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Abstract

LMC X-4 is an eclipsing high-mass X-ray binary exhibiting a superorbital modulation with a period
of ∼ 30.5 days. We present a detailed study on the variation of superorbital modulation period with a
time baseline of ∼ 18 years. The period determined in the light curve collected by the Monitor of All-sky
X-ray Image (MAXI) significantly deviate from that observed in the All Sky Monitor (ASM) onboard the
Rossi X-ray Timing Explorer (RXTE). Using the data collected by RXTE/ASM, MAXI, and the Burst
Alert Telescope onboard Swift, we found a significant period derivative, Ṗ = (1.95 ± 0.14) × 10−5 s s−1,
of the superorbital modulation period. Furthermore, the O – C residual shows a complex evolution of the
superorbital period. Thus, the superorbital modulation in LMC X-4, which is thought to be caused by a
stable mode 0 warping of accretion disk, still exhibits complicated unstable behaviors.
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1. Introduction

The eclipsing high mass X-ray binary LMC X-4 shows
periodic superorbital modulation with a period of ∼ 30.5
days in its X-ray light curve (Lang et al. 1981). This
modulation is believed to be caused by a precessing ac-
cretion disk of mode 0 stable warp that obscure the X-ray
emissions from the neutron star (Ogilvie & Dubus 2001,
Clarkson et al. 2003). Using the epoch folding tech-
nique on the light curve collected by the All-Sky Mon-
itor (ASM) onboard the Rossi X-ray Timing Explorer
(RXTE), as well as the arrival time analysis on both
the GINGA and RXTE data, Paul & Kitamoto (2002)
found a time derivative of the superorbital period with
a value of Ṗ = 2 × 10−5 s s−1. However, the arrival
time also provide another possible Ṗ value of 3 × 105 s
s−1 due to the large observational gap between GINGA
and RXTE observations. Because the RXTE collected
a huge amount of usable data up to 2010, and two new-
generation projects, the Burst Alert Telescope (BAT)
onboard Swift and the Monitor of All-sky X-ray Image
(MAXI), take over the monitor mission of RXTE, we
can further study the long-term variability of the super-
orbital modulation of LMC X-4 in detail.

2. Observation

Launched in late 1995, the RXTE/ASM continuously
swept the entire sky every 90 minutes. The data col-
lected from 1996 to 2010 (MJD 50134 to MJD 55200)
were used in this research. The Swift observatory was

launched in late 2004 and it is still in operation. The
BAT onboard Swift, like the RXTE ASM, provide mon-
itoring light curves with time resolution of 90 minutes.
The MAXI is an X-ray monitoring camera onboard the
International Space Station. The MAXI team archived
light curves with time resolution of 90 minutes since
2009. All the data are barycentric corrected using the
ftools task earth2sun. Combining these three observa-
tories, the time baseline in this research is ∼ 6500 days.

3. Results

3.1. The Lomb-Scargle Periodograms

We first applied the Lomb-Scargle algorithm on all the
three data sets to examine the superorbital modulation
period in these observations. The power spectra are
shown in Figure 1. The period detected in the RXTE
ASM data set is P = 30.3227±0.0030 days, where the er-
ror comes from a 104 times Monte Carlo simulation. On
the other hand, the periodicities detected in Swift BAT
and MAXI data sets are P = 30.3620± 0.0017 days and
P = 30.3841 ± 0.0058 days, respectively. These periods
are significantly deviate from each other.

3.2. The Evolution of the Superorbital Modulation

We then used the O – C analysis technique to trace the
evolution of the superorbital modulation period. The
light curves were divided into several segments with a
certain window size. Based on the data quality, the
window size of RXTE ASM light curve was set to be
300 days, and that of Swift BAT and MAXI were set
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Fig. 1. The Lomb-Scargle periodograms of the X-ray light curve
collected by RXTE/ASM (left), Swift BAT (middle), and MAXI
(right).

to be 120 days. The data points in individual segments
were folded according to the linear ephemeris determined
using the RXTE ASM data set. We fitted the super-
orbital profiles with Gaussian functions to obtain the
phase of maximum intensity, which are set to be the
fiducial points. The phase evolution of the superorbital
modulation is shown in Figure 2. Obviously, the mod-
ulation period slightly decreases with time. We fitted
the data points using a quadratic curve and established
a quadratic ephemeris as Tmax = (50169.4 ± 0.29) +
(30.2677±0.0050)×N+(2.95±0.21)×104×N2. The pe-
riod derivative is Ṗ = (1.95± 0.14)× 105 and χ2

ν = 9.12.
From the evolutionary track, we noticed that the super-
orbital modulation period of LMC X-4 also has short-
term variability with a time scale of thousands of days.

Fig. 2. The O – C result for the evolution of superorbital modulation.

We further examine the short-term variability of the
superorbital modulation period using the MAXI data
with the Hilbert-Huang transform. The 1-day binned
light curve was first decomposed using the ensemble em-
pirical mode decomposition (Wu et al. 2009) into 10
intrinsic mode functions (IMFs). Then, we applied the
normalized Hilbert transform on the superorbital modu-
lation component to obtain the Hilbert spectrum, which
is shown as the color map in Figure 3. For comparison,
the dynamic power spectrum is also plotted with contour
stacked on the Hilbert spectrum. The instantaneous fre-

quency calculated by the Hilbert spectrum seems to be
more violent than the variability of the dynamic power
spectrum. This is probably caused by the non-sinusoidal
nature of the superorbital modulation, as well as the
contribution of noise.

Time (MJD−50000)

F
re

qu
en

cy
 (

1/
d)

 

 

5200 5400 5600 5800 6000 6200 6400 6600

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

0

1

2

3

4

5

6

7
x 10

−3

Fig. 3. The Hilbert spectrum (color map) and the dynamic power
spectrum (contour).

4. Summary and Future Work

Using the all-sky monitoring data collected by RETE
ASM, Swift BAT, and MAXI, we presented that the su-
perorbital modulation period of LMC X-4 is unstable.
The O – C result shows that it contains not only a sig-
nificant period derivative but also short-term variability.
The mechanism that causes the variability is still un-
known. If the superorbital modulation period is caused
by the radiation induced warp of accretion disk, the rela-
tionship between the flux and modulation period should
be further examined. Furthermore, the relationship be-
tween spin, orbital, and superorbital modulation is also
worth to be further studied.
This research has made use of data provided by the

ASM/RXTE teams at MIT and at the RXTE SOF and
GOF at NASAs GSFC, the Swift BAT data provided
by Swift BAT team, and the MAXI data provided by
RIKEN, JAXA and the MAXI team. This research was
supported by grant NSC 102-2112-M-008-020-MY3 from
the Ministry of Science and Technology of Taiwan.
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