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Hard X-ray Modulation Telescope (HXMT) satellite
*X+,-./012HXMT345

n China’s 1st X-ray astronomy satellite
n Proposed in1993 by Prof. Tipei Li
n Selected in 2011
n Total weight ~2500 kg
n Cir. Orbit 550 km, incl. 43°
n Pointed, scanning and GRB modes
n Designed lifetime 4 yrs
n Launched on June 15th, 2017
n Dubbed “Insight”（发射后命名为 “慧眼”）

Zhang, S.-N. et al. Overview to the Hard X-ray Modulation Telescope (Insight-HXMT) 
Satellite. Science China Physics, Mechanics, and Astronomy 63, 249502 (2020)
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Science payload!"#$

HE: NaI/CsI, 20-250 keV,  5000 cm2

ME:Si-PIN,5-
30 keV, 952 
cm2

LE:SCD,1-
15 keV, 
384 cm2

Star 
tracker
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Effective area%&'(
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Extremely Complex Interactions in NSXBs
!"#$%&'("#)*+,-./0

中子星Neutron Star

吸积盘Accretion Disk

Companion 
Star伴星
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High-E Neutron star cyclotron absorption line
“12”3456789:%&';<"=>

p GRO J1008-57&~90 keV à
highest B directly measured in 
the universe ~1013, ~ 4σ with 
NuSTAR & Suzaku ~79 keV

p 4 HXMT observations ~235 ks
~ 20σ detection

Allow for phase 
resolved and flux 
dependent studies

Ge et al. 2020
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1St Galactic UL NSXB Swift J0243.6+6124

2017 10.3 Swift BAT detected outburst 
Insight-HXMT observations!122 pointings"

exposure ~1800 ks 7/53
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Insight-HXMT discovery of GPD to RPD transition?
!12$?@ABCDEBFG,"#)?

Doroshenko, Zhang, Santangelo+ 2019

Swift J0243.6+6124
Need low B!
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Kong et al. 2020

Detailed broad-band spectral evolution

Need high B!
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Highest-E Neutron star cyclotron absorption line
“12”34567H89:%&';<"=>

1st Galactic ultraluminous X-ray pulsar Swift 0243: 146 keVà1.6x1013 G 
>> ~10^12 G dipole B-field: evidence for multipole B-field? (Kong+2022)
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Pulse-pulse analysis: 3 
charac. lumi. regions (Shui+ 
2023, submitted)

(Kong et al., 2021, ApJL )

1A0535+262!1st complete evolution of CRSF
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Corona cooled by single Type-I X-ray burst
“12”?@%&'8IJKLMXE>NOP

Previously multiple bursts were 
added to see the cooling, but with 
Insight-HXMT it’s seen in a single 
burst for the 1st time. !"#$%&
'()*+,-.(/01234
4U1636-536, Chen+2018, ApJL)
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kHz QPOs>20 keV from Sco X-1 with Insight-HXMT
“#$”%&'(X)*+,-./0123456

Insight-HXMT on Sco X-1 (Jia+ 2020, JHEAP, arXiv:1910.08382)
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Highest-E pulsation from ms pulsar MAXI J1816-195 

Li+2023, ApJ You+, in prep.: 
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TESTS OF GR PREDICTIONS IN THE STRONG FIELD REGIME OF GRAVITY. 
COMPLEMENTARY TO GRAVITATIONAL WAVE EXPERIMENTS.

X-ray binary system
X!"#$

Active galactic nucleus
%&$'(

Stellar mass black hole 
(or neutron star)
Strongly curved spacetime.
(1016 times Solar)

Supermassive black hole
Weakly curved spacetime
(~Solar)

X-ray study covers wide mass range in uniform setting

Extreme Gravity Near Black Holes
QRSTUVWXHYZ[
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2018 3.11 outburst detected by MAXI Insight-HXNT: 146 pointings, exposure 2560 ks

BHXB MAXI J1820+070
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QPOs of  BH binaries: < 30 keV à >200 keV
“12$?@QR\]H89:,^\_`a

Ma, Tao, SNZ+ 2021, Nature Astronomy
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Dip in the lag-freq. spectra at QPO

2.6-4.8 keV

150-200 keV

All lags are relative to 1-2.6 keV; negative lag: behind

Ma, Tao, SNZ+ 2021, Nature Astronomy
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Lag contradicts Comptonization delay in corona: 
Geometrical effect outside inner disk

Ma, Tao, SNZ+ 2021, Nature Astronomy

Very large & soft lag:
not precessing corona
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New model of BH QPOs: L-T precession Jet
bc“12”d6efgh,QRijklmn

Ma et al. 2020, Nature Astronomy
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Broad band energy spectra with Insight-HXMT
12,o9p9q

You+2021, Nature Communications
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Decreasing reflection contradicts contracting corona
#$789,:);<=>?@%&,AB-CDEF

Reflection should increase, 
but actually decreases

Kara+2020, Nature
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The contracting corona is an X-ray jet!
12?@=r,8IJstuvXE>ijw

You+2021, Nature Communications
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Jet and inner disk precess together in MAXI 1820+070  (Ma et al. 2023, ApJ)

Disk-Jet co-precession with broad band QPO
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Bei You*, Xinwu Cao* , Zhen Yan* et 
al. Science,2023

Evidence of MAD in MAXI J1820+070
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Bei You*, Xinwu Cao* , Zhen Yan* 
et al. Science,2023

Evidence of MAD in MAXI J1820+070
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Hilbert-Huang Transform (HHT) = Empirical Mode Decomposition (EMD) + 
Hilbert Transform (HT) 

EMD ≈ narrow band filter：decompose 
adaptively a signal into several Intrinsic 
Mode Functions (IMFs)

Hilbert-Huang Transformation (HHT)
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The modulation of the spectral index could be explained by either
the coronal or jet precession model; the latter requires efficient
acceleration within the jet. (Shui et al., 2023, ApJ)

HHT QPO phase-resolved spectral analysis
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Most studies assume that the accretion disk/corona are uniquely determined by 

accretion rate; however, how disk and corona evolve with accretion rate is not clear.

大部分理论、观测研究通常假设，吸积盘/冕的性质仅由吸积率唯一决定。

针对随着吸积率的变化，两个成分之间有何联系，理论上已有广泛探讨，但一直缺乏观测研究！

The standard “q”diagram of BHXBs
"#X$%&'()q”*+,-./*0
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Observation result of Insight-HXMT
慧眼卫星对MAXI J1348-630的观测结果

MAXI J1348-630在2019年的爆发过程中，冕的辐射（灰色数据点）领先 吸积盘

内区辐射（红色数据点）的演化~ 8-12天。

Corona emission lead inner-disk emission by ~8-12 days in 2019 outburst

MAXI J1348-630
不同能谱成分流量随时间的演化

Evolution of different components

MAXI J1348-630
不同成分相对冕成分的时间延迟
Delay wrt corona component

MAXI J1348-630能谱
Broad-band spectrum

corona

corona

Outer disk
corona

disk

Inner disk

,-./012/3#456Weng et al, 20216ApJL
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!"#$& 考虑吸积盘内区辐射相对冕演
化滞后约 10天，“q”型图可
被修正为线性相关关系。
“q”shape becomes linear 
relation after correcting for 
10 day delay. But why?

MAXI J348-630的原始观测数
据呈现典型的“q”型图。
Typical “q” diagram with 
original data

Hardness-intensity diagram of MAXI J1348
MAXI J1348-630(123456789+

,-./012/3#456Weng et al, 20216ApJL
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Panorama of BHXB in Outburst
:;)<=>?@A"#BCDE

,-./012/3#456Weng et al, 20216ApJL
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Summary)*

üInsight-HXMT is China’s 1st X-ray 
astronomy satellite.
ü1-15, 5-30, 20-250 keV (pointed) and 

0.2-3 MeV (all-sky monitor)
üAn open small-observatory

üCore program: all scientists working in 
China (most data now public)

üGuest program: world-wide
üAO-6 started in Sept. 2023 (more 

guest time than core program).
üSatellite just had orbit maintenance.
üCoordinated multi-λ observations: 

space & ground

hxmt.cn for all information and data download. Thanks!

ads: HXMT publications


