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A Phase-resolved View of the Low-frequency Quasi-periodic
Oscillations from Black Hole X-ray Binary MAXI J1820+070

o :. ‘_'.
o + i el T - Jel - By

: -’e;?;;,,.-‘-;: L R R

RS . o o FE 25

From https://ihep.cas.cn/ ‘ From https://ihep.cég.cn[ ¢

Qingcang Shui
Institute of High Energy Physics, Chinese Academy of Sciences

The 32nd Texas Symposium on Relativistic Astrophysics@Shanghai, China
2023.12.11-15



Black Hole X- ray Binary (BHXRB
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Undergoing outbursts occasionally after
staying with faint luminosity for a long time
in quiescence is the primary feature of low-
mass black hole X-ray binaries.
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Black Hole X-ray Binary (BHXRB)

Most complete outbursts are observed to have
four typical states: the low/hard state (LHS), hard

intermediate state (HIMS), soft intermediate state
(SIMS), and
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Low-frequency Quasi-periodic Oscillations
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Low frequency quasi-periodic oscillations [ omassmanos
(LFQPOs) are usually detected in BHXRBs,
with characterized by a

in the power density spectra (PDS).
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Low-frequency Quasi-periodic Oscillations

Many observational studies have revealed that the
variability of type-C QPOs generally increases with the
photon energy. And more importantly, QPO signals

have been detected by /nsight-HXMT.
These results indicate that type-C QPO should be

strongly related to the
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Low-frequency Quasi-periodic Oscillations

The inclination dependence of amplitudes and time
lags add support to a
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Phase-resolved analysis: provides
valuable insights into the properties of
QPOs by examining
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Low-frequency Quasi-periodic Oscillations

In studies of X-ray pulsars, the phase-resolved Differing from the pulsation in X-ray pulsars, the
analysis has been extensively conducted by QPO is characterized by a narrow peak with
in the PDS.
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QPO frequency
changes on a
short time scale.
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Phase-resolve Analysis of QPOs: HHT

Hilbert-Huang Transform +
See Huang et al. (1998) for details

Mode Decomposition (e.g. EMD, Hilbert Spectral Analysis

Intrinsic Mode
Functions (IMFs)
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The QPO waveform can be constructed by the




MAXI J1820+070

MAXI J1820+070 is one of the brightest BHXRB
systems observed by Insight-HXMT.
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Figure 1. HID of Insight-HXMT, where the hardness ratio is defined as the
count ratio between the hard band (5-10 keV) and the soft band (1-5 keV), and
the count rate is measured in the 1-10 keV energy range. The colored stars ™ I 1
indicate the averaged results for each epoch. 58200 58220 58240
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Phase-resolve Analysis of QPOs

—— The 2nd IMF
—— The 3rd IMF
+ DATA

_|_+H+ih||||||||'|'||"|||||

Variational Mode Decomposition Algorithm

HXMT Light Curve

il
-
>
£
<
o
=
A
2
-9

f~0Hz

BW ~0.12 Hz 107!

Frequency (Hz)

A ,f‘. | \
f ~032Hz \ AN ‘ nu, ’\.’H\\,"l‘ "ll"fltn\" /II/\'II |\ 'l/\n
BW ~0.07 Hz VV V a n., \V \ 1|| \/ \ | ’, || .;\ \,/ |‘|

I Power density spectra (PDS) of the original
light curve (black dots) and IMF C, (red line)

I|| \A !,

1200
/NO()()HL ”l”‘“l

m | :
BW ~0.15 Hz \ i'\ I\ l‘ ’lm‘\lﬂ\milﬂ”"’lvhuu‘n“umlHv“ "v, .W,.‘ﬂ”\"lm Hﬁ“ ”Ulﬂurm'lu“'“ I il‘lh‘ “i| |ﬂ‘ 'fﬁ"lllllﬂ“'yplv‘f‘ QPO Harmonlc

—— Epoch |
Epoch 2

1100 —— Epoch 3
- Epoch 4 r[r

f~1.13Hz 1000

BW ~0.09 Hz
900

Count Rate (cts s~ 1)

800

700

Time (s)

0.5 1.0 1.5
Phase (QPO cycles)

Representative example of a 100-s-long lightcurve
of LE in energy range of 1-10 keV and its

° Phase-folding QPO waveforms
corresponding IMFs.



Phase-resolve Analysis of QPOs
Spectral Model (You et al. 2021):
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Phase-resolve

Phase (QPO Cycles)

— Comptonization

Analysis of QPOs

Since the reflection fraction (Ry) is tied to the intrinsic
accretion geometry, the observed modulation of R; provides
strong support for the geometric origin of the QPO, e.g. the
jet precession model (see Ma et al. 2021, 2023).



Phase-resolve Analysis of QPOs
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Phase-resolve Analysis of QPOs
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Summary

We utilize the Hilbert-Huang transform to perform the
phase-resolved analysis of LFQPOs in MAXI
J1820+070.

The phase-resolved analysis reveals strong
concurrent modulations of the spectral index and
flux across the bright hard state.

Significant modulations in the reflection fraction are
also detected but exclusively during the later stages
of the bright hard state.

The modulation of the reflection fraction

The modulation of the spectral index could
potentially be explained by the jet precession model,
with

Thank you!



