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Beijing Electron-Positron Collider(BEPC)

The starting point of
Particle Physics in
China is the
construction of BEPC
in late 80’s

Upgrade of BEPC
(BEPCII) is completed
in 2008. It leads IHEP to '
be one of the most
active HEP centers in
the world.
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BEPC Ill: Operational Since 2009
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BESIII Data Taking Status & Plan
i e LIS e

J/psi BESII: 58M 1.2 B
Psi’ CLEO: 28 M 0.5B 3B
Psi” CLEO: 0.8 /fb 3.0/tb 20 /tb
W(4040)/ CLEO: 0.6/fb @ 0.5/fb y(4040); 2.3/fb @~4260,  ~ 10 /fb
P(4160)/X(4260) (4160) 0.5/fb@ ~4360; 1/tb@~4420; 0.5/
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R scan & Tau BESII @10K/pnts 105 pnts@3.8-4.6 GeV 100K/pnts
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BESIII will continue for the next 8-10 years: Unique in the World



Results from BEPCII/BESIII

PRL110, 252001 (2013)

m BEPCII/BESIII is the best facility o, 100 Ze(3900) Hom
for light hadrons spectroscopy 3 sof B
and Charmonium physics: 5 o0} |
glueballs, m, fy, fpe, R, eftc. % !

= ~ 20 papers/year, more than 100 i 20
papers in total so far Y Mmaik?cid/\u) ?éewczf.o

= Highlights: _ PRL10G (2011)072002

— Tetraquark states(?): Zc(3900), ”§ 500} ¢ X(2120
Z.(4025)/Z,(4020), ... 2 400

— Exotic light hadrons: X(1835), %300
X(1870), X(2120), ... z |

— Absolute A, branching ratios 2200

= BESIII will continue to operate for 100F /% 7
another ~3 years. 01.416182022242,628
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BESIIl International Collaboration

Political Map of the World, June 1999
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The Future: CEPC+SppC

For about 8 years, we have been talking about “What can be
done after BEPCII in China”

Thanks to the discovery of the low mass Higgs boson, a
circular Higgs factory is feasible

(240m)

Proton Linac
(100m)

Low Energy Booster(0.4Km)
1P3

1P4

1P2

S .
LTB : Linac to Booster ppC COHlder Ring(SOKm) A 5 0' 1 OO km tunnel iS
BTC : Booster to Collider Ring relatively eaSier NOW
in China




Science Goals

 CEPC (e+e-:90-250 GeV)
— Higgs Factory: Precision study of Higgs(m,,, J*¢, couplings)

* Same as SM prediction ? Other Higgs ? Composite ? New
properties ? CP effect ?

— Z & W factory: precision test of SM
* New phenomena ? Rare decays ?

— Flavor factory: b, ¢, T and QCD studies
* SppC (pp: 50-100 TeV)
— Directly search for new physics beyond SM

— Precision test of SM
* e.g., h® & h? couplings

Precision measurement & searches:
Complementary with each other



SM is not the End after the Higgs

* From neutrinos to top quark, masses

differs by a factor 10'3 (Hierarchy)

* Fine tuning of Higgs mass(naturalness)

m,?=36,127,890,984,789,307,394,520,932,878,928,933,023
-36,127,890,984,789,307,394,520,932,878,928,917,398

= (125 GeV)2 | ?

 Masses of Higgs and top quark are in

the meta-stable region
* Unification at a high energy ?
 Dark matter particles ?
* No CP in the SM to explain
Matter-antimatter asymmetry

Most of the issues related to Higgs
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Precision (%)

Precision Higgs Physics by CEPC

L= LS\!+Z U‘)

0~ C

U2

% precision = M ~ 1 TeV
to new physics =2 ~ x 10

over LHC

LHC i
HL-LHC e ||

CEPC: 1ab’l memm |
3abl mem

Sabl mem T

16/08/05

Relative Error

Precision of Higgs couplingmeasurement (Contrained Fit)

= LHC300/3000 fb~"

m CEPC250 GeV at 5 ab™" wilwo HL-LHC

CEPC preCDR Volume 1 (p'9)



Precision (%)

Nature of EW Phase Transition ?

e 1stor 2" order =» Huge implications
— 0O(1) deviations in h3 coupling
— 0(1%) shift in h-Z coupling

e CEPC can determine it: l

— h3 coupling at CEPC: 20-30%
— h-Z coupling at CEPC: <0.2%

P.Huang, A. Long, LTW,in progress
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Improvement in Electroweak Precision

Electroweak Fit: S and T Oblique Parameters

Precision Electroweak Measurements at the CEPC 0I5 -
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Probing New Physics

New Physics Scales to be Probed at CEPC wvia dim-6 Operators

T T T

N EWPO+HO+Z Pole | 1 .
Into the Multi-
o I TR B -
el S T L 1 TeV regime
E_zo e L o |
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S. Ge, H. He, R. Xijao, 1603.03385
A Window to new physics Experiment | kz (68%) | f (GeV) | kg (68%) | m;, (GeV)
. HL-LHC 3% 1.0 TeV 4% 430 GeV
through top and nggs ILC500 0.3% | 3.1TeV | 1.6% | 690 GeV
— Both are special ILC500-up | 0.2% |39TeV | 09% | 910 GeV
| tant for th CEPC 0.2% |39TeV | 0.9% | 910GeV
— mpqr antTor the vacuum TLEP 0.1% | 55TeV | 0.6% 1.1 GeV
Stablllty & EWSB Experiment [ S (68%) | f (GeV) |T (68%) | m;, (GeV)
— Higgs couplings to the dark ILC 0.012 | 1.1 TeV | 0.015 | 890 GeV
sector through BR. CEPC (opt.) | 0.02 |880GeV | 0.016 | 870 GeV
Inv CEPC (imp.)| 0.014 | 1.0TeV | 0.011 | 1.1 GeV
TG TLEP-Z 0.013 | 1.1TeV | 0012 | 1.0TeV
TLEP-# 0.009 | 1.3TeV | 0.006 | 1.5TeV




Searches @ 100 TeV SPPC

Great improvement over LHC

~ TeV region is much more
interesting and most probable
for simplest possibilities

* If no new physics at LHC
— A~ 1TeV = 102 fine tuning

* If no new physics at 100 TeV
— A~ 10 TeV =>» 10“*fine tuning
— Never before

Collider Limits
o [ 100 TeV
higgsino 0 14 Tev

mixed (B/F)

mixed (B/W)
gluino coan.
stop coan.

squark coan.

m; [TeV]

M. Low et al., JHEP1408(2014)161

Multi-Lepton Limits

[ NLSP mass

wino / higgsino
[[] LSP mass

higgsino / wino

higgsino / bino

wino / bino

mass [TeV]

S. Gori et al., JHEP1412(2014)108



IHEP-CEPC-DR-2015-01

IHEP-EP-2015-01 IHEP-CEPC-DR-2015-01

IHEP-TH-2015-01 IHEP-AC-2015-01

Can be downloaded from
http://cepc.ihep.ac.cn/preCDR/volume.html

CEPC-SPPC CEPC-SPPC

Preliminary Conceptual Design Report Preliminary Conceptual Design Report

Volume I - Physics & Detector Volume Il - Accelerator

403 pages, 480 authors 328 pages, 300 authors

The CEPC-SPPC Study Group
The CEPC-SPPC Study Group March 2015

March 2015 L5



CEPC Accelerator

Energy Ramp
Electron 10 ->120GeV

_tnac I W,

Positron
» 3 machines in one tunnel
» CEPC & booster
» SppC
» Main choice of CEPC:

» One ring machine
» Head-on collision

Collision
ring
Compatibility is the main
Issue




Innovation: Partial Double Ring

1/2RF .
O(DJIZRF Crossing Angle:
1/2RE ! | 30 mrad
> | ; | 1/2RF
: II%’1_ee 1 :
1/2RF | 1 | 1/2RE
<>
3Km
iiiiiiiiiiiiiiiiiiiiiiiii @ » Avoid pretzel orbit O
119RF * Cost less than whole double-ring
« More bunches for high luminosity Z, W 1/2RF
* High luminosity with crab waist collision
1/2RF 1/2RF
- IP3_ece s
1/2RF 1 1/2RF

>

1/2RF § 1/2RF



Partial Double Ring Luminosity
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* Fabiola Gianotti, Future Circular ColliderDesign Study, ICFA meeting, J-PARC, 25-2-2018.



Main Challenges

 Beam physics: dynamic aperture, momentum acceptance,
electron cloud, pretzel scheme, ...

e Superconducting cavities: High-Q cavity, HOM dumping, mass
production, power consumption,...

e Total power consumption: Reuse the thermal power, New
Klystron, etc.

__Parametersmode | Now |  Future
650+/-0.5  650+/-0.5

_ Output power (kw) [N 800

80 70

16 15

65 80

CEPC 650MHz RF power source R&D at IHEP r




Site selections (a few main candidates)

1)

I\ B
SERBROMR g
HRY AREOME ey

NI T-z(n ﬂlﬁst

1) Qinhuangdao

2) Shanxi Province
3)

3) Near Shenzhen and Hongkong



Civil Construction

*h

M Accelerator

m Civil

" Detector

M Synch rad ext
21/45

035 1,50 , \m
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Timeline (dream)

 CPEC

— Pre-study, R&D and preparation work

* Pre-study: 2013-15
— Pre-CDR for R&D funding request

 R&D: 2016-2020
« Engineering Design: 2015-2020

— Construction: 2022-2028

— Data taking: 2029-2035

 SppC

— Pre-study, R&D and preparation work
* Pre-study: 2013-2020
« R&D: 2020-2030
« Engineering Design: 2030-2035

— Construction: 2035-2042

— Data taking: 2042 -



Current Status and the Plan

Pre-CDR completed
— No show-stoppers
— Technical challenges identified =» R&D issues
— Preliminary cost estimate

Working towards CDR

— A working machine on paper
— Ready to be reviewed by government at any moment

R&D issues identified and funding request underway
— Seed money from IHEP: 12 M RMB/3 years
— MOST: 35 M/5 yr approved, ~40 M to be asked next year
— NCDR: ~0.8 B RMB/5 yr, failed in a voting process
— CAS & CNSF: under discussion

16/08/05

23



International Collaboration

* A new international organization for CEPC will be
organized after (at least some) funding is available

— A new format: not ITER, CERN, ILC, ...

* An international advisory board is formed to discuss in
particular this issue, together with others

* Many MOU and meeting minutes signed with
collaborating institutions/organizations

 International coordination

AsiaHEP/ACFA Statement on ILC + CEPC/SPPC

SRS TITONIT TIA T T

AsiaHEP and ACFA reassert their strong endorsement of the ILC,
which is in a mature state of technical development. The aim of ILC

is to explore physics beyond the Standard Model by unprecedented
precision measurements of the Higgs boson and top quark, as well as
searching for new particles which are difficult to discover at LHC.

The Higgs studies at higher energies are especially important for
measurement of WW fusion process, to fix the full Higgs decay width,
and to measure the Higgs self-coupling. In continuation of decades of
world-wide coordination, we encourage redoubled international efforts
at this critical time to make the ILC a reality in Japan. The past few
years have seen growing interest in a large radius circular collider,
first focused as a “Higgs factory", and ultimately for proton-proton
collisions at the high energy frontier. We encourage the effort lead

by China in this direction, and look forward to the completion of the
technical design in a timely manner.




Major Projects: Current and Future

Accelerator-
based

Precision
frontier

Current

BESIII

Future

LHCD, Belle Il. PANDA.
COMET

Energy frontier

CMS. ATLAS

Non-
accelerator-
based

Underground

Daya Bay

Jinping: PANDAX, CDEX

Surface

ARGO/ASy

LHASSO

Space

AMS

HXMT,Polar,DAMPE




A new Phase: LHAASO
— Large High Altitude Air Shower Observatory

-+ HESS./VERITAS
CTA/AGIS
— — ARGO-YBJ Paioiin
" ~—— HAWC J fleneerd
o —— WCDA 300x300m’
g i |
? .
= L
—~ 1012.;=.r 0 *
- 0’%5
g o
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10_13 1_,:.—\0 .........
E 0070’%
) . [/7'
B so |
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E = Enegion [ TEV]

=1

Main Array* = = =y 7 :
5195 scintillator detectorse v3ism - 7 _Water Cherenkov Deté

& 1146 p~detectors every 30.m - 80,000 m?




Space Projects

Moon exploration

Hard x-ray
modulated
telescope

To be
launched
this year




HERD @ the China’s Space Station

« Science

— Dark matter search: y from 100
— 10,000 GeV

— y-ray astronomy: GRBs,
microquasars, Blazars and other
transients down to 100 MeV

— Spectral and composition
measurements of CRs between
300 GeV to PeV with a large A
geometrical factor g et

— Complementary to LHAASO:
directly measured composition &

. XO(A) |AE/E|e / p|eGF p GF
spectrum in space fore |sep |misr@ | misr@10
e Status zooeev 0TeV

. GIEDNPIE) NN 55(3) 1%  10°
— Groups from China, ltaly, ool 10 12% [10°
Switzerland, Sweden,... |AMS02 (2011) [EVARRFP AT 012
— Launch in ~2023

P’ LYSO calorimeter

"'¢/y energy detection
CR nuclei e gydtct

e/p separ t

DAMPE (2015 31 1% 10*% 0.3

20(1.5 N —— 0.2
) 28
> 10X all others ‘

Acceptance & H-energy



JinPin Underground Laboratory

 The deepest underground laboratory in the world: 2400 m
* Current experiments: dark matter searches

— Xe-based PandaX
— Ge-based CDEX

« Future
— Approved for the infrastructure construction: 4 large experimental

halls, 12mx12mx100m
— Next generation Xe- & Ge-based dark matter & 33 decay searches

— Other possible experiments

Recent PandaX results

WIMP-nucleon cross section (cm?)

3
&

—
<
£

—
S
&

1046 ol

This work (Run8+Run9)
PandaX-ll Commissioning (Run8) ]
XENON100, 2012 7
LUX 2015

Minimum upper
limit for isoscalar S|

3 elastic cross section
4 at2.7x10% cm? @

39.8 GeV/c2, more

7 than afactor of 2

improvement

= compared to the
3 LUX 2015 results

10°
WIMP mass (GeV/c?)




Daya Bay Experiment

RPCs

¢ The Idea proposed in 2003: multi-
detectors at different sites and in
each site

¢ Successful implementation:
= 3 km tunnel, 5 halls
= 200t Gd-loaded LS, 8 identical

detector modules, 3 water C detectors
= Calibration, readout, etc.




The Daya Bay Collaboration

Political Map of the World, June 1999

® 5 ;‘ ":: '
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North Americé“(l 6)

BNL, Caltech, LBNL, Iowa State Univ.,
Illinois Inst. Tech., Princeton, RPI,
UC-Berkeley, UCLA, Univ. of Cincinnati,
Univ. of Houston, Univ. of Wisconsin,
William & Mary, Virginia Tech.,
Univ. of Illinois-Urbana-Champaign, Siena

~250 Collaborators

Europe (2)
: JINR, Dubna, Russia
= Charles University, Czech Republic

Asia (20)
IHEP, Beijing Normal Univ., Chengdu Univ.
of Sci. and Tech., CGNPG, CIAE, Dongguan

Polytech. Univ., Nanjing Univ., Nankai Univ.,

NCEPU, Shandong Univ., Shanghai Jiao tong
Univ., Shenzhen Univ.,

Tsinghua Univ., USTC, Zhongshan Univ.,
Univ. of Hong Kong, Chinese Univ. of Hong Kong,

National Taiwan Univ., National Chiao Tung Univ.,
National United Uniyv.
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JUNO

Daya Bay Huizhou Lufeng Yangjiang Taishan
Status  running planned approved Construction construction
power/GW 17.4 17.4 17.4 17.4 18.4

60 km JUNO

; Daya Bay
Near Site
1.2 x* \L Far Site
o I
&
S 08F iy
B8 X Savannah River
ZO 0.6~ O Bugey
X Rovno
0.4 & Goesgen
A Krasnoyark
0.2+ O PaloVerde
B Chooz ® KamLAND
00__1 | 1 | ]
10" 10° 10° 10* 10°

Distance to Reactor (m)

By 2020: 26.6 GW
Taishan arXiv:

1507.05613;1508.07166; 32




Largest LS Detector

— LS volume: x 20 =» for more statistics (40 events/day)
— light(PE) x 5 =» for better resolution (AM?,,/ AM?,, ~ 3%)

Muon detector

Stainless Steel Structure

®35m Acrylic tank

20 kt LS(A_> 25 m)

40kt pure water(A, > 50 m)

~18000 20” PMTs, ~75%

coverage; ~36000 3
PMTs; 3% coverage

2000 20" VETOPMTs ..



Physics Reach

Thanks to a large 0,

MH sensitivity with 6 years' data:

* Mass hierarchy

.. Ref: YFlLietal, : (a)
* Precision measurement of PRD 85, 013008 (2013) Rl\e/ll:;?e Useﬁzgomte
mixing parameters Ideal case 1o 5g
* SUpernova neutrinos (bRealistic case 30 40

* (Geoneutrinos

e Sterile neutrinos 25
° . Normal true MH
...... 20l
Current JUNO NE e
Am212 4% 0.6% :ﬂ 10 +
Am223 4% 0.6% g = = True MH (o, ~ x)
5L — — FalseMH (g, » =)
sin?0,, 6% 0.7% | e 1
False MH (o, = 1.0%)
Sinze23 10% N/A 2.34 ' 2.36 ' 2.38 ' 2.40 ' 242 I 244 ' 2.46 ' 248 ' 2.50
-3
sin?0,, | 6% 4% | ~15% [AMZee| (X10” eV7) »




Schedule & Current Status

. A 600m vertical shaft
Schedule: A 1300m long tunnel(40% slope)
Civil preparation: 2013-2014 A 50m diameter, 80m high cavern

Civil construction: 2014-2017

Detector component production: 2016-2017
PMT production: 2016-2019

Detector assembly & installation: 2018-2019
Filling & data taking: 2020

vertical shaft done: 400/600 m
Sloped tunnel done: 950/1300 m

1/100 Prototype of the Domestically produced
Acrylic tank 20” PMTs



Europe (27)

Armenia(l)  Finland(1)
Yerevan Phys. Insty .Oulu
Belgium(1) Italy(8)

uLB INFN-Catania
Czech(1) INFN-Frascati
Charles U INFN-Ferrara
France(5) INFN-Milano
APC Paris INFN-Mi-Bicocca
CPPM Marseille INFN-Padova
IPHC Strasbourg INFN-Perugia
LLR Paris INFN-Roma 3

Subatech Nantes

iermany(7)
Z Julich
WTH Aachen
UM
.Hamburg
(P FZI Jiilich
).Mainz
).Tuebingen
ussia(3)
\R Moscow
NR

MSU

America(4) Asia (31)
usS (2) BJ Nor. U. Nankai U.
CAGS NCEPU
UMD Chongqing U. Pekin U.
UMD-Geo CIAE Shandong U.
Chile(2) DGUT Shanghai JT U.
Catholic Univ. ECUST Sichuan U.
of Chile Guangxi U. Akl ;
singhua U.
BISEE IHEP UCAgS
Jilin U. USTC
Ninan U. U. Of South China
. Nanjing U. Wuhan U.
Thailand(1) Natlj. C%iao-Tung U. Wuyi U.
SUT Natl. Taiwan U. Xi'an JT U.

Natl. United U.

Xiamen U.



Future of JUNO ?

Insert a Balloon into the JUNO detector, and fill the

balloon with 13°Xe-loaded LS

Benefit from great experience of KamLAND-Zen

Benefit from good energy resolution of JUNO

Too shallow ? Cut active volume around the muon track

Isotopes Mass(t) <mgg>meV

nEXO 136X e 5
GERDA 6Ge 1
Majorana  76Ge 1
SNO+ 130Te 8
KamLAND 13¢6Xe 1
-Zen

JUNO-BB  136Xe 50

Preliminary !

15-25
10-40
10-40
19-46
~20

5-15

Fiducial Xe Mass (ton)
0 50 100

136 137 .
only “"Xe(n, y) *'Xe considered

137 .
w/ other ' Xe production process

<mge> (
gl

----------------

11 1 11 1 11 1 11 1 11 1 11 1 l 11 1 I 1 .l- 1 l b:::
0 2 4 6 8 10 12 14 16 18
Fiducial Diameter (m)

Muon tracking is important ! 97



IMajor Projects: Current and Future

Current Future

Precision

Accelerator- frontier

based Belle Il. PANDA., COMET

CMS. ATLAS
Daya Bay

Energy frontier

Underground
Non- Jinping: PANDAXx, CDEX
accelerator-

based

LHASSO

Surface ARGO/ASYy

=
wn

HXMT,Polar,DAMPE
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