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Main themes 

� Detection of gravitational waves (GW) 

�  Study of gravitation (including theory) 

� Electromagnetic follow-up after GW 
detection 



GRAVITATIONAL-WAVE 
DETECTION 



Space gravitational-wave 
observatory 
�  Interferometer in space:  ASTROD-GW 

proposed 
◦  Low-frequency GW 

(~1–0.01 Hz) 

 
�  Nanjing U, Chin. Acad. Sc., Chin. Space Agency,… 
�  Plus: collaboration with Europe on the similar 

New Gravitational wave Observatory (NGO) 



Use of Pulsar Timing Arrays 
� Gravitational waves make pulsars 

shimmer: measurement of the arrival time 
of radio waves from an array of pulsars 

� Chinese 500-meter Spherical Telescope 
(FAST) under construction 

(com
puter im

age) 



Collaboration with LIGO (MIT-
Caltech) 
Laser Interferometer Gravitational-Wave 
Observatory 



Collaboration with LIGO 
�  Automatic detection of interferometer glitches 
�  Detection of Compact Binary Coalescence with 

GPU acceleration 

�  Easy access to the LIGO software suite through 
a virtual machine 

�  At Tsinghua U (Beijing) 



High-frequency gravitational waves 
(~0.1–10 GHz) 
�  Proposed by Prof. LI Fangyu (Chongqing): 

coupling of gravitational waves 
with electromagnetic waves 
in a strong magnetic field 

 
�  Detector in development 

(Chongqing) 

�  Congqing U, Shanghai Inst. of Optics and Mech., 
Chengdu Microwave Laboratory,… 
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Figure 3. Gaussian-beam transmitter compartment. 

 

 
Figure 4. Schematic of the Li-Baker HFGW detector.    



ELECTROMAGNETIC 
FOLLOW-UP (AFTER 
GRAVITATIONAL-WAVE 
DETECTION) 



SVOM: X rays (4 keV–5 MeV) 
� Gamma ray burst detection 
� 1 satellite, 3 ground-based instruments 

�  French-Chinese collaboration (Nat. 
Astronomical Observatories [Beijing], 
Tsinghua U [Beijing],…) 



Hard X-ray Modulation 
Telescope (20–200 keV) 
�  Can be used for X-ray follow-up 
�  Launch in 2014–2016 
�  China's first astronomy satellite 

�  Chin. Acad. of Sciences, Tsinghua U (Beijing),… 
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Fig. 5: The configuration of an ME detector 
box.

Fig. 4: The main detector assembly of HE.

Fig. 6: A detector box of LE.

Fig. 7: The engineering samples of HE and the vibration test.
Fig. 8: Circuits of the LE working sample and a measured spectrum of 
the fluorescent emission of a metal-rich target. 

about 2.6×10-5 cts cm-2s-1 keV-1 (3 σ, 105 s, 
@20 keV). ME contains 3 detector boxes. 
Fig. 5 shows one of them. 

LE uses swept charge device (SCD) as 
the detectors. The sun buffer on the top of 
LE is also the radiator to cool the detec-
tors to -80~ -50℃. LE is sensitive in 1-15 
keV with a total detection area of 384 cm2. 
The simulated background of LE is about 
1 cts/s below 6 keV, and the continuum 
sensitivity is 2.6×10-5 cts cm-2s-1 keV-1 (3 σ, 
105 s, @6 keV). LE also contains 3 detector 
boxes, and Fig. 6 shows one of them.

5. CURRENT STATUS 
HXMT is the first China’s dedicated as-
tronomy satellite. It is also the first Chinese 
mission selected through peer review. In 
March 2007, the Chinese National Space 
Administration released the five-year plan 
of space science development for 2006-
10, where HXMT is scheduled for launch 
around 2010. In about two years of study, 
we finished the engineering sample of HE 
[Fig. 7], the working samples of ME and 
LE [Fig. 8], and a prototype of the ground 
segment. The testing results show that the 
performances of the hardware samples are 
all equal to or better than required. Now 
we have finished the Phase A study of 
HXMT and are ready to Phase B.
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The Hard X-ray Modulation Telescope (HXMT): 

Mission and Its Current Status

Fangjun Lu (on behalf of the HXMT  team)

Institute of High Energy Physics, Chinese Academy of Sciences.

HXMT (Hard X-ray Modulation Tele-
scope) is a Chinese high energy astro-
physics mission with unprecedented high 
sensitivity and angular resolution for hard 
X-ray band. We have finished its Phase A 
study and are ready to start Phase B.

1.  INTRODUCTION 
Chinese observational high energy as-
trophysics started in late 1970’s with 
balloon borne hard X-ray observations. 
In the mean time, some people began 
to do astrophysics research by using the 
observational data of the foreign high 
energy astronomical satellites. Based on 
the more than ten years’ experience in this 
field, an X-ray satellite named as the “Hard 
X-ray Modulation Telescope” (HXMT) 
was proposed in 1994 [Fig. 1]. The main 
scientific objectives of HXMT are to do a 
sensitive hard X-ray all-sky survey and 
pointed observations. By using the direct 
demodulation technique developed by Li 
and Wu, the imaging sensitivity of HXMT 
is several times higher than the previous 
hard X-ray satellites. 

In 2000, the feasibility and technical 
demonstration study of HXMT was se-
lected as a project under the Major State 
Basic Research Development Program in 
China. The key technical difficulties of 
hardware development were overcome in 
the following 5 years. After that, this proj-
ect entered its full design phase in October 
2005, and passed the technical feasibility 
review in September 2007. The planned 
launch date of HXMT is around 2010 and 
its designed lifetime is 4 years. 

2.  SCIENTIFIC OBJECTIVES
HXMT will perform an all-sky survey and 
sensitive pointed observations in 1-250 

keV. It is anticipated that in the survey 
about 1,000 hard X-ray sources will be de-
tected, while with the pointed observations 
the short time scale hard X-ray variability 
of some sources can be studied in details. 
Specifically, HXMT has the following 
scientific objectives:

• Perform a deep hard X-ray survey to 
detect the highly obscured active galac-
tic nuclei (AGNs) and to constrain the 
nature of the cosmic X-ray background, 
especially in the hard X-ray range where 
the nature of the cosmic-ray background 
has not been completely understood 
yet.

• Detect hundreds of various types of 
AGNs and to obtain the broad band 
X-ray spectra of some of them, which 
can be used to constrain the geometry 
of the various components in the AGN 
unified model. The combination of 
LE, ME and HE is powerful to study 
the reflection components in AGN 
spectra.

• Study the quasi-periodic oscillation 
phenomena in black hole binaries in 
1-250 keV. Especially, with its large 
collection area, HXMT will be unique 
for studying the short timescale hard X-
ray variability that reflects the dynamics 
near the black hole’s event horizon. 

• Study the cyclotron resonance fea-
tures and the magnetic field strength 
of neutron stars with sensitivity a few 
times higher than the previous experi-
ments.

• Observe clusters of galaxies and super-
nova remnants to constrain their non-
thermal X-ray emission properties and 
the particle acceleration mechanism. 

3.  MISSION CHARACTERISTICS 
HXMT will run in a low earth orbit with 
an altitude of 550 km and an inclination 
angle of 43°. In the first year, HXMT will 
perform the all-sky survey. During this 
phase, the satellite attitude is in the three-
axis stabilized state with the telescopes 

Fig. 1: An artist’s illustration of HXMT in space.



STUDY OF GRAVITY 



Measurement of the speed of 
gravity 
� Measurement of small changes in the 

Earth surface 

� Prof. TANG Keyun et al., World Data 
Center for Geophysics (Beijing) 



Theory 
Chin. J. Astron. Astrophys. Vol. 8 (2008), No. 3, 314–328
(http://www.chjaa.org)
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Detecting Very-High-Frequency Relic Gravitational Waves by a
Waveguide ∗
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Abstract The polarization vector (PV) of an electromagnetic wave (EW) will experience a
rotation in a region of spacetime perturbed by gravitational waves (GWs). Based on this con-
sideration, Cruise’s group has built an annular waveguide to detect GWs. We give detailed
calculations of the rotations of polarization vector of an EW caused by incident GWs from
various directions and in various polarization states, and then analyze the accumulative effects
on the polarization vector when the EW passes n cycles along the annular waveguide. We re-
examine the feasibility and limitation of this method to detect GWs of high frequency around
100MHz, in particular the relic gravitational waves (RGWs). By comparing the spectrum of
RGWs in the accelerating universe with the detector sensitivity of the current waveguide, it
is found that the amplitude of the RGWs is too low to be detected by the waveguide detectors
currently operating. Possible ways of improvements on detection are suggested.

Key words: early universe — instrumentation: detectors — gravitational waves —
polarization

1 INTRODUCTION

Gravitational wave (GW) is one of important predictions of general relativity. Although there has been
some indirect evidence of GW radiation from the binary pulsar B1913+16 (Hulse & Taylor 1975; Weisberg
& Taylor 2004), so far direct detection of GWs has not been accomplished. The GWs can have different
frequencies generated by various kinds of sources. Currently, besides the conventional method of cryogenic
resonant bar (Allen et al. 2000; Aston et al. 2001) a number of detectors using new techniques have been
operating or under construction aiming at direct signals of GWs. For the frequency range 1 ∼ 104 Hz, the
method of ground-based laser interferometers is applied, for example, in LIGO (Abramovici et al. 1992),
Virgo (Bradaschia et al. 1990), and TAMA (Takahashi & Tagoshi 2004). For a lower frequency range,
10−4 ∼ 1 Hz, space-based laser interferometers can be used, such as the LISA (Jafry et al. 1994) that is
being planned. For much lower frequencies ∼ 10−18 Hz, detections of CMB polarization of “magnetic”
type might give direct evidence of the existence of GWs (Seljak & Zaldarriaga 1997; Kaminkowski et
al. 1997; Pritchard & Kaminkowski 2005; Zhao & Zhang 2006; Baskaran et al. 2006). There have also
been attempts to detect GWs of very high frequencies from MHz to GHz, employing various techniques,
for instance, laser beam (Li et al. 2000, 2003, 2006). One interesting method proposed by Cruise uses an
linearly polarized electromagnetic wave (EW) in a waveguide (Cruise 2000; Cruise & Ingley 2005, 2006).
When a GW passes through the region of the waveguide, the polarization vector (PV) of the EW will
generally undergo a rotation (Cruise 1983). A prototype GW detector has been built by Cruise & Ingley
(2005, 2006), which mainly consists of one or several torus-shaped annular waveguides. This method has
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Abstract The research on quasar OJ 287 has lasted over 100 years. OJ 287
exhibits the phenomenon of periodic two-peak outbursts with the eruptive pe-
riod of 12 years. Observations are rather well interpreted with the black hole
binary model. In this model, the secondary black hole moves around the primary
black hole and crashes against the accretion disk of the primary black hole, caus-
ing outbursts. This model reasonably explains the light curves of OJ 287 and
correctly predicts the time of future outbursts. These indirectly justify the pre-
cessional effect of general relativity and the existence of gravitational waves. The
massive black hole in the center of galaxy is an important kind of gravitational
wave source. However, the number of the galaxies with precisely determined
kinematical equations of inner components is quite small. The precise kinematic
orbits of black holes are provided by the black hole binary model, so the radia-
tion of gravitational waves can be studied on the basis of these kinematic orbits.
Based on the existing work, the evolutionary relations of the radiation power
and waveform of gravitational waves with time are first derived by using the
post-Newtonian approximation method. According to the current progress of
the detection equipment of gravitational waves, i.e., IPTA (International Pulsar
Timing Array), the direct detection of gravitational waves from OJ 287 may be
possible within the future decade.

Key words: quasars: individual: OJ 287 — galaxy: kinematics and dynamics
— gravitational waves
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Particle swarm optimization and gravitational wave data analysis:
Performance on a binary inspiral testbed
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The detection and estimation of gravitational wave signals belonging to a parameterized family of

waveforms requires, in general, the numerical maximization of a data-dependent function of the signal

parameters. Because of noise in the data, the function to be maximized is often highly multimodal with

numerous local maxima. Searching for the global maximum then becomes computationally expensive,

which in turn can limit the scientific scope of the search. Stochastic optimization is one possible approach

to reducing computational costs in such applications. We report results from a first investigation of the

particle swarm optimization method in this context. The method is applied to a test bed motivated by the

problem of detection and estimation of a binary inspiral signal. Our results show that particle swarm

optimization works well in the presence of high multimodality, making it a viable candidate method for

further applications in gravitational wave data analysis.

DOI: 10.1103/PhysRevD.81.063002 PACS numbers: 95.85.Sz, 02.50.Tt, 04.80.Nn, 07.05.Kf

I. INTRODUCTION

The detection and estimation of a gravitational wave
(GW) signal belonging to a parameterized family of wave-
forms requires, in general, the numerical maximization of
some data-dependent function over the space of the signal
parameters. For example, in the matched filtering [1,2]
method, which is the focus of this paper, the function to
be maximized is a suitably defined inner product between
the data and parameterized signal waveforms. The global
maximum of this function serves as a detection statistic. A
point estimate of the signal parameters is furnished by the
location of the global maximum in parameter space.

The presence of noise in the output of GW detectors
leads to a large number of local maxima in this function
that are distributed randomly in parameter space. The
search for the global maximum in this forest of local
maxima then becomes a computationally expensive task.
This can affect the sensitivity of a search by limiting either
the volume that is searched in parameter space or the
integration length of data required for accumulating suffi-
cient signal-to-noise ratio (SNR), or both. The computa-
tional efficiency of the search for the global maximum is,
thus, an important issue in GW data analysis. The various
search strategies proposed in the GW literature so far can
be broadly divided into those based on sampling the func-
tion on predetermined grids of points in parameter space
(e.g., [3–5]), and those that use stochastic optimization
methods (e.g., [6–8]).

In the class of grid-based methods, significant savings in
computational costs have been demonstrated with a hier-
archy of grids [4,9,10]. A nice feature of grid-based meth-
ods is that they are easy to characterize statistically and,
hence, design variables of the algorithm, such as the spac-
ing of points, can be fixed systematically.
Stochastic methods do not use predetermined grids but

employ some form of random walk through the parameter
space. The probabilistic rules of the random walk are tuned
to maximize the chances of its terminating close to the
global maximum. There are many algorithms that fall
under the class of stochastic methods, a hybrid of simu-
lated annealing and Metropolis-Hastings Markov chain
Monte Carlo (MCMC) being the most widely explored in
GW data analysis [6–8].
Since the number of points in a grid grows exponen-

tially with the dimensionality of the parameter space,
stochastic methods tend to outperform grid-based ones
with an increase in the number of signal parameters. It
is worth noting here that stochastic methods in GW
data analysis incur the additional computational cost of
generating signal waveforms on the fly. In grid-based
methods, on the other hand, waveforms can be com-
puted and stored in advance of processing the data.
Stochastic methods can, therefore, lose their advantage
if the computational cost of generating waveforms be-
comes too high.
The performance of a stochastic method may be sensi-

tive to the values to which its design variables are tuned.
Since the tuning is usually done on simulated data, it is
not clear how robust current stochastic methods are
against features of real data such as nonstationarity and
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Gravitational waves from the axial perturbations of
hyperon stars∗
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The eigen-frequencies of the axial w-mode oscillations of hyperon stars are examined. It is shown that as the

appearance of hyperons softens the equation of state of the super-density matter, the frequency of gravitational waves

from the axial w-mode of hyperon star becomes smaller than that of a traditional neutron star at the same stellar

mass. Moreover, the eigenfrequencies of hyperon stars also have scaling universality. It is shown that the EURO third-

generation gravitational-wave detector has the potential to detect the gravitational-wave signal emitted from the axial

w-mode oscillations of a hyperon star.

Keywords: hyperon star, oscillation, gravitational wave
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1. Introduction

It is well known that the equation of state (EOS)

of dense matter plays an important role in nuclear

astrophysics. But the EOS of matter beyond the sat-

uration density is still rather uncertain. Gravitational

waves from neutron stars contain information about

neutron star matter, which will help us understand

super-density matter in the future. Gravitational-

wave detectors (e.g., LIGO,[1] VIRGO,[2] and GEO[3])

regard neutron stars as ideal candidates for emit-

ting gravitational waves. In spite of the great chal-

lenges encountered in detecting gravitational waves,

the great efforts involved are worthwhile because a di-

rect detection would have profound consequences for

our basic understanding of high density matter, as well

as the gravitational theory. Once gravitational waves

from neutron stars are directly detected, they will be-

come a powerful tool for probing super-dense matter.

Non-radial oscillations of neutron stars, which can be

aroused by gravitational collapse, glitch or phase tran-

sitions, are looked on as one of the most important

potential candidates for producing detectable gravita-

tional waves.[4−7] The axial w-mode is a type of space–

time associated oscillation and is crucial for astro-

physical applications. In terms of the work of Chan-

drasekhar & Ferrari,[8,9] the axial w-mode is described

by a unique second-order differential equation. The

necessary input in solving this equation is the EOS

of nuclear matter. According to the characteristic of

the frequency and damping time, the axial w-mode

is categorized as wI (standard) and wII (additional)

modes.[6]

Most previous works on the axial w-mode of

neutron stars mainly focus on dealing with uniform-

energy-density matter[10] or nucleon npe matter (com-

posed of neutrons (n), protons (p), and electrons (e)

with a possible admixture of muons (µ)).[6,11−14] It

has long been recognized that hyperons will be present

in the dense cores of neutron stars.[15−20] The prop-

erties of this kind of neutron star, commonly called a

hyperon star, have been studied by many authors dur-

ing the past decade.[21−25] It is well known that hy-

perons may appear around twice the normal nuclear

matter density and can soften the EOS of neutron star

matter, so we expect that there may exist a clear im-

print of the hyperons on the gravitational waves from

the axial w-mode oscillation. In this work, two types

of super-dense EOSs are considered. The EOS of hy-

peron star matter will be mainly focused on, while the

EOS of APR,[26] composed of traditional neutron star

matter, is used for comparison.

This paper is organized as follows. We outline the

EOS of hyperon star matter in Section 2. In Section 3

we present our numerical results and discussions. We
∗Project supported by the National Natural Science Foundation of China (Grant No. 10947023) and the Fundamental Research

Funds for the Central Universities (Grant No. 2012ZZ0079).
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THERE IS MORE… 
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