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Transient Black Hole Binaries & HID
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Fast time variability

m Low Frequency QPOs
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Insight-HXMT satellite and payload

Medium Energy

Low Ener;
&Y X-ray Telescope

X-ray Telescope

LE

Launch: June 15, 2017
Orbit: 550 km, 43 deg

HE

4 “_

Detector Nal/Csl Si-PIN
Total area (cm?2) 5100 952 384
Energy range(keV) 20-250 (collimator) 5-30 1-15
100-5000 (all-sky)
Time resolution 2 us 240 ps 1 ms
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Insight-HXMT observation in MAXI J1535-571

LLLL| LRI
LE: 1-12 kaV

0.01
10

LAl

0.01

ME: -3 ko

10+
10+
0.01

0.01 0.1 1 10
Frequency (Hz)

Rms (%)

10

10'

S
g
- ! ——
_+__¢_+ 1 + 10
-+
4 +
MID 58008.4 —_— MID 580132
+ QPO: 257 Hz QPO: 333 Hz
+ .- raing +
—y—rt + - ——
=" — 10'
++ +
+
-+ -+
—_— MID 58008.5 MID 58014.1
QPO: 2,67 Hz —_— QPO: 332 Hz
_-—
- —+—
-
_._4.-0-—'— 1 | — 10
++F -
+
MID 58017.2
MID 58011.2 _+_+ QPO: 9.08 Hz
QPO: 2.09 Hz 0
* 5 > 10
+ 10 10
- Energy (keV)
4
+
— MID 58012.2
QP0: 275 Hz
10’ 10
Energy (keV)

& HIRIECERIQPORIHT A 30 B 2100 keV

Rms (%)



MAXI J1820+070

2018-03-11 detected by MAXI, low-mass black hole X-ray
binary, ASASSN-18ey, RA, Dec=275.091, 7.186
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Lighteurve of MAXI J18204070 {Faullkss Telescopses, LCO, Al Sadeam. Lolano, Swilt BAT, MAX), literature)
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http://www.astronomerstelegram.org/?read=11510

I Insight-HXMT Observation

m Observation Time: (ToO)
W 2018-03-14~2018-10-21 : Monitor > 140 times

B Total exposure: ~2000ks.

m Insight-HXMT Features:
M | arge effective area H® High timing res.
B Wide energy band (1 keV- 250 keV) B No pileup



Insight-HXMT Timing Result



I The Outburst Evolution : LC & HID
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I Power Density Spectra
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LFQPOs Evolution with Time

m Type-C LFQPO: 0.02Hz~0.65Hz
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LFQPO Frequency vs. Energy
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LFQPO FWHM vs. Energy

FWHM (mH2z)
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LFQPO RMS Vs. Energy
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Phase Lag vs. Frequency
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QPO Phaselag Vs. Energy
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Current model of LFQPO

m Instabilities
— Disk:
* High energy (~ 200 keV)
— Corona:

* lag of 1 s corresponds to a size of 3.9x10°km,
10%rgfor a 7-10Me BH

* Inverse Comptonization -> Hard lags
* Rms-energy spectra increase

m Geometry effects
— Precession of the hot inner flow (L-T precession)




NICER count rate (10%)

MICER count rate

25
2.0
1.5
1.0
0.5

2

=
Pa[TTIIT
i

Current model of LFQPO--LT

Lense-Thirring precession

L PR B T R T
58,240 58,260 58,280
Time (MJD)

' | |
58,200 58,220

I 0.3 0.35 I
Hardness, (4-12 keV)/(2—4 keV)

v

W

S

Ingram et al. 2009

g/em?/s)

QPO frequency (Hz)

NUSTAR

Flux

f\‘-\

10

T + | |

Inclination

[ 4|

Inner radius
.

80

100 120 140 160 180

Time (2018 doy)




Model of LFQPO-- jet precession

= Formation and radiation mechanisms for the small-scale jet
around the black hole.
— Magnetic flux tubes (magnetororational instability or magnetic buoyancy).

— Flux tubes can form a close zone with a size of a few gravitational radii->
the balance between the pressure of the twisted field induced by BH spin
and the confinement pressure from external field.

— With the release of magnetic energy, charged particles attached to the
closed zone can be accelerated.

— Soft photons from the accretion disk can be inverse Compton scattered by
the energetic electrons into X-rays.

UT=0 UT=0

Yuan'., 2019

l'ﬂ,‘



Model of LFQPO-- jet precession

Relativistic frame-dragging -> jet precession -> LFQPO
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Model of LFQPO-- jet precession

Doppler boosting
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Model of LFQPO-- jet precession
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Model of LFQPO-- jet precession

m The Small-scale jet can be accelerated and collimated into a
relativistic, large-scale jet by the magnetic field.

m The large-scale jet will power broadband synchrotron radiation
from optical to radio.

m The jet precession can also produce the LFQPO observed In
the optical band.
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Optical QPO in MAXT J1820

m Optical QPO explained by the precessing jet model
— optical frms value: 3% (6%)
— opening angle :
1) 1.5+ 1 deg (Zdziarski, AndrzejA. , 2021)
2) $=0.45*0-13_) .. deg (Tetarenko, A. J., 2021)
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Summary

m Insight-HXMT has monitored the outburst of new black hole

candidate MAXI J1820+070

= In the LHS, type-C LFQPOs are significantly detected above
200 keV by Insight-HXMT.

= From the energy dependence of the QPO properties, type-C
LFQPOs of high energy band may arise from precession of

the small-scale jet.

We expect Insight-HXMT will improve our understanding of the

X-ray variability in bright BHBS! S ] ‘ i A l 1K VOl | "



