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Abstract

With a !140 ks deep XMM-Newton observation pointing on PSR J2021+4026, we have discovered a
new X-ray flash candidate, XMM J202154.7+402855. Among all the point sources detected in this investi-
gation, this target is the brightest one and obviously variable with its count rate significantly increased by
a factor of !40 higher than the average. We tried to apply the power-law to fit the cooling tail of the X-ray
flash, and the result (power-law index ! -5/3) is similar to the known events of Type I X-ray bursts. How-
ever, the spectral analysis for this target does not support neither the nature of a superburst nor a Type
I X-ray burst. Such ”flash” phenomenon can be a result of comptonization radiation while the quiescent
stage of this target can be described with a composite contribution from a non-thermal power-law and a
thermal emission due to a surface component or a disk component. We can not rule out a possibility of
this event due to a foreground flaring star or a tidal disruption from a background galaxy/AGN. In order
to clarify the nature of this X-ray flash, more comments and assistant observations both in the optical or
the infrared bands are necessary.
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1. Introduction

With a ! 140 ks deep XMM-Newton pointing on PSR
J2021+4026, we also discovered a new X-ray flash, XMM
J202154.7+402855 as shown in Fig. 1. The outburst
of XMM J202154.7+402855 occurred at 40 ks after the
start of investigation (! MJD 56028.31) so this target
became the brightest one among all the point sources
detected in MOS 1/2. XMM J202154.7+402855 is obvi-
ously variable with its count rate significantly increased
by a factor of 40 higher than the average, and it’s flux
comes back to the quiescent stage in an hour. Since
this feature resembles a candidate of intermediate dura-
tion superburst, we carefully examine timing and spec-
tral properties of this target on the first 110 ks light curve
after eliminating the background contamination.

2. Temporal Analysis

We tried to detect quasi-periodic oscillation (QPO) from
the obtained data through photon counting method with
the efsearch subpackage of HEAsoft. The searching
range from 0–400 s is centered at 200 s with a reso-
lution of 0.1 s. The highest peak obtained from the
periodogram is at 115.1 s with !2

15 less than 3. Even

we only considered those photons obtained between the
main outburst of 40000–55000 s shown in Fig. 1, the sim-
ilar result of the !2

15 = 3.2 was detected at a trial period
of 115 s. All the aforementioned results indicate that
no stable periodic signal can be yielded from the cur-
rent observation. Because the QPO probably appears
intermittently or varies with time, this feature causes us
di!cult to detect the signal by searching the periodicity
for the whole light curve. So we have performed the dy-
namic power spectrum to search the signal (Clarkson et
al. 2003) with a window size of 1000 s, which is roughly
the same as the duration of peak. However, we still did
not detect any significant signal of QPO from the dy-
namic power spectrum.

3. Spectral Analysis

In order to probe the spectral behavior of the X-ray
flash, we considered the quiescent spectrum (events in 0–
35000 & 80000-11000 s) of XMM J202154.7+402855 at
first. The quiescent spectrum can only obtain an accept-
able fit with a composite model with dual components.
Here we considered a non-thermal power-law component
with a photon index of " = 2.0+1.1

!0.9, a normalization
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at 1 keV of 7.0+13.9
!6.0 " 10!6 photons keV!1 cm!2 s!1

and a thermal blackbody component with a temper-
ature of 9.97+1.96

!0.77 " 10!2 keV, an emitting radius of
Rbb = (5.9+44.7

!0.9 )"d1.5 kpc km (d1.5 kpc represents distance
in units of 1.5 kpc) to obtain the best fit for the quiescent
spectrum with a column density of nH = 6.4+3.8

!3.2 " 1021

cm!2. The unabsorbed flux of XMM J202154.7+204855
in the quiescent state is ! 10!12 ergs cm!2 s!1. To com-
pletely investigate the spectral behavior of the X-ray
flash event, we divided the data into di#erent time in-
tervals including only raising stage of the peak, only af-
terglow and the main outburst to implement the spec-
tral analysis with the aforementioned absorption. We
considered to fix the the background contribution of the
quiescent state; however, only a comptonized blackbody
model (Nishimura et al. 1986) satisfies the requirement
to yield a reasonable spectral fit for the X-ray flash at
di#erent stages. An additional component for the spec-
trum from 1 ks that brackets the main peak of the out-
burst can be described as a blackbody temperature of
9.15+1.30

!1.18 " 10!2 keV, an optical depth of the plasma at
(8.4 ± 1.5) " 10!2 and a fixed electron temperature of
the hot plasma at 50 keV, which contributes the unab-
sorbed flux of ! 3.5"10!11 ergs cm!2 s!1in total. Based
on the length of the flare, we originally suspected it as a
superburst-like event from a LMXB and exclude it from a
typical Type I X-ray burst. It’s certainly not Eddington-
limited; nevertheless, the spectral feature obtained from
our result does not look like a superburst.

4. Discussion

According to the current detections on both timing and
spectral analyses, we still cannot specify the X-ray flash
event discovered from XMM J202154.7+402855. We
cannot totally exclude a possibility for a flare of a fore-
ground star (Tsang et al. 2012). However, the nearest
optical counterpart is about 3"" away which a bit large.
If that bight star is the counterpart, the X-ray-to-optical
flux ratio is consistent with a foreground star. Neverthe-
less, during the quiescence of a flaring early-type star,
the emission is presumably to be free-free, which should
in principle be described by thermal bremsstrahlung or
should possibly be described by a collisional plasma in
ionization equilibrium (CIE) model like Mekal (e.g. Sana
et al. 2007). We also tried to apply a power-law to fit
the cooling tail of the outburst as shown in Fig. 1, and
the detailed parameters can be referred to Table 1. The
fitting result of a free power-law index is drawn in a red
curve, whereas the result of a power-law index fixed at
-5/3 is shown in blue. Although this result is similar to
the known events of Type I X-ray bursts, both the du-
ration of the outburst and the spectral properties do not
favor this interpretation. We can not rule out a possibil-
ity of this event due to a tidal disruption from a back-

ground galaxy/AGN because such a L(t)!5/3 light curve
was always detected on TDE (Lodato 2012) although the
time scale is shorter than those usually seen. In order to
clarify the nature of this X-ray flash, more following ob-
servations both in the optical or the infrared bands are
helpful. All the details have been in submission already
(e.g. Hui et al. 2014, ApJ submitted).

Fig. 1. A flash light curve of XMM J202154.7+402855 obtained from
MOS 1/2. The epoch zero of the merged light curve corresponds
to MJD 56028.31 related to the selected GTI of XMM archive in-
vestigated in 2012. The light curve of XMM J202154.7+402855
was binned with 200 s labelled by cross signs. The highest peak
reaches to ! 0.4 cts/s, and all the error bars of data points
indicate the 1! uncertainty. Data points labelled by diamonds
demonstrate the cooling tail of the flash, and the red and blue
lines are the best fits to a power-law model with a free index and
a fixed index at -5/3, respectively. All the obtained parameters
are presented in Table 1.

Table 1. Best-fit parameters with both free/fixed power-law indices
in y = a1 + a2 " (t # a3)a4 to the tail of X-ray flash

Parameters a1 (cts/s) a2 a3 (s) a4 "2
! (d.o.f)

a4 free 0.01 1511±2074 40950 ± 215 -1.27±0.16 1.099(62)

a4 fixed 0.01 49112±5128 40388±121 -5/3 1.117(63)
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