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History: Accelerator Based HE Physics Programs in China

U Beljing Spectrometer Experiment (BES, BEBESII)
at the BEPC (ll) collidergsimilar to the SPEAR colligler
BEPC(1988), BER(008)

U International Collaborations

CERN: L3 at LEP, ATHOMS at LHC
KEK: Bellel()
others

Established Chinese HEP experimental facilities

Trained several generations of physicists

Project (large scientific) management experience

Opened up international cooperation & visiting programs
o -Help establish and strengthen university HEP groups/‘
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Impact of Acceleratorbased HEFo n Ch i n a 0 slTeck c |

U Scientific results
U Move on to build other major scientific apparatus

Neutrino experiments, high energy astrophysics

Synchrotron radiation facilities (Beijing, Shanghai, Northern China)
Chinese Neutron Spallation Source in Southern China

U First internet connection in China to the outside world
U First Chinese Web site (IHEP)

U HP & Grid computing

u XX
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Post BEPCII options under considerationin China

Chinese Physical Society HEP Division is organizing the
feasibility studyof

HL Charm Factory E,.,,=1-3 GeV luminosity® 10%36 cnrislat E=2GeV
Z-factory (see Prof. Chasisi/ KI y3xXa Gl f ]
ElC(seeProf. Ximnian2 I y 3 Qa G f |
CEPGppC

U Physics potentials and objectives
U Accelerator design and critical technologies
U Detector technologies




CEPGSppC
acircularete Higgs factory + pp collider

I The idea of a circula*e collider as a Circular Electron Positron Collider (CEPC)

L a | | A334a ClFOU2NEB KFER 06SSy LINRLRAS
. FASR 19t t NRINIY 2201R]Eseii hdulghihe svitldhdey 3
for the Higgs from ATLAS and CMS had not crossedstdesé&overy threshold.

1 At the September 13, 2012 workshop, an idea to upgrade CEPC {6(alg¥pp
collider adds life and physics potentials to the project

I On October 8, 2012, a meeting was calléy IHEP directoVifangWang to
discuss the CEPC + SPPC option. The effort intensified significantly since.

1 XiangShaiscience Forum ( W)
Consensus on the importance of Higgs physics
CEPGPP&ickoff meeting was set for Sept. 4131, 2013
Form CEPGppC Kickff meetingOrg. Committee Chair Y. F. Wang
Considered the organization structure of the CEEpEC study group
IR committeé EB Advisory Committees,
Project Director Gonveners for study groups




CEPGSppC
Considerations

A A circular Higgs factory fits our strategic needs in terms of

Science (great & definite physics)
Timing (after BEPCII)

Technological feasibility (experience at BEPC/BEPCII and other
machines in the world),

Manpower reality (our hands are free after ~2020)
Economical scale (although slightly too high)

A The risk of no-new-physics is complement by a pp collider
In the same tunnel

A definite path to the future

A A unigue position for China to contribute at this moment:

Economical growth C new funding to the community
Large & young population C new blood to the community
Affordable tunnel & infrastructure

If no new project, no new resources C It is a pity if we miss it
Y. F. Wang



CEPC is broadly for

NCircular Electron
NCircular Electron
NCircular Electron

CEPC is

PositronCollidero
Proton Collidero

nositronor ProtonprotonCollider

an inclusive program

Phase 1:e*e Higgs factory

E..° 240GeV]uminosity ~ 23 10** cm?s-1, can also run at the ole
Phase 2:a discovery machine; pp collisiorwith E_,° 50-90 TeV

» Circular Higgs factory (phase 1) + super pp collider
(phase Il) in the same tunnel
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The CEPGSppC Kickoff Meeting in Beljing

The Chinese CEPC+SPPC Study Groupffkmeketing took place Sept. 1134 in Beijing
Participation by over 120 physicists from 19 domestic institutes
Domestic accelerator, theoretical and experimental physicists

were organized

—

.{% ; . —




CEPGppC Organization
A Institutional Board:
chairman GAOYuanning(TsinghuadJ); 1 rep. per institution
deputy chairmanGAOJie(IHEP)
A Steering committee
chairmanWANGYifang(IHEP); 8 members
A Projectdirectors: LOU XinchoulHEP)QIN Qing(IHEP)
A Working groups:
U Theory ConvenerHongjiaHe,ShouhuaZhu)
U Accelerator ConvenerQIN Qing, GAQig
U Detector Convener. JIN ShapnGAOYuanning
U Established suigroups

October 22 2013



International Workshop Held in Beijing Dec. 1617, 2013

The workshop will bring together people interested in circular high enefgy

colliders as a Higgs factory as well as a future circular high energy pp collider beyond
the Higgs factory, and will discuss critical issues in accelerator technology, detector
design and in theory on the precision measurement of the Higgs and the physics with
pp collision at 5a.00TeV

Monday December 16, 2013

09:00-10:35 Session |

Convener Prof. Xinchou Lou (IHEP, Beijing)

09:00 Welcome and Introduction 15Speaker Prof.YifangWang (IHEP)
09:15 Physics Opportunities 40'

Speaker Prof.NimaArkantHamed(Princeton)

09:55 The HELHC Physics Program 40

Speaker Dr. TakanoriKono(KEKOchanomizy

10:55-12:05 Session Il

Convener: Dr. Frank Zimmermann (CERN)

10:55 First Look at the Physics Case of TLEP 35’
Speaker: Prof. AlaiBlondel(DPNGJNiversityog Geneva)

11:30 CEPC Machine Optimization and Final Focus Design 35'
Speaker: Dr. Dou Wang (IHEP)

14:00- 15:45 Session llI

Convener: Prof. Qing QIN (Institute of High Energy Physics)
14:00 Beanbeam Study of TLEP and Sup&KB 35'
Speaker Dr.DeminZhou (KEK)

XXo®



Get organized to study the feasibilityof CEPC+SppC

V Kickoff meeting

V Organization

V Working group meetings

V Recruitment and training

V Regular Steering Committee meetings

V Regular CEP&ppC group workshops & meetings
3 times per year

V CFHELF get theoretical guidance

Feb. 24, 2014



CEPC 1 current status

Theoretical effort

Detector efforts

Accelerator effort

PreCDR, TDR
Site investigatior considerations, possible example sites,
IHEP program review

FCC cooperation
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CEPC1 theory effort

U Pre and Post Kickff Meeting theory effort led byHongjian Heand Shouhuazhu

A Subgroups formed
A Meetings

A Document" Higgs Physics at CEBRPC " ( 90pages, W3progress

Higgs Physics at the CEPC-SPPC

Ning Chen,” Hong-Jian He,* Tao Liu,? Shou-hua Zhu¢

* Center for High Energy Physics, Tsinghua University, Beijing, 100084, China

b Department of Physics, Hong Kong University of Science and Technology, Clear Water Bay, Kowloon,
Hong Kong

¢ Institute of Theoretical Physics and State Key Laboratory of Nuclear Physics and Technology, Peking
University, Beijing 100871, China

4 Center for High Energy Physics, Peking University, Beijing 100871, China

ABSTRACT: In this report, we survey Higgs physics in the SM and beyond, review the current
measurements of Higgs physics at the LHC, and present the potential studies of Higgs physics
at the CEPC-SPPC.

4.4 Searching for Exotic Decays of the SM-like Higgs Boson 72

5 High Energy Upgrades: the SPPC 73
5.1 Probing Couplings of the SM-like Higgs Boson 73
5.1.1 Perturbative Unitarity Bounds 73

5.1.2 Measurements of the Higgs Self-Coupling 7

5.2 Searching for Non-standard Higgs Bosons at the SPPC 78
5.2.1 Perturbative Unitarity Bounds 78

5.2.2  Searches at the SPPC 81

5.3 Higgs Boson: Fundamental vs. Composite 82

6 Conclusion 82

1 Introduction

11
1.2

General Strategies for Higgs Measurements
Colliders of Next Generation

2 Theoretical Overview on Higgs Physics

2.1
2.2

Profile of the SM Higgs Boson

Exotic Decays of the SM-like Higgs Boson
221 SM + Scalar

2.2.2  SM + Fermion

2.2.3 SM + Vector

Nonstandard Higgs Bosons

2.3.1 SM + Singlet Scalar

SM + Doublet Scalar

SM + Triplet Scalar

3 Prospects for Higgs Measurements at the LHC

3.1

3.2

The SM-like Higgs Boson at the LHC: Current Data and Global Fit
3.1.1 Mass and Couplings: General Discussions
3.1.2 Higgs Self-coupling Measurements

3.1.3 Spin and CP Measurements

Exotic Decays of the SM-like Higgs Boson

3.2.1 Visible Decays

322 Semi-visible Decays

3.2.3  Invisible Decays

Nonstandard Higgs Bosons

3.3.1 Q. = 0 Nonstandard Higgs Bosons

3.3.2 Q. =1 Nonstandard Higgs Bosons

3.3.3 . =2 Nonstandard Higgs Bosons

4 Higgs Physics at the CEPC

4.1

42

4.3

Production of the SM-like Higgs boson

4.1.1 Leading Higgs Production Channels at ete~ Colliders

4.1.2  Sub-leading Higgs Production Channels at eTe™ Colliders
Probing the Couplings of the SM-like Higgs Boson

4.2.1 Measurements at /s = 240 — 250 GeV

4.2.2  Comparison with the Measurements with Higher Energy Runs
4.2.3 Indirect Measurements of the Higgs Self-coupling

Measuring the CP Properties of the SM-like Higgs Boson

59
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CEPC theory effort

U Presentations at this workshop
A Session: Physics Overview
A Session: Working Group Activities
A Session: WorkinGroup Activities|
A Session: Working Group Activitiks

http:// indico.ihep.ac.cn/conferenceDisplay.py?ovw=True&confld=4068
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http://indico.ihep.ac.cn/conferenceDisplay.py?ovw=True&confId=4068
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CEPC1 theory effort

CFHEP

A This is a machine for the world and by the world: nGhiese one
A Asaf i r st s tfor Ruture HigheEnetgP hy si c s i
establlshed

Prof. Nima ArkaniHamed is now the director

Many theorists (coordinated by Nima and Tao Han) and accelerator
physicists(coordinated B/eirenChou) from all the world have signed to
work here from weeks to months.

More are welcom€ need support from the related management

Current work:
AWor kshops, seminars, public | ectur

A PreCDR o
T

Future works (with the expansion of CFHE, |
A CDR & TDR
A Engineer design and construction

A seed for an international l&b
Organized and managed by the communi




CEPC1 current accelerator status

e+e collider as a Higgs factory
A Beam energy ~ 12BeV
A Synchrotron radiation power ~50 MW
A 50 or 70 km in circumferencen(o options

Proton-proton collider
A Beam energy ~500 TeV
A 50 or 70 km in circumference
A Superconducting, higfield magnets (~20T)

The size of the ring will be decided later. The main consideration will be the
Project cost. Preliminarily the total budget is capped at 20B RMB. ($3.3B)

Feb. 24, 2014




CEPC1 current accelerator status

Main ring:
A FODO lattice in arcs with 60 degree phase advances
16-folder symmetry
RF sections distribute around the ring
f:=700MHz is chosen
Pretzel scheme is adopted for mituinch collision
Double ring option is undanvestigation
ATF2 type and ILC type FFS designs are currently under study

o Do Po o Do o

Booster:
A In the same tunnel of the collider (6120GeV)

Linac
A 6 Ge\tLinacwill beadopted




Main CEPC parameters with C=50km

Parameter Unit Value Parameter Unit Value
Bean Energy GeV 120 Circumference km 50
Number of IP 2 L, /IP (1C*%) cm?st 2.62
No. of Higgs/year/IP 1E+05 Power(wall) MW 200
e+ polarization 0 e- polarization 0
Bending radius km 6.2 N./bunch 1E10 35.2
N,/beam 50 Beam current mA 16.9
SR loss (GeVturn) 2.96 SR power/beam MW 50
Critical energy of SR MeV 0.6 e,n mm-mrad 1.57E+06
e,n mm-mrad 7.75E+03 b (x/y) mm 200/1
Trans. size (x/y) mm 36.6/0.18 Bunch length mm 3
Energy spread SR % 0.13 Full crossing angle mrad 0
Lifetime due toBhabha sec 930 Damping part. No(x/y/z) 1/1/2
b-b tune shift x/y 0.1/0.1 Syn.Osci tune 0.13
RF voltage/ GV 4.2 Mom. compaction 1E4 0.4
Long. Damping time turns 40.5 Ave.No. of photons 0.59

dB beambeam % 0.014



Main Parameters ofSppC

Parameter
Beamenergy(Te\)
Circumferencgkm)

Numberof IPs

SRloss/turn (keV)

N,/bunch (10

Bunchnumber

Beamcurrent (mA)

SRpower /ring (MW)

By (T)

Bendingradius(km)
Momentum compaction(104)
bp x/y (M)

Norm. trans. emit. x/y (Mm@ad)
X,/IP

Gea luminosity reductionfactor F
Luminosity/IP (10°°cm?s?)

SppCl
25
49.78
2
440
1.3
3000
0.5
0.22
12
6.9
3.5
0.1/0.1

0.004
0.8
2.15

SppC2
45
69.88

4090
0.98
6000
0.405
1.66
19.24
7.8

2.5
0.2/0.1

0.004
0.9
2.85



CEPC1 Site Investigation

Considerationsclean air, beautiful; geologically suitable, free land for campus,
Oft2asS G2 .SA2Ay3 gAGK Slae | OC
Possible sitesvisits to more than 14 sites, initial evaluations of g&nicture done

A good example iQinghungdaq )
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