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I am pleased to report that Shanghai Astronomical Observatory (SHAO) has been growing up very
quickly in recent years. We have established increasing numbers of international collaborations in a
range of fields, including in the areas of research into galaxies and cosmology, astro-geodynamics, plan-
etary science, radio astronomy, and international Very Long Baseline Interferometry (VLBI) and satel-
lite laser-ranging (SLR) observations, among others. More than 10 senior scientists and post-doctoral
researchers from outside of China currently work at our observatory. In 2010, institutional exchanges
proceeded quite well: our staff members visited foreign institutes approximately 120 person-times
(which measures the aggregated total number of visits by all of our staff members), while international
colleagues visited SHAO about 130 person-times. To better introduce our institute and invite more
astronomers and astronomical engineers worldwide to join us, I think the time has come to publish an
annual report of SHAO’s achievements in English.

As the first annual report in English, I would like to briefly introduce our observatory.

SHAO is the one of three astronomical observatories operating under the umbrella of the Chinese
Academy of Sciences (CAS; the other two are the National Astronomical Observatories and Purple
Mountain Observatory).

The headquarters of SHAO are located in the Xu Jiahui district in the south-western section of Shanghai
city. Our observational sites are located in the Sheshan area, about 40 km west of downtown Shanghai.
The Xu Jiahui section of SHAO consists of an Astronomical Mansion of 19 floors, a laboratory building
of 11 floors, and a seven-floor apartment building for graduate students, post-doctoral researchers, and
visitors.

SHAO built a 25 m radio telescope—used as a station for the VLBI network—a 1.56 m optical tele-
scope, and a 60 cm SLR system in the Sheshan area in the 1980s. These three facilities are still in
frequent use today for various research endeavors in the fields of astrophysics, astrometry, geodynam-
ics, and satellite positioning. A new 65 m radio telescope is under construction near Sheshan. It will
be the largest, fully steerable radio telescope in China. It is expected to play an important role in radio
astronomy research and will form a unit of the international VLBI network.

The observatory’s main research activities include astro-geodynamics, astrophysics (including plane-
tary science, Galactic and extragalactic research, and cosmology), radio astronomy, and development
of modern astronomical observation techniques (e.g., at optical and radio wavelengths, and also in the
field of interferometry), as well as time–frequency technology.

SHAO currently employs more than 250 staff members, including 190 scientific and technical members
of personnel, of which approximately 45 are senior researchers and 60 associate researchers. Fourteen
distinguished young researchers have been recruited, both from overseas and domestically, under the
CAS Program of One Hundred Talents. In addition, six young, talented researchers have been awarded
the National Science Fund for Distinguished Young Scholars. We also host about 15 post-doctoral
positions at our observatory.

Authorized by the Ministry of Education since 1998, SHAO offers doctoral degrees in all subfields
of astronomy, including in astrophysics, astrometry, celestial mechanics, and astronomical technology.
About 130 graduate students are currently enrolled at SHAO.

Astronomy and astrophysics have deep roots in virtually every aspect of human culture. They help us
understand our place in the vastness of the Universe and teach us about our origins and evolution. Great
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achievements have been realized in the past, while fundamental questions still need to be addressed.
SHAO will continue to play its own role in driving progress in astronomy. We will concentrate on
a variety of research interests: fundamental research related to the Earth, planets, stars, galaxies, and
cosmology, technical development in support of VLBI, space navigation and positioning, SLR, timing
and frequency, as well optical interferometry. We have reasons to believe that SHAO will continue
to contribute significantly to the exploration of the nature of the Universe, thus ultimately serving the
Nation.

Xiaoyu Hong

Director of SHAO, CAS
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General Information

Shanghai Astronomical Observatory (SHAO),
Chinese Academy of Sciences (CAS), was es-
tablished in 1962 following the amalgamation of
the former Xujiahui and Sheshan observatories,
which were founded by the French Catholic Mis-
sion in 1872 and 1900, respectively. Both came
under Chinese government jurisdiction in 1950.

A 40 cm double astrograph was built in 1900 on
top of Sheshan hill, located 40 km to the west of
downtown Shanghai, which was the largest tele-
scope in East Asia at that time. It is one of a
few telescopes in the world that observed Halley’s
comet in both 1910 and 1986. For thirty years
between 1951 and 1981, SHAO provided the na-
tional time standard. In 1981, a new observatory
was established in Shanxi province under the aus-
pices of SHAO, which has provided this service
ever since.

At present, SHAO comprises five research
departments, including the Center for Astro-
geodynamics Research (CAR), the Center for the
Galaxy and Cosmology (CGC), the Division of
Very Long Baseline Interferometry (VLBI), the
Division of Optical Astronomical Technology,
and the Time and Frequency Research Center.

The CAR engages in measurements and analysis
of tectonic-plate movements, and carries out re-
search into the associated dynamical mechanisms
using astronomical data. In particular, modern
space geodesy techniques are used. Research top-
ics include the rotational and orbital motions of
the Earth, as well as the mass motions of the
Earth’s spheres: the atmosphere, hydrosphere,
lithosphere, mantle, and core. CAR researchers
are also deeply involved in studies of mechanisms
by which the Earth’s rotation varies, as well as in
research into interactions between the motions of
the various spheres.

The CGC was formerly the Department of As-
trophysics, which evolved from what was orig-
inally the second division of SHAO. Over the
past decades, astrophysical research at SHAO has
expanded rapidly by attracting active young as-
tronomers from all over the world. Significant
progress has been achieved in the fields of cos-
mology, galaxy formation, and active galactic nu-
clei (AGN) using numerical simulations and sta-
tistical approaches based on large galaxy surveys.

The CGC’s current main research fields include
star clusters and Galactic structure, galaxy forma-
tion and evolution, the large-scale structure of the
Universe, AGN, high-energy astrophysics, and the
theory of black hole accretion, as well as black
hole X-ray binaries. In the recent past, obser-
vational astrophysics has been growing steadily,
covering the range from radio to infrared wave-
lengths, from the optical to the X-ray domains.

The division of VLBI, which consists of the She-
shan VLBI station and the VLBI laboratory, man-
ages the Chinese VLBI Network (CVN) of the
National Astronomical Observatories of China
(NAOC). The CVN comprises four VLBI stations
located in Shanghai, Urumqi, Beijing, and Kun-
ming, in addition to a VLBI data processing cen-
ter at SHAO. The VLBI system has also been en-
gaged in support of the navigational needs of the
Chinese lunar project Chang’E.

The Division of Optical Astronomical Technol-
ogy designed China’s first domestically developed
large optical instrument, the Shanghai Sheshan
156 cm astrometry telescope (in the 1980s). At
present, engineers in the Division are engaged
in designing various telescopes for astronomi-
cal observations at observatories and universities.
They have also designed drift-scan CCD facili-
ties, which can be used for detection of moving
objects. The group is currently also involved in
studying a Fizeau-type interferometer for use with
future large optical telescopes in China.

The Time and Frequency Research Center has
mainly been investigating high-accuracy hydro-
gen masers and their applications. This division
has a long history in China’s time- and frequency-
technology development. They have established
China’s first own standard time clock. In recent
years, engineers in the division have been study-
ing a set of hydrogen masers, the results of which
have played important roles in various areas.

SHAO currently operates a 25 m radio telescope,
a 156 cm reflector, a 60 cm satellite laser-ranging
system (SLR), a Global Positioning System (GPS)
receiver, and a hydrogen atomic time and fre-
quency system. In the past ten years, researchers
at SHAO have published several hundred scien-
tific papers in journals listed by the Science Cita-
tion Index (SCI), several of which were published
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60 cm satellite laser-ranging system 25 m radio telescope 1.56 m optical telescope

in Nature and Science. A new, large radio tele-
scope with a diameter of 65 m will be installed in
SHAO’s new zone near Sheshan station in 2012.

Close international cooperation has been estab-
lished with more than 10 countries. The young
partner group of the Max Planck Institute for As-
trophysics (MPA), headed by Prof. Yipeng Jing,
has finished its operations successfully. Their
collaborative project, Numerical simulations of
the development of cosmological structure, was
awarded a second-class National Prize for Natu-
ral Science in 2005. The second partner group,
led by Prof. Xiaohu Yang, started work in 2006,
while the third partner group, led by Prof. Cheng
Li, started collaborative efforts in 2011. The
25 m radio telescope forms part of the European
VLBI Network (EVN). It also participates in the
International VLBI Services for Astrometry and
Geodesy (IVS), the VLBI Space Observatory Pro-

gram (VSOP), the Asia–Pacific Space Geody-
namics Program (APSG), as well as in observa-
tions related to aerospace navigation. SHAO is
also the secretariat of the Asia and Pacific regional
Space and Geodetic project (APSG). SHAO’s
SLR station has taken part in international cooper-
ation programs such as the Western Pacific Laser
Tracking Network (WPLTN) and DOSE, among
others.

Shanghai Astronomical Observatory has been a
Model Unit of Shanghai city since 2006. Staff
members at SHAO also participate in various
social activities related to popularization of sci-
ence. The Shanghai Astronomical Museum and
a web station, Shanghai Astronomy Online, have
attracted millions of visitors. Sheshan station has
become a national base for popular science edu-
cation of the younger generations.

Reported by
J. L. Hou
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Orbit Determination of Chinese
Lunar Probes using VLBI

The first and the second Chinese unmanned
lunar probes, Chang’E-1 (CE-1) and Chang’E-2
(CE-2), were launched successfully on 24 Octo-
ber 2007 and 1 October 2010, respectively. Both
probes traveled to the Moon to become lunar or-
biters, for scientific observations, on circular po-
lar orbits at altitudes of 200 and 100 km, respec-
tively. CE-1 completed its mission on 1 March
2009. CE-2 needed approximately 112 hours to
travel from Earth until the time of its insertion
into lunar orbit, and started routine operations of
mapping the lunar surface with a high-resolution
camera and scientific observations with other pay-
loads (see Figure 1). VLBI techniques were used
to support the tracking of the lunar probes.

To enhance the accuracy of the probes’ or-
bit determination (OD), the technique of VLBI
was used for both CE-1 and CE-2, combined
with traditional Doppler and laser-ranging mea-
surements. This was the first time that the VLBI
technique was used to support Chinese space mis-
sions. SHAO is the coordination and data analysis
center for VLBI OD of the Chinese lunar probes.
It uses the Chinese VLBI Network (CVN), which
is composed of a VLBI data processing and anal-
ysis center at SHAO and four VLBI stations,

located at Sheshan near Shanghai, Miyun near
Beijing, Kunming in Yunnan, and Nanshan near
Urumqi (see Figure 2).

Both onboard S-band telemetry and special
X-band radio signals with a bandwidth of 20
MHz are used for VLBI observations. Near-real-
time VLBI observations were conducted while
the spacecraft were in parking orbit, Earth–
Moon transfer orbit, during insertion into lu-
nar orbit, and for maneuvers while orbiting the
Moon. VLBI observables—including delays, de-
lay rates, and the right ascensions and declina-
tions of the probes—are transferred from SHAO’s
VLBI Center to the Beijing Aerospace Control
Center (BACC) in 10 minutes for CE-1 and six
minutes for CE-2. SHAO also served as an as-
sociate OD center for the Chang’E missions. It
helped perform the OD for the VLBI tracking arcs
and calculated the orbit reconstructions of the lu-
nar probes derived from the VLBI observables,
combined with Doppler and laser-ranging mea-
surements. The VLBI measurements play an im-
portant role in improving the lunar probes’ ODs,
in particular the OD of the short arc (which covers
less than one hour).

To further improve the accuracy of the VLBI

Fig. 1. Trajectory of the Chang’E-2 lunar probe
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Fig. 2. Chinese VLBI Network (CVN)

delay measurements, four Delta-DOR (delta–
Differential One-way Range) experiments—a
powerful new navigation technique particularly
important for interplanetary spacecraft—were
performed in October 2010 with a cycle of about
ten minutes for alternate observations of the target
and a reference radio source during the CE-2 mis-
sion. Reasonable results were obtained, but the
systematic errors are larger than expected.

The CE-2 scientific observations are pro-

ceeding smoothly. They will last for an additional
year, or perhaps longer. VLBI OD observations,
each lasting 8–10 hours, are carried out twice a
week during this period. After completion of the
planned tasks, CE-2 will be released from its lu-
nar orbit and travel to the second Lagrange point
(L2), at a distance of about 1.5 million km from
the Earth. VLBI observations will still be car-
ried out for CE-2 OD during its journey from the
Moon to L2, and also while it is in orbit near L2.

Reported by
Z. H. Qian, X. Z. Zhang, and X. Y. Hong
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The Shanghai 65 m Radio Telescope

The Shanghai 65 m radio telescope is a
new, general-purpose, fully steerable radio tele-
scope currently under construction. It will have
a main reflector of 65 m in diameter and a shaped
Cassegrain configuration. It will operate in a wide
frequency range from 1.4 GHz to 43 GHz, with
seven sets of cryogenic receivers. A primary ac-
tive surface will be installed to improve the effi-
ciency at high frequencies.

The Shanghai 65 m radio telescope will
be located at 31◦05′13.0′′N, 121◦09′48.1′′E. It is
based about 6 km west of the Sheshan 25 m
VLBI station. The new 65 m radio telescope will
be fully operational in 2015, with the first com-
missioning observations being planned for 2013–
2014 in four lower-frequency bands (L, S/X, and
C). It will be used as a single-dish telescope and
also join the international VLBI network.

Immediately after the project’s approval by
the Chinese Academy of Sciences and the Shang-
hai government in 2008, the overall design of
the antenna was initiated. On 17–18 September
2009, an international review meeting was held in
Shanghai to review the system design in support
of Shanghai Astronomical Observatory’s project
to build a 65 m radio telescope. The International
Review Committee, comprised of 9 members led
by David Hogg and Shuhua Ye from China, Aus-
tralia, Germany, Italy, and the United States, con-
cluded that the basic design was fundamentally
sound, while the committee also identified some
issues of concern, which would require additional
engineering design to resolve. Subsequently, an
independent, in-depth check of the 65 m finite-
element analysis was also performed to verify that
the geometry, the member properties, the load-
ings, and the constraints agreed with the design,

and that the results met the specifications.
On 19 May 2009, a meeting was held to re-

view the primary active-surface system design.
This system, consisting of a control system and
1104 actuators mounted at the adjustment points
on the antenna panel, will be used to compen-
sate the repeatable primary surface deformation
caused mainly by gravity, and thus to maintain
sufficient performance at high frequencies.

On 29 December 2009, an official
foundation-stone-laying ceremony was held at
the site of the new telescope.

Site construction was officially started on 19
March 2010. In October 2010, most prepara-
tory site work (such as reinforcement of the con-
crete foundation) was completed. On 29 October,
the azimuth pintle-bearing assembly was success-
fully installed, marking the beginning of installa-
tion work at the telescope site. The azimuth track
on the top of the foundation is 42 m in diame-
ter and consists of 30 segments. After shipping
and installation, on-site track welding started on
16 November 2010 and was completed on 28 Jan-
uary 2011.

Reported by
Z. Q. Shen
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Galaxies Formation Research
Won the Shanghai Natural
Sciences Award

On 24 March 2010, the Shanghai Science
and Technology Awards Conference was held at
the Shanghai Exhibition Center. The conference
was presided over by Shanghai Mayor Zheng
Han. Party secretary Zhengsheng Yu attended and
delivered a keynote speech. Galaxies formation
theory and observation research, recommended
by Shanghai Astronomical Observatory, won the
first prize in the Shanghai natural sciences awards.

This project was undertaken and completed
at Shanghai Astronomical Observatory. The prin-
cipal investigators were Yipeng Jing, Donghai
Zhao, Cheng Li, Xi Kang, and Weipeng Lin. The
project focused on studies of galaxies and cos-
mology in the field of astrophysics. Many physi-
cal processes, including accretion and mergers of
dark matter haloes, cooling and condensation of
gas, formation of stars, and growth and feedback
of black holes, are believed to play decisive roles
in galaxy formation and evolution. They are, how-
ever, closely linked. Quantitatively predicting and
understanding these processes is, therefore, very
important, but this is a challenging task. Using
high-resolution numerical simulations and obser-
vational data from large galaxy redshift surveys,
the project embarked on a systematic study of
the relationship between the formation of galax-
ies and their environments.

Some of the main, representative results of
the project are that (1) the mass assembly his-
tory of dark matter haloes proceeds in two phases,
which are distinct in their physical characteristics:
an early phase of fast growth and a late phase
of slow growth. The concentration parameter of
dark matter haloes remains constant during the
early, fast phase as matter within haloes mixes
rapidly through violent relaxation, while it in-

creases steadily with time during the slow phase,
because the newly accreted matter is mostly added
to the outskirts. A scaling relation between the
concentration of dark haloes and their growth his-
tory, as well as a method aimed at accurately pre-
dicting the structure of dark haloes was proposed.

(2) By tracing the motions and evolution of
dark matter subhaloes resolved in high-resolution
cosmological simulations, the merger timescale
of galaxies in previous semi-analytical models of
galaxy formation was found to have been un-
derestimated by a factor of order two. Semi-
analytical models based on the corrected merger
timescale can better reproduce the observed abun-
dance and colors of massive galaxies, thus helping
to reach a solution to some of the long-standing
problems affecting previous studies. The forma-
tion of massive, red galaxies in the early Universe
can be explained naturally by inclusion of physi-
cal models of the formation and energy feedback
of supermassive black holes. A semi-analytical
model of galaxy formation was thus developed in
which galaxy mergers and black hole formation
are treated in a reasonable and careful way.

(3) Using a set of N-body/smooth-particle
hydrodynamics (SPH) cosmological simulations,
the project team self-consistently studied, for the
first time, the influence of physical processes of
baryonic matter on the dark matter distribution,
both overall and within dark matter haloes. The
effects of these processes on the predicted ac-
curacy of future weak-lensing experiments were
quantified.

(4) Using data from galaxy redshift surveys,
they extensively studied the connections between
the physical properties of galaxies and their sur-
rounding environments. They found that the pair-
wise velocity dispersion of galaxies exhibits a
non-monotonic dependence on galaxy luminosity.
For the first time, the clustering strength of galax-
ies was measured accurately as a function of their
stellar mass. The dependence of this clustering
on many other important physical properties of
galaxies was obtained.

During a relatively short period between
2003 and 2006, the project team published 42 pa-
pers in Science Citation Index (SCI)-listed jour-
nals, with 19 having appeared in The Astrophysi-
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cal Journal, 20 in the Monthly Notices of Royal
Astronomical Society, two in Astronomy & As-
trophysics, and one in The Astronomical Journal.
These papers have proven to be of high interna-
tional impact: they attracted 846 citations by in-
dependent SCI-listed papers. By 15 January 2010,
the eight most representative papers had attracted
312 citations, while the most highly cited paper
was cited 107 times. These numbers are still
growing rapidly. The project’s results have also
been included in the famous textbook Galactic
Dynamics (2nd edition), where they were used to
demonstrate the correlation between the structure
of dark matter haloes and their formation history.
In addition, the results were reviewed in a News &
Views article in Nature Physics (Some of the semi-
analytical models of galaxy formation are becom-
ing powerful tools in their own right), quoted
by the European Space Agency (ESA)/European
Southern Observatory (ESO) in their white paper
setting out the organizations’ long-term planning
for the next 15 years, as well as by the Large Syn-
optic Survey Telescope (LSST) project in its sci-

ence book, as strong evidence that the influence
of baryonic matter cooling must be taken into ac-
count properly in analysis of future weak-lensing
observations. Finally, they were taken as impor-
tant observational measurements for testing theo-
retical models and for comparisons with other ob-
servations (e.g., a high-quality reference to which
high-redshift measurements can be compared to
test evolution, referenced by the deep galaxy sur-
vey working group of the Very Large Telescope,
VLT, currently the largest optical telescope in the
world). The results of this project were also in-
cluded in the report on 10 years: A selection of
achievements of the 973 program (the 973 pro-
gram is the largest Chinese national key program
in the basic sciences in the last ten years) by
the Ministry of Science and Technology, where it
was the only project selected in the field of astro-
physics.

Because of the project’s outstanding success,
it was highlighted as one of the Top 10 Astronom-
ical achievements in China in 2009.

Reported by
D. H. Zhao
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Prof. Gerhard Boerner
Won the 2010 Friendship Award

On 29 September 2010, the Friendship
Award ceremony was held at the Great Hall of
the People in Beijing. Prof. Albert Hermann
Gerhard Boerner, the internationally renowned
astrophysicist from Germany, was recommended
by Shanghai Astronomical Observatory and
subsequently given the Friendship Award by
Chinese senior officials. The Friendship Award,
established in 1991, is the highest award for
foreign experts who have made outstanding
contributions to the economic and social progress
in China.

Prof. Gerhard Boerner is a pioneer in
promoting cooperation in astrophysics between
China and Germany. Since 1979, Prof. Boerner
has been making strong impetus in the
development of modern astronomy. He has
cultivated a large number of talents for China
by offering lectures and organizing bilateral
seminar series and accepted Chinese scholars to
his group in Germany to engage in joint research
projects. He creatively suggested establishing
Young Partner Groups of the German Max Planck
Institutes in Chinese Academy of Sciences (CAS)
institutes. To date, more than 20 Sino–German
partner groups have been established in the major
basic research areas of mathematics, physics,
chemistry, astronomy, and biology. This project
introduced outstanding talents and new academic
subjects to the CAS.

As head of the program’s German side,
he successfully established the first Young
Partner Group in Astrophysics between the Max
Planck Institute for Astrophysics (MPA) and
SHAO (CAS) in 2000, which has become an
internationally known research team in the field
of cosmology and galaxy formation. Followed
by this first group, two successive Partner Groups
were established at SHAO in the past few years,
which have been playing important roles in
astrophysics research at SHAO.

Reported by
D. H. Zhao
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Kinematics of the Radio Jet of 3C 48

T. An1, X. Y. Hong1, M. J. Hardcastle2,3, D. M. Worrall3, T. Venturi4,
T. J. Pearson5, Z. Q. Shen1, W. Zhao1, W. X. Feng6

1 Shanghai Astronomical Observatory, China; 2 University of Hertfordshire, UK; 3 University of Bristol, UK; 4 INAF Istituto di
Radioastronomia, Italy; 5 California Institute of Technology, USA; 6 Liaocheng University, China

Compact-Steep-Spectrum (CSS) sources are
important for two major reasons: (1) CSSs make
up a significant fraction (∼30%) of bright ex-
tragalactic radio sources detected at centimeter
wavelengths, making CSSs crucial for studies of
dynamical evolution of powerful radio sources
from CSOs to extended doubles (FR II galax-
ies) (Refs.1,2); (2) Because of the compactness
and high brightness, CSSs are ideal probes of the
physical environment of the host galaxy on scales
of tens to hundreds of pc. In this article, we re-
view the kinematic properties of the radio jet in
an archetypal CSS quasar 3C 48 based on the data
observed with the EVN+MERLIN in 2005 and the
VLBA in 2004 and at multiple frequencies (obser-
vational details are referred to An et al. 2010).

Figure 1 displays the 3C 48 radio jet on vari-
ous scales. The active nucleus A lies at the south-
ern end of the jet. The hot spot B is the most
brightest VLBI component at ∼300 pc north of
A. The most sensitive image (Fig.1c) first reveals
a continuous collimated jet connecting between A
and B. From B the jet flares and loses the col-
limation. The main body of the jet shows wig-
gling structure, embedded with a number of bright
knots. From knot C the jet turns to the East and
the diffuse emission displays plume-like morphol-
ogy. The total extent of the VLBI jet is ∼2 kpc,
and the MERLIN image shows an extended co-
coon structure embraces the compact VLBI jet
and a weak counter lobe (Refs. 4-6).

The polarized emission is associated with the
VLBI jet, and it peaks at C where jet bends to
East, indicative of a compression shock due to lo-
cal jet-ISM interaction. The polarization angles
at C show gradual changes across the jet width,
providing a hint of systematic gradients in the ro-
tation measure. The hot spot B, showing a high
rotation measure and no signature of positional
change, appears to host a stationary shock. Proper
motion is only detected in the inner jet A2 with
βapp = 3.7 ± 0.4 c. This is the first determi-
nation of jet velocity in this quasar, placing im-
portant constraint for the jet flow property and the
geometry. The apparent superluminal motion sug-
gests that the relativistic jet plasma is ejected from
the nucleus at a velocity close to the light speed

(> 0.96 c) and the jet axis is inclined to the line
of sight < 20◦. Outer knots beyond B are not de-
tected proper motion, indicating an intrinsic de-
celeration process.

Fig. 1. a) Radio jet of 3C 48 (Ref.3); b) Helical jet model
(green line) fit with K-H instability; c) Highlight of the
collimated inner jet; d) Comparison of the 1996 15-GHz
(color) and 2004 8.4-GHz (contour) image shows the jet
knot A2 moves to the north.

The kinematics and polarization of the jet as
well as its wiggling structure are interpreted with
a model involving with fluid instability. The radio
jet emerges as laminar flow and forms a recon-
finement shock at a certain distance where the jet
reaches pressure equilibrium with its lobe. In the
confinement shock, a significant fraction of the ki-
netic energy of the jet is dissipated to thermal en-
ergy and a bright hot spot (B in 3C 48) is created.
After passing through B, the laminar jet changes
to turbulent flow (Refs. 1,7). The jet turns dis-
rupted before escaping the host galaxy, eventually
3C 48 would develop into an FR I. It is a natu-
ral consequence of jet deceleration at the hot spot,
more sensitive VLBI observations with a longer
time span is under way to quantitatively estimate
the flow speed of the outer jet and to study the
dynamical evolution of the radio source of 3C 48.
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On the Disappearance of Broad-line Region in
Low-luminosity AGN: the Role of the Outflows from

Advection Dominated Accretion Flows

X. W. Cao

Key Laboratory for Research in Galaxies and Cosmology, Shanghai Astronomical Observatory,
Chinese Academy of Sciences, 80 Nandan Road, Shanghai, 200030, China; cxw@shao.ac.cn

Active galactic nuclei (AGNs) are classified
as type 1 and 2 AGNs by their line emission. Type
1 AGNs show broad emission lines and narrow
forbidden lines, while only narrow lines are ob-
served in type 2 AGNs. According to the unifica-
tion scheme of AGNs, all AGNs are intrinsically
same, but are viewed at different orientations. The
broad-line regions (BLRs) in type 2 AGNs are ob-
scured by the dusty tori, as they are supposed to be
viewed at large angles with respect to the axes of
the tori. However, there is evidence that the BLR
disappears in many low-luminosity active galactic
nuclei (LLAGNs), and most of the type 1 AGNs
have relatively high Eddington ratios (e.g., Trump
et al. 2009). These low-luminosity sources are
named as “true” type 2 AGNs, which do not have
hidden BLRs. Many workers have explored why
the BLR disappears in LLAGNs (e.g., Nicastro et
al. 2003; Laor 2003; Elitzur & Ho 2009). Laor
(2003) suggested that an upper limit on the ob-
served width of broad emission lines leads to a
lower limit on the radius of the BLR based on
the empirical correlation between BLR size and
optical continuum luminosity. In this scenario,
the BLR radius shrinks below a critical value for
LLAGNs, which leads to the disappearance of
BLR in these sources. Although the origin of BLR
is still unclear, an attractive suggestion is that the
BLR structure is associated with the outflow from
the accretion disk.

Most of the low-luminosity AGNs
(LLAGNs) contain advection dominated accre-
tion flows (ADAFs), which are very hot and have
a positive Bernoulli parameter. ADAFs are there-
fore associated with strong outflows. We estimate

the cooling of the outflows from the ADAFs, and
find that the gases in such hot outflows always
cannot be cooled efficiently by bremsstrahlung
radiation. The ADAF may co-exist with the stan-
dard disk, i.e., the inner ADAF connects to the
outer thin accretion disk at radius Rd,tr, in the
sources accreting at slightly lower than the crit-
ical rate ṁcrit (ṁ = Ṁ/ṀEdd). For the ADAFs
with Lbol/LEdd ≥ 0.001, a secondary small in-
ner cold disk is suggested to co-exist with the
ADAF due to the condensation process. We es-
timate the Compton cooling of the outflow, of
which the soft seed photons either come from
the outer cold disk or the secondary inner cold
disk. It is found that the gas in the outflow
far from the ADAF may be efficiently cooled
to form BLR clouds due to the soft seed pho-
tons emitted from the cold disks, provided the
transition radius of the ADAF to the outer cold
disk is small [rd,tr = Rd,tr/(2GM/c2)≤ 20] or/and
the secondary small cold disk has a luminosity
Lsd ≥ 0.003LEdd. The BLR clouds can still be
formed in the outflows from the outer cold thin
disks, if the transition radius rtr is not very large.
For the sources with Lbol/LEdd ≤ 0.001, the in-
ner small cold disk is evaporated completely in
the ADAF and outer thin accretion disk may be
suppressed by the ADAF, which leads to the dis-
appearance of the BLR. The physical implications
of this scenario on the double-peaked broad-line
emitters are also discussed.
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There is evidence that most nearby galaxies
contain massive black holes at their centers, and
the central massive black hole mass is found to be
tightly correlated with the velocity dispersion of
the galaxy, or the luminosity of the spheroid com-
ponent of its host galaxy. These correlations of
the black hole mass with velocity dispersion/host
galaxy luminosity were widely used to estimate
black hole masses, and to derive the mass func-
tions of the central massive black holes in galax-
ies. On the other hand, quasars are powered by ac-
cretion onto massive black holes, and the growth
of massive black holes could be dominantly gov-
erned by mass accretion in quasars. The mas-
sive black holes are therefore the active galac-
tic nuclei (AGN) relics, and the luminosity func-
tions (LF) of AGNs provide important clues on
the growth of massive black holes. The black
hole mass function (BHMF) of AGN relics can
be calculated by integrating the continuity equa-
tion of massive black hole number density on the
assumption of the growth of massive black holes
being dominated by mass accretion, in which the
activity of massive black holes is described by the
AGN LF. There are two free parameters: the ra-
diative efficiency ηrad and the mean Eddington ra-
tio λ = Lbol/LEdd for AGNs, adopted in most of
such calculations on the cosmological evolution
of massive black holes (e.g., Yu & Tremaine 2002;
Marconi et al. 2004; Shankar et al. 2004). The
derived BHMF of AGN relics in this way is re-
quired to match the measured local BHMF at red-
shift z = 0 by tuning the values of two parame-
ters ηrad and λ , which usually requires almost all
AGNs to be accreting close to the Eddington limit
(e.g., Yu & Tremaine 2002; Marconi et al. 2004;
Shankar et al. 2004).

In principle, the mean Eddington ratio for
AGNs λ is not a free parameter, which can be es-
timated from a sample of AGNs with measured

black hole masses. The Eddington ratio distribu-
tion for AGNs exhibits a power-law distribution
with an exponential cutoff at a high Eddington ra-
tio (Hopkins & Hernquist 2009), or a power-law
distribution with an additional log-normal com-
ponent. Such a power-law Eddington ratio dis-
tribution is qualitatively consistent with the self-
regulated black hole growth scenario, in which the
feedback of AGN expels gas and shut down accre-
tion. This means that an AGN with bolometric lu-
minosity Lbol may contain a relatively small black
hole accreting at a high rate or a more massive
black hole accreting at a lower rate.

At high redshifts, the AGN life timescale is
comparable with (or even shorter than) the age of
the universe, which set a constraint on the min-
imal Eddington ratio for AGNs on the assump-
tion of a power-law AGN lightcurve. The black
hole mass function (BHMF) of AGN relics is cal-
culated by integrating the continuity equation of
massive black hole number density on the as-
sumption of the growth of massive black holes
being dominated by mass accretion with a power-
law Eddington ratio distribution for AGNs. The
derived BHMF of AGN relics at z = 0 can fit
the measured local mass function of the massive
black holes in galaxies quite well, provided the
radiative efficiency ∼ 0.1 and a suitable power-
law index for the Eddington ratio distribution are
adopted. In our calculations of the black hole evo-
lution, the duty cycle of AGN should be less than
unity, which requires the quasar life timescale
τQ ≥ 0.5 giga-years.

References
Hopkins, P. F., & Hernquist, L. 2009, ApJ, 698, 1550
Marconi, A., Risaliti, G., Gilli, R., Hunt, L. K., Maiolino, R., &

Salvati, M. 2004, MNRAS, 351, 169
Shankar, F., Salucci, P., Granato, G. L., De Zotti, G., & Danese, L.

2004, MNRAS, 354, 1020
Yu, Q., & Tremaine, S. 2002, MNRAS, 335, 965

ApJ, 2010, 725, 388



Shanghai Astronomical Observatory 21

A Search for Infall Evidence in the Northern
EGO Sample

X. Chen1, Z. Q. Shen1, J. J. Li2, Y. Xu2, and J. H. He3

1 Shanghai Astronomical Observatory, CAS, 2 Purple Mountain Observatory, CAS, 3 Yunnan Observatory, CAS

The role and physics of accretion are cen-
tral to understand the massive star formation, yet
remain poorly understood (Zinnecker & Yorke
2007). Search for the evidence of the large scale
infall in the massive cloud core might be a clue to
accretion procedure in the massive star formation.
The infall motion can be identified from molecu-
lar spectral line asymmetry: an optically thick line
(e.g. HCO+, CS) in collapsing core shows a blue
asymmetric profile (named “blue profile”), which
is a combination of double peaks with a brighter
blue peak or a skewed single blue peak, while
an optically thin line shows a peak at the self-
absorption dip of optically thick line. Recently
Cyganowski et al. (2008) compiled a new sam-
ple of massive young stellar object (MYSO) can-
didates associated with ongoing outflows traced
by extended 4.5 µm emission features (known as
extended green objects or EGOs due to the com-
mon color-coding of the 4.5 µm band as green
in three-color IRAC images; see the left panel
of Fig.1) from the Spitzer GLIMPSE survey. We
performed the first systematic survey of molecu-
lar lines (including HCO+ and 12CO, 13CO, C18O
lines at 3 mm band) towards a sample of 88 EGOs
in the northern hemisphere with the Purple Moun-
tain Observatory (PMO)-13.7 m radio telescope
to search the infall evidence and investigate the
physical properties of the cloud cores in these
newly-identified MYSOs.

In our observations of 88 EGOs , HCO+

emission was detected in 72 sources. By ana-
lyzing the line profiles of the optically thick line
HCO+ and the optically thin line C18O for 69 of
72 sources, we identified 29 blue profile candi-
dates and 19 red profile candidates. To quan-
tify whether blue profile dominates in a sample,
a quantity E, the blue excess is defined with E =
(Nblue −Nred)/Ntotal, where Nblue and Nred are the
number of sources which show blue or red pro-
files, respectively, and Ntotal is the total numbers
of sample sources. Thus a blue profile excess of
E=0.14 was measured, suggesting that the infall is
statistically significant in our observed EGO sam-
ple. We found that the sources not associated with
infrared dark clouds (IRDCs) show a higher blue
excess (0.41) than those associated with IRDCs
(-0.08), the “possible” outflow candidates also
show a higher blue excess (0.29) than “likely” out-

flow candidates (0.05), and the blue excess (0.19)
found in UC HII regions is higher than that in 6.7
GHz class II methanol masers (0.07). By combin-
ing the statistical results from our survey and with
those from other surveys, we point out that the
infall signatures gradually evolving with the dif-
ferent stage may be a genuine property of massive
star formation: the blue excess is not statistically
significant in the earlier evolutionary stage asso-
ciated with IRDCs or 6.7 GHz class II methanol
masers, and the blue excess will gradually become
to be statistically significant with massive star for-
mation evolution, especially when arriving at the
later evolutionary stage associated with UC HII re-
gion.

60 70 80 90

0

1

2

3

  

 

 

T
M

B
 (

K
)

G23.01-0.41

Velocity (km s
-1
)

X0.4 C
18

O

HCO
+

G23.01-0.41

R.A. (J2000)

D
e
c
l.
 (

J
2
0
0
0
)

Fig. 1. An example for EGO (G23.01-0.41) with three-
color GLIMPSE IRAC images showing 8.0 µm in red, 4.5
µm in green, and 3.6 µm in blue (left panel), and with
spectra of HCO+ and C18O showing blue profile of HCO+

(right panel). The fitted line center velocity to C18O is
marked by the dotted-vertical line.

The physical properties of EGOs derived
with CO lines indicate that typical size of the
cloud core surrounding EGO is 0.8 pc, typical
column density is 2× 1023 cm−2, typical volume
density is about 2× 105 cm−3, and typical mass
is about 2× 103 M¯. The estimated infall ve-
locities (typically 2 km s−1) and mass infall rates
(4× 10−2 to 1× 10−4 M¯ yr−1) for sources with
blue double-peaked profiles are consistent with
that determined in other surveys for MSFRs and
the theoretical values. All above physical parame-
ters are similar to those of massive clump wherein
massive star forming cores associated with EGO
possibly embedded, thus supporting the specula-
tion of Cyganowski et al. (2008) that EGOs are
associated with MYSOs from the radio molecular
line observations for the first time.
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The process of jet production, acceleration
and collimation in AGN and the jet interaction
with ambient medium are still open, magnetic ge-
ometry is generally supposed to play an impor-
tant role in understanding these processes. Fara-
day rotation may occur within or external to the
jet (Homan et al. 2009) when radiation propa-
gating through magnetized plasma, which can be
well constrained by multi-frequency polarimetric
VLBI observation.

NRAO 530 is a typical blazar, active from
radio to γ-ray. Long term monitoring at cm wave-
lengths from 1967 to 2003 shows a bright out-
burst peaking around 1997 which is almost co-
incident with our VLBI observations. Here we
present the results of polarimetric VLBI observa-
tions of NRAO 530 at 5 frequencies made with
VLBA along with one VLA antenna. Data reduc-
tions are performed within AIPS and DIFMAP,
with particular attention paid on the instrumental
polarization calibration. The absolute EVPAs are
obtained through UMRAO. Figure 1, as an exam-
ple, shows the image at 5 GHz with the total in-
tensity overlayed by fractional polarization, and
linear intensity overlayed by EVPA vectors in the
left and right panel respectively.

Fig. 1. VLBI polarimetric image of NRAO 530 at 5 GHz.
Left: fractional linear polarization image (color) overlaid
by total intensity contours. Right: EVPA distribution of
NRAO 530 with contours of polarimetric intensity over-
laid.

The linear polarization shows a spine-sheath
like structure ( fractional polarization along the
thick line in Fig. 1) in some regions at 5 and 8
GHz with degree of polarization relatively low
along the jet spine, but getting higher towards both
edges. The largest variation in fractional polariza-
tion appears to be north to south, where the polar-
ization goes to zero between the top two regions.
The highest levels of fractional polarization occur
at the two ends, while the lowest one occurs in
the middle. The polarization structure at 5 GHz
shows that the magnetic fields appear alternately
orthogonal and aligned down the jet, with a sig-
nature of bifurcating to the opposite sides from
the local jet spine. All these features can be inter-
preted either with a large scale of helical magnetic
field present within the jet, or with tangled mag-
netic fields compressed and sheared down the jet.

Model fitting has been done to the full po-
larimetric visibility data at all the 5 frequencies,
with focus mainly on two components in the core
region. Comparing to the central component B,
the southmost component A shows relatively high
brightness temperature, hard spectrum, which is
identified as the radio core of the object. The rel-
atively high polarization level for the component
is probably because it contains an additional jet
component of high fractional polarization, which
is resolved at 86 GHz with VLBI observation
of much higher resolution (Bower et al. 1997).
Whereas the component B of dominant flux den-
sity exhibits a good power-law spectrum with
steady increase in fractional polarization with fre-
quency from 15 to 43 GHz. The observed EV-
PAs for the component B is in good agreement
with the λ 2 law, with the observed RM of about
−1062 rad m−2 while that for component A is not.
Assuming that the component has a comparable
degree of polarization for B without depolariza-
tion at these frequencies, both the opacity and
internal Faraday rotation have effects on the de-
crease in fractional polarization with wavelength,
in which the opacity plays quite a large part of
role.
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One of the biggest challenges of modern
cosmology and physics is the existence of the
dark universe. Because we do not have indepen-
dent tests of general relativity (GR) at galactic
and cosmological scales, this offers the possibil-
ity of modified gravity (MG) models. Discrimi-
nating between the dark matter/dark energy and
MG models, testing GR at cosmological scales
and probing dark matter and dark energy through
cosmological observations, are thus an entangled
task, of crucial importance for both cosmology
and physics. Since a large fraction of cosmo-
logical information on dark energy and gravity is
encoded in the nonlinear regime. Precision cos-
mology thus requires precision modeling of non-
linearities in general dark energy and modified
gravity models. In this paper, we modify the
GADGET-2 code and run a series of N-body sim-
ulations on modified gravity cosmology to study
the nonlinearities.

There are several existing parameterizations
and general guidances on modified gravity. What
we adopt in this paper is the ζ parameteriza-
tion. It is a condensed version of the Ge f f − η
parametrization, which quantifies two key aspects
of gravity. The scalar perturbation of the space-
time metric is described by two potentials. One is
φ , which relates to the matter distribution ρ . The
other potential is ψ , which directly contributes to
the particle acceleration, d(av)/dt = ikψ . GR
predicts ψ =−φ , if dark energy anisotropic stress
is negligible. A natural parametrization of modi-
fied gravity is thus to replace the Newton’s con-
stant G by the effective Newton’s constant Geff
and the relation ψ = −φ by η ≡ −φ/ψ . Now,
given the mass distribution, the acceleration is
solely determined by the combination ζ , ζ (k,z)≡
Geff(k,z)/G

η(k,z)
.

We modify the parallel GADGET-2 N-body
code to run the simulations. Before the exe-
cution of the simulations, we run a number of
tests to justify that the adopted simulation spec-
ifications (particle number, simulation box size,
and initial redshift) are adequate to constrain the
nonlinear power spectrum out to k = 3hMpc−1

with ∼ 1%accuracy. We adopt the Daubechies
mass assignment method to improve the accu-
racy of power spectrum measurement (Cui et al.

2008). With the set of same linear power spectrum
between ΛCDM and modified gravity, we run
six simulations with ζ = 0.8,0.9,1.0,1.1,1.2,1.5
(ζ = 1.0 is ΛCDM).

Fig. 1. The nonlinear power spectra ratio of MG models
to ΛCDM at the redshift of same linear power spectrum.
Different colorful lines show different redshift.

In figure 1, we show ε as a function
of ΛCDM power spectrum. ε(k;zζ ,ζ ) ≡

PNL(k;zζ ,ζ )
PNL(k;zS,ζ = 1)

is the dimensionless power

power spectrum difference between modified
gravity and ΛCDM, when they have the same lin-
ear power spectrum. In the bottom right panel of
figure , the different ζ at the same linear power
spectrum (zs = 2.1) is emphasized.

As we set, the ε at linear scale is within the
1% difference from unit, but the non-linear power
spectrum have a large difference between MG
(ζ 6= 1) and ΛCDM (ζ = 1). This results in Fig.

shows significant imprints (ε 6= 1) of modified
gravity in the nonlinear evolution. In addition,
this results also implies the failure of some exist-
ing fitting formulae, which based on the HKLM
(Hamilton, Kumar, Lu and Matthews) assumption
(Hamiltion et al. 1991). Hence, the extension of
those formulae to MG models should be avoided.
There is another interesting behavior in the non-
linear evolution. The density growth in ζ > 1 cos-
mology is faster. However, after scaling out the
linear growth, the normalized nonlinear evolution
is actually slower (namely, ε < 1 when ζ > 1, Fig.
). When ζ < 1, the behavior is opposite (ε > 1).

References
Cui, W. et al. 2008 Apj, 687, 738
Hamilton, A.J.S., et at. 1991 Apj, 374, L1–L4

PhRvD, 2010, 81, 103528



24 Shanghai Astronomical Observatory

The Compact Radio Structure of Radio-loud Narrow
Line Seyfert 1 Galaxies

M. F. Gu and Y. J. Chen

Key Laboratory for Research in Galaxies and Cosmology, Shanghai Astronomical Observatory,
Chinese Academy of Sciences, 80 Nandan Road, Shanghai 200030, China

Narrow line Seyfert 1 galaxies (NLS1) are
characteristic of relatively narrow broad Balmer
lines with the FWHM of the Hβ line less than
2000 km s−1, the relatively weak forbidden-line
emission, i.e., [OIII]5007/Hβ < 3, strong permit-
ted optical/UV Fe II emission lines, steep soft X-
ray spectra, and rapid X-ray variability (Goodrich
1989). They are thought to be young AGNs with
relatively small black hole masses and high ac-
cretion rate. Compared to about 10%-15% for
normal broad line AGNs and quasars, only 7%
of all NLS1 galaxies are radio loud, while only
∼ 2.5% of the NLS1s are ‘very’ radio loud (ra-
dio loudness R > 100). Although several attempts
have been made on the VLBI study of radio-loud
NLS1s (e.g. Doi et al. 2006, 2007), still not much
is known for the VLBI compact radio structure of
radio-loud NLS1s.

Fig. 1. The VLBA image of RXS J16290+4007 at 8.4
GHz showing a unresolved compact structure.

We searched VLBA archive for the unpub-
lished data of the sources claimed as NLS1s in
various literatures. The data of three sources
(RXS J16290+4007, RXS J16333+4718, and B3
1702+457) were finally archived, which covers
three radio bands 2.3, 5 and 8.4 GHz. All the ob-
servations were made in phase referencing mode,

with the average on-source observational time
about 70 minutes. Data reductions are made in
AIPS, and the imaging and model fitting process
is performed in DIFMAP.

The compact radio structure of three radio-
loud narrow line Seyfert 1 galaxies from VLBA
archive data at 2.3, 5 and 8.4 GHz, are then in-
vestigated (see Gu & Chen 2010 for more de-
tails). From the high-resolution VLBA images,
the brightness temperature of radio core TB in the
rest frame can be estimated. The brightness tem-
perature can also be measured from variability,
which is correspondingly called variability bright-
ness temperature TB,var. The brightness temper-
ature is used to constrain the beaming effect by
combining with the upper limit of physically re-
alistic brightness temperature of nonthermal ra-
dio emission, either as the equipartition brightness
temperature Tin = 5×1010 K (Readhead 1994), or
the inverse Compton catastrophic brightness tem-
perature Tin ∼ 1012 K (Kellermann & Pauliny-Toth
1969).

In RXS J16290+4007, the radio structure is
mostly unresolved (see e.g. Fig. 1). The com-
bination of compact radio structure, high bright-
ness temperature and inverted spectrum between
simultaneous 2.3 and 8.4 GHz, strongly favors jet
relativistic beaming. Combining with the VLBI
data at 1.6 and 8.4 GHz from literatures, we ar-
gued that RXS J16333+4718 may also harbor a
relativistic jet, with resolved core-jet structure in
5 GHz. B3 1702+457 is clearly resolved with well
defined jet component. The overall radio steep
spectrum indicates that B3 1702+457 is likely a
source optically defined as NLS1 with radio def-
inition of compact steep spectrum sources. From
these three sources, we found that radio loud
NLS1s can be either intrinsically radio loud (e.g.
B3 1702+457), or apparently radio loud due to jet
beaming effect (e.g. RXS J16290+4007 and RXS
J16333+4718).
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An accurate merger timescale is a crucial in-
gredient in understanding the role of mergers in
galaxy growth. In theoretical computation of this
timescale, the formula given by Lacey & Cole
(1993) is generally used. It is derived from Chan-
drasekhar’s formula for dynamical friction (Chan-
drasekhar 1943).

In Jiang et al. 2008 (hereafter J08), we used a
high-resolution N-body/hydro simulation to show
that, this widely used dynamical friction formula
underestimated the timescale of minor mergers
and overestimates that of major mergers. We
then applied a new fitting formula for the merger
timescale measured from the simulation (refer to
Eq. (5) in J08),

Tfit =
f (ε)
2C

mpri

msat

1
lnΛ

rvir

Vc
. (1)

where C is a constant; ε is the circularity param-
eter of the satellite’s orbit; f (ε) is the function
that denotes the circularity dependence, f (ε) =
0.94ε0.60 + 0.60; and Vc and rvir are the circular
velocity and the virial radius of the primary halo,
respectively. The Coulomb logarithm lnΛ is in the
form of ln[1+(

mpri

msat
)].

However, complex baryonic physics relevant
to the formation of galaxies is still poorly under-
stood, and cannot be implemented unambiguously
in hydro simulations. Our simulation is also af-
fected by this kind of problems, among which the
overcooling problem is the most probable one af-
fecting our result. A higher stellar mass for either
the central or the satellite galaxy may result in a
shorter merger timescale.

We performed a cosmological hydro/N-body
simulation and measured the typical merger
timescale of its constituent galaxies. The same
cosmological parameters are adopted as those in
J08, except that we decreased the baryonic den-
sity to be half of the original value. Since the sum
of the dark matter density and baryonic density
remains unchanged, the large scale structure and

the halo mass function are not affected. Only the
masses of galaxies are reduced.

Fig. 1. Circularity function f (ε). Errorbars represent the
68.3% interval of the f (ε) distribution.

Figure 1 shows the median value of f (ε)
(square points) and its best fit curve (solid line).
The original result in J08 is also indicated by tri-
angles and a dashed line. We see that the merger
time is longer than the original result. The dis-
crepancy is larger for low circularity bins than
high circularity bins. This is due to the fact
that, lowering the baryonic content leads to a pro-
longed merger timescale. Galaxies on relatively
radial orbits are more likely to be affected, caus-
ing the fitting curve to be flatter. However, the
difference shown by the two fitting curves is only
about 10% at most. Since the two simulations cor-
respond to both the low and high stellar mass lim-
iting cases, and nearly radial orbits account for
only a small part of the satellites’ orbits, our re-
sults indicate that the fitting formula that we pre-
sented previously is applicable to good accuracy.
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The global positioning system (GPS) has
become an essential tool for the high preci-
sion navigation and positioning. The quality
of GPS positioning results mainly depends on
the model’s formulations regarding GPS observa-
tions, including both a functional model, which
describes the mathematical relationships between
the GPS measurements and unknown parameters,
and a stochastic model, which reflects the physi-
cal properties of the measurements. Over the past
two decades, the functional models for GPS mea-
surements have been investigated in considerable
detail. However, the stochastic models of GPS ob-
servation data are simplified or ignored, assum-
ing that all the GPS measurements have the same
variance and are statistically independent (Brun-
ner et al., 1999). Such assumptions are unreal-
istic. Although a few studies of GPS stochas-
tic models were performed, they are restricted to
short baselines and short time session lengths. In
this paper, the stochastic modeling for GPS long-
baseline and zenith tropospheric delay (ZTD) esti-
mates with a 24-hour session is investigated using
the residual-based and standard stochastic mod-
els.

The standard stochastic model (A) is usu-
ally assumed that all the carrier phases or pseudo-
ranges have the same variance and are statisti-
cally independent and the residual-based stochas-
tic model (B) is based on the classic variation co-
variance (VCV) from observation residuals. The
GPS measurements of IGS stations in Australia
(ALIC, CEDU, TOW2 and MOBS) on day 151
2004 are processed using the Bernese 5.0, and
the matrices of normal equations, residuals, O-
C are obtained, respectively. Stochastic model-
ing methods A and B are then realized in a Mat-
lab program (Jin et al., 2010). As the width of
moving window (N) directly affects the variance-
covariance matrix, the effects of moving window
widths on baseline estimates are further tested and
compared. It has been seen that the standard devi-
ations of horizontal baseline component are twice
as small as the height for each moving window
width, and the standard deviation with an 8-epoch

moving window width is obviously better than
other cases.

The stochastic modelling effects on baseline
length estimates are investigated with standard
stochastic model A and residual-based stochastic
model B with an optimal 8-epoch window width.
Results show the precision for GPS long baseline
with short time observations (e.g., 4 or 6 hours)
is worse, at about 1-2 cm in horizontal compo-
nent and 3-4 cm in vertical component, and more-
over larger differences of baseline components be-
tween methods B and A are found (about 1-2 cm).
When the time of GPS observations is longer than
12 hours, reliable results can be obtained when
compared to the reference value (Figure 1).
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Fig. 1. Standard deviations of ALIC-CEDU baseline es-
timation with different time intervals.

For 24-hour session using the different
stochastic modelling methods, the total differ-
ences can reach as much as 3-6 mm in the baseline
component, especially in the height component,
and 10 mm in the ZTD estimation. Any misspeci-
fication in the stochastic models will result in un-
reliable GPS baseline and ZTD estimations. Us-
ing the residual-based stochastic model, not only
the precision of GPS baseline and ZTD estima-
tion is obviously improved, but also the baseline
and ZTD estimations are closer to the reference
value.
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the 2008 Mw7.9 Wenchuan Earthquake from GPS
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The Mw 7.9 Wenchuan earthquake occurred
at the Longmen Shan Fault on May 12, 2008,
killing ten thousands of people in several cities
along the western Sichuan Basin. Although ro-
bust seismic signals around the globe could esti-
mate the gross nature, but the details of rupture
are usually obscure due to the lack of near-field
observations. Geodetic measurements could pro-
vide unique insights on the kinematic rupture and
the size of the earthquake as well as ionospheric
disturbances. In this paper, dense GPS network
observation data are collected from China na-
tional continuous and campaign GPS network,
and the coseismic deformation and ionospheric
disturbances are investigated for this event.
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Fig. 1. Coseismic displacements on the 2008 Wenchuan
earthquake. Horizontal displacements from GPS are the
blank arrows and vertical displacements are in solid black
arrows. The epicenter of the May 2008 mainshock is
shown as a black star.

Significant coseismic displacements of GPS
sites near the epicenter are found, moving to-
wards the earthquake epicenter (Fig.1). North-
south trending displacements in Wenchuan and
east-west trending displacements in Qingchuan
are mainly due to a thrust a focal mecha-
nism, aligned with the Longmen Shan Fault
zone. The larger coseismic displacements are in
Dujiangyan-Wenchuan, Qingchuan and Beichuan

Counties, while the largest magnitude is up to 2.3
meters in the horizontal and 0.7 meter in the ver-
tical in Beichuan rather than in the epicenter (Jin
et al., 2010). The total moment of the coseismic
rupture is 2.4× 1021 Nm, equivalent to Mw=8.1
and nearly identical to the seismological estimate.

Co-seismic ionospheric disturbances are also
observed at continuous GPS sites within 500 km
from the epicenter. For example, Figure 2 shows
the significant TEC variations at KUNM station
during the mainshock, indicating a significant co-
seismic ionospheric disturbance. Furthermore,
the angular characteristics of the wave vector
and phase velocity of ionospheric disturbances
are determined during the Wenchuan earthquake
(Afraimovich et al., 2010). It has shown that an
intensive N-shape shock-acoustic waves with a
plane waveform and with half-period of about 200
sec propagated toward northeast with a mean ve-
locity 600 m/s for a distance of about 1000 km
from the epicenter, in parallel with the rupture di-
rection.

Fig. 2. The filtered TEC series dI(t) for KUNM-PRN05
(a), PRN14 (b), PRN18 (c) and PRN22 (d). The time of
the Wenchuan earthquake main shock is marked by red
solid triangles.
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The Kinetic Power of Jets Magnetically Accelerated
from Advection Dominated Accretion Flows

in Radio Galaxies
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It was found that the mass of the black holes
in the centre of galaxies is tightly correlated with
galaxy properties. The co-evolution of massive
black holes and galaxies is usually ascribed to the
so-called AGN feedback. The X-ray cavities and
bubbles in the galaxies and clusters are believed to
be blown up through the interaction between the
outflows/jets and the intracluster medium (ICM),
which are carefully studied owing to the high
resolution observations of Chandra and XMM-
Newton. Search the literature for the data of X-ray
cavities. Merloni & Heinz (2007, MH07) com-
plied a sample of 15 objects containing the data
of mechanical power, the black hole mass and
the nuclear luminosity both in the radio (5 GHZ)
band and in the 2-10 kev band. They found a
strong correlation between Eddington-scaled ki-
netic power and bolometric luminosity. A simi-
lar correlation between Eddington-scaled kinetic
power and Bondi power was also present for this
sample.

The outflows may probably be accelerated
from the accretion flow by the large-scale ordered
magnetic fields threading the accretion flow. Li &
Cao (2009, LC09) studied the global dynamics of
ADAFs with magnetically driven outflows. In this
paper, we adopt the model of ADAFs with mag-
netically outflows (LC09) to explore the above-
mentioned correlations given by MH07.

In this work, we adopt the model of ADAFs
with magnetically driven outflows/jets surround-
ing a non-rotating black hole, which is suggested
by LC09. In all our calculations, we adopt the
black hole mass M = 8.8× 108M¯, which is the
mean black hole mass of the samples given in
MH07. The conventional values of disc param-
eters are adopted as: α = 0.1, δ = 0.1, Rout =
5000Rg and vA = vK (see LC09 for the detailed
discussion). We calculate the structure of the ac-
cretion flow and the outflows, and then the kinetic
power of outflows and the bolometric luminos-
ity of the accretion flow are available. Chang-
ing the mass accretion rate, the relation between
Eddington-scaled bolometric luminosity λ (λ ≡
Lbol/LEdd) and kinetic power of the outflows is

plotted in Fig. 1 for different values of ζ with
β = 0.92, i.e., Pm = 0.087Pgas, in which the re-
sults are compared with the correlation between
Lbol/LEdd and Lkin/LEdd given by MH07.
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Fig. 1. The Eddington-scaled kinetic power as func-
tions of Eddington-scaled bolometric luminosity (λ =
Lbol/LEdd) for different values of ζ . The bold solid line
is the best fitted result of on the correlation givn in MH07.
The dashed line, solid line and dotted line are for ζ = 1,
ζ = 2 and ζ = 4 respectively.

In Fig. 1, we show the kinetic power as func-
tions of bolometric luminosity for different val-
ues of ζ , which describes the distribution of the
magnetic field in the space above the disc. It is
found that the slopes of the model calculations
with different values of ζ are almost constant,
which is in good consistent with the observed cor-
relation. The Eddington-scaled kinetic power as
functions of Eddington-scaled bolometric lumi-
nosity of the accretion disc is also plotted (see
Li & Cao 2010 for details) for different values of
β (ζ = 2 is adopted). Our model calculations is
always consistent with the slope of the correla-
tion independent of the values of the parameters
adopted. Compared with the observations, our re-
sults show that over 60% of the accreted gas at
the outer radius escapes from the accretion disc in
a wind before the gas falls into the black holes.
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A Kinematic Study of the Compact Jet in Quasar
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The radio source B3 1633+382 was identi-
fied as a quasar and has been frequently observed
at different wavelengths across the electromag-
netic spectrum during the past decades. In our 22
GHz VLBA observation, there are four jet com-
ponents located in a western direction with 0.51,
1.33 and 2.15 mas separation from the core re-
spectively. Component B4 is the newest one at
0.15 mas from the core. However, after combin-
ing their proper motion with Jorstad et al. (2001)
and ours (Fig1.a), we find it hard to distinguish
the evolutionary track of the two internal compo-
nents owing to the lack of observations from 1997
to 2000. Thus we additionally collected and an-
alyzed seven more VLBA epochs at the same 22
GHz frequency from the National Radio Astron-
omy Observatory (NRAO) archive data.

Fig. 1. Core separation, a linear(fig1.b) and a heli-
cal(fig1.c) fit to the evolution track of components depend-
ing on a different classification of the components.

We study the kinematics of the compact jet
in quasar B3 1633+382 by combined those 14
epochs of VLBA observations at 22 GHz for this
source. The quasar B3 1633+382 shows two dif-
ferent kinds of proper motion for its components.
We note that it could be explained as two kinds of
kinematical models when we use different clas-
sifications for the components. In the first case,
if component B1 and B3 move outwards with a
linear speed, then component B2 stays at a quasi-

stationary state ∼ 0.5 mas from the core for the
whole observation interval. Component B1 and
component B3 both experience a linear expan-
sion.

Fig. 2. Results of helical model fit to the observed tra-
jectory and the comparisons of model-calculated apparent
velocities β ′

app for each component.

Although this linear model can explain the
motion of the components, there is another pos-
sibility. In the second case, component B2 was
accelerated after remaining almost stationary at a
core-separation of about 0.5 mas for several years,
while component B3 decelerates to a significantly
low velocity at the same core separation of about
0.5 mas. Then we applied a helical model un-
der the assumption of three conservative quanti-
ties (the jet’s kinetic energy, angular momentum,
and the momentum along the jet axis; Steffen et
al. 1995) to interpret the kinematics of the com-
ponents. The solutions for each component can be
used to explain the projected trajectories and the
apparent velocity with time as well as to demon-
strate in particular the low apparent velocity of
the two components B2 and B3(fig2). Based on
the predictions from the helical model, the com-
ponents may have the same mode of motion. Fu-
ture observations are needed to provide new kine-
matical constraints for the motion of these three
components in this source.
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The Tilt Between Accretion Disk and Stellar Disk
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The orientations of the accretion disk of ac-
tive galactic nuclei(AGN) and the stellar disk of
its host galaxy are both determined by the angular
momentum of their forming gas, but on very dif-
ferent physical environments and spatial scales. In
the unified AGN model, different types of AGNs
are caused by different viewing angles. Therefore,
if the stellar disks of a specific type AGN hosts
also have preferred inclinations, an intrinsic cor-
relation between the alignment of the stellar disk
and the accretion disk would be expected.

We select a sample of type 2 AGNs hosted
by disk galaxies from the Sloan Digital Sky Sur-
vey(SDSS). We build a control sample of galaxies
(without AGN phenomena) from the same galaxy
catalogue of SDSS, which are selected to have
the same sample size, stellar properties and se-
lection effects(e.g. redshift distribution) as the
AGN hosts. We then compare the axis ratio (b/a)
distributions of these two samples. We show the
number ratios of the AGNs to the control galaxies
(NAGN/NGAL) in different b/a bins in Fig. 1. As
we can see, this ratio decreases with the increas-
ing of b/a systematically. Since the galaxy sam-
ple have already been controlled to have the same
physical properties and selection effects as the
AGN hosts, the systemical bias in b/a distribution
of the AGN hosts could only be stemmed from
their preferred (non-random) viewing angles.

To quantify the preferred inclinations of our
type 2 AGN hosts, we need to know the dis-
tributions of the shape parameters of their host
galaxies(the height γ and ellipticity ε), which can
be obtained from a Monte-Carlo fitting of the
b/a distribution of the control galaxies since their
viewing angles are random. With (γ,ε) distribu-
tions known for control galaxies, so that also for
AGN hosts, we model their viewing angles.

We parameterize the inclinations of the ac-
cretion disk and stellar disk as θA and θS respec-
tively. The tilt angle between the accretion disk
and stellar disk is then denoted as ∆TS. As in the
unified AGN model, we assume that the obscur-
ing torus lies on the plane of the accretion disk
and with opening angle 2ΘT . Obviously, a type

2 AGN satisfies 90◦− θA < ΘT. and the type 2
AGN fraction f2 = sin(ΘT). For tilt angle ∆TS,
we further assume that cos(∆TS) follows a Gaus-
sian distribution which peaks at ∆TS = 0 and has a
scatter cos(∆TS,m). Under this assumption, ∆TS,m

could be viewed as an effective tilt angle, within
which 68 percent of the ∆TS are smaller than.

With ΘT and ∆TS,m assigned, we make
Monte-Carlo simulations to predict the number
ratios NGAL/NGAL in different b/a bins. The best
model fitting is shown as the dashed line in Fig. 1
and the best model parameters are ΘT = 58◦ and
∆TS,m = 37◦ respectively. ΘT = 58◦ corresponds
to a type 2 AGN fraction of f2 = 0.85, in excel-
lent agreement with the results quoted in litera-
ture(Simpson 2005). For the tilt angle between
stellar disk and accretion disk, the effective tilt an-
gle ∆TS,m = 37◦ corresponds to a mean tilt angle
∆̄T S ≈ 30◦ (Shen, Shao & Gu, 2010).

Fig. 1. The ratio of the numbers of the AGNs to the
control galaxies in different b/a bins. The solid line with
error-bars shows the observational results from the SDSS.
The dashed curve shows the best model fitting from the
aligned torus model.
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Discovery of A 693.5 s Period in the X-Ray Binary
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The X-ray source 4U 1820-30 in the globu-
lar cluster NGC 6624 is known as the most com-
pact binary among the identified X-ray binaries
(XRBs). Having an orbital period of 685.0 s,
the source consists of a neutron star primary and
likely a 0.06–0.08 M¯ white dwarf (WD) sec-
ondary. Far-ultraviolet (FUV) observations of this
Xray binary were made with the Space Telescope
Imaging Spectrograph on board the Hubble Space
Telescope. We analyzed the FUV timing data. Us-
ing a discrete Fourier transform technique to con-
struct an over-resolved power spectrum, we found
a period of 693.5±1.3 s, which is significantly dif-
ferent from the orbital period (Figure 1).

Fig. 1. A 10 times over-resolved power spectrum (dashed
curve) in the vicinity of the main power peak. Two major
sidebands are artifacts due to the observation gaps. The
peak frequency is found to be f = 1.4442± 0.0027 mHz
(or 693.5±1.3 s). The frequency position of the X-ray pe-
riod 685.0 s is also indicated.

While the discovered FUV period may be
consistent with a hierarchical triple system model
that was considered for 4U 1820-30 (Chou &
Grindlay 2001), we suggest that it instead is the
indication of superhump modulation, which arises
from an eccentric accretion disk in the binary. The
light curve folded at the obtained period can be
described by a sinusoid (top panle of Figure 2),
but careful examination of the light curve data re-
veals that the strong modulation peaks are asym-
metric and nonsinusoidal in shape, with a slow
rise and a fast decline (bottom panel of Figure
2). This asymmetric modulation resembles those
seen in superhump sources. In the superhump
model, the superhump excess we estimated for 4U
1820-30 is ε ≈ 0.012± 0.002. Based on a re-
lation between ε and mass ratio q (Patterson et

al. 2005), q ≈ 0.06 for 4U 1820-30, implying
the companion’s mass M2 ' 0.08M¯. This mass
value is consistent with the mass range estimated
for 4U 1820-30 in a standard scenario (i.e., the
mass transfer in the binary is driven by gravita-
tional radiation).

Fig. 2. Top panel: normalized photon counts (relative to
the mean) folded with the 693.5-s period. Two cycles are
displayed for clarity. The solid curve indicates the best-
fit sinusoid that has a semiamplitude of 6.3%. However,
the data points are scattered in a relatively large range, in-
dicated by the 5.9–8.4% standard deviations (error bars)
of the bins (histogram line); each bin is the average of
the data points within 0.1 phase. Bottom panel: same
as the top panel, but only photon counts contained in the
strong modulation peaks of the light curve data are used
in folding.

We note that the ε − q relation could set a
constraint on the mass of a neutron star if a com-
panion’s mass is estimated from other measure-
ments. Considering the WD channel for the for-
mation of 4U 1820-30, the helium WD in this
XRB would likely have M2 ' 0.06− 0.1 M¯ at
the present time, having evolved from an initial
mass of 0.1−0.3 M¯. at the beginning of the XRB
phase (Deloye et al. 2007). The q value we esti-
mated thus suggests that the accreting neutron star
in 4U 1820-30 has a mass not much larger than
1.4 M¯.
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Global Compton Cooling in the Inner Regions of
Optically Thin Flows
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Compton scattering is a common and impor-
tant process in astrophysics. It is the main mech-
anism to produce X-ray radiation in various sys-
tems. Optically thin hot accretion flow like Ad-
vection dominated Accretion Flow (ADAF) is the
basic theoretical model to explain low-luminosity
AGNs and the low-hard state of X-ray binaries.
Compton scattering plays a global role in these
optically thin flows, since the photons can propa-
gate long distances before being absorbed or scat-
tered. This global Comptonization, which is ig-
nored in most previous work, is important to the
dynamics of optical thin flows (Yuan et al., 2009,
and references therein). In this work, we extend
previous treatments of Comptonization by using
accurate global general relativistic Monte Carlo
simulations. We focus on an inner region of the
accretion flow (R≤ 600Rg, where Rg is the gravi-
tational radii), around a stellar black hole (Mbh =
10Msun), and we obtain a global self-consistent so-
lution.

Fig. 1. The cooling rate for various Compton scatter-
ing models. Radiative cooling rate of seed photons (syn-
chrotron and bremsstrahlung) is also shown as a reference.

As illustrated in figure 1, we first compare
the global Compton scattering model, the model
adopted in subsequent calculations, with local
models in spherical and slab geometry. We find
that the slab model approximates the global model
significantly better than the spherical one. Still,

neither local model gives a good approximation
to the radial profile of the cooling rate, and the
differences can be up to two orders of magnitude.
The local slab model underestimates the cooling
rate at outer regions whereas it overestimates that
rate at inner regions.

We then use iteration method to achieve a
self-consistent solution. As compared to the ini-
tial, not self-consistent solution, the final solution
has both the cooling rate and the electron temper-
ature significantly reduced at radii ≥ 10Rg (left
panel of figure 2). On the other hand, the radi-
ation spectrum of the self-consistent solution has
the shape similar to that of the initial iteration, ex-
cept for the high-energy cut-off being at an en-
ergy lower by a factor of ∼ 2 and the bolomet-
ric luminosity decreased by a factor of ∼2 (right
panel of figure 2). We compare our modelling re-
sults to observed hard-state spectra of black-hole
binaries and find an overall good agreement pro-
vided any disc outflow is weak. We find that
general-relativistic effects in flows which dynam-
ics is modified by global Comptonization is cru-
cial in approaching this agreement.

One caveat of this research is that although
the radiative transfer is fully under general relativ-
ity (GR) frame, the flow dynamics is still pseudo-
Newtonian. Full GR results are achieved recently
(Niedźwiecki, Xie & Zdziarski, 2011).

Fig. 2. The temperature (left panel) and the spectrum
(right panel) for the initial and final (self-consistent) solu-
tions.
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Understanding how dwarf galaxies formed
is a key aspect of modern observational cosmol-
ogy because they are currently the most abun-
dant galaxy population, and building blocks of
larger structures. Local Universe dwarf galaxies
are unique environments for studying their forma-
tion and evolution.

IC10 is a low-mass, metal-poor, and actively
star-forming galaxy in Local Group. The large
amount of information are available, such as star
formation rate (SFR), H I and H2 contents, star
surface density, and metallicity distribution. In
Table 1 of Yin et al. (2010), the main properties
of IC10 are summarized. In particular, chemical
abundances of H II regions and planetary nebu-
lae (PNe) in IC10 have been obtained by Magrini
& Gonçalves (2009), which provide information
about the gas chemical composition at two differ-
ent epochs in the galactic history: H II regions pro-
vide the present time chemical abundances, while
PNe probe the distant past chemistry.

In this work, we deal with the detailed chem-
ical evolution of the dwarf irregular galaxy IC10,
building several chemical evolution models con-
strained by the observed properties of this galaxy.

Since we do not know a priori the star for-
mation history (SFH) of IC10, in the chemical
evolution model we include different SFHs, burst-
ing or continuous. The galaxy is assumed to have
been formed by the continuous infall of primor-
dial gas. The model takes into account the feed-
back from SNe and stellar winds giving rise to
a galactic outflow when the gas thermal energy
exceeds the binding energy of gas (see Yin et al.
2010 for details). We have explored three cases: i)
no winds (no feedback); ii) normal winds, namely
all the gas is lost at the same rate; and iii) metal-
enhanced winds where the metals are lost prefer-
entially relative to H and He. In Fig. 1, we show
3 models as an example. More model results and
detailed discussion are shown in Yin et al. (2010).

In spite of the large number of parameters,
the number of observational constraints repro-

duced by our model makes us confident in con-
cluding the following:

The galaxy IC10 probably formed by means
of a slow gas accretion process with a long infall
timescale of the order of 8 Gyr.

Fig. 1. Time evolutions predicted by the models in dif-
ferent wind cases. All the models assume the same SFHs:
3 bursts start at 1.5, 3.5, and 12 Gyr, and durations are 1,
7, 1 Gyr correspondingly.

We do not know a priori the SFH of IC10 but
our numerical simulations suggest that it should
have experienced 4 to 10 bursts of star formation.
We exclude a regime of continuous star formation.

We exclude evolution without galactic
winds. In this case, our model can reproduce nei-
ther the present-time gas fraction nor the metallic-
ity of IC10 at the same time.

A metal-enhanced wind is more likely than a
normal one, otherwise an unreasonable amount of
mass is lost by the galaxy, making it impossible to
fit the present-time amount of gas. Models with
metal-enhanced winds can reproduce the macro-
scopic properties of IC10 and the scatter in the
abundance ratios.
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GX339-4 is a black hole transient with fre-
quent outbursts have been observed since it was
found in 1973. Yu et al. (2007) analyzed the long-
term X-ray observations of this transient between
May 31, 1991 and May 23, 2005. A nearly lin-
ear relation between the peak flux of the low/hard
(LH) spectral state that occurs at the beginning of
an outburst and the outburst waiting time had been
found. In this paper, the authors reinvestigate this
empirical relation for this source by including the
data of the 2007 outburst.

Except the data analyzed in Yu et al. (2007),
the authors also analyzed the monitoring results of
Swift/BAT (15–50 keV) that were publicly avail-
able covering from February 13, 2005 to August
31, 2009. All the data analyzed in this work cov-
ered a period of 18 years.

The authors found that the data point of the
2007 outburst followed the empirical relation re-
ported in Yu et al. (2007). The deviation from
the empirical relation was only -0.034 crab. A lin-
ear fit to all this points infered that Fp = (9.25±
0.06)× 10−4Tw− (0.039± 0.005), where Fp was
in units of crab and Tw in units of days. This up-
dated relation was almost identical to that reported
in Yu et al. (2007). Considering the intrinsic scat-
tering and the model uncertainty, they obtained an
intercept Tw = 42± 20 days, which meaned that
the hard X-ray peak of any outburst should be at
least 42± 20 days after the end of the previous
outburst.

The updated relation for GX 339-4 inferred
that: Fp,n = 9.25×10−4(Day09 +Trise)+0.44 crab,
where Day09 was the number of days in 2009
when a possible new outburst started in 2009, and
Trise was the rise time in units of days for the
possible new outburst to reach its initial hard X-
ray peak. They inferred the hard X-ray peak flux
of the new outburst should be at least 0.65 crab
(see Fig. 1), according to the 750 days’ inactive
phase of GX 339-4 since the end of the 2007 out-
burst. The authors noted that the prediction could
be made only for an outburst brighter than 0.12
crab. The empirical relation held if faint hard X-
ray flares were ignored.

The authors tested to ‘predict’ the hard X-
ray peak flux for 2004 and 2007 outburst by using
the data acquired prior to these two corresponding
outbursts to determine the accuracy of the predic-
tion. The deviations of the predictions to the ob-
servations were only -0.012 crab and -0.034 crab,
or 3.8% and 6.4%, respectively. The prediction
for the next new outburst should be of similar ac-
curacy.

Fig. 1. Prediction of the hard X-ray peak flux for next
bright outburst based on the updated empirical relation.
The dashed line indicates the regime excluded for the next
bright outburst. The arrow indicates the lower limit of the
hard X-ray flux of the next bright outburst is about 0.65
crab estimated on August 31, 2009 (MJD 55074), the later
afterwards the higher the lower limit will be. The ”predic-
tions” for the 2004 and 2007 outburst based on the respec-
tive empirical relations derived with data before 2004 and
2007 outburst are shown as well. The solid lines are the
predicted values of the peak fluxes. The dotted lines show
the corresponding prediction bounds at a level of 95%.

In this paper, the updated relation between
the hard X-ray peak flux and the outburst waiting
time provided strong evidence that there existed a
link between the initial mass stored in the accre-
tion disk and the brightest LH state of GX 339-4.
The physical mechanism for this link is not clear.
But if so, a major portion of the disk should be
involved in generating the hard X-ray flux. This
idea should be studied in future.
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Some recent work (see Yu et al. 2007, 2009,
Wu et al. 2010) expected that a positive correla-
tion between the peak outburst luminosity and the
initial mass stored in the disk should be respon-
sible for a certain outburst. The amount of ini-
tial mass in the accretion disk has been suspected
to increase with increasing the orbital period Porb.
Theoretical calculation showed that the peak out-
burst luminosity varied with Porb. This was indeed
confirmed by previous work but not exactly as the
theories predicted. In past 15 years, RXTE had
performed a lot of sensitive, pointed observations
of transient outbursts. In this paper the authors
analyzed 25 transient sources, including both the
black hole (BH) and neutron star (NS) X-ray bi-
naries, to study the relation between the maximal
outburst luminosity and the orbital period.

The authors found that the maximal lumi-
nosity on the whole was higher for source with
a larger Porb (see Fig. 1), except for the clear out-
lier XTE J1118+480 with Porb of about 4.1 h
and peak luminosity of about 0.001 Ledd. The
highest Lpeak/Ledd at the largest Porb was close to
the Eddington limit. A linear relation between
the peak luminosity and Porb was found, which
gave logLpeak/LEdd = (−1.80± 0.11) + (0.64±
0.08)logPorb. If the apparent deviated source
XTE J1118+480 to this relation was excluded, the
goodness of fit with linear relation was improved
but not significantly. It was difficult to determine
whether the peak luminosity of the LH state was
positively correlated with Porb, probably because
they lacked the coverage of RXTE pointed obser-
vations. No significant difference in the peak out-
burst luminosities between BHs and NSs systems
with Porb above 4 hr was found, however there
might be a significant difference at smaller orbital
periods.

In this work, the estimate of luminosity was

more accurate in at least two aspects than that of
Chen et al. (1997): (1) a broader energy coverage
with RXTE was used, but chen et al. (1997) used
narrower energy coverage and different X-ray in-
struments; (2) the uncertainties were estimated in
this work which were not present in Chen et al.
(1997). This work was so far the only systemat-
ical and accurate analysis to the observation data
during the era of RXTE and it firstly obtained the
empirical relation between the orbital period and
the maximal outburst luminosity. The theoretical
work by King & Ritter (1998) was quantitatively
consistent with the relation of the peak luminosity
and orbital period obtained by this work.
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a: IGR J00291+5934
b: EXO 0748-676
c: XTE J0929-314
d: 4U 1608-52
e: MXB 1659-298
f: XTE J1710-281
g: 1A 1744-361
h: GRS 1747-312
i: XTE J1751-305
j: XTE J1807-294
k: SAX J1808.4-3658
l: XTE J1814-338
m: GS 1826-238
n: HETE J1900.1-2455
o: 4U 1908+005
p: XTE J2123-058

1: XTE J1118+480
2: GS 1354-64
3: 4U 1543-47
4: XTE J1550-564
5: XTE J1650-500
6: GRO J1655-40
7: 4U1659-487
8: XTE J1859+226
9: GRS 1915+105

Fig. 1. The peak luminosity (3–200 keV) as a function of
the orbital period. BHs and NSs are marked as numbers
and letters respectively. Solid line shows the range of the
source luminosity and dotted line shows the uncertainty
range. Arrow represents the upper or lower limit. Double
arrows indicate the values are uncertain.
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The hard state, which is a common spectral
state during the outburst of low mass X-ray bi-
naries, is still not understood well. Several mod-
els have been suggested to explain the hard state,
such as the disk-corona model and pure jet model,
but they have their own problems. In this paper,
the authors used a coupled accretion-jet model
to study the emission origin of low hard state in
three black hole X-ray binary candidates (Swift
J1753.5-0127, GRO J1655-40 and XTE J1720-
318). This model has been applied to other two
sources (XTE J1118+480 and XTE J1550-564)
successfully. The main idea of this model is that,
a standard thin disk is truncated by a hot accretion
flow such as advection dominated accretion flow
(ADAF) at a certain radius, called truncated radius
Rtr. In the inner part of the hot accretion flow, a jet
was launched. The jet model is based on the in-
ternal shock scenario, which has also been widely
adopted in the study of gamma-ray bursts. The
readers can refer to Yuan et al. (2005) for the de-
tails of this coupled accretion-jet model.

During the past several years, simultane-
ous multi-wavelength observations have been per-
formed from radio, infrared/optical to X-rays for
three black hole X-ray binary candidates, that is
SWIFT J1753.5-0127, GRO J1655-40 and XTE
J1720-318. In Fig. 1, the spectral energy distri-
butions (SEDs) of these three black hole candi-
dates were all modeled by the coupled accretion-
jet model. The results of the modeling are simi-
lar for these three sources, that is, the radio emis-
sions come from the jet by synchrotron emission,
the X-ray emissions come from the hot accretion
flow (ADAF) through the thermal Comptoniza-
tion, while the infrared and optical emissions are
the sum of emissions of the jet, ADAF, and the
truncated thin disk. QPOs have been observed
for SWIFT J1753.5-0127 and GRO J1655-40 dur-
ing the hard states of their outbursts. The ob-
served QPO frequencies are consistent with the
Keplerian frequencies at their truncated radius Rtr,
which is the parameter during the modeling of
their SEDs for both sources. A linear correlation

between the QPO frequency and the X-ray flux
was observed for SWIFT J1753.5-0127, this can
be qualitatively explained by this model. When
mass accretion rate decreases, the X-ray flux de-
creases but Rtr increases, thus the Keplerian fre-
quency at Rtr decreases. This coupled accretion-
jet model can also qualitatively explain the ’nega-
tive time lag’, and quantitatively explain the ’pos-
itive time lag’ of the optical and X-ray emission
of SWIFT J1753.5-0127.
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Fig. 1. SEDs of the hard state of three black hole candi-
dates. The dash-dotted, dashed, and thin solid lines show
the emissions of the truncated thin disk, the hot accretion
flow, and the jet, respectively. The thick solid line shows
their sum. The dotted line shows the the black body emis-
sion of the companion star in SED of GRO J1655-40.

The origin of the emissions of these three
black hole candidates in different wavebands is
very similar to the conclusions of previous work
of XTE J1118+480 (Yuan et al. 2005) and XTE
J1550-564 (Yuan et al. 2007). The model not
only successfully explains the SEDs of hard states
of black hole candidates, but also the timing fea-
tures including QPOs and the ’negative’ and ’pos-
itive’ time lags between optical and X-rays. This
work enhanced the success of applications of this
model.

References
Yuan, F., Cui, W., Narayan, R. 2005, ApJ, 620, 905
Yuan, F., Zdziarski, A. A., Xue, Y. Q., & Wu, X. B. 2007, ApJ, 659,

541

ApJ, 2010, 717, 929



Shanghai Astronomical Observatory 37

Self-calibration of Gravitational Shear-galaxy
Intrinsic Ellipticity Correlation in

Weak Lensing Surveys

P. J. Zhang

Key Laboratory for Research in Galaxies and Cosmology, Shanghai Astronomical Observatory, Nandan Road 80, Shanghai, 200030, China

The galaxy intrinsic alignment biases the
cosmic shear measurement and stands as a severe
challenge to precision weak lensing cosmology.
It introduces an intrinsic ellipticity-intrinsic ellip-
ticity correlation (the II correlation). Since this
correlation only exists at small physical separa-
tion and hence small line-of-sight separation, it
can be effectively eliminated by the lensing to-
mography technique, with moderate loss of cos-
mological information. However, the galaxy in-
trinsic ellipticity is also correlated with the large
scale structure and thus induces the gravitational
(cosmic) shear-intrinsic ellipticity correlation (the
GI correlation). This contamination could bias the
cosmic shear measurement at 10% level and dark
energy constraints at more significant level. For
this reason, there are intensive efforts to correct
the GI contamination.

We propose to self-calibrate the GI corre-
lation in weak lensing surveys with photomet-
ric redshift measurement. Refer to Fig. 1 for a
schematic description of the method. The basic
idea is as follows.

• We propose a method to extract the intrin-
sic ellipticity-galaxy density cross correla-
tion (I-g) from the galaxy ellipticity-density
measurement in the same redshift bin. Such
separation is doable since lensing-density
correlation has different dependence on
galaxy redshifts to that of I-g correlation.

• We also find a generic scaling relation to
convert the extracted I-g correlation to the
demanded GI correlation. This scaling re-
lation is insensitive to details of the intrin-
sic alignment and hence provides a rather
model independent calibration of the GI
contamination.

We perform concept study under simplified con-
ditions and demonstrate its capability to signifi-
cantly reduce the GI contamination. We discuss
the impact of various complexities on the two
key ingredients of the self-calibration technique,
namely the method to extract the I-g correlation
and the scaling relation between the I-g and the
GI correlation. We expect none of them is likely
able to completely invalidate the proposed self-
calibration technique.

Fig. 1. A schematic description of the GI self-calibration
technique. Here, G denotes gravitational lensing, I the
non-random galaxy intrinsic alignment and g the galaxy
number density distribution in the corresponding redshift
bin. Here, galaxies in the j-th redshift bin have higher
photo-z than those in the i-th redshift bin. The GI con-
tamination CIG

i j is expressed as fractional error in lensing
power spectrum CGG

i j , namely, f I
i j ≡ CIG

i j /CGG
i j . The self-

calibration operates when f I
i j is bigger than certain thresh-

old f thresh
i j . Depending on the fiducial value of f I

i j, residual
GI contamination from different sources dominates, which
we highlight as bold lines in lower part of the figure.

ApJ, 2010, 720, 1090
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We point out a new possibility to self-
calibrate the galaxy intrinsic alignment (IA),
which is a severe contamination to cosmic shear
measurement. It is known that the lensing sig-
nal GG (Gravitational lensing-Gravitation lensing
correlation) and the contaminations II (IA-IA cor-
relation) and GI (Gravitational lensing-IA) have
different dependences on the pair separation in
redshift ∆zP, where the superscript “P” denotes
the measured redshift (usually the photometric
redshift). What we have shown in Zhang 2010
is that, these dependences can be understood ro-
bustly over the range |∆zP|∼<0.2 without heavy IA
modeling, through the following relations,

CGG(∆zP)
CGG(∆zP = 0)

' 1− fGG(`, z̄P)(∆zP)2 , (1)

fGG(`, z̄P)≡ ∂ 2CGG(∆zP)/∂ (∆zP)2|0
CGG(∆zP = 0)

.

CII(∆zP|`, z̄P)' AII(`, z̄P)Cgg(∆zP|`, z̄P) , (2)

CIg(∆zP|`, z̄P)' AIg(`, z̄P)Cgg(∆zP|`, z̄P) . (3)

CGI(∆zP|`, z̄P)+CIG(∆zP|`, z̄P)' AGI(`, z̄P)
×[

CGg(∆zP|`, z̄P)+CgG(∆zP|`, z̄P)
]

. (4)

Here, C denotes the corresponding power spec-
trum, which is a function of the pair separation
∆zP, the mean redshift z̄P and the multipole `. The
superscript/subscript “g” denotes galaxy number
density. The accuracy of the above relations is
shown in Fig. 1.

This allows us to self-calibrate the intrinsic
alignment with basically no assumptions on the
intrinsic alignment, through lensing tomography
of fine photo-z bin size ∼ 0.01 within each con-
ventional photo-z bin of size ∼

>0.2. With this self-
calibration technique, we no longer need to throw
away the auto-correlation measurement of each
conventional thick photo-z bins. It will bring in
two-fold improvement on cosmology. First, it di-

rectly improves the cosmological constraints by
O(10%), since the auto-correlation measurement
can now be safely included. The price to pay is or-
ders of magnitude more correlation measurements
due to many more photo-z bins. Second, it ex-
tracts valuable information on the intrinsic align-
ment within each thick photo-z bin, which helps
calibrate the intrinsic alignment in the cross cor-
relation measurement. This new proposal, along
with existing ones, demonstrate the rich informa-
tion brought in by the photo-z measurement to re-
duce systematical errors and to improve cosmo-
logical constraints, which is otherwise lost in the
usual lensing tomography of thick photo-z bins.

Fig. 1. The accuracy of the scaling relation Eq. 1, 2,
3 & 4. The two lines labeled with “GG” are the left and
right hand sides of Eq. 1. Eq. 1 is accurate to 0.1% and
thus the two lines overlap. The intrinsic alignment mod-
els demonstrated are the SB09 model and the toy model
with γ = 1/2. The toy models with γ < 1/2 result in bet-
ter accuracy of the scaling relation. Eq. 2 & 3 are accu-
rate to ∼ 1% so the lines labeled with “gg,II,Ig” overlap.
The upper solid line (blue) is CGg +CgG. The two dash
(magenta) lines labeled with “GI+IG” are the SB09 model
(lower one) and the toy model with γ = 1/2 (upper one).
Eq. 4 is accurate to better than ∼ 5% at ∆zP ≤ 0.2.

MNRAS, 2010, 406: L95
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Photo-z errors, especially catastrophic er-
rors, are a major uncertainty for precision weak
lensing cosmology. We find that the shear-(galaxy
number) density and density-density cross corre-
lation measurements between photo-z bins, avail-
able from the same lensing surveys, contain valu-
able information for self-calibration of the scat-
tering probabilities between the true-z and photo-
z bins. The self-calibration technique we pro-
pose does not rely on cosmological priors nor pa-
rameterization of the photo-z probability distribu-
tion function, and preserves all of the cosmolog-
ical information available from shear-shear mea-
surement. We heavily rely on the galaxy cluster-
ing measurement between two different photo-z
bins to constrain the sum of upper scatters and
down scatters to high accuracy. We then mainly
rely on the galaxy-lensing measurement to break
the degeneracy between upper- and down- scat-
ters. This last step is a significant improvement
over existing proposal to calibrate photo-z scatters
through galaxy clustering alone, which fails when
the galaxy power spectrum approaches a power
law. With such improvement, the performance
of our proposed self-calibration is insensitive to
the shape of galaxy clustering, as clearly shown
in Fig. 1.

We estimate the calibration accuracy through
the Fisher matrix formalism. We find that, for ad-
vanced lensing surveys such as the planned stage
IV surveys, the rate of photo-z outliers can be de-
termined with statistical uncertainties of 0.01–1%
for z < 2 galaxies.

Among the several sources of calibration er-
ror that we identify and investigate, the galaxy dis-
tribution bias is likely the most dominant system-
atic error, whereby photo-z outliers have different
redshift distributions and/or bias than non-outliers

from the same bin. This bias affects all photo-z
calibration techniques based on correlation mea-
surements. Galaxy bias variations of O(0.1) pro-
duce biases in photo-z outlier rates similar to the
statistical errors of our method, so this galaxy dis-
tribution bias may bias the reconstructed scatters
at several-σ level, but is unlikely to completely
invalidate the self-calibration technique.

Fig. 1. The dependence of self-calibration performance
on the shape of galaxy power spectrum. We adopt a
toy model of galaxy clustering, characterized as a power
law with a break at k = kc. The shown value of kc is
in unit of h/Mpc. The ad-hoc galaxy power spectrum
is closer to a power law for larger kc. As expected,
when the galaxy power spectrum is closer to a power
law (with redshift-independent power index), the self-
calibration based on galaxy clustering alone degrades and
eventually blows up, due to more severe degeneracy be-
tween up and down photo-z scatters. On the other hand,
the full self-calibration virtually avoids this problem, since
it heavily relies on the intrinsic lensing geometry depen-
dence to break this degeneracy.

MNRAS, 2010, 405, 359
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Recently Kashlinsky et al. 2008, 2010 re-
ported a discovery of a ∼ 103 km/s bulk flow
of the universe out to z ' 0.3, through the dark
flow induced CMB dipole in directions of clus-
ters. Given its potentially fundamental impact to
modern cosmology, it is desirable to perform in-
dependent tests of such dark flow.

We point out that, if this dark flow exists,
it will also induce observable CMB temperature
fluctuations at multipole ` ∼ 103, through mod-
ulation of the inhomogeneous electron distribu-
tion on the uniform dark flow. The induced small
scale kinetic Sunyaev Zel’dovich (SZ) effect will
reach∼ 1µk2 at multipole 103 ∼

<` ∼<104, only a fac-
tor of∼ 2 smaller than the conventional kinetic SZ
effect.

Furthermore, it will be correlated with the
large scale structure (LSS) and its correlation
with 2MASS galaxy distribution reaches 0.3µK
at ` = 103, under a directional dependent opti-
mal weighting scheme. We estimate that, WMAP
plus 2MASS should already be able to detect this
dark flow induced small scale kinetic SZ effect
with ∼ 6σ confidence. Deeper galaxy surveys
such as SDSS can further improve the measure-
ment. Planck plus existing galaxy surveys can
reach ∼

>14σ detection.
Existing CMB-LSS cross correlation mea-

surements shall be reanalyzed to test the existence
of the dark flow and, if it exists, shall be used to
eliminate possible bias on the integrated Sachs-
Wolfe effect measurement through the CMB-LSS
cross correlation.

Fig. 1. The auto correlation power spectrum of the dark
flow induced kinetic SZ effect. The primary CMB data
points are the seven years WMAP result. The SZ measure-
ment at ` = 3000 is from the SPT collaboration. The ther-
mal SZ result is the one in Zhang et al. 2002, scaled from
the original σ8 = 1.0 to σ8 = 0.8 with the σ 7

8 scaling and
scaled from the Raleigh-Jeans regime to 150 GHz. The
kinetic SZ result is the homogeneous kinetic SZ power
spectrum predicted from the model of Zhang et al. 2004.
The four solid lines are for the dark flow models with
zDF = 0.1,0.2,0.3,0.4 from bottom up. We have adopted
vDF = 103 km/s. The shown power spectra is for a full sky
survey, with the suppression factor fT = 1/3. The SPT sky
has fT ∼ 0.14, so the dark flow contribution to the mea-
sured SZ effect at ` = 3000 is ∼ 0.3µk2, sub-dominant to
other components.
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Report on SLR at SHAO:
2010 KHz SLR Measurements

Shanghai’s satellite laser-ranging (SLR) sta-
tion obtained 2995 passes in 2010. The ability
and stability of laser ranging obviously improved
after adopting a kHz-range SLR system. On 14
August 2010, Shanghai SLR station (International
Laser Ranging Service; ILRS) first ranged to the
Compass GEO (Geostationary Earth Orbit) and
IGSO (Inclining Geostationary Synchronized Or-
bit) satellites with a precision of 1 cm by employ-
ing a 1 W (output power) laser using a kHz rep-

Fig. 1. Range residual from the GEO satellite during
nighttime

etition rate for slope ranges of 38,800 and 36,000
km, respectively.

After routinely realizing kHz SLR measure-
ments during nighttime, Shanghai station con-
centrated on kHz daylight laser tracking, and in
August 2010 we obtained kHz laser returns from
the LEO (Low Earth Orbit) satellites in daylight.
We have been updating the receiving system in
order to range the LAGEOS (Laser Geodynamics
Satellites) and HEO (High Earth Orbit) satellites.

Fig. 2. SLR electronics and control room

Dual SLR System Ranging to
Satellites

Using two SLR systems consisting of a 60
cm and a 35 cm system at Shanghai station,
we simulated ground and spacecraft terminals,
respectively, to investigate the station’s ability
to employ one-way interplanetary laser-ranging
technology. The distance between both mea-
surement systems is about 70 m. The 21 cm
transmitter telescope of the 60 cm SLR system
emitted a laser pulse, and the aperture of the 35
cm telescope received returns from the satellites.
The laser transmission path defined by the se-
quence [60 cm system – satellite – 35 cm system]
was used to simulate laser transmission from a
ground station to a spacecraft terminal in deep
space. Measurements using satellites equipped
with retro-reflector arrays were performed in De-
cember 2010 and received return signals from

Fig. 3. High-power laser beam

the Ajisai, LAGEOS, and Compass M1 satellites.
The simulated distance reached an interplanetary
distance equivalent to that to Jupiter.
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Space Astronomy

Shanghai Astronomical Observatory has ac-
tively participated in the development of domes-
tic space astronomy in the 12th Five-Year Plan
period and taken part in space observations with
international astronomical satellites. Research
groups have finished pre-phase concept studies of
two proposed projects in space astronomy of the
Chinese Academy of Sciences (CAS) on space
radio astronomy and high-energy astrophysics,
proposed and obtained many observations with
European and US X-ray satellites, and submit-
ted several proposals for future space astronomy
projects, including for potential astronomical use
of the future Chinese space station in the fields of
infrared and X-ray astronomy.

In the field of high-energy astrophysics, the
research group led by Dr. Wenfei Yu has been
actively involved in the science working group of
the state-approved Hard X-ray Modulation Tele-
scope (HXMT) project, which will have a scien-
tific focus on black hole X-ray binaries. HXMT
is one of the largest Chinese observational facil-
ities developed during the 11th and 12th Five-
Year Plans. The SHAO research group is also
a member of the science working group of the
newly proposed X-ray Timing and Polarization
(XTP) project—which is aiming for launch in the
2020s—and serves on the working group dealing
with the space astronomy programs on the future
Chinese space station.

By collaboration with other institutes, such
as groups at the National Astronomical Observa-
tories, the SHAO group is involved in a proposed
program to develop an all-sky X-ray and ultra-
violet monitor on the future Chinese space sta-
tion. Meanwhile, the group completed a project
on Conceptual studies of all-sky monitors of as-
tronomical transients, one of the first-round pre-
phase CAS projects in space astronomy. Mem-
bers of the research group are also the princi-
pal investigators of several proposed observations
with US and European X-ray satellites, in par-
ticular with the RXTE (Rossi X-Ray Timing Ex-
plorer) and Swift. Most observations were target-
of-opportunity (TOO) observations aimed at tran-
sient phenomena. Experiments with a fast opti-
cal photometric camera system on the ground, in-
tended to simultaneously coordinate with space
observations of black holes and neutron stars,

have obtained preliminary results with the help of
several groups at SHAO, e.g., Dr. Weiqun Zhang
and Dr. Zhongping Zhang’s groups and the 1.56 m
telescope at Sheshan station. When the absolute-
timing setup is ready, we will be able to perform
actual simultaneous observations.

The famous black hole transient binary GX
339-4 flared up in a new outburst in February
2010. Based on previous studies at SHAO, we
successfully predicted the X-ray spectral transi-
tion in this outburst and obtained TOO observa-
tions with the X-ray Telescope (XRT) and Ul-
traviolet (UV)/Optical Telescope (UVOT) aboard
Swift. The observations indeed covered the spec-
tral transition. For the first time, we detected a
UV flux drop preceding the hard-to-soft spectral
transition seen in X-rays (see Figure 1). The drop
at UV wavelengths probably indicates that the jet
had started to quench well before the hard-to-soft
transition.

Fig. 1. The famous black hole binary GX 339-4 exhib-
ited a new outburst in 2010. Our requested Swift XRT and
UVOT observations (marked in red) covered the spectral
transition, which nicely shows a UV flux drop preceding
the X-ray hard-to-soft transition by nearly 10 days. The
UV flux probably originates from the compact jet, and
these observations provide the first evidence that the jet
started to quench well before the spectral transition ap-
peared in X-rays. H-S: Hard-to-soft.

Reported by
W. F. Yu
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Development Progress of the
Chinese VLBI Data Acquisition
System (CDAS)

Fig. 1. CDAS at Urumqi station

Since 2007, the VLBI Department has been develop-
ing a field-programmable gate-array (FPGA)-based VLBI Data
Acquisition System for the Chinese VLBI Network (dubbed
CDAS). This is a high-speed data acquisition and processing
system with a 1024 Msps (million symbols per second) sam-
pling rate for 512 MHz bandwidth input and up to 32 chan-
nels baseband output, including upper and lower sidebands with
VSI-H (VLBI Standard Interface Hardware) interface compat-
ibility. The instrument is built in a flexible environment which
can be updated easily.

Until May 2010, CDAS was deployed and tested at the
Shanghai, Beijing, Kunming, and Urumqi VLBI stations. Fig-
ure 1 shows the entire CDAS system at the Urumqi station, in-
cluding the field system (FS) computer, Mark5B, and an LCD
monitor. Since then, CDAS has been applied for VLBI track-
ing of the Chinese lunar probes as well as for astronomical and
geodetic VLBI observations.

A 5 cm (6.7 GHz) Receiver Installed
at the Sheshan 25 m Radio Telescope

A new, uncooled 5 cm receiver with dual cir-
cular polarizations was installed and tested at the
Sheshan 25 m telescope in February 2010. It cov-
ers a frequency range of 5975–6825 MHz with a
system temperature of 100 K. Since then, both
single-dish spectral-line and VLBI observations
of 6.7 methanol masers have been taken. By the
end of 2010, this receiver joined successfully all
of a set of nine European VLBI Network (EVN)
and East Asian VLBI Network (EAVN) observa-
tions. The clear fringes and high-quality VLBI
images make the Sheshan 5 cm station full part-
ner of regular EVN sessions.

Reported by
Z. Q. Shen
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Time & Frequency Research Center

The Time&Frequency (T&F) Research Cen-
ter focused from the outset on building optimum-
performance hydrogen-maser frequency stan-
dards. By assembling a team of highly competent
scientists, engineers, and technicians, the T&F
Center has developed a premium product, with a
strong emphasis on performance and high relia-
bility.

Its main specialization is the development
and production of high-performance measure-
ment equipment for time keeping and precision
frequency comparison:

— Active hydrogen (H)-maser frequency
standards;

— Frequency and phase comparators;
— Precision frequency and time comparison

systems;
— Time keeping and measurement systems;
— Space-borne H-maser research;
— Passive H-maser research.
The research center recently obtained a num-

ber of outstanding results related to applications
and development of active and passive hydrogen
masers, time and frequency systems, and short-
term frequency stability testing, among others.

Fig. 1. SOHM-4 active hydrogen maser

SOHM-4 Model Active Hydrogen Maser

The SOHM-4 (Shanghai Observatory Hy-
drogen Maser-4) model active hydrogen maser
has been playing an important role in a number
of national projects. Up to 16 hydrogen masers
were reviewed and delivered to users in 2010. It
is expected that at least 10 hydrogen masers will
be needed in 2011. There are nearly one hundred
sets in service across the country.

Performance:

Frequency accuracy: ±4E−13
Frequency stability: 3E−13 /s, 5E−14 /10 s, 7E−15 /100 s, 4E−15 /1000 s, 3E−15 /h

2E−15 /10,000 s, 2E−15 /d
Phase noise: 6−125 dBc/Hz, 6−135 dBc/10 Hz, 6−145 dBc/100 Hz,

6−150 dBc/1 kHz, 6−150 dBc/10 kHz
Drift: 6 1E−15 /d
Environmental effects: 6 5E−15/◦C
Reliability: MTBF> 10,000 h
Maintenance: MTTR 6 24 h
Dimensions: 500×600×1000 (mm3)
Weight: 220 kg

Note: dBc, or decibels relative to the carrier, is the power ratio of a signal to a carrier signal; MTBF: Mean time between failures;
MTTR: Mean time to recovery.

SOPH Model Passive Hydrogen Maser

For highly precise timing and mobile clock
operation, Shanghai Astronomical Observatory
has carried out research on passive hydrogen
masers, for which frequency loop locking was
realized in 2000 by taking advantage of techno-
logical advances in conventional hydrogen-maser
developments. Since 2003, several key assem-
blies for application of passive hydrogen masers
were developed to support related projects, in-
cluding novel types of electrode cavities, a new

frequency control scheme of the electronics pack-
age, a quadrupole state selector, a nickel purifier, a
new dissociator, and a four-layer magnetic shield.
This resulted in development of a basic engineer-
ing model of a passive hydrogen maser, as shown
in Figure 2. Its performance is close to that of sim-
ilar products developed elsewhere in the world,
as shown in Table 1. By engineering modifica-
tions, we are working on developing an engineer-
ing model for practical use.
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Table 1. Performance of our passive hydrogen maser

Accuracy Stability Temperature Weight
sensitivity (kg)

±1E−12 1 s 10 s 100 s 10,000 s 1 d 5E−14/◦C 281E−12 4E−13 1.3E−13 1.2E−14 6E−15

Fig. 2. Basic model of passive hydrogen maser

Time-Frequency System

1. Time–Frequency System for the Deep Space
Station (DSS)

(a) The time–frequency system for the
DSS has the highest-performance specification in
China. It aims to provide high-accuracy time and
frequency references for the deep-space tracking
station.

(b) Development and testing of all devices
installed in the DSS time–frequency system has
been completed. The system hardware has been
finalized. The monitoring software is still being
tested and is undergoing debugging.

(c) System performance specifications:
Frequency stability:

(1) CLEAN switching on T4science hydrogen
maser (HM)

τ δy(2,τ)
1 s 6 2E−13
1 h 6 2E−15
24 h 6 2E−15

(2) CLEAN switching on SHAO HM

τ δy(2,τ)
1 s 6 2E−13
1 h 6 7E−15
24 h 6 7E−15

Single-sideband (SSB) noise:

Offset (Hz) SSB phase noise (dBc/Hz)
10 MHz 100 MHz

1 −120 −100
10 −135 −115
100 −145 −125
1000 −150 −145

• The baseline of the Global Positioning System (GPS) Common
View (CV) can reach 5000 km. Moreover, GPS CV can be conducted
in real time.

2. Special Key Projects of the SHAO-2 Global
Satellite Navigation System II

(a) The contract for the special project of the
Distributed Time–Frequency System of the Master
Control Station (MCS) has been signed. The tech-
nical design proposal has been completed and part
of a self-made device has been built. Simulations
have been conducted for validation purposes and
preliminary results are already available.

(b) For the special project on Time-keeping
Technology of Mobile Ground Stations the initial
report has been completed.

(c) We are engaged in a special project on
Time–Frequency System Research. The project
started recently.

(d) We are also engaged in a special project
on the Establishment and Maintenance of the
Time Scale, which also started recently.

(e) We are involved in a special project
on High-Accuracy Time–Frequency Transfer and
Measurement of Optical Networks. The initial re-
port has been completed and the project will start
in the near future.

Reported by
W. Q. Zhang
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Astronomical Optics Technology
Laboratory

One research group of the laboratory is
working on a Fizeau-type optical interferometer,
which has been funded by the National Natural
Science Foundation of China (NSFC) since 2006.
In 2011, the team has made impressive progress
on several key techniques, such as array configu-
ration, co-phasing error sensing among subpupils,
and interferometric image reconstruction. An in-
novative aperture synthesis telescope consisting
of a Y-type array, a short baseline, and a com-
mon altitude–azimuth (Alt–Az) mount has been

designed in detail. Clear interferometric fringe
images formed by two independent 10 cm sub-
aperture telescopes have already been obtained.
The feasibility of application of the co-phasing er-
ror sensing method based on a pyramid wavefront
sensor (PWS) has also been verified (for the first
time domestically) by means of a two-aperture
interferometer experiment. In March 2011, this
project was checked and accepted by the NSFC
experts committee.

Reported by
X. Y. Chen

(a) Y-array structure model

(b) Two-aperture interferometer optical experimental
setup

(c) Interferometric fringe image (d) Co-phasing error sensing result based on a PWS
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Conferences

The 8th East Asian Meeting on Astronomy (8th EAMA)

The East Asian Meeting on Astronomy (EAMA) has a 20 year history
of promotion and organization of science-level cooperation in astronomy in
East Asia. The 8th EAMA, titled East Asian Network of Astronomy: Re-

search, Education, and Popularization, was held on 15 October 2010 in
Shanghai.

Xiaoyu Hong, the director of Shanghai Astronomical Observatory
(SHAO), and Norio Kaifu, professor at the Open University of Japan, were
the co-chairs. Approximately 80 participants attended the meeting. SHAO
hosted the meeting. The main sponsors were the National Astronomical Ob-
servatories of China, the National Astronomical Observatory of Japan, the
Korea Astronomy and Space Science Institute, and the Academia Sinica In-
stitute of Astronomy and Astrophysics.

The topics discussed at the meeting included updates and recent progress
of regional astronomical research, project reports and East Asian research
collaboration reports, highlights of astronomical research and future develop-
ments, data-intensive astronomy, education and popularization in East Asia,
and strategies of future regional cooperation in astronomy. In addition, ex-
change of astronomers, development of future astronomical instruments, and
joint meetings and/or activities among the relevant astronomical societies
were promoted during the meeting.

The next EAMA Symposium (EAMA 9) will be hosted in Taiwan
(China).

The 9th Sino–German Workshop on Galaxy Formation and Cosmol-

ogy

The Max Planck Institute Partner Group (MPPG) at Shanghai Astro-
nomical Observatory (SHAO) and the Max Planck Institute for Astrophysics
(MPA) organized the 9th Sino–German Workshop on Galaxy Formation and
Cosmology, which was held in Hangzhou during the period of 26–29 April
2011. More than 110 participants from 26 institutions in seven countries at-
tended the workshop. Most of the foreign participants came from the Max
Planck Institutes in Germany and had been collaborating with Chinese as-
tronomers in the past few years.

The theme of the workshop was Understanding gas accretion and star

formation in galaxies from high to low redshifts. Six related topics were
covered, including (1) star formation and gas properties in nearby galaxies,
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(2) star formation and gas properties in high-z galaxies, (3) galaxy clusters
and their gaseous content, (4) theoretical studies of galaxy formation and
evolution, (5) supermassive black holes, active galactic nuclei, and high-
energy astrophysics, and (6) galaxy environments from small to large scales
and from high to low redshifts.

The four-day workshop was split into eight plenary sessions around these
topics, hosting 32 long talks, and six parallel sessions with 34 short talks.
The participants greatly enjoyed these talks as well as the extensive discus-
sions and interactions during the workshop. The workshop is thought to have
successfully reached its dual general purpose of celebrating the rich history
of collaboration between cosmologists in Germany and China over the past
decade and of promoting the development of the newly established partner
group.

A Joint GGOS/IAU Science Workshop on Observing and Under-

standing Earth Rotation

A joint GGOS/IAU Science Workshop on Observing and Understanding
Earth Rotation was held during the period of 25–28 October 2010 at Shang-
hai Astronomical Observatory (SHAO) of the Chinese Academy of Sciences.
It was organized jointly by the Global Geodetic Observing System (GGOS)
of the International Association of Geodesy (IAG) and the Commission of
Earth Rotation of the International Astronomical Union (IAU).

About 90 scientists from 12 countries participated in a program that fea-
tured 53 presentations, including 2 posters, on the following topics:
1. Earth rotation measurement techniques;
2. Earth rotation analysis and prediction;
3. Excitation by surface geophysical fluids;
4. Excitation by non-fluid processes;
5. Integrating earth rotation, gravity, and shape measurements into a global
geodetic observing system.

This joint science workshop provided a forum to assess our current abil-
ity to observe the Earth’s time-variable rotation, our current understanding
of the causes of the observed variations, the consistency of Earth rotation ob-
servations with global gravity and shape observations, to explore methods of
combining Earth rotation, gravity, and shape observations to gain a greater
understanding of the mass load acting on the solid surface of the Earth, and
to identify improvements in the global geodetic observing system needed to
further enhance our understanding of the Earth’s variable rotation.

During the workshop, a field trip was organized to visit Sheshan station
of Shanghai Astronomical Observatory.

For more information, please see http://202.127.24.12/dct.
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Visiting Professors

Planetary Radio Science Research of Prof. Kobayashi Takao at SHAO/CAS

Radio science specialist, Prof. Kobayashi Takao, an early candidate Japanese astronaut, co-investi-
gator of the SELENE (Selenological and Engineering Explorer)/Kaguya mission, spent an active year
with the group of planetary environment research at SHAO (CAS). In addition to technical and scientific
research, he also delivered seminars and lectures on lunar and planetary radio science exploration.

At SHAO, he calibrated all of the SELENE/Kaguya radar data and discovered that the thickness
of the lunar-basin basalt is less than 500 m. He also explored the differences in subsurface structure
between the lunar basins and higher elevations. At the same time, he helped Prof. Ping with the super-
vision of a Ph.D candidate, Ms. Mingyuan Wang, on a study of Martian ionospheric seasonal variations
using MARSIS (Mars Advanced Radar for Subsurface and Ionosphere Sounding)/MEX (Mars Express)
data. He helped the Changchun radar team update ground-based test methods and he also helped Prof.
Fang Guangyou’s group to design the radar for Chinese lunar and Mars missions.

Among his work, his most meaningful achievement is his highlighting of the key scientific objec-
tive for the radar aboard the Chang’E-3 (CE-3) lander and/or rover. CE-3 is planned to land in Sinus
Iridum. Using SELENE/Kaguya data, Prof. Kobayashi noticed that a horizontal reflecting echo is rec-
ognized at a shallow depth of less than 200 m, which will give the radar payload of CE-3 a unique
chance to identify new subsurface structures from the surface to a depth of 100 m.

Prof. Hisashi Hirabayashi

Professor Hisashi Hirabayashi arrived in Shanghai on 5 December 2010 to start his one-year aca-
demic visit under the CAS visiting professorship program. Prof. Hirabayashi is well-known for his
important role in the world’s first dedicated space VLBI mission (VSOP: VLBI Space Observatory Pro-
gramme). During his stay at Shanghai Astronomical Observatory, he was actively involved in prepara-
tions for the Chinese space millimeter VLBI array project. He gave a detailed introduction to the VSOP
satellite (HALCL), which was launched in 1997 and effectively operated only at 5 GHz (although it
was originally designed for operation at 22 GHz). He described in depth Japan’s second-generation
space VLBI mission (Astro-G/VSOP-2), which can operate at a highest frequency of 43 GHz. Un-
fortunately, this mission was cancelled because of technical and financial reasons. After assisting in
solving various technical problems, Prof. Hirabayashi helped to plan China’s prospective space VLBI
mission with unique features and capabilities, identifying several key issues that must be carefully
addressed. He also participated in a number of technical discussion and planning meetings at the Ob-
servatory, as well as with other technical groups and research institutions in China. These included
the following key technologies and issues: space-based radio antennas, onboard receiving systems and
associated electronics, wide-band data-communication and frequency/phase-transfer subsystems, orbit
design and high-precision orbit-determination techniques, high-performance correlators, optimization
of multi-satellite configurations, and proper arrangement of ground-tracking stations, among others.
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Summer School

The 2010 Astronomy Summer Camp

The 2010 Astronomy Summer Camp was held at Shanghai Astronomical Observatory (SHAO),
Chinese Academy of Sciences (CAS) during the week of 17–21 July. It was jointly organized and
sponsored by the Center for Galaxy and Cosmology and the Graduate School of Shanghai Astronomical
Observatory.

The scorching hot summer weather in Shanghai simply could not dent the young students’ enthu-
siasm for learning new skills and gaining new knowledge. There were nearly 30 participants from dif-
ferent institutes and universities, including from Shandong, Wuhan, Yunnan, and Beihang Universities,
and the Harbin Institute of Technology. In order to encourage more students to attend, and especially
undergraduate student participation, the school offered to waive the full fee for these students, which
covered all relevant costs during their stay in Shanghai, including travel expenses.

The opening ceremony was held at the beginning of the summer camp in the Astronomy Building.
Yuan Feng, Director of the Center for Galaxy and Cosmology, delivered a welcome speech, followed
by an explanation by teacher Wang Hui about specific arrangements.

Seven scientists with expertise in the fields of cosmology, galaxy formation and evolution, the
structure of galaxy clusters and the Galaxy, high-energy astrophysics, and radio astronomy offered
nearly a week of diverse, informative, and yet very interesting classes. In order to trigger the students’
interest and passion, and to get them involved in various camp activities, we designed a series of activ-
ities, such as lectures, films, exchanges, a forum, and visits. On the final day, the students visited the
Shanghai Expo Park.

The summer camp lasted for one week and came to a close on 21 July. It left a good impression
on the students. All students extended thanks and appreciation for this wonderful summer camp.



Shanghai Astronomical Observatory 53

Outreach

Summary of Popular Science Activities of the Shanghai Astronomical Museum

In 2010, Shanghai Astronomical Museum (SHAM) continued to open to the public. In total,
190 thousand people (including about 100 thousand students) came to visit and study in the museum.
SHAM was established in 2004 with the support of the Shanghai Municipal Government and Shanghai
Astronomical Observatory and underwent renovations in 2009. This was the first year for SHAM to
open to the public while equipped with a wonderful interactive dome theatre and some new exhibitions,
including exhibitions on the history of telescopes across the world and on the history and development
of modern observatories in China.

The most creative activity of SHAM in 2010 was to establish a series of public scientific lectures
named Tian Zhi Wen Forum. SHAM joined forces with the Xujiahui community to organize these
lectures. The Xujiahui community provided an excellent auditorium and SHAM was responsible for
inviting astronomy professors to deliver the lectures. The lectures took place once a month and in-
cluded excellent overviews of different aspects of astronomy and a short discussion of the following
month’s astronomical phenomena. About 100–200 people attended the lectures each time. The Internet

Observatories of China website (http://www.astron.ac.cn) also provided a live casting of the
lectures, so that more people could join on the web. Throughout the year, SHAM organized a total of
10 lectures in this format as well as an additional 10 lectures.

The second important activity of SHAM was to upgrade the well-developed website Shanghai

Observatory online (http://www.astron.sh.cn) to Internet Observatories of China (http://
www.astron.ac.cn). The website is owned by the union of astronomy popularizers of observato-
ries in China and serves as the union’s official website.

On 15 January 2010, the opening ceremony of the new website was held in Dali, Yunnan. At the
same time, an solar annular eclipse could be seen in Dali city. SHAM had organized a team visit of 56
people to Dali city. They were lucky to see the eclipse and the new website then provided an excellent
live casting of the eclipse to many amateurs gathering on the web.

In 2010, SHAM performed and facilitated many other activities related to science popularization:

• We organized visit of a 50 person team to Inner Mongolia to watch the Perseus meteor shower
from the Hulunbuir Pasture Land in August;

• We collaborated with the Epson company (Epsite) to establish an excellent exhibition to promote
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the beauty of the Universe using many high-resolution LED shows of the Universe and celestial
bodies;

• We collaborated with the Guyi garden in the Jiading district to hold an interesting popular science
activity to observe the Moon during the mid-autumn festival, while we organized some more
traditional shows to celebrate the festival.

We enthusiastically responded to Prof. Ye Shuhua’s proposal to the Shanghai Municipal Govern-
ment, which aimed at setting up a large planetarium in Shanghai. SHAM has done a lot of work in
support of this proposal, including the drafting of the detailed proposal, providing reports to the rel-
evant officials, and visiting and studying many planetaria in Beijing, Hong Kong, Macao, and other
science and technology museums in China. We hope that Shanghai Planetarium will be established in
the near future.
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Li J.L., Guo L., Qian
Z.H., Jiang D.R., Zheng
W.M., Hong X.Y.

Determination of the Controlled Landing
Trajectory of Chang’E-1 Satellite and the
Coordinate Analysis of the Landing Point
on the Moon

Chin Sci Bull, 2010,
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Guo R., Hu X.G., Tang
B., Huang Y., Liu L.,
Cheng L.C., He F.

Precise Orbit Determination for Geostation-
ary Satellites With Multiple Tracking Tech-
niques
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Mao T., Wang J.S., Yang
G.L., Yu T., Ping J.S.,
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Effects of Typhoon Matsa on Ionospheric
TEC
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Lunar Gravity Field Model CEGM-01
Based on Tracking Data of Chang’E-1
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Observations

int J Remote Sens,
2010, Vol. 31, No. 13,
pp. 3535–3543

Afraimovich E.L., Feng
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Zhang K., Kong D., Liao
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On Fluid Flows in Precessing Narrow Annu-
lar Channels: Asymptotic Analysis and Nu-
merical Simulation
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Zhang P. A Proposal on the Galaxy intrinsic Align-
ment Self-Calibration in Weak Lensing Sur-
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From Z∼0.8 to today

MNRAS, 2010,
Vol. 402, No. 2,
pp. 1796–1806

Almeida C., Baugh C.M.,
Lacey C.G., Frenk C.S.,
Granato G.L., Silva L.,
Bressan A.

Modelling the Dusty Universe —
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Ai Y.L., Yuan W.M.,
Zhou H.Y., Wang J.G.

Multi-Epoch X-Ray Observations of
the Narrow-Line Seyfert 1 Galaxy
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C.L.

Scientific Objectives of China-Russia Joint
Mars Exploration Program YH-1

Chaa, 2010, Vol. 34,
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Scientific Staff Members

Division of VLBI
An, Tao Chen, Shanshan Chen, Xiafang Chen, Zhong

Fan, Qingyuan Fu, Li Gou, Wei Guo, Shaoguang

He, Wenting Hong, Xiaoyu Huang, Yidan Jiang, Yongbin

Li, Bin Li, Peizhong Lin, Zhou, Ling, Quanbao

Liu, Bin Liu, Qinghui Ma, Maoli Shen, Zhiqiang

Shu, Fengchun Wang, Jinqing Wang, Lingling Wang, Weihua

Wang, Wenbin Wu, Xiaojing Wu, Yajun Xia, Bo

Xiang, Ying Xu, Zhijun Xue, Zhuhe Yu, Hong

Yu, Linfeng Yu, Yun Zhang, Xiuzhong Zhao, Rongbing

Zheng, Weimin Zhong, Weiye Zhu, Jie Zhu, Renjie

Division of Optical Astronomical Technology
Cao, Jianjun Cao, Yafei Chen, Xinyang Chen, Zhengdong

Li, Yan Mao, Yindun Pan, Hongjian Shen, Lurun

Tang, Zhenghong Zhang, Congcong Zhang, Jinfu Zheng, Lixin

Zhou, Dan Zhu, Jie Zhu, Nenghong

Time & Frequency Research Center
Cai, Yong Chen, Wenxing Chen, Xiang Dai, Jiayu

Guo, Fang Huang, Peicheng Jiang, Xianfeng Li, Xirui

Lin, Chuanfu Liu, Jiayang Liu, Jun Liu, Tiexin

Wan, Bin Wang, Shuhua Wu, Yidong Xie, Yan

, [2pt] Xie, Yonghui Yang, Hao Zhang, Renhuan Zhang, Weiqun

Zhang, Yanjun Zhang, Yong

Center for Astro-Geodynamics Research
Cao, Yueling Chen, Jianli Chen, Juping Chen, Yanling

Dong, Wenli Dong, Xiaojun Guo, Li Guo, Peng

Hu, Xiaogong Huang, Chengli Huang, Yong Jin, Shuanggen

Li, Jinling Li, Ligang Li, Pu Liao, Xinhao

Meng, Wendong Peng, Dongju Ping, Jinsong Qi, Zhaoxiang

Qin, Si Qu, Weijing Song, Shuli Song, Yezhi

Tao, Jinhe Wang, Guangli Wang, Xiaoya Wu, Bin

Wu, Zhibo Xue, Junchen Ye, Shuhua Yu, Yong

Zhang, Haifeng Zhang, Jianwei Zhang, Mian Zhang, Sujun

Zhang, Yong Zhang, Zhongping Zhou, Shanshi Zhou, Xuhua

Zhou, Yonghong

Center for Galaxy and Cosmology
Bu, Defu Cao, Xinwu Chang, Ruixiang Chen, Li

Chen, Xi Chen, Yongjun Gan, Jianling Gu, Minfeng

Hao, Lei Hou, Jinliang Jiang, Chunyan Jing, Yipeng

Li, Cheng Li, Shuangliang Lin, Weipeng Liu, Yi

Lu, Yi Shao, Jiawei Shao, Zhengyi Shen, Juntai

Shen, Shiyin Wang, Zhongxiang Xie, Fuguo Yang, Xiaohu

Yang, Yang Yin, Jun Yu, Wenfei Yuan, Feng

Zhang, Hui Zhang, Pengjie Zhao, Donghai Zhao, Jianhai

Zhao, Lingli
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Visiting Scientists

Jesus Zavala (visiting period: 2007.10–2010.08), Mexican, Supervisor: Yipeng Jing

During Dr. Jesus Zavala’s stay at Shanghai Astronomical Observatory (SHAO), he studied how the
properties of dark matter would affect structures in the local Universe. He also studied the scaling
relations between baryons, the stellar component, and luminosity in disk galaxies. He finished
a three-dimensional hydrodynamic simulation of large-scale structure in the nebula W50-SS433,
and studied the unique shape and morphology of W50-SS433 by investigating jets in supernovae
remnants.

Patricia Arévalo (visiting period: 2008.09–2011.01), Dutch, Supervisor: Yipeng Jing

During Dr. Patricia Arévalo’s stay at SHAO, she worked very hard and often actively engaged in
discussions with other people in the group, which shows her strong independent research abilities
and team-working spirit. This stimulated the overall scientific atmosphere in the entire group. She
published one paper of high quality in MNRAS, titled AGN variability in radio, optical, IR and

X-rays.

Jorge Cuadra (visiting period: 2008.09–2011.01), Chilean, Supervisor: Yipeng Jing

Dr. Jorge Cuadra worked very hard during his stay at SHAO. He studied how the gas disk would
affect double black hole merger processes and stellar motions in the center of our Milky Way. He
published two papers, in MNRAS and the ApJ, which were well received internationally.

Cesario Almeida (visiting period: 2009.08–2011.10), Portuguese, Supervisor: Yipeng

Jing

During Dr. Cesario Almeida’s stay in Shanghai, he worked on both his own, independent projects
and projects in collaboration with staff at SHAO related to theoretical predictions associated with
the BIGBOSS survey. His main accomplishments are: (1) Almeida finished his theoretical model-
ing of the dusty Universe. (2) He took an active part in the research work in the key laboratory of
Galaxy and Cosmology at Shanghai Astronomical Observatory, Chinese Academy of Sciences. He
made theoretical predictions for the OIIλ3727 emission line in galaxies in the distant Universe and
provided an important new research method for the BIGBOSS project. He published one paper in
MNRAS titled Modelling the dusty Universe - I. Introducing the artificial neural network and first

applications to luminosity and colour distributions.

Elahi Pascal (visiting period: 2010.09– ), Canadian, Supervisor: Yipeng Jing

The main research projects of Dr. Elahi Pascal include (1) simulations of large-scale structures, (2)
physical properties of dark matter, and (3) the formation of galaxies.
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Hiroshi Oda (visiting period: 2010.08– ), Japanese, Supervisor: Feng Yuan

Dr. Hiroshi Oda obtained his Ph.D. from Chiba University, Japan, in 2009. Subsequently, he was
awarded a JSPA fellowship and moved to the Harvard–Smithsonian Center for Astrophysics as a
postdoc. He joined the SHAO group in August 2010. His main research field is black hole accretion
and its application to black hole X-ray binaries. This includes analytical work and numerical
simulations. During his stay at SHAO, he published one paper on magneticaly dominated hot
accretion flows.

Erwin Lau (visiting period: 2010.10– ), Hong Kong, Supervisor: Xiaohu Yang

The research interests of Dr. Erwin Lau mainly focus on the physical properties of galaxy clusters,
especially those predicted by gas simulations. Along these lines, three research papers will be
published in 2011.

Yuji Harada (visiting period: 2010.08– ), Japanese, Supervisor: Jinsong Ping

Dr. Yuji Harada (1) calculated the Love numbers for tidal deformation on the Moon to understand
their dependence on lunar interior structure and (2) formulated the Liouville equation for polar
motion on a solid planetary body to understand true polar wander due to surface mass loading. In
addition, he took part in projects related to (3) performing precise orbit determinations of spacecraft
and gravity determination of the Moon, (4) simulating precise orbit determinations of spacecraft
and gravity determination of Mars, and (5) investigating visco-elastic load deformation on the
Moon and its implication for lunar thermal evolution based on gravity and lunar topography data.

Sergei Levshakov (visiting period: 2010.03–2010.05), Russian, Supervisor: Jinliang

Hou

By using a high-resolution spectrum (pixel size 1.3 km/s) of the quasar HE0001-2340 observed
with the UVES/VLT, Professor Levshakov measured the Mg isotope abundances in the interven-
ing absorption-line systems at high redshifts. In the system at zabs = 0.45, which is probably a
fragment of the outflow caused by SN Ia explosion of high-metallicity white dwarf(s), we mea-
sured the isotopic ratio 24Mg : 25Mg : 26Mg = (19±11) : (22±13) : (59±6) with a strong relative
overabundance of heavy Mg isotopes, (25Mg + 26Mg)/24Mg = 4, as compared to the solar ratio
24Mg : 25Mg : 26Mg = 79 : 10 : 11, and (25Mg + 26Mg)/24Mg = 0.3. In the systems at zabs = 1.58
and zabs = 1.65 enriched by AGB-stars we find only upper limits on the content of heavy Mg iso-
topes (25Mg+ 26Mg)/24Mg < 0.7 and (25Mg+ 26Mg)/24Mg < 2.6, respectively. At zabs = 1.58, we
also put a strong constraint on a putative variation of α: ∆α/α = (−1.5± 2.6)× 10−6, which is
one of the most stringent limits obtained from optical spectra of QSOs. We reveal that the wave-
length calibration in the range above 7500 Å is subject to systematic wavelength-dependent drifts.
The results have been published in A&A, 529(2011), 28.
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Appendix

2010.01.20 A delegation from the Netherlands Organization for Scientific Research visited

SHAO and signed an agreement on VLBI.

2010.01.27 Prof. Albert Hermann Gerhard Boerner, the internationally renowned astro-

physicist from Germany, was recommended by Shanghai Astronomical Ob-

servatory and awarded a 2009 CAS International Collaboration Award.

2010.03.10 Hejun Yin, vice-president of CAS, visited Shanghai Astronomical Observatory,

accompanied by Jianyu Wang, vice-president of CAS (Shanghai branch).

2010.03.19 Opening ceremony of the site construction of the Shanghai 65 m radio tele-

scope.

2010.03.24 Theoretical and observational research into galaxy formation, recommended

by Shanghai Astronomical Observatory, won first prize in the Shanghai nat-

ural and physical sciences awards. This project was completed at Shanghai

Astronomical Observatory. The principal investigators are Yipeng Jing and his

colleagues.

2010.03.31 Shanghai Astronomical Observatory and Shanghai Jiaotong University signed

a contract for the development of the primary active surface system of the 65

m radio telescope.

China’s Lunar Exploration Program, in which SHAO participates, was awarded

a special award of National Science and Technology Progress. SHAO was

No. 29 in terms of units, and Xiaoyu Hong reached No. 41 in the individuals

category.

2010.04.11–13 Dr. Christian Veillet, executive director of the Canada–France–Hawai’i Tele-

scope (CFHT), visited Shanghai Astronomical Observatory.

2010.04.15 Taitong Zhou and Wei Cai, vice-chairman of the Shanghai People’s Political

Consultative Committee, visited Shanghai Astronomical Museum, Shanghai

Astronomical Observatory.
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2010.04.20 The Chinese Academy of Sciences (CAS) and the National Aeronautics and

Space Administration (NASA) renewed their bilateral cooperation agreement

with the approval and support of the leaders of CAS and the directors of the

Board of Basic and International Cooperative Bureau, which guarantees much

broader development space in the next five years for this cooperation, which

has so far lasted 28 years since 1982. The renewal of the agreement will have

profound influence on the development of Shanghai Astronomical Observa-

tory

2010.08.16–13 Dr. Christian Veillet, executive director of the Canada–France–Hawai’i Tele-

scope (CFHT), visited Shanghai Astronomical Observatory.

2010.09.16 Hejun Yin, vice-president of CAS, visited Sheshan science park of SHAO.

2010.09.29 The 2010 Friendship Award was held at the Great Hall of the People in Bei-

jing. Prof. Albert Hermann Gerhard Boerner, the internationally renowned

astrophysicist from Germany, was recommended by Shanghai Astronomical

Observatory and given the Friendship Award by Chinese senior officials. The

Friendship Award, established in 1991, is China’s highest award for foreign

experts who have made outstanding contributions to China’s economic and

social progress.

2010.10.01 Chang’E-2 launched successfully. The orbit tracking of Chang’E-2 via VLBI

goes smoothly.

2010.10.06 Mianheng Jiang, vice-president of CAS, visited Shanghai Astronomical Ob-

servatory.

2010.10.11 The 8th East Asian Meeting on Astronomy Symposium East Asian Network

of Astronomy: Research, Education, and Popularization was held during the

period of 10–15 October in Shanghai. Xiaoyu Hong, director of SHAO, and

Norio Kaifu, professor at the Open University of Japan were the co-chairs.

2010.10.21 Wen Zhao, vice-mayor of Shanghai, visited Sheshan science park of SHAO,

accompanied by the vice-governor of Songjiang District, Jun Wang.

2010.10.23 The Laboratory of Astronomical and Space Technique Application and Global

Change (LASTAGC) was founded on 23 October. Dr. Jianli Chen, a world ex-

pert in satellite gravimetry data processing and applications, who has been

working at CSR (Center for Space Research), University of Texas, is the di-

rector of LASTAGC.
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2010.10.25–28 A joint GGOS/IAU Science Workshop Observing and Understanding Earth

Rotation was held during the week of 25–28 October 2010 at Shanghai As-

tronomical Observatory (SHAO) of the Chinese Academy of Sciences. It was

organized by both the Global Geodetic Observing System (GGOS) of the In-

ternational Association of Geodesy (IAG) and the Commission on Earth Rota-

tion of the International Astronomical Union (IAU).

2010.11.04 On 4 November, Wenlong Zhan, vice-president of CAS, visited the 65 m ra-

dio telescope construction site, accompanied by Academician Shuhua Ye and

Xiaofeng Lu, Secretary of the Chinese Communist Party Committee of SHAO.

2010.11.08 On 8 November, Zhanyuan Du, vice-minister of the Ministry of Science and

Technology, visited Shanghai Astronomical Museum, SHAO.

2010.12.20 SHAO was awarded the title of Outstanding Contribution Unit to the Chang’E-

2 Lunar Probe Mission, and Xiaogong Hu, Jinling Li, Bin Li, Fengchun Shu,

and Huihua Li were named Outstanding Contributors to the Chang’E-2 Lunar

Probe Mission.
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