Introductory Remarks

» Astro-particle physics or particle astrophysics?

— | am primarily an astrophysicist, so | call it particle
astrophysics, in order to emphasize astrophysical aspects.

— | changed the name of one laboratory in our institute from
“Laboratory for Cosmic Rays and High Energy Astrophysics”
to “Laboratory for Particle Astrophysics”, when |' was asked to
become the director of the lab in 2002.

 In China, there is no particle astrophysics community,

and thus no roadmap for particle astrophysics.

* | came here to tell you what we are doing in my lab and
hope to attract some opportunities of collaborations.
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Institute of High Energy Physics

Largest basic research center in China

Major research fields:

Particle phyS|cs Charm physics @ BEPC LHC exp., cosmic
ray, particle astrophysms n physms

— Space high energy astrophysics

— Accelerator technology and applications

— Synchrotron radiation technologies and applications

1030 employees, ~ 650 physicists and englneers

400 PhD Students and 40 postdoctors

Established at 1950, and became an independent institute
at 1973 .
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Particle Physics Experiments in China

- BEPC & BEPCII: BESII/BESIII

 Non-accelerator experiments
— Yangbajing cosmic-ray observatory
— L3cosmic (finished)
— Daya Bay reactor neutrino experiment
— Cosmic Ray Tao Nuetrino Telescope (CRTNT)?

* International collaboration:
— LHC: ATLAS, CMS, LHCDb, Alice
— AMS,... _ _
— KEKB: BELLE; Kamland, SuperK.
— RHIC: Star, Phenix
— ILC R&D



BEPC constructed in 1984 —1988 with beam energy: 1 — 2.8 GeV

— Physics Run: Luminosity 103'cm2s-'@1.89GeV, 5 month/year
— Synchrotron Radiation Run: 140mA @ 2.2 GeV, 3 monthl/year
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Beijing Electron Positron Collider
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Political Map of the World, June 1999

'The BES Collaboration
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Main Physics Results from BES

e Precision measurement of T mass: world average value
changed by 3o, accuracy improved by factor of 10, and
approved 1 lepton universality.

e R Measurement at 2-5GeV: AR/R 15-20% —>6 6%
— Higgs mass prediction from SM
— g-2 experiment
— o(M,2)1:128.890+0.090 — 128.936 + 0.046
« Systematic study of y(2S) and J/y decays.

e Resonance X(1839) in Jiy->mrx with mass and
width are consistent with that of the S-wave resonance
X(1860) indicated by the pp mass threshold
enhancement.. | | |



LHC Experiments

1.CMS -

~ — 1/3 of CSC at muon end caps (IHEP)
— HV boards for RPC (IHEP)
— RPC of barrel muon (Beulng Un|v)
— Physics and MC

2. Atlas

— Drift Monitor chambers (!HEP)
—- Physics and MC

3. LCG: Tier2 |

4. LHCb: Tsinghua Univ.

5. Alice: CIAE,



Build new ring inside existing ring . Two half ne ring‘and two half
old rings cross at two IR’s, forming a double ring collider.



BEPC Il Double ring Design

* In the existing BEPC tunnel, add another ring, cross over at south
and north points, two equal rings for electrons and positrons. double-
ring collision technology.

- 93 bunches, total current > 0.9A in each ring.

Collision spacing: 8 ns.

In south, collision with large horizontal cross- angle (+11mr) .
Calculated luminosity: 1033 cm=?s' @ 3.78GeV of C.M.E

« Linac upgrade: e* 50mA/min. , Full energy injection up to 1 89(3eV
* SR run: 250mA @ 2.5 GeV.

* Major detector upgrade: BES llI.



Physics at BEPCII/BESIII

Precision measurement of CKM matrix elements
Precision test of Standard Model

QCD and hadron production

Light hadron spectroscopy

Charmonium physics

Search for new physics/new particles

Physics Energy Luminosity Events/year
Channel (GeV) (1032 cm—2s 1)

Jhy 3.097 0.6 1.0 X1010

% 3.67 1.0 1.2X107
v’ 3.686 1.0 3.0 X10°
D* 3.77 1.0 2.5X107
Ds 4.03 0.6 1.0 X106
Ds 4.14 0.6 2.0 X106




Proqress of BEPCIl

Stage #1: Linac upgrade
reached designed goal

- RF Gallery

Linac Tunnel



Assessment result: Linac Beam Performance

measured by the Test Group, in June-July 2006

Design Measured BEPC
Energy (e+/ e-) (GeV) 1.89 1.89 1.30-1.55
Current (e+) (mA) 37 61 ~5
Current (e-) (mA) 500 > 500 ~300
4 0.40 0.39~0.41
Emittance (e+) (1o, mm-mrad) (37 mA) (40~46 mA) ---n
s 0.10 0.09~0.11
Emittance (e-) (1o, mm-mrad) (500 mA) (600 mA)
Pulse Repe. Rate (Hz) 50 50 12.5
+ 0.50 + 0.44
1 ) *k = e 21
Energy Spread (e-) (%) (500 mA) (600 mA) + 0.80
+ 0.50 + 0.50
0 *%* ¥+ Yo _I_
Energy Spread (e+) (%) (37 mA) (237 mA) + 0.80




Stage #2. Storage Ring upgrade
reached Goal

1. Production of Double ring components~
2. Remove old ring, install Double ring
3. Tuning of storage rings:

 beam stored at Nov. 2006

e collision at March 2007.

 Lum. reached 103!, beam current reached
500mA.~\

4. SR running: Dec. 06-Feb.07 &Jun-Aug. 07
5. BESIII construction V
6. Field mapping of SC magnets \







BESIII Detector

— construction of subdetectors finished.
— the integration started.
— to be moved into interaction region at Spring 08.

Magnet yoke

RPC

TOF, 90ps

Be beam pipe

MDC, 120 pm

o Lo
CsI(T1) calorimeter, 2.5 % @1 GeV






‘Sea Level and
- Underground Experiments



Neutrino mixing parameters
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Parameterization of neutrino mixing

PeEg 0 cosd, 0 e'”siné,)|( cosd, snbd, O
U=(0 coséd,, Snhé, 0 1 0 —sing, cosf, O
0 -sind,, cosé,.)\-e’snéd, 0 cosd, 0 R

6 fundamental parameters in neutrino physics:
Known: |A m%,|, sin?20s; A m%;, sin226,,

Unknown : sin?20 ;. 0, sign of Am?,,
Exp. : reactor v VLBL v oscillation

Daya Bay Reactor J-Parc — Beijing



Daya bay reactor neutrino experiment with
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Far site:
Overburden: ~1000 m.w.e.

570 m _ Ling Ao Néar:¢es \
en:




Detector: Multiple modules

Two modules at near sites
Four modules at far site:
Side-by-side cross checks

Multiple modules for cross check, reduce uncorrelated errors
SmaII modules for easy constructlon moving, handmg,
Small modules for less sensitive to scintillator aging
Scalable



Central Detector modules

* Three zones modular structure:

target: Gd-loaded scintillator

ll. g-ray catcher: normal scintillator
lll. Buffer shielding: oil

 Reflection at two ends
« 20t target mass, ~200 8"PMT/module
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Isotopes Purity | 20cm | 25cm | 30cm | 40cm
(ppb) | (Hz) |(Hz) | (Hz) |(Hz)
238Yy(>1MeV) | 50 2.7 2.0 1.4 0.8
232Th(>1MeV) | 50 1.2 0.9 0.7 04
40K(>1MeV) 10 1.8 1.3 0.9 0.5
Total 5.7 4.2 3.0 1.7




Systematic error comparison

Chooz Palo Verde | KamLAND | Daya Bay
Reactor power 0.7 0.7 2.05 <0.2%
Reactor fuel/v spectra 2.0 2.0 2.7
VvV Ccross section 0.3 0.2 0.2 0
No. of protons | H/C ratio 0.8 0.8 1.7 0.2
Mass - - 2.1 0.2
Efficiency |e+ E cuts 0.8 2.1 0.26 0.05
n energy cut 04 0.2
Position cuts 0.32 3.5 0
Time cuts 0.4 0. 0.2
P/Gd ratio 1.0 - 0.1
n multiplicity 0.5 - <0.1
background | correlated 0.3 3.3 1.8 <0.5
uncorre. 0.3 1.8 0.1 <0.1
Trigger 0 2.9 0 <0.1
livetime 0 0.2 0.2 <0.1




Daya Bay collaboration

Political Map of the World, June 1999
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Status of the project

Total Cost estimated 32 M$ in Chinese accounting.
MoST and CAS officially approved the project.

Chinese Atomic Energy Agency, Daya Bay nuclear power Co.
and local governments support the project strongly.

All Funds from China were approved.

Site survey including bore holes completed.
Design of tunnel is finished.

Bidding of tunnel construction is done.

Ground breaking ceremony of the tunnel construction will be held
13 Oct. 2007 at Daya Bay.

R&D started in collaborating institutions, the prototype is
operational

DoE agreed to provide funds to construct 50% of the detector
Proposals to governments under preparation



Schedule of the project

* Schedule
—2004-2006 R&D, engineering design,
secure funding
—2007-2008 construction
— 2009 installation
— 2010 running



VLBL v Experiment of J-Parc to Beljing

VLBL v exp. with 2000 - 4000 km is very interesting for many

important physics, if sin260,,is not too small:

— Sign of the difference of v mass square

— CP phase of v

— V. appearance

VLBL v experiment from JHF to Belijing |

— Good tunnel: 20 km north of Beijing, near hlghway to Great
Wall. 560 m long, 34 meter wide, 13 meter height , 150 m
rock on top

— Good infrastructure available

— 2200 km to JHF with 9.5° dip angle

Second v beam line required.
J-Parc phase 2? v Factory ?
Two reports issued and several papers published.
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ngh energy neutrino research
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- Acandidate te in Xinjiang,~

Aaxa dray
>100 TeV (neutrino)
>0.1 EeV (cosmic ray)

Normal
cosmic



Sensitivity Summary
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Telescope control remote control & onitoring
LV 52 HV t tu n/nff

1V




Digital boards analog board
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Camera: 4x4 sub-
cluster & BPDAQ

databus  PC104(linux)
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Sea level
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Advantage of YangBaJing altitude
(4300M)

—Number of secondary
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including
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spectrum
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' YBJ Satisty all the requirements




'Requirements on Observation Site:

high quality operation, low cost and long I|fe-span

 Altitude 4300m a.s.l.

e Topography flat and wide, plenty of space.

 Climate _easy for construction, operation & living.

e Traffic - accessible to highway, airport or rallway statlon.'
« Power | ~ existed electric power line network.

* Logistics . not far from local town/modern city.

» Neighborhood 1000s of residents: cllnlc post office, school .

s Communlcatlon Telephone mobile phone, hlgh speed optlcal
fiber network (155Mbps today).



History of ASy development

3 TeV;115Hz;0.9 ¢; 3 TeV;1700Hz:0.87 °

Tibet 1I/HD Air Shower Array (1996) 36,900 m? Tibet 1ll Air Shower Array (2003) 36,900
E.200 m*?
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Asy,ARGO (ngh Duty cycle Large F. 0. V)

~1OO GeV

~TeV

China-ltaly ARGO Experiment

China-Japan AS y Experiment scintillation counter array
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ASy scintillation counter | ARGO hall, floored by RPC.
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Ission from Crab
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Mrk501 (Tibetll HD)
Apd 532,302(2000)

Feb.1997-Aug.1997. Only observation Mrk501
from conventional air shower array. T T I
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‘Mrk421 (6.90)

AS yobserved the flare of Mrk 421 in 2000-2001 with a
much longer duration coverage than Cerenkov telescopes.
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Solar Cosmic-Rays
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All-sky Survey (1999.11-2004.10)

| Significance distribution | PREL IMINARY
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Diffuse TeV gamma ray from the Galactic Plane =

y>100 MeV  ( EGRET )
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Two dimensional observation on large
scaie anisotropy of TeV Cosmic-ray

using the Tibet Air Shower Array
(Science, Oct. 20, 2006)
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Tibet Nl Air Shower Array
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. Num_bei’ of U in MUON détector

Number of muon (Nmu=0 -» 0.12)
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Integral Flux (photons cm™® 5'1]1

Detection Sensitivity of Tibet-1lI+WC (3 years 50)
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Energy Spectrum of HESS sources

HESS sources

Aharonian et al, ApJ, 636, 777 (2006)
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Fig. 8.— Distributions of the photon index of the new sources. The mean
photon index is 2.32 with an rms of 0.2.
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- Status of ARGO-YBJ: an overview
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The ARGO Detector
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Main goal: g astronomy in 300 GeV -- 10 TeV energy



Space Exp. Ground Based Exp.
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BlgPad CHARGE readout PIXEL, 125 f=f
x 140 cm2 3120 |




ARGO Operation Mode and Science

SHOWER MODE Trigger rate (= 20 pad): ~ 7.5 KHz @ 6MB/s

» gamma-astronomy , 300 GeV threshold
» GRB (low multiplicity trigger)
» Cosmic Ray physics

SCALER MODE ( single counting rate for each cluster)
» flaring activity : GRBs, Solar flares...

(-2 environmental rhonitoring : témp., press. étc)
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Spectrometer
« Search for antimatter and darkg ¢
maltter

* precision measurement of
gamma-ray and isotopes

e AMSO01 permanent magnet
B and structure were built at
g Beijing, & became the first
big magnet in space as
payload of Discovery June
1998.






AMS02 ECAL.:
IHEP, PISA and LAPP

Space qualification at Beijing



HXMT in space
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Medium Energy X-ray
Telescope (ME)
(5-30 keV)
(SiPIN, 952 cm?)

Low Energy X-ray
Telescope (LE)
(1-15 keV
SCD, 384 cm?)

High Energy X-ray Telescope (HE)

(20-250 keV, 18 modules, 5000 cm?)



Current Status of the HXMT Mission

— Main participating institutions:

* Chinese Academy of Sciences

 Tsinghua University
— Pl and Co-PI: Ti-Pei Li and Shuang-Nan Zhang
— Proposed in 1993

— 973 Major State Basic Research Project in China since
April 2000 (Pre-Phase A study)
 Total about $5M

I W SWl WA N W Wi G vl'l

— Selected last year as the first Chinese space
astronomy mission for launch around 2010

« Concluding Phase-A study ($2.5M)
* Expected to enter Phase-B next year






(0p]

~—

HXMT full sk

1 year exposure map






Variability of X-ray binaries
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~ Phase A: 2007

A multi-AGRB project: SVOM

_China: 45 cm diameter
VT

— GRM

China:
20 keV-5 MeV

France: } |
0.5-10 keV —CXG

France:
4-150 keV

Launch 2011-2012

- China-France collaboration



Gamma-ray burst polarization experiment
onboard China’s Spacelab: POLAR

FOV of POLAR: % sky

For GRB of 10-5 erg/cm2, one event
per 20 days with MDP of 13~18%;

For waiting time of 40~60 days,
MDP is 10%: 6~9 GRBs per year
down to 10% polarization;

Schedule: around 2012-2013, to
operate simultaneous with SVOM

In collaboration with the POLAR
team of Switzerland and French
scientists.




XEUS: X-ray Evolving Universe Spectrometer




XEUS key science

How did supermassive black holes form and grow?

How did feedback from these black holes influence galaxy
growth?

How did large scale structure evolve?

How did the baryonic component of this structure become
chemically enriched?
|_

ow does gravity behave in the strong field limit?




X-ray Timing and Polarization mission: XTP

A

olarimeter
Large Area = /) 10 GRBs <3%MDP
Telescope [@yy in 1-year




A journey to the Sun and black holes

Road Map for China’s Space Astronomy and Solar Physics

Black holes .
> SVOM POLAR » | arna-catallita

as probes of epr( XEUS?
stellar and a 7

cosmic R Midra s finder of | XTP??
evolutions Hidden HXMT  black holes CHVBHUTIICHIS

2005 ST R>2010 ST > 2015 SIS > 2020



Particle Physics in 21st Century

 Particle Physics & particle astrophysics: great
challenges
— Symmetry breaking mechanism: Higgs? SUSY?
— Neutrino physics
— CP violation:
— Dark matter?
— Dark energy?



Particle Physics in 21st Century

» Particle Physics & particle astrophysics:
Great opportunities
* Major frontiers: most are big facilities
— Accelerator Experiments:
* High energy frontier: LHC, ILC...
* High precision frontier
— Non-Accelerator experiments
— Particle astrophysics
— Neutrino experiments
* Difficulties in big sciences: more international
cooperation and more investments are the key issues



Chinese Particle Physics in 215t Century

Chinese economy grows quickly and steadily

Chinese government increases the supports to sciences
and technology significantly and constantly.

With construction of BEPCII/BESIII, Shanghai light source
and CSNS, the new generation of Chinese accelerator and
detector teams are shaping: young and growing fast. They
could grasp the future opportunity in particle physics.
Strong demands on

— large scientific facilities based on accelerators.

— application of accelerator and detector technology



Chinese Particle Physics
Medium and Long Term Plan

Charm physics @ BEPCII
Intl. collaborations: LHC exp., ILC,...
Yangbajing Cosmic ray Observatory
Neutrino experiments:
—Daya Bay Reactor neutrino to measure sin?26 .,
—National underground Lab. (under discussion)
—Very LBL oscillation: J-Prac— Beijing (under

discussion)
— CRTNT (Cosmic Ray Tau Nuetrino Telescope)?



Current and Future Research Projects on
Particle Astrophysics in IHEP
Shuang-Nan Zhang

V]
Director of the Key Laboratory for Particle Astrophysics

Institute of High Energy Physics (IHEP)
Chinese Academy of Sciences

zhangsn@ihep.ac.cn




