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China’s Space High Energy Astrophysics Missions

v DAMPE (2015)
v*POLAR (2016) , . A
v*Insight-HXMT _DAMPE 2015 “POLAR 2016 SUXMT 2.017
(2017) 5 -
v*GECAM (2020)
v'SVOM (2022)
vEP (2022)
v*POLAR-2 (2024)
v*eXTP (20277?)
v*HERD (2025?)

*GECAM 2020 SVOM 2022

*POLAR-2 2024 *HERD 20257? *eXTP 20277

*IHEP the Pl institution
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Hard X-ray Modulation Telescope (HXMT) satellite
XA EETE (HXMT) &

China’s 1st X-ray astronomy satellite
Selected in 2011 :
Total weight ~2500 kg ~

Cir. Orbit 550 km, incl. 43°
Pointed, scanning and GRB modes
Designed lifetime 4 yrs

Launched on June 15", 2017 '

Dubbed “Insight’ (ESEGE SR “HEE”)

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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History of ZHlRInsight-HXMT

'SPACE HGH ENERGY X-RAY MODULATION TELESCOPE

SRERX S ENDE

‘15;91.9' ' 3
1970-80s balloon flight 1993 first proposal, 2011 funded  Z=EIGEEFZProf. Ti-Pei Li

CEWV 13 TR B

1
— |
)
In honor of L |
{ai¥E Ho Zah-wei (1914-2011) 2017.6.15 Launched in Jiuguan, China

“HAER” Insight
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F—EZTEREXS “BR” IR AH
Press Release of Insight-HXI\/IT Results
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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-
Star PIN,5-30
tracker keV, 952
cm?
LE:SCD,1-
15 keV,
384 cm?

HE: Nal/Csl, 20-250 keV, 5000 cm?
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iR & K EExposure Map
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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

12/51



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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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

Extreme Magnetism near Neutron Stars
1 = ML F B s 13 417

[ a4
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Maitra 2016
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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
B R ERNE RS RN T

10N

o GRO J1008-57: ~85 keV =
highest B directly measured In
the universe ~1013, ~ 40 with
NUSTAR & Suzaku ~79 keV

O 4 HXMT observations ~235 ks

~ 200 detection

HXMT/HE one module,
17 modules ~20 o
Allow for phase
resolved and flux
dependent studies

Ge et al. 2020




Extremely Complex Interactions in NSXBs

‘R T EMRHES RRHEER

Companion
Starf¥£

rfhFENeutron Star |

|

U& 073 Accretion Disk

©NAOJ
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Corona cooled by single Type-| X-ray burst
"SR &I T2 Sim R B XS 2k R IL A
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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, respectiv l The time bin fc rLE and ME is 1 s
and HE is 4 s, the green zone in the hllmpnlnd ate lhh ckground level for HE detectors. The right panel shows the cross-correlation between the leltpnl
LE 2 der extrz wcted light curves with a time bin ¢ ll;_

MRTBE /LA B A g
y o EE-%—%M L&M%Eéu %On
4U1636-536 Y
Chen+2018, ApJL)

corona




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

20 25 30
Energy (keV)

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+ (2020, submitted to Nature)
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Main Events of Insight-HXMT on SGR1935

HAR XSGR J1935+2154 M A 33 A E

a5

v UT 2020/4/28 07:14:52 to 4/29 11:53:01 (public ToO proposed

by L. Lin)

v’ Atel #13687: Insight-HXMT detection of a bright short x-ray counterpart

of the Fast Radio Burst from SGR 1935+2154

v Atel #13696/GCN #27675: Insight-HXMT X-ray and hard X-ray detection

of the double peaks of the Fast Radio Burst from SGR 1935+2

154

v Atel #13729/GCN #27718: Insight-HXMT's continued observation plan
for SGR J1935+2154 (UTC 2020/4/30 06:58:25 to 2020/6/1 01:05:48,

public ToO suggested by S. Kulkarni)

v’ Several Insight-HXMT’s bursts were simultaneously observed by PGIR (PI:

joint paper submitted, De+ 2020), many by radio telescopes.

M. Kasliwal,

v GCN #28027: Updated catalog of X-ray bursts of SGR J1935+2154 from
Insight-HXMT observations (http://enghxmt.ihep.ac.cn/bfy/331.jhtml: 133

bursts, 8.64E-12 to 2.01E-06 erg/cm?)
v May 10, 2020, Insight-HXMT paper submitted to Nature
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Questions answered by Insight-HXMT data
22 AR BV S 3R Bl 7Y (9] @0

v'Did the X-ray burst on 2020-04-28 come from
SGR J1935+21547?

v'Is the X-ray burst the high energy counterpart of

~RB 2004287

v'Is the X-ray burst typical of SGR bursts?
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Field of View of Collimators/f B 28 {117

1 HE1°.1x5".7
1 LE1°.6x6"

A source can be
localized by comparing
the count rates of the
different detectors with
different orientations of
FOVs.
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Localization of the X-ray burstE \L X §t 2k %=

25 7

204

o
~Stare2: 95%

5 :

10 arcmin

InsSight-HXMT

+ SGR J1935+2154

293 294 295
R.A. (deg)

I I I I
290 295 300 305
R.A. (deg)

X-ray burst 3.7 off SGR1935 with =10’

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

HXMT team), submitted to Nature on May 10", 2020




Insight-HXI\/IT broad band light curves
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Insight-HXMT broad band spectrum

S ARZTREEXRETE

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),
.‘ submitted to Nature on
* Eneray (kev) May 10th, 2020
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Is the X-ray burst typical of SGR bursts?
X e A BB Y g E X ST 2% 5% 7

v'The X-ray burst is non-thermal: even in the BB+PL
fitting, the BB component makes up only 18% of

the total emission.

v'A thermal origin is preferred for normal SGR short bursts.

v ~6% of short bursts of SGR1935 can be best fit with PL.

v'This X-ray burst (~104° erg/s) is also one of the brightest
from SGR1935, though 4-7 orders of magnitude less
luminous than the SGR giant flares (~104447 erg/s).

This X-ray burst is not a typical SGR burst.
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Answers to the Three Questions
= o) Y& 2R

v'Did the X-ray burst on 2020-04-28 come from

SGR J1935+21547?
v'Yes: Insight-HXMT localization

v'Is the X-ray burst the high energy counterpart of

FRB 2004287
v'Yes: Insight-HXMT localization + two narrow peaks

v'Is the X-ray burst typical of SGR bursts?
v'No: non-thermal and bright.

Additional and more interesting results from these
observations will be submitted soon: stay tuned!
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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

AR & IR
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Huang et al. 2019; Ma et al. 2020




New model of BH QPOS L-T precession Jet
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Ma et al. 2020
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Further Evidence for X-ray Jet near BH
2 5[0 B I X B 2 BT 5k BY i3 — 20 UE 3R

T | T
m Monte Carlo R0=300 r,

L 5-10/1-5 kev ] 06— | o Monte Carlo R =100,
n 10-25/1=5 keV 1 - O Monte Carlo y=2.24

Insight-HXMT data
E on Maxi 1820

Time lag (s)

—
0
N

o
o

Q
£
=

— Best-fit (y=2.24)

..[ Many sources

Time lag (s)

Figure 6. High-frequency time lags as a function of the pho-
ton index of the hard spectral component in MAXI .J1820.

As in Fig. 1, the triangles and circles correspond to epoch 1
and 2, respectively.

Wang et al. 2020 Reig et al. 2018




Hard X-ray flares from BHXBs—> Cannon Ball
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X-ray variability: 10-100 s, aperiodic, bright & coherent in all energy bands,
explained in a new model: inverse Compton scattering of accretion disk
photons in a vertically moving cannon ball 2> Lamp-Post. Wang et al. 2020
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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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Fermi/GBM (BGO)
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CALET/CGBM (HXM) 2020
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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




Best MeV detection of the Vela pulsar
"EAR"1S 2 7 AEWLAKA 2 BY S AEMe VIR 45 3R

HXMT/CslI
380 days

Mww Wi 2

Fermi/LAT
| 400 days
0.1-300

GeV Chandra X-ray image

CGRO/OSSE
60-600 keV

89 ms pulsar: radio,
optical, X-ray, y-ray
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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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GRB Statistics & GW follow- ups

RIS RN Z 1t : ~100/5, HAEIERFRE —

Year 2017 2018
Month 6 7 8 9 10 11 12 1 2 3 4 5
All 2 10 9 12 8 8 8 11 8 7 11 6
shot 0 3 5 3 5 2 1 1 1 1 3 2

Year 2018 2019 Total

Month 9 10 11 12 1 2 3 LG Mode: 16; GCN: 67/23 (1st)
All 4 4 5 6 7 6 12 163 gamma-ray bursts

shot 1 0 2 1 O 2 2 39 short gamma-ray bursts

~100 GRBs/year @ ~MeV, ~% short GRBs > ~1/6 by GBM
GRB MeV flux limits and X-ray afterglow searches for GWs
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High Precision X-ray Pulsar Navigation
"EAR"SLIN T S5 E BKRE S A E NS UE

In-orbit demonstration of X-ray pulsar navigation with the
Insight-HXMT satellite

S. J. Zheng', S. N. Zhang'?, F. J. Lu!, W. B. Wang®, Y. Gao?®, T. P. Li***, L. M. Song!,

In this work, we report the in-orbit demonstration of X-ray pulsar naviga-
tion with Insight-Hard X-ray Modulation Telescope (Insight-HXMT), which was
launched on Jun. 15th, 2017. The new pulsar navigation method ‘Significance
Enhancement of Pulse-profile with Orbit-dynamics’ (SEPO) is adopted to de-
termine the orbit with observations of only one pulsar. In this test, the Crab
pulsar is chosen and observed by Insight-HXMT from Aug. 31" to Sept. 5™
in 2017. Using the 5-day-long observation data, the orbit of Insight-HXMT is -
determined successfully with the three telescopes onboard — High Energy X-ray
Telescope (HE), Medium Energy X-ray Telescope (ME) and Low Energy X-ray ’
Telescope (LE) — respectively. Combining all the data, the position and velocity
of the Insight-HXMT are pinpointed to within 10km (3¢) and 10 ms™! (3¢),
respectively.

Submitted to ApJS on 2018-09-03, accepted on 2019-06-11




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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China’s Space High Energy Astrophysics Missions

v DAMPE (2015)
v*POLAR (2016) i : |
v*Insight-HXMT DAMPE 2015 “POLAR 2016 *HXMT 2017
(2017) g
v*GECAM (2020)
v'SVOM (2022)
v EP (2022)
v*POLAR-2 (2024)
v*eXTP (20277?)
v*HERD (20257?)

L 43
J‘"i‘

*POLAR-2 2024 *HERD 20257 *eXTP 20277

*IHEP the Pl institution
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GECAM: 2020

A leading mission in multi-messenger GW astronomy era

® Sciences
— GW GRB (GW EM from keV to MeV)

— Fast Radio Bursts (FRB), High Energy
Neutrinos (HEN), GRB, Magnetar

® Performance (better than existing ones)

— 100% all-sky FOV, high sensitivity, wide
energy band, good localization (~1 deg)

GECAMZERE

® Innovations "
s

— Two small satellites, ALL-TIME ALL-SKY

— BeiDou navigation system, real-time data
® Mission of Opportunity

— Proposed in 2016, approved in 2018

— Plan to launch in 2020, life time>3 yrs

Pl. Shaolin Xiong (IHEP)



SVOM (Space Variable Object Monitor): 2022

* * 3
Chinese Academy of . '\\

HEP 30 kev-5MeV\ /| I§ 400-650 nm, 650-950

| Eciais @ x| )

4-250 keV d 0.3-5 keV
Pls: Jianyan Wei, GPM
National Astronomical 450-900 nm 400-1700 nm

Observatories of China;
Bertrand Cordier, CEA, France

“fers)

48/51



The Einstein Probe (EP) mission: 2022

The first mission that uses Lobster- . I

eye optics to monitor transients in
the soft X-ray band.

Proposed in 2012, selected in the
end of 2017

Launch date: ~2022

Mission Features

* Very wide FoV 1.1 sr (3600 sq. deg.) grasp: ~10,000 deg?.cm?

« Good angular resolution (~5°) and positioning accuracy (<1’)

« Soft X-ray band: 0.5-5 keV

« Sensitivity: >1 order of magnitude higher than current telescoeps
« Autonomous X-ray follow-up (<10 arcsec localisation) (IHEP)

« Fast alert data downlink and fast uplink for ToO (TBC)

Pl: Prof. Weimin Yuan, National Astronomical Observatories of China
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POLAR-2 on China’s Space Station:2024

Flight on-board China’s
Space Station

Detailed polarization
measurements for 30 GRBs
per year

time resolved polarization
measurements for 10 GRBs
per year

launch ~2024, operation for
2 years

UNIVERSITE

DE GENEVE BNCBJ

Effective Area (cm°)

NP E -/. é_i-?}%i

Selected on June 12, 2019
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Pls: Xin WU (UniGE)
Shuang-Nan Zhang (IHEP)

Institute of High Energy Physics

Chinese Academy of Sciences
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Summary =45

v Insight-HXMT is China’s 1st 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) 150
v'Guest program: world-wide
v'AO-3 starts from Aug.15t (more
time than core program)
v'Coordinated multi-A observations:
space & ground

v'Several more missions coming!

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

refereed non refereed
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