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Abstract

We present the timing analysis of the intermediate polar TX Col in the X-ray band using the
observations made by Chandra, Swift, and Suzaku during the years 2000, 2007, and 2009, re-
spectively. The spin, orbital, and beat periods derived from these data are consistent with the
earlier findings. We found that the spin modulation was dominant during the Chandra obser-
vation, whereas both orbital and beat modulations were dominant during the Swift and Suzaku
observations. These findings and past X-ray observations indicate that TX Col is changing its
accretion geometry from disc dominance to stream dominance and vice versa.
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1. Introduction

Intermediate polars (IPs) are a class of magnetic cataclysmic variables where a white dwarf
(WD) accretes mass from the red dwarf via Roche-lobe overflow. IPs are asynchronous systems
with WD’s magnetic field strength of less than 10 MG. Studying IPs is important to understand
better the complex physics of accretion and magnetic fields in compact binary systems. TX Col
is an IP, which is located at a distance of 923 4-26 pc (Bailer-Jones et al., 2018) with spin (Pg)
to orbital (Pq) period ratio of ~ 0.09. Based on the soft X-ray detection and optical pulsation,
Tuohy et al. (1986) identified TX Col as an IP. It was the first IP to show the X-ray beat period
along with the spin pulse (Buckley and Tuohy, 1989) suggesting both stream-fed and disc-fed
accretions. Buckley and Tuohy (1989) found P, and Pq of 1911s and 5.7h, resp., using the
X-ray and optical observations during the year 1984—1985. Optical photometry by Buckley and
Sullivan (1992) in the year 1989 showed a periodicity at half of the beat period (P, _q) of 2106 .
Photometry of TX Col by Sullivan et al. (1995) during the year 1994 did not show the Py,_¢o
and its harmonic but quasi-periodic oscillations (QPOs) at the period of 5000 s (or larger) were
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identified. Using ROSAT and ASCA observations, Norton et al. (1997) showed that TX Col
was accreting predominantly via a disc in October 1994, and a year later, it was substantially
accreting via stream, making it again a disc overflow system. In the extensive photometry
spanning over ~ 12 years from 1989 to 2002, Mhlahlo et al. (2007) detected ~ 5900 s quasi-
periodic oscillations (QPOs) in the years 1990, 1994, and 2002, which they interpreted as the
beating of the Keplerian period of the orbiting blobs with the spin period. In the white light
photometry during the year 2002-2003, Retter et al. (2005) reported evidence for ~ 2 h QPOs
along with the large superhumps at 7.1 h and 5.2h, in addition to the spin, beat, and orbital
periods. Recent observations from TESS show TX Col as the variable disc-overflow accretor
with the presence of QPO in the period range of 3500-8500s (Rawat et al., 2021; Littlefield
et al., 2021). In this paper, we used the X-ray observations from Chandra, Swift, and Suzaku to
understand its accretion flow during these observations.

2. Observations

X-ray observations of TX Col were taken from Chandra, Swift, and Suzaku satellites.
Chandra observed TX Col on July 26, 2000, at 22:37:52 UT for 50.4 ks using Advanced CCD
Imaging Spectrometer (ACIS)-I instrument (Weisskopf et al., 2002). TX Col was observed by
Neil Gehrels Swift observatory (hereafter Swift) on three occasions in December 2007 using
X-ray telescope (XRT; Burrows et al., 2005) and Burst Alert Telescope (BAT; Barthelmy et al.,
2005) for 5.5 to 10 ks and two occasions on October 2015 for < 2 ks in photon counting mode.
The Suzaku observations of TX Col were carried out on 2009, May 12 at 16:19:17 (UT) with
the offset of 3.07 arcmin, using X-ray Imaging Spectrometers (XIS; Koyama et al., 2007) and
Hard X-ray Detector (HXD; Takahashi et al., 2007).

We have used standard data reduction methods with updated software and calibration files
for all the observations. We used the data reduction software CIAO for Chandra and HEASOFT
for Swift and Suzaku. The event files from different observations were corrected for the barycen-
tric time using the appropriate task in each satellite’s data reduction procedure. Light curves
of the source region were extracted with a circular region of the radius of 10”, 30”, and 165"
for the Chandra, Swift and Suzaku observations, respectively. A similar size of background re-
gions around the source region was chosen for the background estimation for each observation.
Finally, the source light curves were corrected for background contribution.

3. X-ray Light Curves and Timing Analysis

Figure 1(a) shows the background-subtracted X-ray light curves of TX Col as observed
from ACIS-1/Chandra, XRT/Swift, and XISO1/Suzaku satellites in three different epochs. All
the light curves are extracted in the energy band of 0.3-10.0 keV. The temporal binning of the
Chandra, Swift, and Suzaku X-ray light curves are the 50s, 50s, and 48 s, respectively. Multi-
periodic variations appear to be present in the X-ray light curves. Therefore, we have performed
the timing analysis by using the Lomb—Scargle method (Scargle, 1982).
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Figure 1: X-ray light curves and corresponding power spectra of
TX Col at three different epochs of observations.

Figure 1(b) is the power spectra of X-ray light curves obtained from Chandra, Swift, and
Suzaku observations. From the power spectral analysis of Chandra light curves, we identified
both w and Q frequencies along with several sideband frequencies above the confidence level
of 99%. Table 1 shows observed frequency details. We derived the average spin period of
1909 s, orbital period of 2106s and beat period of 5.67h from their different observations.
These periods are very similar to those derived by the most extended high cadence optical data
from TESS(see Rawat et al., 2021). In the case of Chandra’s observations, we have identified
sideband frequencies of @ —2Q, w — Q, ® + Q, and 3(@w — Q) above the confidence level
of 99%, whereas for the Swift and Suzaku observations, we have found @ — Q and @ + Q.
Additionally, the 2@ — Q frequency was also seen during the Swift observation. In the case of
Chandra observations, the @ frequency was dominant, whereas the Q frequency was dominant
during the Swift and Suzaku observations.

4. Discussion and Conclusions

X-ray power spectra are an effective way to distinguish the accretion geometry in IPs. The
commonly observed frequencies in the power spectra of IPs are @, Q, ® — Q, ® + Q, ® —2Q
and @ +2Q (Warner, 1995). We explain the accretion phenomenon in TX Col based on the
Wynn and King (1992) model. During the epoch 2000, the @ peak is dominant over @ — €
or any other peaks in the power spectra, opposite to that seen in the discless model of Wynn
and King (1992). Further, the ® — Q frequency appears to be modulated at the Q frequency,
resulting in the presence of the @ — 2Q frequency in the power spectrum. This modulation is
also responsible for enhancing the strength of @ peak. Further, we need to get information about
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Table 1: List of frequencies present in X-ray power spectra of TX Col in past and
present observations. Acronyms: DOSF — Disc overflow stream fed accretion;
DODF - Disc-overflow disc fed accretion.

Year Frequencies Dominant Mode of
frequency accretion
1985 o, w—Q 0—Q DOSF
1994° Q, 0, 0—Q ) DODF
1995° Q 0, 0—Q,20,2(0 Q) ®—Q DOSF
2000 Q0,0-Q 0+Q 0-2Q,3(0-Q) © DODF
2007 Q, 0,0—Q, 0+Q,20—Q ow—Qand Q DOSF
2009 Q o, 0—Q, 0+Q o—Qand Q DOSF

References:  Buckley and Tuohy (1989); ® Norton et al. (1997)

the pole cap asymmetry in this system. Thus, TX Col appeared to be predominantly accreting
via disc during this epoch. However, a small fraction of accretion also occurred through the
stream. During the epochs 2007 and 2009, the € and @ — Q peaks are found to be more
dominant than the ® peak in the power spectra. The w peak was the weakest in the power
spectra. The dominance of Q and w — Q peaks during the epoch 2007 and 2009 indicates
stream-fed accretion. If TX Col’s inclination angle is low, then pure stream-fed accretion can
not be considered during these epochs of observations. Also, the presence of weak @ peak
suggests that a part of accretion also occurred through the disc. Thus, the system TX Col
appears to accrete via disc as well as stream, being disc dominant accreator during the year
2000 and stream dominant accretor during the years 2007 and 2009.

Table 1 summarises the presence of frequencies in the X-ray power spectra from different
observations in the past and current analysis. We have also indicated the dominant accretion
mechanism based on the timing analysis. We noticed that the power of dominant frequency
changes from one observation to another. A similar result was found by using the long-term
high cadence data from the TESS (see Rawat et al., 2021; Littlefield et al., 2021). These X-
ray observations confirm that TX Col is a variable disc-overflow system, changing its accretion
mode from disc dominance to stream dominance and vice versa. In TX Col, the accretion
geometry can change from a disc-fed to a stream-fed state and vice versa, leading to variations
in the X-ray emission from the system. These changes can occur on timescales of hours to
days and are thought to be due to instabilities in the disc and magnetic fields around the white
dwarf. FO Aqr (Littlefield et al., 2020), V2400 Oph (Joshi et al., 2019), V902 Mon, Swift
J0746.3-1608, and UU Col (Rawat et al., 2024, 2022) are a few other IPs in which variable
disc-overflow accretion is observed.
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