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FOREWORD
Chinese space exploration and 
technology has developed and 
advanced rapidly in the past 
decade. Under a national plan, 
China plans to launch the Hard 
X-ray Modulation Telescope 
(HXMT), China‘s first astronomy 
satellite, around 2015. With this 
satellite China will start to play a 
key role in providing data to study 
the “X-ray Universe”. However, 
an additional X-ray project, the 
“X-ray Timing & Polarization” 
(XTP) mission was successfully 
incorporated into the background 
study of the Space Science 
Strategic Pioneer Project of the 
Chinese Academy of Sciences 
(CAS) in 2011, and is now 
under scientific and engineering 
background studies. The XTP 
proposal should be submitted to 
the CAS in 2015 to compete in 
the final selection. XTP is one 
of the candidate missions of the 
Intensive Preparative Study of 
Future Space Science Missions, 
which aims at selecting appropriate 
new space science missions to be 
implemented during the Five-Year 
Plan period 2016-2020.

The International Space Science 
Institute in Beijing (ISSI-BJ) 
successfully organized a two 
day forum on “X-ray Timing & 
Polarization (XTP)”, in Beijing 
on June 26 –27, 2013. The XTP 
science forum is the first of a series 
of science meetings organized 
at ISSI-BJ. The fact that ISSI-
BJ is organizing these fora is an 
indication that China has emerged 
in a short period of time to be 
competitive on the world stage 
in the science of astronomy. The 
forum attracted some 50 leading 
scientists from 6 different countries 
including China.

XTP is a high time resolution X-ray 
observatory to study compact 
objects (such as Galactic and 
extragalactic neutron stars and 
black holes); therefore, it provides 
a unique tool to investigate strong-

field gravity. With an effective area 
of 1 m2 and a combination of 
various types of X-ray telescopes, 
XTP is expected to make the most 
sensitive temporal and polarization 
observations with good energy 
resolution in the 1-30 keV range. 
X-rays from many sources are 
polarized and carry information 
on the physical properties of the 
emission regions. Therefore, 
polarization is a powerful tool to 
probe the high-energy processes 
of these celestial objects, and it 
will open a new window for X-ray 
astronomy.

During the two-day meeting, the 
interaction between the scientists 
contributed to defining more 
precisely the science objectives 
and the design of this future 
collaborative project. This forum 
was, once more, a further step 
towards international cooperation, 
in this case between China 
and Europe. This TAIKONG 
magazine provides an overview 
of the scientific objectives and the 
overall design of the XTP mission, 
including the opportunities for 
international cooperation.

I wish to thank the conveners and 
organizer of the forum Shuangnan 
Zhang (Institute of High Energy 
Physics, Chinese Academy of 
Sciences, Beijing, China) and 
Kirpal Nandra (Max Planck Institute 
for Extraterrestrial Physics, 
Munich, Germany). I also wish 
to thank the ISSI-BJ staff, Ariane 
Bonnet, Lijuan En, and Xiaolong 
Dong, for actively und cheerfully 
supporting the organization of the 
forum. In particular I wish to thank 
Yongwei Dong and Shuangnan 
Zhang who with dedication and 
seriousness conducted the whole 
edition of this report. Let me also 
thank all those who participated 
actively in this stimulating forum.

Prof. Dr. Maurizio Falanga
Beijing
April 2014
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INTRODUCTION 
Background of XTP-

GRAVITAS forum

Scientists at the Max-Planck-
Institute für extraterrestrische 
Physik (MPE) and the Institute of 
High Energy Physics (IHEP) of the 
Chinese Academy of Sciences 
(CAS) are collaborating  on space 
astronomy since the 1990s. A 
number of IHEP scientists had 
worked for 1-2 years each at MPE, 
and two former MPE directors, Prof. 
Dr. JoachimTrümper and Prof. Dr. 
Günther Hasinger had visited IHEP 
several times to discuss on the 
possibility to merge their eROSITA 
telescopes and the Chinese Hard 
X-ray Modulation Telescope as 
a joint mission. While the IHEP 
scientists proposed the X-ray 
Timing and Polarization (XTP) 
project, MPE also proposed its 
General Relativistic Astrophysics 
Via Timing And Spectroscopy 
(GRAVITAS) Project, and both sides 
realized that the two projects 
shared some synergies on their 

scientific objectives and technical 
basis. German and Chinese 
scientists then agreed that they 
should optimize the current plans 
and put forward a joint satellite 
project together.

Therefore CAS and the Max Planck 
Society have set up a joint working 
group in October 2012 to explore 
the opportunity for a joint China-
Europe X-ray astronomy mission 
for a launch around 2020.

The objectives of the ISSI-BJ forum 
were to discuss the optimization 
of the XTP scientific objectives 
and the XTP mission definition. 
During the two-day meeting, 
presentations and discussions 
were also devoted to the synergy 
between XTP and GRAVITAS as 
well as other possible international 
collaborations on the XTP mission.

X-RAY 
TIMING AND 

POLARIZATION 
MISSION

MISSION CONCEPT
UNCOVERING THE MYSTERIES 
OF BLACK HOLES AND EXREME 

PHYSICS IN THE UNIVERSE 

The X-ray Timing and Polarization 
(XTP) satellite, by using focusing 
optics and advanced detector 
technology, is dedicated to the 
study of 1. singularity (Black 
Hole), 2. stars (Neutron Star and 
Magnetar) and 3. extremes (the 
physics under extreme gravity, 
density and magnetism). With 
an effective area of ~1 m² and a 
combination of various types of 
X-ray telescopes, XTP is expected 
to make the most sensitive 
temporal and polarization 
observations with good energy 
resolution in 1-30 keV. The 
Mininum Detectable Polarization 
(MDP) of XTP will reach 3% (1 
mCrab1, 1e6s). 

SCIENTIFIC GOALS
The bases of modern physics are 
general relativity theory, quantum 
chromodynamic theory and 
quantum electrondynamic theory, 
which represent the interactions 
at large, quark and gluon, electron 
and photon scales, respectively. 
Are these theories still valid 
under extreme conditions, e.g. 
extreme gravity, extreme density 
and extreme magnetic fields? Are 
these fundamental physical laws 
universal? 

1 A millicrab corresponds to a 
flux density of about 2.4x10−11 erg s−1 
cm−2 in the 2–10 keV X-ray band, for 
a “crab-like” X-ray spectrum, which is 
roughly a powerlaw in photon energy, 
I(E)=9.5 E-1.1.

Fig  1. Discussions during the XTP science forum, Beijing, 2013 June 26-27
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Tests of these fundamental physical 
laws in these extreme conditions 
may be carried out by observing 
black holes and other compact 
objects. In compact objects 
(neutron stars and black holes), 
astronomy confronts fundamental 
physics. Neutron stars have central 
densities between 5 and 10 times 
the nuclear density. They are the 
strongest known magnets, with 
some magnetic fields reaching 
into the 10E14 Gauss range, 
exceeding the critical limit at 
which quantum-electrodynamics 
become inevitable. Black holes 
are the most compact objects 
known, and by their very nature 
represent gravity in the strong-
field regime. The fundamental 
questions regarding compact 
objects are how they form, and 
how material behaves in their 
extreme gravitational, magnetic 
and radiation fields. The answers to 
these questions lie in the study of 

isolated and/or accreting neutron 
stars, black holes in binary systems, 
Galaxies, and energetic gamma ray 
bursts, all areas in which we are, 
and plan to be, very active.
We summarize the main problems 
in this field as:
- singularity (Black Hole (BH))
- compact stars (Neutron Star (NS), 
Magnetar)
- extremes (Gravity, Density and 
Magnetism)

XTP will give views on the extreme 
universe and the extreme physics 
by
- Measuring the fundamental 
parameters of a sample of BHs and 
NSs;
- Probing the physics conditions 
in the vicinity of the BH event 
horizons or on the NS surfaces;
- Investigating the equation of 
state of matter in the interior of 
NSs.

Strong gravitational field 
and accretion flow

An accretion flow usually forms 
an accretion disk and a corona 
around a compact star, where the 
soft X-ray black body emission and 
the hard X-ray Comptonization 
emission are produced. The latter 
often has a power law shape and 
can be reflected on the disk to 
form an additional component 
in the spectrum: a continual 
Comptonization spectrum plus 
iron fluorescence line at around 
6.4 keV. Since the inner disk can 
be very close to the compact 
star, the iron fluorescence line is 
observed in some sources with 
an asymmetric profile: the wing at 
lower energies is largely extended 
due to the gravitational redshift 
and the relativistic effect around 
the compact star. Such a feature 
can therefore be used to infer the 
black hole spin and the innermost 

Fig 2. An Artist’s concept of the relativistic flow of matter around a fast rotating Black Hole in the centre on an accretion 
disk (orange). In the immediate vicinity of the Black Hole, the characteristic spectral fingerprint of iron atoms is smeared 
out by relativistic effects. The light from those atoms, that move towards the observer appears shifted to shorter wave-
lengths (blue) and much brighter than that on the receding side of the disk (red). In addition, the image of the disk in the 
vicinity of the black hole appears warped by the strong curvature of spacetime. © Max Planck Institute for Extraterrestrial 
Physics
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Fig 4. Sensitivity of XTP polarization measurement. The polarization degree is 
uniformly distributed from 0 to the expected maximum value for each type 
of sources. The solid line represents the observation of 1e6 seconds, and the 
dashed line represents the observation of 1e5 seconds. The dotted lines rep-
resent systematic error of 1% and 3%. Only the sources above the lines can be 
detected with XTP.

radius of an accreting XRB system. 
Additionally, the turbulence of 
the accretion flow may cause the 
fast temporal variability of the 
relativistic iron line. Hints of such 
effect have been reported in XMM-
Newton observations. Since XTP is 
designed with an effective area 
at 6 keV one order of magnitude 
larger than XMM-Newton, it can 
well address the questions on how 
the relativistic effect evolves at 
different radii of the accretion disk 
( See Figure 2).

Quasi Periodical Oscillations 
(QPOs) are another useful tool 
to probe the inner most regions 
of the accretion disks. QPOs 
are generally thought to be a 
product in the environments of 
strong gravitational field, high 
temperature and relativistic 
motions. XTP is more powerful 
than RXTE in detecting QPOs 
due to its large effective area at 
energies lower than 2 keV that is 
out of RXTE’s detection capability.

Equation of state of 
neutron stars

Precise measurements of the 
masses and the radii of neutron 
stars are a great challenge in X-ray 
astronomy. Currently different 
equations of state predict different 
maximal NS masses and different 
relations between the NS mass 
and the radius. Although most 
measurements so far show that 
the NS mass is around 1.4 solar 
masses, the recent discovery of a 
2-solar-mass NS indicates that the 
theoretical modeling of NS is far 
from satisfactory. The equation of 
state of NSs will be addressed by 
XTP along the following directions.

• Observe type-I bursts occurring 
on the surfaces of NSs, to 
constrain their radii;

• Measure precisely the 
gravitational redshifts of the 

emission lines from the NS 
atmospheres, to constrain the 
relation between NS mass and 
NS radius;

• Measure the accretion-pulsed 
profile in the quiescent state 
and the outburst state, to find 
out clues on the locations of 
the hot spots on NS surfaces;

• Study the flux variability 
on time scales of sub-ms, 
observed as a high frequency 
QPOs;

• Measure the surface 
temperatures of a population 
of NSs to probe the cooling 
evolution of NSs, which is 
helpful for deducing the 
interior structure of NSs;

• Measure the polarizations of 
the thermal emissions from 
NS surfaces, which can tell us 
directly the strength of the 
magnetic fields on the NS 
surfaces (See Figure 3).

Fig  3. The interior structure of a neutron star. NASA/Marshall Space Flight 
Center.
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Polarization of X-ray 
Sources

Polarization of X-ray Sources X-rays 
from many astronomical sources 
are polarized and carry information 
of the physical properties of the 
emission regions. Therefore, 
polarization is a powerful tool to 
probe the high energy process 
of the celestial objects, and it will 
open a new window for X-ray 
astronomy. However, due to the 
low polarization sensitivity of the 
previous detectors, so far only 
the Crab pulsar has been firmly 
detected with X-ray polarization. 
The polarization telescopes as one 
kind of the payloads of XTP, will 
measure the X-ray polarizations 
through photo-electric effect with 
much higher sensitivity than all 
previous instruments (See Figure 
4).

DISCUSSION 
ON PAYLOAD 

CONFIGURATION 
Priority of interests
With the limitation of the mass and 
volume capacity of the satellite, 
we have to make choices from the 
scienctific interests listed below: 
- AGN spectral-timing/strong 
gravity (bright)
- AGN spectral (faint)
- Binary spectral-timing,
- Binary QPOs,
- Polarimetry…

Focusing telescope vs. collimating 
telescope
For the XTP payload configuration, 
both focusing payloads and 
collimated payloads are applied, 
whereas GRAVITAS has only 
focusing payloads. The advantages 
of focusing telescopes are obvious: 
minimum particle background 
can be achieved, which make 
the observations of weak sources 
possible. After considering 
the scientific priorities and the 

difficulties of thermal control 
of the large-area collimated 
detectors, we confirm the effective 
area of focusing telescopes to be 
the breakthrough capability of the 
merged XTP/GRAVITAS mission. 

Deployable vs. fixed focal length 
telescope array
The two ‘extreme’ conditions 
require that the effective area 
should be around 1 m² at 6.5 keV, 
which is the energy of the iron Kα 
line. There are two ways to achieve 
this: 
- Deployable telescopes 
with a focal length of 12 meters. 
The aperture of the optics is 1.2 
meters and we will need three 
such telescopes. DEPFET (Depleted 
P-channel Field Effect Transistor) 
detectors will be the most suitable 
focal plane detectors. The optics 
could be one of the following 
types, Wolter-I Al, SGO or SPO.
- Small telescopes with fixed 
focal length at about 5 meters. The 
aperture of the optics is 0.5 m and 
15~20 telescopes will be needed. 
The focal plane detectors can be 
SDD or SPD array. The optics could 

be Wolter-I Al/Slumped Glass or KB 
Si-Glass.
The technique of EOB (Extendable 
Optical Bench) has not been well 
developed in China, especially 
it can not meet the stability 
requirements of the focusing 
telescope systems. Fixed focal 
length small telescope array is 
then chosen.

Hard X-ray imaging & polarimetry
The unique polarization 
measurement capability has been 
selected as the distinguishing 
feature of XTP. XTP will open a 
new window using its powerful 
capability of polarization 
observation. The key science in 
hard X-ray imaging could be the 
power law continuum emission 
and the reflection humps. 
Relatively long focal length is 
needed if we want the hard X-rays 
to be focused. Hybrid detectors, 
which include polarimetry in front 
of the focal point and pixellized 
detectors on the focal point, is the 
best choice to achieve polarimetry 
observation and hard X-ray 
imaging simultaneously. 

Fig 5. Baseline of the GRAVITAS mission. Six identical focusing telescopes are 
installed.
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A baseline of the merged mission 
concept was proposed during the 
forum:
- 15-20 focusing telescopes, 
with a focal length of 5 meters, 
to meet the requirement of 1 
m² effective area at 6 keV and to 
deliver breakthrough capabilities.
- 2-4 hard X-ray focusing 
telescopes to achieve an effective 
area of ~200 cm² at 30 keV.
- Collimated detectors 
making use of the remaining 
resources of the satellite.

Tradeoff between performances 
of the focal plane detectors
The focal plane detectors should 
have the following performances:
- Best energy resolution, 
e.g. 150 eV at 6 keV, which allows 
detailed measurement of the 
broadened iron line emission.
- Good time resolution, 
e.g. tens of μs, which can avoid 
pile-up effects during pointed 
observations of bright sources and 
can also make the study of sub-
milisecond variabilities possible.
- Normal imaging 
capability. The estimated width 
of the point spread function (PSF) 
of nested X-ray optics is 1 arcmin. 
For a focal length of 5 meters, the 
corresponding pixel size is 1.5 mm. 
To avoid pile-up effect, the size of 
pixels in the inner region should 
be about 1 mm.
- The focal plane detectors 
should cover the FoV of the optics. 
For a FoV of +/-8 arcmin, the size 
of focal plane detectors is 20ⅹ20 
mm².

Requirement on the area 
of polarimetry: A minimum 
of an effective area of 1000 
cm² is required for the good 
measurement of black hole spins 
(See Figure 6).

Fig. 6: Simulations X-ray polarization degree versus energy of GRS 1915+105 for 
three different spin values. In the simulations, the effective area of the focal tele-
scopes is 1200 cm2 and the observation time is 5 ks.

Fig. 7: General view of XTP satellite

Fig. 8: XTP payload configuration (focal plane detectors are not shown).



8        太空|TAIKONG  

XTP PAYLOADs 
AFTER THE FORUM

After discussions with the MPE 
scientists at the forum, the 
scientific instruments of XTP are 
the following: the High energy 
X-ray Focusing Array (HFA), the 
Low energy X-ray Focusing Array 
(LFA), the High energy X-ray 
Collimated Array (HCA) and the 
Wide Field Camera (WFC). 
We have to take two different focal 
lengths for HFA and LFA because 
of the constraint of the cone-
shaped fairing. The two kinds of 

X-ray optics are installed on the 
fixed structure. The HFA with a 
focal length of 5.5 m is located in 
the middle of the platform. The 
LFA, which forms an outer ring 
surrounding the HFA, has a focal 
length of 4.5 m. The ratio of the 
focal length to the optic aperture 
is set to 10 to make full use of the 
resources (See Figure 7 & 8).
The nested X-ray optics is qua-
si-Wolter-I type. The substrates 
of the mirrors are made of 
slumped glass sheets. Better 
angular resolution and better 
control of the mirror assembly 
are the advantages of slumped 
glass sheets compared to Al foils.
The mirror length is set to 100 

mm to reach a good surface 
shape accuracy. In order to main-
tain the effective area, the graz-
ing incidence angle is increased 
from 0.3 degree to 0.4 degree.
A transmission-type of focal plane 
detectors is designed for three of 
the five HFAs. A GEM-TPC detec-
tor located in the front of the focal 
point is used to measure the X-ray 
polarization in the energy range 
of 2~10 keV; the CZT detector at 
the focal point can make spectral 
and timing observation simul-
taneously (See Figures 9 & 10).

The HCA payload has a Field of 
View (FOV) of 1 degree. The col-
limator of HCA is made using 

Fig. 9: Transmission-type polarimetry and its relation to the focal plane detectors.

Table 1: Main characteristics of XTP focusing payloads
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Fig. 10 Detection efficiency and transmission efficiency of polarimetry

Lithographie - Galanoformung 
- Abformung (LIGA) technique, 
which is light and has a better 
filling factor. Room temperature 
CZT is utilized to cover the ener-
gy range of 8 to100 keV. The total 
effective area is about 2500 cm²
The WFC taking use of Lobster Eye 
optics is to monitor the transient 
X-ray sources and to localize them 
with an accuracy of 30 arcsecs. With 
the slew of the platform, other in-
struments will be guided to make 
follow-up observations. The FOV of 
WFC is +/-30 degrees (See Table 1.).

Effective Area

XTP has an area of ~1 m² at 
around 6 keV, which is one 
order of magnitude larger than 
XMM-Newton/PN and NuSTAR. 
In the hard X-ray region, XTP is 
comparable to NuSTAR and RXTE/
HEXTE using focusing payload and 
collimated payload respectively.
With such capabilities XTP 
can systematically study the 
fundamental physics laws and 
processes in extremely strong 
gravitational field, test the 
General Relativity theory, and 
measure the spins of black holes.
XTP will also have hard X-ray 
focusing telescopes with an 
effective area of 300 cm² (at 30 
keV), and 2000 cm² (at 2 keV) (1-10 
keV) for the soft X-ray polarization 
measurements. Therefore, in 
addition to the core sciences 
mentioned above, XTP can also 
study the equation of state of 
matter in neutron stars and 
the physics in strong magnetic 
field. (See Figures 11 & 12)

In Orbit Background 
Simulation

We made simulations of the X-ray 
background, and estimated of  the 
XTP particle background using 
the in-orbit data of previous X-ray 
satellite. An orbit height of 550 
km and an inclination angle of 10 
degrees are assumed. The particle 
background of the focusing 

Fig. 11 Effective area of XTP payloads

Fig. 12 Effective area of XTP compared to other X-ray satellite missions
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detectors is ~10¯³ counts/s/keV/
cm², which is increased by ~15% if 
the inclination angle is changed to 
28 degrees ( See Figures 13 & 14).

SYSTEM CONCEPT
The Long March 3C is chosen 
as the launching vehicle of XTP. 
The mass budget of the payloads 
is ~1100 kg and the power 
budget is ~1000 W. With an 
orbital altitude of 550 km and an 
inclination angle of 28 degrees, 
the available sources, effective 
observation time, continuous 
observation time, background 
and launch cost are balanced. An 
inclination angle of 14 degrees 
is also possible, since the mass 
of the total satellite is far below 
the capability of the launcher.

SATELLITE CONCEPT
The lifetime of XTP is designed to be 
5 years, with an extendable 5 years.

The data volume from the payloads 
is about 3 Tb/day (for ScoX-1, ~10 
Crab), which is extremly large. If 
the orbit inclination angle of XTP 
is set to 14 degrees or lower, we 
should use ground stations from 
abroad by means of international 
collaboration, or relay satelliates.

There is one special requirement 
from the three polarimeters. They 
need to be rotated all the time 
to suppress systematic errors. 
The rotation period is about 
1000 s. Each cycle is composed 
of a clockwise rotation of 180 
degrees and a counter-clockwise 
rotation of 180 degrees. However, 
to rotate the whole satellite 
is almost impossible, for the 
reason of thermal control and 
energy balance (See Table 2). 

Fig. 13 Background of HFA focal plane detectors inside the HPD region. Top: no 
GEM-TPC; Bottom: with GEM-TPC.

Fig. 14 Background of LFA focal plane detectors inside the HPD region
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CONCLUSIONS
As a main conclusion of the 
discussions, an effective area of ~1 
m² at the iron line for the focusing 
telescope array has to be achieved 
for XTP, to meet the requirement 
of the studies of black holes, 
neutron stars and the fundamental 
physical laws in extrem conditions. 
The collimated payloads will 
be taken as complementary to 
increase the effective area of 
XTP in the harder X-ray band.
Both sides decide to pursue studies 
on the scientific issues and payload 
design. Several international 
working groups are to be set up to 
conduct them. Both sides agreed 
to enhance the collaboration not 
only on the mission level, but also 
in the research and development 
of instrument technologies.

Table 2: XTP attitude requirements to satellite platform
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