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I History

May 19, 1950 :
Institute of Modern Physics, CAS
Oct. 6, 1953:
Institute of Physics, CAS
July 1, 1958 :
Institute of atomic energy
Feb. 1, 1973:
Institute of High Energy Physics, CAS




I Main research Disciplines

Physics

HEP Exp. Based on Accelerators )
Particle Astrophysics & Neutrino Exp. } Science
Particle Detection and Electronics

Particle Physics Theory

Accelerator Physics and Technologies

m High Luminosity Electron Accelerator
m High Intensity Proton Accelerator
m Applied Research and Technology Transfer

Radiation Technologies and Applications

m Synchrotron Radiation Techniques & Applications

m Neutron Scattering Techniques & Applications
m Nuclear Analytical Techniques & Applications studies




Management system

smmm | heoretical Physics
Experimental Physics
Astro-particle physics

Research

Accelerator Physics

Multi-discipline research

Applied tech. center
Computer center
Administration
Dongguan Campus

® Employee: ~ 1500
m Students : ~ 400
Support m Visitors: ~ 400
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B Budget : ~ 1.4 B RMB/year



Particle physics in China started from BEPC
BEPCII/BESIII: Operational since 2009
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BESII|: an international collaboration

Political Map of the World, June 1999
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IBESIII example: discovery of Z_ (3900)
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B M= (3899.0+3.6+4.9) MeV Opens a new way to
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particles

PRL110, 252001 (2013)




Reports by Media
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The Future: CEPC+SppC

« A project after BEPCII

« Thanks to the discovery of the low mass Higgs boson, and
stimulated by ideas of Circular Higgs Factories in the world,
CEPC+SppC configuration was proposed in Sep. 2012

(240m) \
Low Energy Booster(0.4Km) Proton Linac

P4 (100m)

IP3

Booster(50Kkm)

LTB : Linac to Booster SppC COHiderRing(SOKm) A 50-70 km tunnel is
BTC : Booster to Collider Ring relatlvely eaSier NOW
in China 9/45




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: 2021-2027

— Data taking: 2028-2035
« 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 -

10/45



C

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

EPC-SPPC

Preliminary Conceptual Design Report

Volume I - Physics & Detector

IHEP-CEPC-DR-2015-01

IHEP-AC-2015-01

CEPC-SPPC

Preliminary Conceptual Design Report

Volume Il - Accelerator

Revisions after international reviews

Can be downloaded from

http://cepc.ihep.ac.cn/preCDR/volume.html

The CEPC-SPPC Study Group

March 2015

The CEPC-SPPC Study Group

March 2015
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article & Astro-Particle Physics at IHEP

Current

Precision :
Accelerator frontier International projects; International: ILC

-based Belle II. PANDA. COMET
Energy frontier | CMS. ATLAS

Underground

Non- EXO

accelerator-
based Surface ARGO/ASy

AMS
HXMT

Space




Daya Bay reactor neutrino experiment
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ot Daya Bay cores
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In March 2012, Daya Bay
reported the measurement:
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Reported by major international science journals

cience

Key Neutrino Measurement
Signals China’s Rise
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The Economist

Matter and antimatter
Flavoursome research

Physicists are closing in on how matter differs from antimatter

Mar 17th 2012
From the print edition

HOT on the heels of results from Fermilab, in
America, which reported last week on an
esoteric phenomenon called charge-
conjugation/parity (CP) violation involving
equally esoteric subatomic particles known as
Do-mesons, a second research group, the
Daya Bay Collaboration of more than 40
institutions, mainly from China and America,

: MNature E

oreakthrough of 2012

N O e

n r,' . = m other. leaving a universe filled only with energy.

Strictly speaking, the Daya Bay experiment looked at antineutrinos rather than neutrinos.
These particles are a by-product of nuclear fission. and the six reactors at Daya Bay and
nearby Ling Ao turn them out in prodigious quantities. The idea was to see how many of
these antineutrinos disappear before reaching the experiment’s main detector (pictured
above), which is housed in an underground hall near the reactors. This, the team hoped,

would help elucidate a phenomenon known as neutrino oscillation.

Neutrinos (and antineutrinos) come in three “flavours”: electron-neutrinos, muon-

| nentrinos and tan-neutrinos A siven neutrino can however oscillate hetween these

14




Daya Bay Collaboration

Political Map of the World, June 1999
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Univ. of Houston, Univ. of Wisconsin, Shenzhen Univ.,
William & Mary, Virginia Tech., Tsinghua Univ., USTC, Zhongshan Univ.,
Univ. of lllinois-Urbana-Champaign, Siena Univ. of Hong Kong, Chinese Univ. of Hong Kong,

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

~250 Collaborators

2015-12-7
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Future Prospects
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Next Step: JUNO for Mass Hierarchy
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« Mass hierarchy
JUNO * Precision measurement

of mixing parameters
— LS volume:x 20 =» for statistics (40 events/day) » Supernova neutrinos

~ light(PE) x 5 =» for resolution (AM*,/ AM?); ~3%) | « Geoneutrinos
 Sterile neutrinos

>

B e e——— R

—— Muon detector

Stainless Steel Structure

®35m Acrylic tank

20 kt LS(A, > 25 m)

40kt pure water(A > 50 m)

~18000 20” PMTs
coverage: ~75%

2000 20” VETO PMTs




Physics Reach

Thanks to a large 0,4

* Mass hierarchy

* Precision measurement of
mixing parameters
 Supernova neutrinos

* Geoneutrinos
 Sterile neutrinos

Current | Daya Bay Il
Am?,, 4% 0.6%
Am?,, 4% 0.6%
sin%0,, 6% 0.7%
SinZ0,, 10% N/A

Detector size: 20kt
Energy resolution: 3%/VE
Thermal power: 36 GW

Y.F. Lietal., arX|v 1303. 6733

I Mormal true MH

20

Ay (AMZee)

— — True MH (o, = «}
— — False MH {m,, = =}

— True MH (o, = 1.0%}
— False MH (g, = 1.0%]}

ﬂ 1 1 1 1 1 1 1 1
234 236 238 240 242 244 246 248  2.50

|AMZ,e| (X107 eV?)

For 6 years, mass hierarchy cab
be determined at 4c level, if Am? |

can be determined at 1% level
19



dN/AE}® [10° events MeV™']

Supernova neutrinos in Giant LS detector

Less than 20 events observed so far

* Assumptions:

10 e

oo
T

[

— Distance: 10 kpc (our Galaxy center)

— Energy: 3x10*3 erg

— L, the same for all types

JUNO

\(Er) = 15MeVammn 5

HE,.) = 18MeV.......

event spectrum
\ of v-p scattering
"N\ (preliminary)

Possible candidate. -

| I |
Size of Star
1]
Size of Earth’s Orbit

| S—
Size of Jupiter’s Orbit

Atmosphere of Betelgeuse

PRC96-04 - ST Scl OPO - January 15, 1995 - A. Dupree (CfA), NASA

Estimated numbers of neutrino events in JUNO (preliminary)

W\ (EL,) = 12MeVanan-- v _

Events for different (E),) values

— Allflavors

'''''''

Channel Type 12 MeV 14 MeV 16 MeV
Ve+p—et+n CC 4.3 x 10° 5.0 x 10° 5.7 x 10°
vip—v+p NC 6.0 x 102 1.2 x 103 2.0 x 103
v+e—=v+te NC 3.6 x 102 3.6 x 102 3.6 x 102
v+ 12C 5 v 4 12C+ NC 1.7 x 102 3.2 x 102 5.2 x 102
ve+ 2C = e + I2N cC 4.7 x 10! 9.4 x 10! 1.6 x 102
7.+ 2C—oet + 12B cC 6.0 x 10! 1.1 x 102 1.6 x 102

02 04 06 08 1
Quenched Proton Energy E;m [MeV]

12 14 16

LS detector vs. Water Cerenkov detectors:
much better detection to these correlated events

-> Measure energy spectra & fluxes of almost all types of neutrinos

20



Other Physics with Giant LS detector

Geo-neutrinos
— Current results:

KamLAND: 307 TNU (PRD 88 (2013) 033001)
Borexino: 38.8+12.0 TNU (PLB 722 (2013) 295)

— Desire to reach an error of 3 TNU:
statistically dominant

— JUNO:
o X 10 statistics

* Huge reactor neutrino backgrounds
 Expectation: ? X5%*5%

Solar neutrinos

— need LS purification, low threshold

Events/10 keV (10%p y)™

[5]

L=

- Daya Bay |

-------------- Total
[ Reactor
Geo-nu
—— Th
— U

8 10

2 4 6
Neutrino energy (MeV)

Stephen Dye @Neutrino 2012

— background handling (radioactivity, cosmogenic)

Atmosphere neutrinos

Nucleon Decay

Sterile neutrinos

21



Schedule & Current Status

Schedule:
Civil preparation: 2013-2014
Civil construction: 2014-2017
Detector component production: 2016-2017
PMT production: 2016-2019
Detector assembly & installation: 2018-2019
Filling & data taking: 2020

Grounding breaking on Jan. 10, 2015




Europe (24)

France(5)

APC Paris

CPPM Marseille
IPHC Strasbourg
LLR Paris
Subatech Nantes
Czech(1)
Charles U
Finland(1)
U.Oulu
Russia(2)

INR Moscow
JINR

Italy(7)
INFN-Frascati
INFN-Ferrara
INFN-Milano
INFN-Mi-Bicocca
INFN-Padova
INFN-Perugia
INFN-Roma 3
Armenia(1)
Yerevan Phys. Inst.
Belgium(1)
ULB

rmany(6)

Julich

'TH Aachen

Vi
lamburg
Nainz
uebingen

America(3)
US(2)

UMD
UMD-Geo
Chile(1)
Catholic Univ.
of Chile

Asia (28)

BJ Nor. U.

NCEPU
CAGS Pekin U.
Chongqing U. Shandong U.
CIAE Shanghai JT U.
DGUT Sichuan U.
ECUST SYSU
Guangxi U. Tsinghua U.
HIT UCAS
IHEP USTC
Jilin U. Wuhan U.
Nanjing U. Wuyi U.
Nankai U. Xi'an JT U.
Natl. Chiao-Tung U. yiamen U.
Natl. Taiwan U.
Natl. United U.



From ASy/ARGO to LHAASO

¢ Cosmic-rays physics and y-
ray astronomy

¢ Altitude ~ 4400 m @ Sichuan

¢ International collaboration:
China, France, Italy, ...

¢ Start construction: 2016

Large ngh Altitude Air Shower Observatory . ED: §137. tmctem20m AU A

S — ' 10 102 10° 104 105E 2108



Current Space Program

Hard X-ray modulated telescope
(HXMT):

= Total mass: 1021kg; Power: 350 W
= to be launched in 2015
Gamma-ray burst polarization
(POLAR):

= onboard China’s Spacelab: TG-2

= An international collaboration:

China, Switzerland, France, Poland
= Launch time ~ 2015

SVOM

= Redefined program: On board
Chinese spacecraft

= A collaboration of China and France

= to be launched in 2017-2018

AMS

2015-12-7



HERD @ the China’s Space Station

« Science

— Dark matter search: y from
0.1 -10,000 GeV

— Spectral and composition
measurements of CRs
between 300 GeV to PeV

— Complementary to
LHAASO: directly
measured composition &
spectrum in space

— Next generation cosmic-ray
exp. after AMS & Fermi

' X0(7\) AE/E e/p e GF p GF
e Status fore [sep |misr@ |m2sr@1
— Groups from China, Italy, 2°°Ge" °°TeV
: LCEDNELFIMM 55(3) 1%  10°
Switzerland, Sweden,... el 10 12% 107 ~
— Launch in ~2023 17 2% 10° 012 -

DAMPE (2015) [}l 1% 10% 0.3 -
CREAM (2015) [P0 | 0.2




Facilities for other Sciences



Chinese Spallation Neutron Source

g | '«.’ Phase I: 100 kW Phase Il1: 500 kW
- Starttime: 2011 Completion time: 2017

» Started: mass production of
equipment, LINAC installation

» Completed: target station &
spectrometer engineering design,
Civil construction of office




® [ocated in Dongguan, Guangdong

EIE

AR




~2016 ~2022 ~2032
Testing Setup Exp. Facility Demo Facility

5~10 MW ~100 MW

- - Elliptical
50~100 keV 3MeV  8~10 MeV m,"‘ 3‘3‘2‘;‘: 1300[650
ENZEN so~ao MeV _,oomey 0-6~1.0 GeV 1.5 GeV
10 mA 10 mA 10 mA
Spoke
325 MHz

> High beam power (CW) Currently for injectors

> Very high stability » CW RFQ with a high intensity

> Very low beam loss: <1W/m. > Very Low beta SC cavities




BSRF: planning for future

Xe-FhEHE  4BIB
WI1A
XHERE
AWiB

BSRF : 3 months operation
in specific mode ; 6 months
parasitic mode. Every year
~500 experiments.

HEPS R&D: a new machine with
1260 m circumference. R&D
projects under government
review




Summary

For the past 30 years, particle physics in
China experienced an enormous growth,
thanks to the economical growth of China.

A lot more projects in the future.

We had a lot of collaborations with
international projects, such as LHC@CERN,
Panda@Fair, BELLEII@SuperKEKB, EXO,
COMET, ...

Looking forward further collaborations with
Pakistan



