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Large Astronomy Facilities in China
- Current Status and Future Projects
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Outline

Brief introduction of astronomy in China
o Glory of Chinese ancient astronomy

o Current status and development
Ground-based facilities

Space missions

Large scientific projects in the future

Brief summary



ief Introduction

- Glory of Chinese
ancient astronomy

With over 4,000 years’
development, Chinese ancient
astronomy experienced a lengthy
period of spectacular prosperity.
This precious history not only
established a profound
foundation for the development
of Chinese astronomy and
bequeathed to us as a priceless
legacy, but also serves as an
otherwise unavailable source of
records for modern astronomical
research.




The Division Project of Xia, Shang and Zhou Dynasties in 2000
(B 7% 7 #f° = H): “Xia-Shang-Zhou Chronological Table”
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5 lunar eclipses in oracle bone
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inscriptierts determine the periodof
““Emperor Shang Wu Ding
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With astronomical and other researches, the
Division Project of Xia, Shang and Zhou Dynasties
concluded that the 5 lunar eclipses belong to the
period less than 30 years, from late Wu Ding 7%
through Zu Geng ' }{. Based on astronomical
computation, between 1500B.C. and 1000 B.C.,

only one set of result agree with Gan Zhi p &1 <
as well as lunar eclipse phases.




our main contributions
of ancient astronomy:

Observation of astronomical
phenomena X %I,
astronomical calendar K /&%,
astronomical facility K &4,
cosmological theory i Bl

# Astronomical calendar is the core,
with great potential for further
investigation.

¢ Ancient China has developed
about 104 calendars during 3500
years, 58 of them were popularly
used, which is rarely seen in
human history

Ancient calendar in China
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“Taosi Ancient Observatory
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Chinese ancient astronomy has an early origin, there may
existed astronomical observation before Xia,Shang and
Zhou Dynasty. In recent years, a large construction site was
found in Taosi Cultural Site of Xiangfen City, Shanxi
Province]! [P“IT'%«FQ}} BﬁE{J < [*3El 4 The construction site is a
semi-circle wall with 12 cracks, from which one can see the
sunrise to ascertain the season. The Site has a history of

about 4000 years. Preliminary analysis indicates it maybe
one of the earliest observatories found in China.

The period of the site agrees with that of Yao%f]’ﬁ\ 5
while its location around ancient capital of Yao%u—“?[ ;
therefore it probably is the observatory in Yao period.
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— Observatlon and time service %’E%Tﬁf%
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Observation and time
service is the top necessity
of the archon. Calendar
stands for the legality of
dominion.
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Detection of the remnant
of Taosi Observatory
verifies the record of
ancient literature
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Langya Tai was used as an

astronomical observatory since
that time.
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o On April 11, 2008, experts in astronormcal calendar demonstrated
that Langya Tai in ]1aonanﬁ5?rf‘pj1‘13’1§’F ; which Emperor Qinshihuang
had visited three times i[F[ kI = ¥ is probably the most ancient
observatory in China.
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Brief Introduction
- Growing community

The past 30 years since the adoption of ‘open door policy’
have witnessed great advance in astronomical studies in
China, especially in the last decade

1997 2007
Research funding ~3 Million $ ~30 Million $
Faculty ~ 600 ~ 900
Ph.D. ~ 12 per year ~ 80 per year
Journal papers ~150 ~650
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+ Astronomical research institutions
o Chinese Academy of Sciences (CAS)

« National Astronomical Observatories
» Purple Mountain Observatory

« Shanghai Observatory

e Univ. of S & T of China

o Ministry of Education
» Nanjing University
» Peking University
» Tsinghua University
 Beijing Normal University

=
.

Nanjing University

i




Distribution of the National
Astronomical Observatories, China




Distribution of PMO, SHAO & Uhiversities with
Department of Astronomy or Research Group
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Brief Introduction
- Publicity and Outreach

With the development of science and technology,
astronomy gradually becomes more popular

» Astronomical societies for students,
planetariums for amateurs, and so on

 Build bridges among astronomers,
amateurs and the public

« A number of national-wide
astronomical activities, e.g. Solar
Eclipse in 2008, etc.

» The International Year of Astronomy
in 2009 would be a great opportunity
to promote the publicity of astronomy

\
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Brief Introduction R

- Astronomical journals

FEXXME MR FHE

+ Four professional journals

¢ Including one English journal

o Chinese Journal of Astronomy and
Astrophysics, ChJAA

o Research in Astronomy and
Astrophysics from 2009 o ks A s

+ Two amateur astronomical

magazines am=l
“s " BRI
ERRRPER .
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Brief Introduction

China has been playing a more and more important role in
the international astronomical community

o Wider international collaborations.

o The 28th General Assembly of the International Astronomical Union
(IAU GA) will be held in Beijing in 2012. This milestone event would
promote China’s international status and enhance its presence in the
astronomical community.

o China also hosts more and more international symposiums,
workshops, conferences etc.



Ground Based
Astronomical Facilities

Progress of LAMOST, FAST, 21CMA, and CSRH
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Structure of LAMOST

MA mirror

Positioning

Oy

Fibers

Spectrographs

CCDs
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Basic parameters of LAMOST

Schmidt telescope: 4.8m/6.1m

Declination of observable sky area: -10° ~ +90°.
FOV: 20 square degree

Fibers: 4000

Spectrum resolution:
o VPH (Volume Phase Holographic) Grating

o R =1000, 2000; 5000, 10000
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Ma: reflecting corrector (24 sub-mirrors) ~ 4.8m

Mb: spherical mirror (37 sub-mirrors) ~ 6.1m

1in

1m |

Adn b~

Ma Mg
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—27 sub-mirrors of MA
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24 sub-mirrors of MA (Sept. 10, 2008)
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37 sub-mirrors of MB  (July 13, 2008)




2000 optical fibers

D=17/50 mm




S€lect the targets
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LAMOST-LRS
Optical System
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Technical Challenges

Active optics
o segmented thin mirror active optics in MA
o segmented mirror active optics in MB
Fiber positioning
o LAMOST: 4000 fibers (China)
O SDSS: 640 fibers (U.S.A.)
O 2dF: 400 fibers (Australia)

e
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LAMOST milestones

reviewed approved
Proposal Nov. 1996 Apr. 1997
Feasibility Study Jul. 1997 Aug. 1997
Preliminary Design Apr.-May 1999 Jun. 1999
Detailed Design Sep. 2001
Construction 2001-2008
First Light May 20, 2008

Completion Oct. 2008



Inaugural of LAMOST completi
2008.10 @ Xinglong, China
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Stellar Spectra in Commission (Sep. 28, 2008)
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Efficieny
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Commission Period
Sep.-Dec., 2008

o Fiber positioning units (to 4000 objects)
o Spectroscopic calibration
o Operation software
o Pipelines for data processing
2000:
o Stability (Active optics, Dome seeing)

o Efficiency (Fibers, Spectrographs, CCDs)
o Scientific test observations

« Open clusters, nearby galaxies, selected area survey, ...
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Commission Period

Aug, 2008 - Dec, 2009
o Two working groups:
» Extragalactic survey
 Galactic survey
> input catalog for LAMOST
May 28-30, 2009

o International evaluation for survey project
proposed by working groups

““““
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Regular Spectroscopic Survey

Jan. 2010 - Dec. 2014
o Extra-galactic spectroscopic survey (~107 targets)—
Galaxy and QSO red shift survey
o Stellar spectroscopic survey (~107 targets)—
Structure of the Galaxy, and so on

o Cross identification of multi-waveband survey

more information please visit www.lamost.org

Project Manager - Prof. Yongheng ZHAO yzhao@lamost.org
Project Scientist - Prof. Yaoquan CHU ygchu@ustc.edu.cn
Chief Engineer - Prof. Xiangqun CUI Xcui@niaot.ac.cn
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- Five-hundred-meter Aperture
Spherical Telescope - FAST

+ Unique Karst depression as the site

¢+ Active main reflector

+ Cable - parallel robot feed support
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Optical Geometry
and Specs

Reflector: R~300m, D~500m,
opening angle: 9 ~110-120"
[lluminated aperture: D_;=300m
Sky coverage: maximum zenith
angle: 40°

Working frequencies: 70MHz-
3GHz, up to C-, X-band

Sensitivity 2000 m’/K
Resolution 2.9’
Multibeam 19

Pointing Accuracy: 8"




Project M nager o 'Pro]@t Sc1entls_1;a1
TOL: Jun YAN 8 *Prof. R.endong NAN'
‘ yan]ua@bao .ac.cn nre @bao.ac.c;g, . 3
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+ FAST milestones:

Concept born together with SKA, back to 1993
Funding Proposal approved on July 10, 2007
Feasibility Study approved on Oct. 31, 2008
Preliminary Design evaluated on Dec. 15, 2008
Opening Foundation held on Dec. 26, 2008

O
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+ Science Cases

HI surveys

Pulsar research
Hosting VLBI network
Molecular lines

SETI
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21 Centimeter Array
(21CMA)

Goal: Search for the Lights of First Stars at Epoch of
Relonization

Physical Area: 50544m> Working Frequency: 70-200MHz
10287 antennas @ 4x6 km arms
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Chief Scientist: Prof. Xiangping WU wxp@bao.ac.cn
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1 pod=127 antennas

control ;
room : 21CMA Layout
§

81 pods along two perpendicular arms (6km+4km)

Baselines: 3240 Freqg channels: 4096

B

E Total data size: 4 terabytes /day
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" Characteristics of 21CMA

Frequency coverage:

70 - 200 MHz

Redshifted 21cm Line:
A = 21cm (1 + Z)

7 A (Cm) \ (MHZ)
6 147 200

10 246 130

20 441 638






VHF Sky@21CMA Residual Background




Project (CSRH)

Imaging spectroscopy in dm-cm range,
with high temporal, spatial, and
spectral resolutions, is important for
addressing fundamental problems of
energy release, particle acceleration
and particle transport

Array Configuration
Site: Inner Mongolia, China

| Chief'_SCient_i.St_; Prof. Yihua YAN yyh@bao.ac.cn

Low frequency array: CSRH—I during 2008-2010

High frequency array: CSRH-II during 2011-2013
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CSRH Specifications
Freq. Range: ~0.4-15 GHz (A: ~75-2cm)

Frequency Res.: 64 or 128 chan (I: 0.4-2 GHz)
32 or 64 chan  (II: 2-15 GHz)

Spatial Res.: 1.3’ 50"

Temporal Res.: ~<100 ms (0.4-15 GHz)

Dynamic Range: 25dB (snapshot)

Polarizations: Dual circular L, R

Array: I 40xJ4.5m parabolic antennas _
II: 60x J2m parabolic antennas

Max baseline: 3 km

Field of view: 0.6°- 7°

2-element prototype experiment in 2005 with Fringes of
Solar Radio Signal at 1.6GHz for short baseline of 8 m >

09:45 13:00
8 Tuly-2005 Beijing Time




Space Missions

HXMT, SVOM, POLAR, WSO, SST, and SMESE
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HXMT: planned for launch around 2011

Payload Cabin

Service Cabin

Hard X-ray Modulation Telescope
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Detectors onboard

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

w
mmd40mm

High Energy X-ray Telescope (HE)
(20-250 keV, 18 modules, 5000 cmz2)
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HXMT full sky survey
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Main science of HXMT

Hard X-ray full sky survey with high sensitivity
o Hard X-ray full sky map:
» diffuse background and cosmic variance
o Discover highly obscured supermassive BHs:
» Galaxy formation and evolution
o Discover new types of high energy objects:

» usual surprises of new surveys
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Main science of HXMT (cont.)

Broad band and large collection area pointed
observations of high energy objects

o Space-time in strong gravitational field:

- dynamics and radiation near BH horizons of stellar mass and
supermassive BHs

o High energy particle acceleration:
- AGN, SNR, shock and relativistic jets

o Large scale structure:
- through hard X-ray detection of galaxy clusters

Project Scientists: Prof. Tipei LI litp@mail.ihep.ac.cn
Prof. Shuangnan ZHANG zhangsn@tsinghua.edu.cn
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China: China: 45cm
30keV-5MeV diameter
France: France:

4 -150keV 0.5 - 10keV
Launch time:

2012 - 2013

Space Variable Object Monitor

Chinese-French collaborated
space project
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Gamma-ray burst polarization experlment

onboard China’s Spacelab: POLAR

Tian-Gong
+ Instrument concept -
proposed by N. Produit, et AE :
al., NIM (2005) Palace in
Heaven

+ Onboard China’s spacelab
TG-2: launch time 2012

+ A China-led international
collaboration

+ FOV of POLAR: ~'4 sky

¢ Requires directionality and
energy spectrum known after

the fact
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World Space Observatory - Ultraviolet

¢ Led by Russia, participated by
China, Germany, [taly, Spain,
etc.

¢ Wavelength rage:

Ultraviolet 1100—3500A ¢ Launch: 2010 - 2012

¢ Primary mirror diameter:

¢ Operational Life: 5 years
1.7m

(10 goals)
¢ Cost 300 M Euro

¢ Operation mode:
international space
observatory

. Pomtmg accuracy:
0.05~0.1
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WSO-UV’s Three Science Instruments

-w | High Resolution Double
Echelle Spectrograph

Field Camera Unit (Germany)
(Spain) ./ )

Optical Bench
Long Slit Spectrograph
(China)

7 Evgeny Skripunov
Lavochkin
Association

skrip@laspace.ru

Spectrometers
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China’s Long Slit Spectrograph

Parameter specification detectors
Wavelength 102~320 NM
coverage two-channel design
Width of slit 1" ~ 82 um
: " Holographic
Length of slit ~ 6. :
5 /5 > mm Gratings
Spectral 500-2500
resolution > >
Spatial 0.8 1"
resolution E
e timi t I
et Optimized to observe faint NV
sources Channel

Entrant Slits

FUV
Channel
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MOT: Main Optic Telescope (1 Meter)
oo.a”, 2.8 X115, 8channels, two lines

o polarization measurement accuracy ~ 2 X104
EUSXT: Extreme Ultraviolet and Soft X-ray Telescope
008", 7X7  2EUV channels (19.5, 160 nm) + SXR
WIC : White-light Inner-corona Coronagraph
HXI : Hard X-ray Imager
HWT: Ha and White Light Telescope
o1”, 0.7° X o0.7° , Full disk
SIR: Solar & Interplanetary Radio Spectrometer

o 2-50 MHz, o.1s resolution
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Scientific Objectives of SST

Through coordinated, wide spectral coverage, high
resolution and continuous observations

o Study the evolution of multi-scale transients and various
phenomena in the solar atmosphere

o Investigate the heating mechanism of the chromosphere and
the corona

o Study the mechanism of the energy build-up and release in
solar flares and CMEs

Project Scientist: Prof. Hongqi ZHANG
hzhang@bao.ac.cn
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SMESE (SMall Explorer for Solar Eruptions)

Chinese-French Collaborated Space Project

Payloads:
Ly a Imager (up to 115 R,)
EUV Imager (Fe XII 19.5 nm)
Far IR Telescope (35 & 150 um)
Ly a Coronagraph (1.1-2.5R ) AFRRA RN T2

SMall Explorer for Solar Eruptions (SMESE)

X-ray Spectrometer (10-300 keV)
Y -ray spectrometer (0.2-600 MeV)

To detect solar flares and CMEs

Expected to launch in 2012-2013 R

ST FAPS o2

N

4

Project Scientist: Prof. Cheng FANG
fangc@nju.edu.cn




Large Projects in the Future

e Chinese Antarctic Observatory

e Participation in 30m Class Telescope Projects



D

Chinese-Expediti

Mﬂﬂ

B

on in Antarctica %

1zabeth

L

70




111111

ey

i
11111

Chinese Center for Antarctic Astronomy

On Jan. 18, 2005, led by Professor Yuansheng LI,
Chinese group reached Dome A

Dome A (E#¥h) - the inland peak of the Antarctica
o altitude of 4100m

o 6okm x 10km “drop” shape

China’s aspiration to build the Antarctica station and
carry out related scientific researches
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Report from Nature

Chinese astronomers look to Antarctic

A Chinese expedition returned last week from
a 14-day crawl across the East Antarctic ice
sheet in cargo containers, pulled by tractors,
that doubled as living quarters. The trip, spon-
sored by the Polar Research Institute of China,
completes only the second traverse to Dome A
— the highest point on the eastern ice cap and
the place where China intends to start building
aresearch base next year.

The team also set up a suite of research
instruments to study the atmosphere and sky
above Dome A, most notably a remotely oper-
ated observatory called PLATO, which will
assess how good the skies are for astronomical
‘seeing. PLATO includes four 14.5-centimetre
telescopes, built in China, that will take advan-
tage of more than three straight months of dark-
ness during the Antarctic winter. “We think
Dome A is the best site on Earth for astronomy,”
says Xianggqun Cui of the Nanjing Institute of
Astronomical Optics and Technology.

The hope is that the desolate plateau, which
sits 4,100 metres above sea level, will boast
conditions unrivalled elsewhere on the planet
— even at the French/Tralian base at Antarctica’s
Dome C, 1,200 kilometres away, which set up
its own automated test observatory in 2003 and
has since ramped up to larger projects.

Proponents of Antarctic astronomy have
locked to Domes A and C as alternative sites
to the South Pole, above which 300 metres of
turbulent air cause observations of stars to
jitter and blur'. Dome C, by contrast, has only

Dome A
.

Southi Pole
L 3
N T-A[R-C T 1 C[AY

Dome C

L. McMurdg Station  ®

additional 100 metres is very important because

Cold comfort:
China has set
upa remotely
operated
observatory on
Dome A, the
summit of East
Antarctica's
ice cap.

Such conditions make Dome A attractive to
Chinese astronomers, who have begun work
on a suite of three 0.5-metre telescopes that
they hope to deploy at the site in 2009. They
are also eyeing the location for a potential
US$40-million, 4-metre infrared and optical tele-
scope. A proposal on that may be submitted this
summer to the Chinese Academy of Sciences.

The true potential of Dome A may lie in
observations outside optical wavelengths. The
efficiency of infrared astronomy is particularly
sensitive to temperature, and winter nights that
drop as low as —90 °C will eliminate much of
the noise from the atmosphere and the tele-
scope itself, researchers say.
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This astronomical investigation suggests that Dome A
could be one of best astronomical sites in the world

China Reaches Dome A

BEIJING—A 17-person team led by the Polar
Research Institute of China last week struck
camp at the highest bulge on the East Antarctic
Ice Sheet in search of the best astronomical
viewing on Earth. The team is installing an
automated suite of instruments to measure
atmospheric turbulence, moisture, and other
parameters and is setting up four 14.5-
centimeter optical telescopes that will start
snapping images after night falls in March.
"Everything is going smoothly,” says Cui
Xiangqun, an astronomer at the Nanjing Insti-
tute of Astronomical Optics and Technology,
which built the telescopes. China hopes to have
a year-round base at Dome A up and running
by 2010. =RICHARD STONE

399
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~—CSTAR: 4 x 14.5cm

telescope array

To construct 4 CCD photometric
telescope, with 4 colors, radius of
14.5cm and FOV ~ 20 deg?

B |

Scientific goals:

o Variance in luminosity and colors of
~8000 objects

To detect supernova, nova, etc.

To search for exo-planets

Light curves of variables

Statistical number of Antarctic variables

o Site evaluation

The first star map of the

southern sky observed by

Chinese astronomers




PLATO (Plateau Observatory, collaboration with Australia and U.S.)

Facilities inside PLATO: MASS, Lunar SHABAR, SNODAR,
Nigel, Gattini Dome A, Pre—HEAT, etc.
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Scientific Strategy

Comprehensive site evaluation of Dome A

Establish observation platforms in optical/infrared, sub-
millimeter/THz astronomy led by Chinese astronomers
and with international collaborations

Build optical/infrared wide field survey and sub-
millimeter/THz telescopes

Study the frontier of observational astronomy, including
searching for exo-planets and supernova, monitoring
transient objects, dark matter and dark energy, stellar and
galactic formation and evolution, etc.
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Road Map of
Chinese Antarctic Observatory

2006-2008:

O site survey

o preliminary observation - CSTAR, PLATO(Pre-HEAT(THz),
SNODAR, etc)

2008-2012:

o comprehensive site survey (accurate measurement of atmosphere
turbulence, seeing, transparency, temperature, wind speed, etc.)

o further observation - CSTAR, Pre-HEAT, HEAT, FTS, Antarctic
Schmidt Telescope (AST3)
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Road Map of
Chinese Antarctic Observatory

2011-2014:

o 3-5m millimeter/THz telescope
2011-2016:

o 4m wide field optical/infrared telescope
2015-2020:

o 10-15m large THz/FIR telescope

o 8-10m infrared spectroscopic survey telescope (super LAMOST)
or optical/infrared telescope with superb imaging capability



Participation in 30m Class
Optical/Infrared Telescope Projects
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The Giant Magellan Telescope (GMT)

Thirty Meter Telescope (TMT)

m European Extremely Large Telescope (E-ELT)
::&;i :
Y
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Motivation and Strategy

Promote Chinese astronomical scientific and technical
research, comprehensively and effectively

Achieve breakthrough in frontiers of modern astronomy
Exploit the most advanced resources available
Cultivation of the next generation of Chinese astronomers

Complement and collaborate with China’s key astronomical
projects

 Large spectroscopic survey facility: LAMOST
o Large radio telescope: FAST
» High energy space telescope: HXMT
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' Current Effort and Status

The Chinese astronomical community has reached the
consensus that China should participate in one of the
3om class telescope projects

Establishing joint working groups with GMT, TMT, and
E-ELT to negotiate on China’s potential partnership

- Opportunities and possibilities for China to expand our
technical capability

- Percentage of the project to finance
- Feasible ways to invest in the separate project

Chinese astronomers and technical experts alike are
working together to promote and advance the project
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Brief summary

During the last decade, astronomy in China has
experienced enormous advances, among which the most
significant progress is reflected by the construction and
development of large astronomical facilities.

Ground-based and space facilities have been or are
planned to be built in recent years, e.g., LAMOST, FAST,
21CMA, HXMT, WSO, SST and so on.

Future large astronomical projects in China will put even
more emphasis on regional collaborations, and we are
expecting invaluable perspective, advice and input from
our colleagues in Hongkong.
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Postface

China is still a developing country and its astronomy still has a
long way to go

With the rapid economic growth, China has the determination
and is more capable to make significant contributions to
astronomical development as we did in ancient history

We look forward to wider and closer collaborations with
international astronomers, which will benefit not only to the
regional area, but to the whole world as well

Meantime, we sincerely hope that more and more young people
could join us, to make joint efforts for the take-off of Chinese
astronomy



___Thanks'
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