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Trump on US election: we all have to learn Chinese if Biden wins!
OK, let’'s do it...



Hard X-ray Modulation Telescope (HXMT) satellite
XA EETE (HXMT) &

China’s 1st X-ray astronomy satellite
Proposed in1993 by Prof. Tipei Li
Selected in 2011 \,\ -
Total weight ~2500 kg | N
Cir. Orbit 550 km, incl. 43° |
Pointed, scanning and GRB modes
Designed lifetime 4 yrs s
Launched on June 15%, 2017

Dubbed “Insight” (&81/Ga3 N “EEE”)

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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Core sciencestxi[ >R} =

v Galactic plane scan and monitor survey for more weak & short
transient sources in very wide energy band (1-250 keV)

v’ Pointed observations: High statistics study of bright sources and long-
term high cadence monitoring of XRB outbursts

v' All sky monitor for GRBs & pulsars (0.2 — 3 MeV)
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Science payload®} F & 1

ME:Si-PIN,5-
Star 30 keV, 952
tracker cm?

LE:SCD, 1-
15 keV,
384 cm?

HE: Nal/Csl, 20-250 keV, 5000 cm?
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Insight-HXMT scanning survey of the MW

“%EE”X‘HEJEEE’JH K

Single scan sensitivity: 3-10 mCrab
(spectral shape dependent)

Galactic Plane: (20°*20°)*18 + (20°*20°)*4

11 center regions: 90 times/year (-60°~60°), 11 outer regions: 10 times/year

Sai, N. et al., 2020
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Scan light curve & reconstructed image
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July 16 on Galactic center (LE 1-6 keV)
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Long-term monitoring of ~200 sources
K 292001 A AR BAX G 2% S 28 fh 2k U

1-250 keV: Cyg X-1, accreting BH
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ME (7-40 keV):
Swift J0243.6+6124,
Accreting pulsar

ate (1-6 keV)



http://hxmt.cn/images/scan_data/web/CYG_X-1/CYG_X-1_LE.png
http://hxmt.cn/images/scan_data/web/CYG_X-1/CYG_X-1_ME.png
http://hxmt.cn/images/scan_data/web/CYG_X-1/CYG_X-1_HE.png

Extremely Complex Interactions in NSXBs
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Extreme Magnetism near Neutron Stars
1 = ML F B s 13 417
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Neutron star cyclotron absorption line of Her X-1
SIRHIA T T FE RSk R B E IR

50000 51000 52000 53000 54000 55000 56000 57000 58000

Time (MJD)

Constant cyclotron line energy in Hercules X-1 --
Joint Insight-HXMT and NuSTAR observations
(@> 5 o significance, Xiao et al. 2020
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Highest-E Neutron star cyclotron absorption line
"E AR T E HON R 5 S BE E BY & [ e IR U ER

O GRO J1008-57: ~90 keV >  |Hi
highest B directly measured in Elahum
the universe ~1013, ~ 40 with [
NUSTAR & Suzaku ~79 keV

O 4 HXMT observations ~235 ks

~ 200 detection

Allow for phase
resolved and flux
dependent studies

Ge et al. 2020




Corona cooled by single Type-| X-ray burst
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Figure 2. Left panel shows the LE, ME. and HE light curves of the burst in 1.1-12 keV, 5-30 keV. and 40-70 keV, respectively. The time bin for LE and ME is | s
and HE is 4 s, the green zone in the bottom panel indicates the background level for HE detectors. The right panel shows the cross-correlation between the left panel’s
LE and HE re-extracted light curves with a time bin of 1 s.

corona
Previously multiple bursts were Loadsail
added to see the cooling, but with O *
Insight-HXMT it's seen in a single R
burst for the 1st time. L BIEZEJL+ Bl oot
TREM, EREEFPEZEER (
4U1636-536, Chen+2018, ApJL)




Insight-HXMT discovery of GPD to RPD transition
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kHz QPOs>20 keV from Sco X-1 with Insight-HXMT
"EIR" & I s = XS 2R B S BE T-if 24 & B HiiRS%

10N

Discovery of Submillisecond Quasi-periodic
Oscillations in the X-Ray Flux of Scorpius X-1

M. van der Klis®, J. H. Swank?, W. Zhang?, K. Jahoda?, E. H. Morgan3, W. H. G. Lewin?,

B. Vaughan?, and J. van Paradijs®
©1996. The American Astronomical Society. All rights reserved. Printed in U.S.A.
The Astrophysical Journal Letters, Volume 469, Number 1

Insight-HXMT on Sco X-1 (Jia+ 2020, JHEAP, arXiv:1910.08382)
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Fast Radio Bursts|RiEETH £

==safet o T TS0 L faki e

First reported in 2007 (Lorimer et al. 2007): bright millisecond
radio pulses, random arrival direction and time, some repeat
and even periodic, but counterpart or radiation at any other
wavelengths not known, until April 28, 2020.
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Historic event on April 28" 2020
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CHIME/FRB Collaboration+; Bochenek+; Li+, 2021, NatureAstronomy




Localization of the X-ray burstE \L X §t 2k %=

25 1
: 10 aEmin
20 :
g 15 1
8 _ | InSIght-HXMT
10 A
~Stare2: 95%
293 294 295
T T T T R.A. tdEg]
290295 300 305 5 oy burst 3.7’ off SGR1935 with 0=10’

R.A. (deg)

|dentification of the X-ray burst with SGR1935, Li+ (Insight-

HXMT team), 2021, Nature Astronomy




Insight-HXI\/IT broad band light curves

=0 &6 EL s T
EARFEREEL T

4 el  Two narrow X-ray
+_:1¢t, 27 250 keV peaks coinciding the
. Ml twin radio pulses (30
ms separation),
identification of the
X-ray burst with
FRB 200428:
Insight-HXMT Atel
#13696/GCN
#27675, Li+ (Insight-
HXMT team), 2021,
Nature Astronomy
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Insight-HXMT broad band spectrum
AR BT BEEY BETE

Both cutoff powerlaw &
blackbody+powerlaw
provide almost the same
good fitting. BB+BB or PL
rejected.

_1)

cm~2-s571 . keV

keV (Photons

CPL: photon index ~1.6,
Ecut~84 keV

BB+PL: Tbb~11 keV,
photon index ~1.9
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Li+ (Insight-HXMT team),
2021, Nature Astronomy

Energy (keV)
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Extreme Gravity Near Black Holes

o= e M R A AR 0E 5| /]

X-ray binary system
XL NE

Active galactlc nucleus ‘&f
GERHNE R

<€ X-ray study covers wide mass range in uniform setting >

o

Stellar mass black hole - Supermassive black hole
(or neutron star) Weakly curved spacetime

g Strongly curved spacetime. (~Solar)
(1016 times Solar) \

TESTS OF GR PREDICTIONS IN THE STRONG FIELD REGIME OF GRAVITY.
COMPLEMENTARY TO GRAVITATIONAL WAVE EXPERIMENTS.
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QPOs of BH binaries: < 30 keV = >200 keV
"SR & IN A E El a = BE = BV B BR TR %

Fig.1: Light curves, hardness-intensity diagram and power density spectra of
MAXI J1820+070 in the X-ray hard state.

From: Discovery of oscillations above 200 keV in a black hole X-ray binary with Insight-HXMT
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Tao, SNZ+ 2021, Nature Astronomy




Dip in the lag-freq. spectra at QPO

Fig. 2: Frequency-dependent phase-lag spectra for MAXI J1820+070 in different
energy bands. A|| |ags are relative to 1-2.6 keV; negative lag: behind

From: Discovery of oscillations above 200 keV in a black hole X-ray binary with Insight-HXMT
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All spectra are relative to the 1-2.6 keV band for a typical observation taken on MJD 58199.5-58200.9 (ObsID PO114661003). a—c, Spectra for 2.6-4.8 keV
(a),4.8-7keV (b) and 7-11 keV (c¢) from LE. d—f, Spectra for 7-11 keV (d), 11-23 keV (e) and 23-35 keV (f) from ME. g1, Spectra for 25-35 keV (g), 35-48 keV
(h), 48-67 keV (i), 67-100 keV (j), 100-150 keV (k) and 150-200 keV (1) from HE. To compare the results from different telescopes, we used some
overlapping energy bands: ¢ for LE and d for ME, and ffor ME and g for HE. The frequency-dependent phase-lag spectra confirm consistency between
different telescopes. The vertical dashed lines indicate the LFQPO frequency. In all cases, we observe a narrow dip-like feature (cyan points) at the LFQPO

frequency. Error bars correspond to 1o confidence intervals.

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

Fig. 3: The evolution of the LFQPO phase lag as a function of photon energy for
ObsID P0114661003.

From: Discovery of oscillations above 200 keV in a black hole X-ray binary with Insight-HXMT
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Inthe jet precession model, as the jet is curved, different parts of the jet have different ¢qoy values (see Fig. 4), which causes the phase lags between
different energies (green, LE; red, ME; blue, HE). The curvature of the jet (Aggow) is tuned to match the observed phase lags (see the grey line). Error bars

correspond to 1o confidence intervals.

Ma, Tao, SNZ+ 2021, Nature Astronomy .




New model of BH QPOs: L-T precession Jet
=T “Z RN 25 3R 72 37 BY 2B [ ISR i sh iR BY

Ma et al. 2020, Nature Astronomy
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Broad band energy spectra with Insight-HXMT
= HRAY TEREEZ RETE:

Fig. 2: Ratio of the spectrum to the best-fitting cutoff power law.

From: Insight-HXMT observations of jet-like corona in a black hole X-ray binary MAX1J1820+070
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aRatio of the spectrum of three epochs to the best-fitting cutoff power law (cutoffpl in XSPEC) in 2-200 keV. Time runs from top to bottom,
corresponding to the early, middle and late echo of this decay, i.e., 2018-03-23 (MJD = 58201, ObsID = P0114661003), 2018-4-25 (MJD = 58233, ObsID =
P0114661028), 2018-05-31 (MJD = 58269, ObsID = P0114661060). b Ratio of the spectrum of the same epochs to the best-fitting power law in 3-10 keV. The
vertical dashed line indicates the rest energy (6.4 keV) of the iron line. Fluorescence lines due to the photoelectric effect of electrons in the K-shell of

silver are detected by the Si-PIN detectors of ME, which dominates the spectrum over 21-24 keV. Therefore, the spectrum over 21-24 keV is ignored.

You+2021, Nature Communications




Decreasing reflection contradicts contracting corona

SARYNB Y R RO SN AR AR AE SRR T B

Fig. 3: Time-evolutions of the free parameters in the best-fitting of the spectral Fig. 4: Schematic of the proposed geometry.

model (1).
V.

From: Insight-HXMT observations of jet-like corona in a black hole X-ray binary MAXIJ1820+070

Corona evolves with time

Reflection should increasé,a -
but actually decreases
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Shown is a schematic of the proposed geometry, evolving from a vertically extended corona at early

times to a more compact corona at late times. The corona has a static core at small radii thatis
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shortens, causing the shift in the thermal reverberation lag to higher frequencies. The decrease in

vertical extent of the corona s also responsible for the decrease in the equivalent width of the

narrow component of the Fe line at 6.4 keV.

Kara+2020, Nature
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The contracting corona is an X-ray jet!
AR & MU AR RY =) im B2 SEBr 2 XS 2R 15

Fig. 5: Schematic of the proposed jet-like corona in the decay phase.

From: Insight-HXMT observations of jet-like corona in a black hole X-ray binary MAXI1 J1820+070

Disk + outflowing corona evolve with time

N

!-? “ ~ Comptonized

'BH’ stands for Black Hole, and the symbol “star’ represents the coronal region where the X-ray radiation comes from. The corona at height h can be
understood as a standing shock where the material flowing through. The Comptonized hard photons (red arrow) from the coronailluminates the
accretion disk, resulting in the observed reflection component (green arrow). Panel a, b and ¢, represents the peak, middle and end of the decay phase,
respectively. As the corona contracts towards the black hole (e.g., from panel a to b) with decreasing height, the fitted reflection fraction decreases,
which suggests that the bulk motion of the outflowing coronal material (sketched as an upward arrow) gets faster in the deeper gravitational potential
well, with the increase of the outflowing velocity v in units of light speed c. Note that the values of vare not taken from the spectral fits, but for the sake of
depicting faster outflowing corona.

You+2021, Nature Communications




Dedicated working mode for GRB
"ERMNS &= E AR (FI80I0EE

: Nal energy band Csl energy .
Working Mode (keV) band (keV) Detector Setting
Regular mode 20-250 40-600 Normal HV

Lower the PMT HV,
GRB/LG mode 100-1250 200-3000 urn off the AGC

GRB mode better energy range:
According to the simulation, det.
efficiency is good for >200 keV
GRB Epeak distribution

GRB mode: ~30% of obs. time
When the targeted source is occulted

Li by the Earth in pointed observation

TR When HE regular mode is not very

E o [K0V] _ |
GRB Epeak measured by Fermi/GBM useful in an observation

(Gruber+, ApJS, 2014)
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Effective Area for GRBs & Pulsars
&1 X0 5 2= #0 Bk oA 2 BV A SUE AR

e Can detect GRBs in both e 500~3000 cm?~ MeV range
regular & GRB/LG modes with single photon counting

(lower HV for PMT) and energy measurement,
e GRB monitoring FOV: all sky ~largest ~ MeV GRB &
un-occulted by the Earth pulsar monitor ever flown
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Figure 13: Effective areas of HXMT/Csl, Fermi/LAT, Fermi/GBM, Konus-Wind, Swift/BAT,
CALET/CGBM and AstroSat/CZTI. The effective area of Fermi/GBM (Nal) is the averaged over the
unocculted sky.
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Multi-instrument GRB spectral fitting
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Figure 17: Joint spectral fitting of HXMT /CslI (red), Fermi/GBM BGO detectors (black), Fermi/GBM Nal
detectors (blue and green), Swift/BAT (brown) and Konus- Wind (purple and cyan). In the joint fittings,
the 18 HXMT /Csl spectra are merged and the merged spectrum are re-grouped to 50 energy bins for display
clearly.

Luo et al. 2020




GW EM observations
"SR BYS| J70R B AgA Xt S AR

v Monitored most GW triggers
v Reported observation results in LVC GCNs
v Monitored the first BNS GW event GW170817
v GRB170817A was not detected in MeV range, including HXMT
v’ Stringent upper limit constraint between 200 keV to 5 MeV
v Joined the MMA paper and published detailed results in Science China

288 LIGO - Vil’gO Fermi/GBM | ISCIENCE CHINA

N

INTEGRAL/SPI-ACS!
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LIGO, Virgo

y-ray

Fermi, INTEGRAL, Astrosat, IPN, Insight-HXMT, Swift, AGILE, CALET, H.E.S.S., HAWC, Konus-Wind




Insight-HXMT joined the MMA paper
"ZER"ION T 5| 110K B S A LIE RS

v Quick response, reported HXMT observation by LVC GCN
v Only 4 X/gamma telescopes monitored the GW source throughout the
trigger time
v Fermi/GBM, SPI-ACS, Konus-Wind, Insight-HMXT
v HXMT has the largest eff. Area & time resolution in MeV

v Reported observation results in main context and table of MMA

2017 October 20 https: / /doi.org /103847 /2041-8213 faa91c9

OPEN ACCESS

M ulti-messenger Observations of a Binar}-’ Neutron Star J\-’lerger
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Insight-HXMT GRB data products
"ERMMNSEBRIE~m (AIALH TEER)

L Lk Hard X-ray ModulationTélé@pp_é -

http://hsuc.ihep.ac.cn/web/hxmtdata/grb
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http://hsuc.ihep.ac.cn/web/hxmtdata/grb

Summary &5

v Insight-HXMT is China’'s 1t X-ray  ads: year:2017-2020
astronomy satellite. full"HXMT®
v 1-15, 5-30, 20-250 keV (pointed) and
0.2-3 MeV (all-sky monitor) Citations ~ Reads
v'An open small-observatory
v Core program: all scientists working in
China (most data now public)

refereed non refereed

160
140

v'Guest program: world-wide 120
v'AO-4 will be announced in April 100
(more time than core program) 80
v'Coordinated multi-A observations: 60

40
20

space & ground

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