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Quasi-periodic Oscillations (QPOs) in GX 339-4

(Motta et al. 2011)
(Motta et al. 2011)



Phase-resolved Spectroscopy

6-Hz type-B QPO in GX 339-4
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First Step of Hilbert-Huang Transform (HHT)

Huang et al. (1998); non-stationary and non-linear signals

First step of HHT: Empirical mode decomposition (EMD)

Intrinsic mode functions (IMFs)
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Second Step of Hilbert-Huang Transform (HHT)

Y3(t) =
1
π
P
∫∞
−∞

X3(t
′)

t−t′ dt
′ ← Hilbert transform

X3(t) + iY3(t) = a3(t)e
iθ3(t) ← Instantaneous amplitude & phase

ν3(t) =
1
2π

dθ3(t)
dt
← Instantaneous frequency
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HHT-based Timing Properties

Autocorrelation function of the
IMF c3
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(Su et al. 2015,
Intermittency of 4-Hz QPO in

XTE J1550-564)



HHT-based Timing Properties (conti.)

Confidence limit of the
instantaneous amplitude
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Spectral Modulations
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Possible Interpretation

(Inspired by a recent simulation from Hogg & Reynolds)



Summary

Method

We utilized HHT to characterize the HHT-based timing
properties, extract the QPO instantaneous phases, and then
construct its phase-resolved spectra.

Results

HHT-based timing property: the QPO is composed of a
series of intermittent oscillations with ∼ 1 s coherence
time

Phase-resolved spectra: significant modulations of
Comptonization parameters with unignorable modulations
of thermal disk components



Future Works



Phase lag?
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Sifting Process of Empirical Mode Decomposition

(Huang & Wu 2008)



Comparison between Analysis Methods

(Huang & Wu 2008)


