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Roadmaps of HEP in the World

pan (2012
f new particles(e.g. Higgs) are discovered, bilidcl

| ;1S big enough, builtlyperKand T2HK

A EU (2013
I ContinueLHC upgrade its luminosity, until 2035
I Study future circular collidgiFCchh or FCcee)

A US (201%
I Build long baseline neutrino faciliBNF/DUNE
I Study future colliders

A new round of roadmap study Is starting‘




Where Are We Going ?

A ILC is a machine we planned for ~30 years, way befol
the Higgs boson was discovered. Is it still the only
machine for our future ?

A Shall we wait for results from LHCAHHC to decide
our next step ?

A What if ILC could not be approved ?
A What is the future of High Energy Physics ?

A A new route:

I Thanks to the low mass Higgs, there is a possibility to build
circular e+ecollider(Higgs factory) followed by a proton
machine in the same tunnel
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CEPC A Higgs Factory

ASince 806s, | HEP wolidersswor ki n
BEPC/BEPCII

A Since 2005, IHEP was discussing the next machine after
BEPCII

A The idea of a Circular e+e- Collider(CEPC) followed by a
Super proton-proton collider(SPPC) quickly gained the
momentum in IHEP and in the world




Science of CEPEPPC

A Electronpositron collider(90, 250 GeV)
i Higgs Factofy 10° Higgs :
A Precision study of Higgs(mJPC, couplingg” Similar &

complementary to ILC
A Looking for hints of new physics

i Z & W factory 1010727 .

A precision test of SM
A Rare decays ?

I Flavor factory: b, ¢t and QCD studies

A Proton-proton collider(~100 TeV)

I Directly search for new physics beyond SM

I Precision test of SM
Ae.g., B & h*couplings

Precision measurement + searches:
e COMpPlementary with each other !



Higgs the Window to New Physics

A A very special particle varticle spin
i The only elementary particle with spin O quark: u, d,... 1/2
A Really elementary lepton: e... 12
A Similar to p, Cooper pair ? shoton 1
I The only elementary particle with noigauge W.Z 1
Interactions
gluon |
A Selfcoupling and Yukawa coupling: anything new ? " 0
: : 883
A Directly related to physics beyond SM &
Cosmology
i May interact with dark matter particles Detailed
I Origin of the mass of Higgs ? St_Udy of
I Selfcoupling may affect the evolution of the universe Higgs can
I Understand the vacuum: why metatable ? no_t be
skipped

A Goal:By detailed and precise measurement of Higgs
properties to understand these issues




Precision nggs Physms by CEPC

of Higgs couplingmeasurement (Contrained Fit)
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Relative Error

At LHC:
Direct searches: M ~TeV

10% precision: M ~TeV

CEPQ@reCDR Volume 1 (p.9)

At CEPC:
1% precisiorC M ~10TeV

Higgs factory is our first choice if no new physics at LHC
Higgs factory is also a great choice if new physics found at LHC




Precision (%)

Nature of EW Phase Transition ?

A 1stor " order C Huge implications
i O(1) deviations in¥toupling
I O(1%) shift in 4Z coupling '\\ ' J
A CEPC can determine it; ~ W/
i h3coupling at CEPC 20-30%
I h-Z coupling at CEPC< 0.2%
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Relative Error

Improvement in Electroweak Precision

A Atotal of 1617

A A detailed study of Z & W to look for deviations from the Standard
Model

A Can probe new physics up toFeV better than HI-LHC by a factor of 3

Electroweak Fit: S and T Oblique Parameters
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Comparison with Other Machines

_______Science | Upgrade | Technology | Cost | Schedule_
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CEPC+SPPC is the best combination



Br, pha s *2nmm 20, 1% E W

CEPG also a great light source

From dipole magnet, the photon
energy can reacle28keV

From Wiggler oundulator the
photon energy can reachOOMeV
Incredible application on nuclear
physics, material science, micro
processing, etc.
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CEPC Accelerator Design

6~10 GeV

3 Machines in a tunnél
U CEPC & booster
u SppC

Compatibility is the key

Energy Ramp
10->45/120GeV

)

Electron

Positron

/

Storage
Ring :

TUNNEL CROSS SECTION OF THE ARC AREA

45/120 Gev




CEPC CDR Basseline Layout

Booster

Collider ring Booster ring

Baseline: 100 km, 30 MW, Upgradable to 50 MW, High Lumi Z
Try all means to cut cost down

14




CEPC Linac Injector
Baseline: 10 GeV

. . '
Target By-pass OR.H Electron Linac By-pass
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An alternative basedn PlasmaWakefield Accelerator: 45 GeV

QEB
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A HTRPWFAwith goodstability (singlestageTR=3-4, Cascadedtage6-12, high

efficiency)

A Positron generation and accelerationan electron beam driven PWIe&ing

hollow plasmachannel(TR=1)



Luminosity

__ —4—Higgs-50MW
—B- Higgs-30MW A~
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For the same cost CEPC may obtait moreHiggs
(+ a tunnel for proton machine)




Main Parameters

Higgs w Z" 3T" zZ" 2T~
Numberof IPs 2
Beamenergy(GeV) 120 80 | 45.5
Circumferencgdkm) 100
Synchrotrorradiationloss/turn(GeV) 1.73 0.34 | 0.036
Crossingangleat IP (mrad 16.5¢< 2
Piwinskiangle 2.58 7.0 23.8
Numberof particlegbunchN, (109 15.0 12.0 8.0
Bunchnumber(bunchspacing 242 (0.68rs) 1524(0.21ns) 12000 (25ns+10%gap)
Beamcurrent(mA) 17.4 87.9 461.0
Synchrotrorradiationpower/beam(MW) 30 30 16.5
Bendingradius(km) 10.7
Momentumcompact(10°) 1.11
b functionatIP b* / b,* (m) 0.36/0.0015 0.36/0.0015 0.2/0.0015 0.2/0.001
Emittancee/e, (nm) 1.21/0.0031 0.54/0.0016 0.18/0.004 0.18/0.0016
BeamsizeatIP s, /s, (nm) 20.9/0.068 13.9/0.049 6.0/0.078 6.0/0.04
Beantbeamparameters/x, 0.031/0.109 0.013/0.106 0.0041/0.056 0.0041/0.072
RF voltageViy:(GV) 2.17 0.47 0.10
RFfrequencyf o (MHZz) (harmonic) 650(216816)
Naturalbunchlength s, (mm) 2.72 2.98 2.42
Bunchlengths, (mm) 3.26 5.9 8.5
Betatrontunen/n, 363.10 / 365.22
Synchrotrontune 7, 0.065 0.0395 0.028
HOM powercavity (2 cell) (kw) 0.54 0.75 1.94
Naturalenergyspread%o) 0.1 0.066 0.038
Energyacceptanceequiremen(%) 1.35 0.4 0.23
Energyacceptancéy RF (%) 2.06 1.47 1.7
Photonnumberdueto beamstrahlung 0.29 0.35 0.55
Lifetime simulation(min) 100
Lifetime (hour) 0.67 1.4 4.0 | 2.1
F (hourglass) 0.89 0.94 0.99
LuminosityIP L (10*4cnmr?st) 2.93 10.1 16.6 | 32.1




HEP seed money

CEPC Funding in China

11 M RMB/3 years (2012017

Funding from NSF§traing
from 2015: ~ 2 Myr

CEPCHIXE & &R (2015-2016) FHEHA
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Funding from NCDR
Failed

Funding from the MOST
36 M/5yr in 2016
31 M/5yr in 2018

Funding from CAS

40M/5yr talent program

6M/5r international collaboration
360M/5y HTc materials and magnet

Funding Beijing city
300M/3yr for accelerator(light source)
6 M/5yr for RF cavities

Funding needed for CEPC design and R&D are mostly satisfied



R&D and Prototypes

1.00E+ g1k
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, . _ _ 6m long vacuum pipes(Al & Cu)
High precision, low field dipole magnet



SRF

U Key components for CEPC and
other accelerators

U A new SRF testing facility is
under construction, thanks to
Beljing city government

U Shanghai city government
decided to built Shanghai

Coherent Light Facility(SCLF).
U 432 1.3 GHz cavities
U 54 Cryomodules

U IHEP plans to provide > 1/3 of
cavities and cryomodules, an
excellent exercise for us.

L1 L2 L3
HL  BC1 BC2
CM02-03 CM04-21 CM22-75

N —

120 MeV 270 MeV 2.1'GeV 8.6 GeV

12A 85A 1500 A 1500 A

Cavities

New SRF test facility under construction
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CEPC/SPPC and FCC

A It would be great if we can have one of them

A We are happy to collaborate with FCC and even join the
FCC ifitis approved

A We believe that it is better to start e+e- first and in the
meantime to develop the next generation magnet
technology

A Current technology based on NbSn, is already 60 years old:
difficult, expensive and not so high the field

A Next generation high Tc Superconducting cable should be our goal,
In particular Fe-based HTC

A Advantages: metal, easy to process; isotropic; cheap in principle
A ~ 20 years development time needed for HTC cable is just
about right for us to work on the e+e- collider

21



High Field Magnet based on HTC Cable ?

AFuture FCC_hh/SPPC should based on future technologies

AHTC has a huge impact beyond HEP if we can improve the
performance/cost ratio by a factor 100

AFe-based HTC cable at CAS

A World highest Tc Fe-based materials
A World first ~ 115 m Fe-based SC cables: 12000 A/lcm?2 @ 10 T

AA coll aboration on AHTC SC m
A 10P, USTC, IOEE, SC cable companies

A Two approaches:
A Fe-based HTC cables
A ReBCO & Bi-2212

A Funding from CAS 360M RMB/5yrs
AA workshop in Hong Kong
this Jan. Next one in KEK
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International Collaboration

Limited international participation for the CDR
I Notin any roadmap
i No funding support
Hopefully it will be included in the roadmap of
Europe, Japan and the US
International advisory board: A lot of
suggestions
MOUSs signed with many institutions
Welcome recommendation/suggestions

Al : !

Workshop on CEREU edition
May 2426, 2018, Rome, Italy
Next: April 15-17, 2019, Oxford

INTERNATIONAL WORKSHOP ON HIGH ENERGY
CIRCULAR ELECTRON POSITRON COLLIDER

http:llindico.ihep.ac.cnlevent/6618

1/3 international participation
Next CEPC week:
Nov. 1217, 2018, IHEP



Other Activities in China

A Accelerator based
High experiments
gcroy Compositeness A Cosmieray physics at
Extradimensiog high altitude
_ Antimatter -
SUpersymmafi. © cp violatd A Space experiments
A Underground
n\itiines experiments
Precision Standard ) L
tests Model
: Cosmolo
ngéog physics 2 Standard Mode
Rare decay Dark mattér of Cosmology

AXions

High
precision



BEPC: 19841988, Upgrade: 20042008

> 30 years of experience onte collider !

Luminosity(cm?s?)
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BESIII Collaboration

Political Map of the World, June 1999
ol EUROPE (16)
_US(5) o AT Germany-Univ. of Bochum, Munster,
Univ. of Hawaii = =, =~ & == Giessen, GSIMainZz HIM :
Carnegie Mellon Univ. -~ ¢ RussiaJINR, Dubna; BINP, Noyosibirsk ~ Mlongolia (1)
Univ. of Minnesota .~ Italy: Univ. of Torind - FrascatLab,, Ferrara Uniynst. of Phys. and tech.
Univ. of Rochester Netherland = KVI/Univ. of Groningen Korea (1)
Univ. ofln(ﬂana“, ¥ SwedenUpgsala Univ. . I .
- Zge Turkeya Accelerator€enter . ~>ouelNat-Univ.
g | _-UK" anch@ter Oxford  «u -.0 5 5
o — 9 - S SR 0.' ® Japan (B
: T e e P Paklstan (2)' -\ ‘Chma(g']?. Tokyo Univ.
P 7 = s Univ.of Punjab.— = .= e
’ A i COMSAT CIIT. = IHEP CCASTShandong Umv - N
: Lo WY, India (1) .- ‘Yniv. of Sci. and TechofChina_
e Univ. of Punjab™" ““%Zhejiang Univ., Huangshan'Coll. "
64 institutions . COMSAT CIIT-Huazhong Normal Univ., Wuhan Un|v
~ 400 collaborators e - Zhengzhou-Univ., Henan Normal Univ.
' ' -~ Peking Univ., Tsinghua Univ: ;

_4 Zhongshan Univ.,Nankai Un|v
Shanxi Univ., Sichuan Univ., Fudan
SuzhouJni., Hangzhou Normal Uni.
Hunan Univ., Liaoning Univ. ,BIPCT

Henan Uni. of Sci. & Tech., Neihang Univ.
Nanjing Univ., Nanjing Normal Univ.

wees Guangxi Normal Univ., Guangxi Univ.




HigittigbistidiroBE BERBESASIIE

A Main Highlights:

i Discovery of Zc’(3900): a four -
guark states

i Discovery of accompany states:
Zc%(3900), Z .(4025)/Z .(4020), &

i Discovery of structures in  Y(4260)

i Exotic light hadrons: X(1835),
X(1870), X(2120)/ @&

i New decay channels

i Charm physics, tau, QCD, etc.
A > 20 papers/year, ~ 200

papers in total so far

A BESIII will continue to operate
for another ~8 years.

100
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FutuwreePPanrofo ERCI/BESIBI I |

A Uptonow, ~20 -30 papers/year, ~ 200 papers in total
A Minor upgrades completed, more under study
A BEPCII/BESIII will continue to operate for another ~8 years.

BESII 58M 4.2B 10B
yL CLED 28M 0.5B 3B
yL CLED 0.8/fb  2.9/fb 20 /fo
Above open charm CLED 0.6/fb  0.5/fb @y @040) 5-10 /fb
threshold @y @¢160) 2.3/fb@~4260, 0.5/fb@4360

0.5/fb@4600 1/fb@4420
Scanfrom 4.19¢ 4.28, 10 MeV step,
500 pbl/point, 7 points

Rscan & Tau BESII 3.84.6 GeVat 105 energy points
2.0-3.1 GeV at 20 energy points

Y(2175) 100pb?

y (4160 3 fot



Astrophysics 1 n

-
=g

T T e — =

——

Cham

Yunnan,




LargeHigh Altitude Air Shower Observatoryq_ HAASC

U A large air shower array for cosi [ " &
rays andg-astronomy NN
U Construction just started, data =

<)43

taking at ~ 2020 g
U Complementary to CTA Pl

All the time, all the sky ‘
Timevariant and extended source 'l
Fast indication for CTA :

Main Array
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Cosmicc-Ray im Space
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side silicon strip
charge detection
CR composition

3D crystal calorimeter for dark
matter searches and cosmic-ray
physics

Acceptance & energy range 3 10
Collaboration with Italy, Sweden,
Switzerl and, &

To be launched in 2025

¥~ LYSO calorimeter

e/y energy detection

CR nuclei energy detection
e/p separation



JinPin Underground Laboratory

A The deepest underground laboratory in the world: 2400 m

A Current experiments: dark matter searches
I Xe-based PandaX

I Ge-based CDEX

Latest PandaX results

102 E

<

This work (Run8+Run9)
PandaX-II Commissioning (Rung)
XENON100, 2012

LUX 2015

2.

T Bt/ WP I K

{ PRL 117, 121303 (2016)

10 10> 10°
WIMP mass (GeV/c?) 32




New Jinpin Underground Laboraton

Continue dark matter searches .
Start double beta -decay experiment

— PandaX-12015

PandaX-112017

--- PandaX-4T 2y Projected

pMSSMI 1
95% C L,

a5
10k,

10—50|||| 1 1 |||||||

10 WINP mass (Geviet) 10* PandaXlll: 0.2-1 t high pressure
gaseous=¢Xe TPC fob hilecays

Expected 4t PandaX performance 33
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Results and Prospects
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The JUNO Experiment

Status Operational Planned Planned Under construction  Under construction
Power 17.4 GW 174 GW 17.4GW 17.4 GW 18.4 GW
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JUNGODetector and Challengesli\wlass Hierarchy

5 AOscillation
Largest.SdetectorC 3 20KamLAND 2 40Borexing parameters

HighestightyieldC 3 2Borexind 3 5KamLAND  [ASupernova neutrinos
AGeoneutrinos
ASolar neutrinos
ADouble beta decays

' U Hugh cavern:
== U ~ 48 70m

- N\ U Largest Acrylic tank:
" 44 5m U F 35.4n113m@SNO)
0 20 kt LS

| == (i Best attenuation length: 25
o E (15m @ Daya Bay)

- G 20002 06 PMT

\ 7 2L [ U Highest photon detection
T iR efficiency : 30%*100% = 300
43.5m © 25%*60%=15% @ SuperK



Detector R&D and Construction

A huge acrylic tank:

E R&D and design completed, procedures of
manufacturing understood

E Prototypes underway
E Contract signed

A SS structure to hold the acrylic tank

and to mount PMTs

E Design completed, contract signed

E Issues like tem. change, earth quake,
Assembly & installation understood

20 kt liquid scintillator

Completed the optimization of LS for the
best light yield and attenuation length
Completed the 20t test of purification:
attenuation length> 20 m.

Radiopurity under testing

[Tl¢ [Tl¢

[Tl¢
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