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Abstract
The Hard X-ray Modulation Telescope (HXMT) was launched at Jiuquan Satellite Launch Center on June 15th, 2017,
and was named as Insight-HXMT after the launch. Now all the instruments work properly in space, dozens of sources
have been observed, and some early scientific results have been published. The nominal lifetime of HXMT is 4 years.

Key words

National Report 20162018

LU Fangjun, ZHANG Shuangnan

Insight-HXMT, Launch, Observation, Early results

The Hard X-ray Modulation Telescope (HXMT) is
China’s first X-ray satellite proposed in 1990’s. It was
officially approved in 2011 and launched on June 15th,
2017. After launch, HXMT was dubbed as “Hui Yan” in
Chinese, which means “smart eye”, and an English
name “Insight” that has a meaning similar to “Hui Yan”
was also given to this mission. The core scientific objectives of Insight-HXMT are (Li 2013; Lu 2014; Zhang
et al. 2018).
(1) Galactic plane scan to find new transient sources
and to monitor the known variable sources;
(2) Pointed observation of X-ray binaries in 1–250
keV to study the dynamics and emission mechanism in
strong gravitational and/or magnetic fields;
(3) Monitoring Gamma-Ray Bursts (GRBs) in a relatively rarely explored band that covers a few hundred
keV to a few MeV.
(4) Simultaneous observations with telescopes at
other wavelengths.
Insight-HXMT carries three slat-collimated instruments, the High Energy X-ray Telescope (HE), the Medium Energy X-ray Telescope (ME), and the Low Energy X-ray Telescope (LE) (Lu 2009). HE consists of 18

NaI/CsI phoswich modules (main detectors) with a total
detection area of about 5000 cm2. Its energy band is
20–250 keV. ME uses 1728 Si-PIN detectors, covers
5–30 keV, and the total detection area is 952 cm2. LE
uses Swept Charge Device (SCD) as the detectors,
which is sensitive in 1–15 keV with a total detection
area of 384 cm2.
The construction of the satellite was finished in September 2016 and was transported to Jiuquan Satellite
Launch Center in late April of 2017. It took 1.5 months
for the final integration and testing. On June 15th, it was
launched successfully at 11:00 AM Beijing time.
Insight-HXMT satellite and the core hardware team
members are shown in Figure 1.

Fig. 1 Insight-HXMT satellite and the core hardware team members
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2. In-orbit Verification and Calibration
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The scientific instruments of Insight-HXMT were
turned on in the first week after the launch. From June
25th to July 5th, comprehensive function verifications
of both the instruments and the ground segments were
performed. Then, in the next 6 months, we optimized
the working modes and parameters of the instruments,
improved the software of the ground segments, and
calibrated the in-orbit response matrices of the instruments. The Insight-HXMT satellite was officially delivered to scientific users on January 31st, 2018.
The responses of the telescopes are calibrated using
the radiative sources, background lines, and observations of standard celestial sources. As examples, I give
here the in-orbit calibration of the energy response matrices, i.e., the Energy-Channel (E-C) relations and the
effective area curves of the HE, ME, and LE. More detailed information can be found in Li et al. (2018).
Figure 2 shows the detected background spectra of
the 18 HE detectors from seven hours observation of
blank sky. Prominent background lines due to the activation of iodine by cosmic rays and the protons in the
South Atlantic Anomaly (SAA) region can be seen at 31,
56, 67 and 191 keV. These four lines are used to calibrate the Energy-Channel (EC) relations of the HE detectors. As shown, the EC relations of the 18 detectors
are very similar.

the Ag peaks equals 22.5 keV, the same as the expected value. Although the E-C relation of each ME
pixel is mostly based on the on-ground calibration, the
centroid energy channel of the Ag line obtained in-orbit
is also used to adjust this E-C relation.

Fig. 3 Distribution of the measured energies of the Ag
lines for the ME detector pixels

LE observations of supernova remnant Cas A were
used to verify its E-C relation. We used the observed
spectrum of the Chandra X-ray Observatory to get the
X-ray spectral model of Cas A (Yang et al. 2008) and
then that model was used to fit the measured spectrum
of LE. As the Chandra X-ray Observatory has been very
precisely calibrated, comparison of the two residual distributions will tell us how good the LE E-C relation is,
and the differences between the peak positions can be
used to further improve the E-C relation of LE. Figure 4
shows the results of our early calibration.

Fig. 2 Background spectra of the 18 HE detectors, in
which the lines are used for the calibration of the E-C
relation.

The E-C relation of ME can be verified by using the
Ag line produced by the conductive adhesive in the detector package. As shown in Figure 3, the mean value of
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Fig. 4 Comparison of the Chandra spectrum (red) and
LE spectrum (black) of supernova remnant Cas A, which
are used to calibrate the E-C relation of LE
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As the structure of Insight-HXMT is very complicated and so the effective area curves of HE, ME and
LE cannot be accurately obtained on the ground either
by experiments or by simulations. We, therefore, used
the observations of the Crab pulsar to get the final effective area curves of these three telescopes. Figure 5
gives the fitted results to the spectrum of the Crab pulsar
with the new effective area curves, showing that the
effective area curves of these three telescopes are well
determined.

and 1/4 for scan observations. Figure 6 shows the distribution of HXMT observations in the celestial sphere.

3. Observations and Early Results
Insight-HXMT has been in space for about 1 year. Until
the end of May 2018, 17.45 Ms observations have been
performed, in which 3/4 are for pointed observations

Fig. 5 Spectrum of the Crab pulsar obtained by
Insight-HXMT

Fig. 6 Distribution of the Insight-HXMT observations in the celestial sphere. The red stars denote the pointed observations, the green regions are the scan observations, the yellow belts are
the demonstrative observations of the all-sky survey mode, and the blue lines represent the
tracks of the telescope axis from one pointed observation to the next one

The first scientific results of Insight-HXMT are the
detections of GRBs, and more than 80 GRBs have been
detected till the end of May, by using the CsI scintillators of the HE main detectors. Figure 7 shows the light
curve of the first GRB detected by Insight-HXMT on its
11th day in space.
Insight-HXMT also participated in the observation
campaign of the gravitational wave event GW170817
generated by the merge of two neutron stars. The HE
monitored the entire GW170817 skymap from T0–650 s
to T0+450 s but, due to the weak and soft nature of
GRB 170817A, did not detect any significant excess at
T0 (Abott et al. 2017). Insight-HXMT thus provides

Fig. 7 GRB 170626B: the first GRB detected
by Insight-HXMT
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one of the most stringent constraints (10‒7 to 10‒6
erg/cm2/s) for both GRB170817A and any other possible precursor or extended emissions in 0.2–5 MeV (Li et
al. 2017).
X-ray binaries that involve a neutron star or a black
hole are the main observational targets of InsightHXMT. It had observed 25 X-ray binaries in its first

year in space. Data analyses are still on the way, and the
scientific results have not been published yet. As examples, in Figure 8, we give the Quasi-Periodical Oscillation phenomena detected by HE, ME and LE, respectively, in black hole X-ray binary MAXI J1535-571
(Zhang et al. 2018). More results will be published
soon.
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Fig. 8 Low frequency QPOs detected by HE(right), ME(middle) and LE(left) under an exposure of 3ks, during the
low/hard state of the outburst from the BH candidate MAXI J1535-571. The dotted blue lines represent the various
components used to fit the power-density spectrum, and the solid red line is the sum of these components
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