academy of Sciences, Helei 230031, People’s Republic of
China

Viewpoint by NHMFL

‘From a practical point of view, IBS are ideal
candidates for applications. Indeed, some of
them have quite a high critical current density,
even in strong magnetic fields, and a low
superconducting anisotropy.

Moreover, the cost of IBS wire can be four to
five times lower than that of Nb,Sn......

100 T

—_
=
T

B // tapes

—a— Bal22 short tape
—e— Bal22 single pancake coil

Critical Current (A)

1 1 . 1 . | . 1 . 1 . |
0 5 10 15 20 25
Background Field (T)

. — e P

IOP Fublishing Superconductor Science and Technokogy
Supercond. Sci. Technol. 32 (2019) 070501 (3pp) hittps://doi.org/ 10.10BB/1361-6668,/ab1fc?
Viewpoint

CrossMark
Constructing high field magnets is a real
Jan Jaroszynski This is a viewpoint on the letter by Dongliang Wang er al (2019 Supercond. Sci.
National High Magnetic Field, Technol. 32 04LTOL).
Laboraiory, Tallahassee, FL, Following the discovery of superconductivity in 1911, Heike Kamerlingh

32310, United Stares af America

Onnes foresaw the generation of strong magnetic fields as its possible application.
E-mail: jaroszy@magnet.fiu. edu

He desioned o 10T electromaonet made of lead=tin wire citine onlv the diffien oy



The 1st High-Field Model Dipole LPF1 in China

Twin aperture model dipole magnet with NbTi+Nb,Sn

Training History

[ .. 10.2T @ 4.2 Kdipole field

S in two apertures (2*®10mm)
- 4
I IEEE TAS, 29,2019, 4003807 = NeTT ]
OU ' é I ‘Il- ' é ' é I '|IU I 1‘2 ' 1‘4 ' 1‘5 I 1‘8 ' 2‘0 ' 22

Quench Number

NbTi NbTi  Nb,Sn Nb;Sn NbTi NbTi

==
E% .
Common coil dipole magnet %%
EE
Vpad  Bore & Spacer Nb,5n coils NbTi coils
12x 1x

* Performance limited by
the outermost NbTi coil.
* Very possibly due to the

End plate G10 Spacer Hpad Yoke Al rod Al shell

Shell-based Support structure less Ofpre'Stress-




Status of the China-CERN HL-LHC CCT Project

Service gallery (UR)

‘ Connection to LHC (UL)

Service cavermn

Crab cavitics

.
Collimators =

Layout of the HL-LHC Magnets and Contributors

China will provide 12+1 units CCT superconducting magnets for the HL-LHC project

After more than 1 month test and training at 4.2K, both apertures reached the design current and

ultimate current, and the field quality is within the limit.

41K
800 * Ap. 1., quench
700 — Ap 1 rearhpd
600 4 Ap. 2.quench
—~ - Ap. 2 reached
<500
- Ultimate current
D100 I e
E Nominal current 4
“ 300 :
200 &
100 MCBRDP2 £
0 . . . —L . .
70 80 90 100 110 120 130 140
Test at IMP Quench number

| Qingjin XU,

also
merged
slide from
lie.



Collaboration with industry

<>

2N

TH=IEREEXT7
Circular Electron Positron Collider

Member of CEPC Industrial Promotion Consortium (CIPC)

CEPC=ML1R %%
B O3 p T

The CEPC Industrial Promotion Consortium (CICP) is established in Nov 2017.
Till now, More than 60 companies joined CICP, with expertise on superconductor,
superconducting cavities, cryogenics, vacuum, klystron, electronics, power
supply, civil engineering, precise machinery, etc. The CIPC serves as a
communication forum for the industrial and the HEP community.
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Physics white papers

« CEPC is a high precision Higgs factory, and a Discovery machine!

- Need to quantify CEPC physics potential at Higgs, EW, Flavor, QCD & BSM,
with benchmark analyses, and Global interpretation

- Guide the optimization & Maximize the physics output: to quantify the
requirements on Luminosity, beam quality, & detector performance

« White paper activities:
- 2019.3 Higgs White Paper delivered
- 2019.7 WS @ PKU: EW . Flavor . QCD working group formed
- 2020.1 WS @ HKIAS: Review progress & iterate. EW Draft Ready
- 2021.4 WS @ Yangzhou: BSM working group formed

11/6/2021 FPCP 2021@Shanghai 27



Higgs white paper delivered

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

precision

Precision Higgs physics at the CEPC”

Real scalar singlet model

1
Fenfen An(%7525)""  YuBai(f43)’  Chunhui Chen(F##1%)”  Xin Chen(Bi#f)’  Zhenxing Chen(Bil>%)’ T_ Current
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EPC @ Snowmass

title ID author link

Study of electroweak phase transition in exotic Higgs decays with CEPC Detector simulation 229-v1 Michael Ramsey-Musolf URL

Exclusive Z decays 226-v1 Qin Qin URL

Measurement of the leptonic effective weak mixing angle at CEPC 233-v1 Sigi Yang URL

Heavy Neutrino search in Lepton-Rich Higgs Boson Rare Decays 244-1 Yu Gao URL

Higgs boson CP properties at CEPC 227-1 Xin Shi URL

Measurement of branching fractions of Higgs hadronic decays 228-v1 Yanping Huang URL

Feasibility study of CP-violating Phase pléiéspgleasuremem via Bs->J/PsiPhi channel at 230-y1 Mingrui Zhao URL

Probing top quark FCNC couplings tar, tgZ at future e+e- collider 231-v1 Peiwen Wu URL

Searching for B, — ¢ and other b->dvy processes at CEPC 232-v1 Yanyun Duan URL

Probing new physics with the measurements of e+e- -> W+W- at CEPC with optimal 2341 Jiayin Gu URL
observables

NNLO electroweak correction to Higgs and Z associated production at future Higgs factory 235-v1 Zhao Li URL

SUSY global fits with future colliders using GAMBIT 237-v1 Peter Athron URL

Probing Supersymmetry and Dark Matter at the CEPC, FCCee, and ILC 238-vi1 Wagas Ahmed URL

Search for t + j + MET signals from dark matter models at future e+e- collider 239-v1 Peiwen Wu URL

Search for Asymmetric Dark Matter model at CEPC by displaced lepton jets 240-v1 Mengchao Zhang URL

Dark Matter via Higgs portal at CEPC 241-v1 Tianjun Li URL

Lepton portal dark matter, gravitational waves and collider phenomenology 242-1 Jia Liu URL

CEPC Detectors Letter of Intent 245-1 Jianchun Wang URL

FPCP 2021@Shanghai
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Key detector Performance for flavor physics

Acceptance: |cos(8)| < 099

Tracks:

> I: '/._r,./"'rl—f*—r > ': /$//-
- Ptthreshold, ~ 100 MeV S 08 r ./”4'/' i 5 04l /*/ Iy —
% r "__E_@ e n)Z L —-——'.E—°® .00%
- 8plp ~ 0(0.1%) §0.61///r » 1500% ¢ 1.0 QO.G//,/ = 1500% 6 1,001,
Photons: §0.4;‘/ W /
- Energy threshold, ~ 100 MeV S ook S 02
- BE/E: 3 — 15%/sqrt(E) oo ind oo, ofdecdindind ool
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
E, [GeV] E,, [GeV]

Pi-Kaon separation: 3-sigma
Figure 13: Energy differential maximal € x p for Z — 7~ (left) and Z — ¢g (right).

Pi-0: rec. eff*purity @ Z—qq > 60% @ 5GeV

0.40

— bb

B-tagging: eff*purity @ Z—qq: 70% frot—1o

4
w
o

o
N
o

C-tagging: eff*purity @ Z—qq: 40%

Missing Energy Resolution
o
N
o

Jet charge: eff*(1-2w)* ~ 15%/30% @ Z—bbl/cc

o

-

o
L

<)
-
o

Lepton inside jets: eff*purity @ Z—qq ~ 90% (energy > 3 GeV)

o
o
o

40 50 60 70 80 90
Egen (GeV)

w__
o

Tau: eff*purity @ WW—tauvqq: 70%, mis id from jet fragments ~ 0(1%)

Reconstruction of simple combinations: Ks/Lambda/D with all tracks @ Z—qq: 40 - 85%
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Analysis of B, — 7v, at CEPC*

Taifan Zheng(AiE)  Ji Xu(##)  LuCao(&8%)’ Dan Yu(T#H)' Wei Wang(£45)°  Soeren Prell’
Yeuk-Kwan E. Cheung(?lﬁ%ﬁf)l Mangqi Ruan(ﬁ)f%ﬁ‘)“

'School of Physics, Nanjing University, Nanjing 210023, China
’INPAC, SKLPPC, MOE KLPPC, School of Physics and Astronomy, Shanghai Jiao Tong University, Shanghai 200240, China
Insmul der Friedrich-Wilhelms-Universitit Bonn, 53115 Bonn, Germany
“Institute of High Energy Physics, Beijing 100049, China
D of Physics and A lowa State University, Ames, IA, USA

s

Abstract: Precise determination of the B — Tv; branching ratio provides an advantageous opportunity for under-
standing the electroweak structure of the Standard Model, measuring the CKM matrix element |V,3|, and probing
new physics models. In this paper, we discuss the potential of measuring the process B, — 7v; with t decaying
leptonically at the proposed Circular Electron Positron Collider (CEPC). We conclude that during the Z pole opera-
tion, the channel signal can achieve five-o significance with ~ 10° Z decays, and the signal strength accuracies for
B, — 7v; can reach around 1% level at the nominal CEPC Z pole statistics of one trillion Z decays, assuming the
total B, = vy yield is 3.6 x 106. Our theoretical analysis indicates the accuracy could provide a strong constraint on
the general effective Hamiltonian for the b — crv transition. If the total B, yield can be determined to O(1%) level
of accuracy in the future, these results also imply |V| could be measured up to O(1%) level of accuracy.

28/12/2020

Taifan, etc, Accepted by CPC.

Collaborate with Wei Wang, et.al.

RBJB 0.2} ]

0.0

Im [Cy.]

-0.2¢ R

“

-0.2 =0.1 0.0 0.1 0.2
Re [Cy,]

Fig. 10. (color online) Constraints on the real and imagin-
ary parts of Cy,. The red shaded area corresponds to the cur-
rent constraints using available data on b — crv decays. If the
central values in Eq. (9) remain while the uncertainty in
I(Bf = 1*v;) is reduced to 1%, the allowed region for Cy,
shrinks to the dark-blue regions. 1



CP measurement with Bs->J/psi Phi

ATy = T, — Ty, ¢ = —2arg(—VisVip /Ves Vi)
SM: small CPV phase ¢

Flavour tagging power

Contributions from physics beyond the SM could lead to much larger

values of ¢;.
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. . 2~A0 SS pion (+BDT)
LHCb: 3~4% B -0
* CEPC: 15% (Previous SS kaon (+NN) n
estimation) B
d
* B factory: ~30% Ks
5.9 Ks
* For Bs: ——
* OSlepton m
* OSkaon = =55
* SS kaon Bese K ) 05 kaon (+NN
* A naive algorithm b Xl
developed to validate B 0S muon
the robustness of the e B s clectron

estimation 0S charm

With a decent Pid, the effective tagging power on jet
Charge can be 5-6 times better than LHCb, which can
compensate the statistic difference between LHCb &
CEPC.

Strong motivation to higher Luminosity at Z pole
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Summary

« CEPC, a precision & upgradable Higgs/W/Z factory, and a Discover machine!

- Boost the Higgs/EW precision by ~ 10 times w.r.t HL-LHC/current boundary
- Huge potential on QCD, Flavor, BSM
« CDRreleased

- Accelerator baseline secures high productivity for Higgs, Z and W bosons.
- Detector baseline fulfills the requirements: clear physics objects + Higgs signal

« Key technology development:

- Towards the TDR & significant progresses & link to industrial

« White paper studies in good shape: progress with Performance analyses and
benchmark studies

- Your input is more than welcome!

« Giving the importance of electron positron Higgs/Z factory, we hope at least one of
them (ILC, CLIC, CEPC, FCC) can be realized. We fully support this global effort, no
matter where it will be constructed

11/6/2021 FPCP 2021@Shanghai
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PAPS SRF Facility implementation

- Beam test system

B Complete the development of a 650MHz test Cryomodule

® A 1.3GHz CW operation buncher, a 1.3GHz coupler and a 1.3GHz/10kW solid state
amplifier have been developed

B A 150kW beam collector, magnets and vacuum boxes for beam line is ready

1.3GHz-CW buncher and coupler Magnets

http://ias.usthk.cn/program/shared_doc/2020/202001hep/conf/20200121_It_ pm_Yunlong_CHI.pdf
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http://ias.usthk.cn/program/shared_doc/2020/202001hep/conf/20200121_lt_pm_Yunlong_CHI.pdf

15t 650MHz Klystron Manufacturer and
Infrastructure Preparation Progress 7.S. Zhou

> B I
Cavities components Klystron output window Large size baking furnace commissioning




Civil Engineering & Site
Selection

L Changchun Suu Factors affecting site selection:
(. ) S C 1. Social factors:
«unis L Xiongan, Hebei f‘ouf
o e o Beiing National planning, Regional economic

S
L S

: | conditions, Cultural environment,
Hebei )

£ i ~

Immigration, Environmental protection.

2. Natural conditions and engineering factors:

=" Huzhou, |
\_Zhejiang |

Engineering layout, Construction Conditions,

Climate, Traffic, Topographical geology,

r

' Changsha, Hunan j(l =

1

- M7

' Shenshan, Guangdong s e (i Engineering investment.

3. Operating factor:

Water supply, power supply, operating costs

In China, there are many sites that meet the
construction conditions.



Comparison: Linear & Circular

total 1000 A. Blondel, F. Zimmermann, arXiv:1112.2518 (2011).
A. Blondel et al., arXiv:1208.0504 (2012). TLEP-> ESPP2012
A. Bogomyagkov, E. Levichev, and D. Shatilov, Beam-beam
effects investigation and parameters optimization for a
circular e*e™ collider at very high energies, Phys. Rev. ST
FCC-ee Accel. Beams 17, 041004 (2014).
K. Ohmi, N. Kuroo, K. Oide, D. Zhou, and F. Zimmermann,
7H Coherent Beam-Beam Instability in Collisions with a Large
240 GeV Crossing Angle, Phys. Rev. Lett. 119, 134801 (2017).
D. Shatilov, FCC-ee Parameters Optimization, ICFA Beam
ttbar Dynamics Newsletter #72 (2017).
350-365
GeV

luminosity
[1034 cm2s71]

100

D
10 CEPC

[LC

i WW
91 GeV 160 GeV 500 c.m. energy [GeV] 5000

From A. Blondel's presentation at CEPC Oxford WS
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Injection energy 10GeV

Linac

30 MW Higgs:

Collider: 240 650 MHz 2-cell cavities in 40 cryomodules (6 cav./ module).
Booster: 96 1.3 GHz 9-cell cavities in 12 cryomodules (8 cav. / module).

For higher Z lumi, look at 1-cell cavity design.




Two classes of Concepts

* PFA Oriented concept using High Granularity
Calorimeter

- + TPC (ILD-like, Baseline)
-+ Silicon tracking (SiD-like)

 Low Magnet Field Detector Concept (IDEA)

- Wire Chamber + Dual Readout Calorimeter

Particle separation (2 m track)
(cluster conting =80% - dE/dx at 4.2%)

‘ H ‘ « mu/pi dE/dx
3 . sp— mu/pi dN/dx
+e e pifK dEfdx
pi/kanjex | |
o

1

-

#of sigma

Ze @ s e w0 B
#§3 88888888

2

e
H
2
R

cluster counting eficiency g 10.3% .
"F‘” = D 0.3%

or™

https://indico.ihep.ac.cn/event/6618/

https://agenda.infn.it/conferenceOtherViews.py?view=standard&confld=14816
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latform of Advanced Photon Source Technology R&D

: 500M CNY funded by Beijing Gov., from 2017.5-2020.6

ngh Energy Photon Source
S . (HEPS)
2018 - 2024

\

A B 2017 - 2020

Main structure of HEPS booster RF system complete

11/6/2021 FPCP 2021@Shanghai

http://ias.usthk.cn/program/shared_doc/2020/202001hep/conf/20200121_It_pm_Yunlong_CHI.pdf

B 4500m? SRF Lab for Superconducting

Accelerator Projects R&D

Cryogenic system with a capacity of
2.5kW@4.5K/300W@2K

Beam Test System

Precision Magnet center for precision
machining and measurement for
HEPS magnets

X-ray research center for advanced X-

ray relEesee e



http://ias.usthk.cn/program/shared_doc/2020/202001hep/conf/20200121_lt_pm_Yunlong_CHI.pdf

White paper Status

 CEPC Physics/Detector WS, April QPO |8 ircepC Py v Dty {5, 2010 Peking U
2021 @ Yangzhou : e T g by - S

-~ 45 Physics reports

oS o T E : = —T g

-~ 10 Performance/Optimization
study

- Significant Fresh

* Higgs: Impact of 360 GeV Runs
 EW: Draft ready

* QCD: intensive discussions...

* Flavor + BSM:

- Many Performance &
Benchmark analyses

11/6/2021 FPCP 2021@Shanghai 42



Domestic Collaboration for HTS R&D

Applied High Temperature Superconductor Collaboration (AHTSC)

» R&D from Fundamental sciences of superconductivity, advanced HTS
superconductors to Magnet & SRF technology.
» Regular meetings every 3 months from Oct. 2016

» Goal:
* Increasing J_of iron-based superconductor by 10 times.
* Reducing the cost of HTS conductors to be similar with “NbTi conductor”

* Industrialization of the advanced superconductors, magnets and cavities

; N b.14 M LY. P o i e e .
| !ﬁ =t 20 .1 1 . - . 0: « e 2 :2}1,-&3_-, Rl =
- — T r :' ._ o ‘_' "‘! - g | ol i o ; I
! Ly .,-‘F [z Sh e | =) ‘a , L. - l | | | HA -1
- M- [P 3 i B 7 % i
1T ' o - ey g

wm b

w ‘ i ) !“. -. :
{ Proposal for The National Key Research and 3 3 " o3 "ol .
Strategic Priority Research Program Development Program of China L8 ’ : D %

o tmmees = of Chinese Academy of Sciences (CAS) §

Science and Technology Frontier f—#’% ﬁ 7& ]513

Research

for High Field Applications of High BEEAMRLRE IIIII L

Temperature Superconductors

FRHBEBR S 2L I
360M RMB for 2018-2023

43M RMB for 2019-2024

ER®mEHT (2019] 55§

(TFHRERERF R
Ranked No. 1 in 7 candidates “Fp LR R RERA R EAEW
2018 4E 51 B LA @ A
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