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ABSTRACT

We found a possible ∼1 h quasi-periodic oscillation (QPO) in a ∼55 ks X-ray observation of the narrow-line Seyfert 1 galaxy MCG–
06–30–15 made with the XMM-Newton EPIC/pn detector in the energy range 0.3–10 keV. We identify a total modulation of ∼16% in
the light curve and find a '3670 s quasi-period using Lomb-Scargle periodogram (LSP) and weighted wavelet Z-transform (WWZ)
techniques. Our analyses of eight light curves of MCG–06–30–15, indicated the possible presence of an oscillation during one of
them. The LSP indicates a statistically significant ('3σ) QPO detection. A WWZ analysis shows that the signal at this possible
roughly 3670 s period is present, and rather persistent, throughout the observation; however, a signal around 8735 s is more persistent.
We briefly discuss models that can produce X-ray QPOs with such periods in narrow line Seyfert 1 galaxies, as both other claimed
QPO detections in this class of AGN had very similar periods.
Key words. galaxies: active – galaxies: Seyfert

1. Introduction
Detections of quasi-periodic oscillations (QPOs) are very rare
in active galactic nuclei (AGN), but are fairly common in
both black hole (BH) and neutron star binaries in the Milky
way and nearby galaxies (Remillard & McClintock 2006).
Over the last decade there have been several claims of QPO
detections on diverse timescales ranging from a few tens
of minutes to hours to days and even years, using γ-ray,
X-ray, optical and radio monitoring data of various classes of
AGN (Gierliński et al. 2008; Espaillat et al. 2008; Gupta et al.
2009; Lachowicz et al. 2009; Lin et al. 2013; King et al. 2013;
Fan et al. 2014; Sandrinelli et al. 2014, 2016a,b; Graham et al.
2015; Ackermann et al. 2015; Pan et al. 2016; Bhatta et al. 2016;
Bhatta 2017; Li et al. 2017; Xiong et al. 2017; Zhang et al.
2017b,c, 2018; Hong et al. 2018; and references therein). Since
any such QPOs are almost certainly transient, verification is difficult and claims are strengthened if more than one technique
provides consistent results.
The first significant QPO reported for a narrow-line Seyfert 1
(NLSy1) galaxy was in a light curve of RE J1034+396 (Gierliński et al. 2008); this had a roughly 1 h timescale (3730 s) in
the X-ray band and was found in XMM-Newton data. The second QPO detection in a NLSy1 galaxy was more recently made
by Pan et al. (2016) in 1H 0707−495; it again had a period of

∼1 h (3800 s) and was seen in a XMM-Newton observation. We
report a third probable QPO detection in a NLSy1 for MCG–
06–30–15 (z = 0.00775), once again using XMM-Newton data.
MCG–06–30–15 is well known, particularly for its broad iron
Kα line; this line that provides strong evidence for the presence
of a supermassive black hole (SMBH; e.g., Tanaka et al. 1995),
which is probably spinning rapidly (e.g., Iwasawa et al. 1996).
Because its Hβ line width (FWHM: full width at half maxima) of
1933 ± 82 km s−1 is <2000 km s−1 (Hu et al. 2016), this SMBH is
classified as a NLSy1. Interestingly, the possible QPO we report
on in this work also shows a period of ∼1 h. Convincing detection and careful characterizations of additional QPOs in these
and other NLSy1 galaxies may shed new light on the physical
processes occurring in these sources and can yield information
on their SMBH masses and spins (e.g., Abramowicz & Kluźniak
2001; Zhou et al. 2015; Pan et al. 2016).
The search for QPOs in light curves of AGN is very important: their presence can provide strong support for the common nature of the accretion process onto BHs ranging from a
few solar masses up to the SMBHs present in quasars (e.g.,
Abramowicz & Kluźniak 2001; Remillard & McClintock 2006;
Zhou et al. 2015). Plausible models that might explain QPOs
in AGN in different wavebands and on diverse timescales have
been put forward (e.g., Gierliński et al. 2008; Gupta et al.
2009; Lachowicz et al. 2009; Pan et al. 2016; Bhatta 2017; and
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employing the extensively used Lomb-Scargle periodogram
quantify this possibility we analyzed the data using recently em(LSP), and weighted wavelet Z-transform (WWZ) analysis techploying the extensively used Lomb-Scargle periodogram (LSP),
niques. In the following subsections we briefly describe these
and weighted wavelet Z-transform (WWZ) analysis techniques.
techniques and the putative QPO periods they yield.
In the following subsections we briefly describe these techniques
and the putative QPO periods they yield.
3.1. Lomb-Scargle periodogram

Fig. 1. XMM-Newton
EPIC/pn image
image of the NLSy1 MCG–06–30–15
XMM-Newton EPIC/pn
and the selected background region, denoted by a circle.

references therein). However, only once we have at least a handQPOs in different subclasses of AGN and on diverse timescales
ful of good cases of QPOs in different subclasses of AGN and
will it be possible for us to gain a thorough understanding of this
on diverse timescales will it be possible for us to gain a thorough
phenomenon.
understanding of this phenomenon.
In Section 2 of this Letter we briefly describe the X-ray data
In Sect. 2 of this Letter we briefly describe the X-ray data
and how we reduced it. In Section 3 we present a description of
and how we reduced it. In Sect. 3 we present a description of
the QPO search techniques we employed and the results of those
the QPO search techniques we employed and the results of those
analyses. A discussion and our conclusions are given in Section
analyses. A discussion and our conclusions are given in Sect. 4.
4.

2. Data and reduction
2. Data and reduction
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3. Light curve analysis and results
3.
curve analysis
TheLight
XMM-Newton
EPIC/pn and
imageresults
of NLSy1 MCG–06–30–15
and a circle showing the 45 arcsec radius background region
The XMM-Newton EPIC/pn image of NLSy1 MCG–06–30–15
are shown in Fig. 1. The ∼55 ks continuous light curve of
and a circle showing the 45 arc sec radius background region are
NLSy1 MCG–06–30–15 in 0.3–10 keV is plotted in Fig. 2. By
shown in Fig. 1. The ∼ 55 ks continuous light curve of NLSy1
visual examination it appears that the X-ray emission during that
MCG–06–30–15 in 0.3 – 10 keV is plotted in Fig. 2. By visual
period may include a quasi-periodic component. To examine and
examination it appears that the X-ray emission during that pequantify this possibility we analyzed the data using recently
riod may include a quasi-periodic component. To examine and
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Discussion
andonconclusions
impossible to obtain.
The quasi-periods obtained from the LSP and WWZ analyses,
The presence of 3:2 ratios for the frequencies of many HFQwhich search for the presence of sinusoidal components, agree
POs in X-ray binaries indicates that the physical mechanism
to within the resolutions of these techniques. Together, they indiproducing these HFQPOs involves a resonance phenomenon of
cate that during this particular observation the NLSy1 MCG–06–
some sort (e.g., Abramowicz & Kluźniak 2001) and the scaled
30–15 exhibited a QPO at a frequency of '2.73 × 10−4 Hz, or at
similarity between those stellar mass systems and these NLSy1
a central period of '3670 s. The LSP approach is the most comAGNs supports the idea that resonances are important for AGNs
mon frequency-based technique and can provide good estimates
as well. Although no pairs of QPOs at that 3:2 ratio (or any other,
of the strength of a signal if the underlying power spectrum can
for that matter) have yet been detected for any AGN and the disbe sensibly modeled, but it does not take into account any poscovery of such would be extraordinarily important, the resonance
sible evolution of a periodic or quasi-periodic signal with time.
hypothesis certainly is reasonable. An estimated Eddington raThe time-frequency approach using wavelets has the advantage
tio of 0.12 is significantly higher than that of the great majority
of quantifying the persistence of such signals in the data.
of AGN. This large Eddington ratio and the likelihood that this
Because we found no indication of a QPO in the other seven
is another HFQPO supports the claim by Pan et al. (2016) that
extensive light curves for this source that we examined, one may
HFQPOs are associated with BHs accreting at very high rates
consider that the formal statistical confidence in any long-lived
as is the case for BH X-ray binaries. If a high accretion rate is
QPO is reduced to ∼90%. However, we believe that it is more
indeed a prerequisite for engendering a HFQPO and the few deappropriate to interpret this result as being consistent with the
tected in AGNs are indeed of the same type as in X-ray binageneral finding that detectable QPOs from AGN are not longries, then many otherwise viable models (e.g., review by Bellived, but rather are transient in nature (Gierliński et al. 2008;
loni & Stella 2014) are disfavored (Pan et al. 2016). A wavelet
Pan et al. 2016), and thus this object may have a QPO duty cycle
analysis of the apparent variations of the QPO frequency for the
of ∼12%. We note that our signal appears to be present throughNLS1 RE J1034+396 by Czerny et al. (2010) indicated that an
out the full observation of MCG–06–30–15; this is in contrast
increase in QPO frequency was accompanied by an increase in
X-ray flux. The wavelet approach to the current observation
L6, page 3 ofof
5
MCG–06–30–15 does not provide additional evidence for such
a trend, as the QPO frequency around 3670 s appears to be very
stable. According to Pan et al. (2016), only models invoking p-
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to the QPOs detected in the other two NLSy1s, RE J1034+396
(Gierliński et al. 2008; Czerny et al. 2010) and 1H 0707−495
(Pan et al. 2016), in which the QPOs were only significant in
portions of the data trains.
Recently the SMBH in MCG–06–30–15 has had its mass
estimated in two independent direct ways using the reverberation
mapping technique for the Hβ line. Hu et al. (2016) found a pre6
ferred value of 3.26+1.59
−1.40 ×10 M but Bentz et al. (2016) obtained
6
1.6 ± 0.4 × 10 M using different reverberation campaigns and
somewhat different analysis techniques. The time lags these two
groups measure at multiple epochs are reasonably consistent, at
6.38 d and 5.33 d, respectively, as are their values of the Hβ
FWHM, but Hu et al. (2016) used the FWHM and Bentz et
al. 2016 used the dispersion, σ. These choices, along with different choices for the value of the scaling factor that accounts
for the kinematics and geometry of the broad-line region gas,
produce the differences in their best mass values. These values,
nevertheless, are still consistent within the errors. These papers
estimated Eddington ratios of ∼0.12 (Hu et al. 2016) and ∼0.04
(Bentz et al. 2016), which are substantial, but lower than that for
most NLSy1s (Hu et al. 2016). Most of the peculiar properties
of NLSy1s can be understood if they are Seyferts with relatively
low SMBH masses that are accreting at relatively high rates.
High-frequency QPOs (HFQPOs) for BH X-ray binaries are
in the range 40–450 Hz and because their frequencies are constant despite large changes in luminosity it has been thought
that they are related to the innermost portions of the accretion
disks and hence may provide measures of the masses and spins
of their BHs (e.g., Abramowicz & Kluźniak 2001; Abramowicz et al. 2004; Remillard & McClintock 2006). A plot of
HFQPO frequencies against BH mass produces the expected
tight inverse relationship for stellar mass BHs and this has
recently been extended from Galactic BH QPOs through possible intermediate mass BHs up to SMBHs (Zhou et al. 2015;
Pan et al. 2016, and references therein). The frequency of this
probable QPO in MCG–06–30–15 is nearly identical to those
found in RE J1034+396 and 1H 0707−495 at '2.7 × 10−4 Hz.
6
The best mass estimates of this QPO, at 3.26+1.59
−1.40 × 10 M or
6
1.6 ± 0.4 × 10 M , are also very close to the others, which
6
are 4+3
−1.5 × 10 M for RE J1034+396 (Zhou et al. 2010) and
(5.2 ± 0.5 dex) × 106 M for 1H 0707−495 (Pan et al. 2016).
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Time averaged WWZ
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Fig. 4. Weighted wavelet Z-transform of the
light curve presented in Fig. 1. Left panel: distribution of color-scaled WWZ power (with red
most intense) in the time-period plane. Right
panel: time-averaged WWZ power (blue curve)
as a function of period. The dotted black curve
represents 97% global significance.

Hence, our new measurement appears to help confirm the
inverse linear dependence of QPO frequency and BH mass
and would lie right next to the other AGN points on Fig. 4 of
Pan et al. (2016).
This tight bunching of frequencies (and SMBH masses) for
AGN QPOs may seem surprising but selection effects probably strongly favor QPO frequencies and SMBH masses relation.
The higher the SMBH mass the longer the expected possible
QPO period and the longer any observation would need to be
to have a chance of detecting a QPO. Of course only Type 1
AGN afford us the opportunity of seeing the region close to the
BH from which QPOs emerge. Those BHs are likely to be several times more massive in normal Sy1s than in the NLSy1s in
which QPOs have been seen. Most QSOs have much more massive SMBHs, and while they are also much more luminous, they
are also much further away. Therefore count rates are no greater
and the required continuous observation times needed to perform
good QPO searches on much longer timescales are essentially
impossible to obtain.
The presence of 3:2 ratios for the frequencies of many HFQPOs in X-ray binaries indicates that the physical mechanism
producing these HFQPOs involves a resonance phenomenon of
some sort (e.g., Abramowicz & Kluźniak 2001) and the scaled
similarity between those stellar mass systems and these NLSy1
AGNs supports the idea that resonances are important for AGNs
as well. Although no pairs of QPOs at that 3:2 ratio (or any
other, for that matter) have yet been detected for any AGN
and the discovery of such would be extraordinarily important,
the resonance hypothesis certainly is reasonable. An estimated
Eddington ratio of 0.12 is significantly higher than that of the
great majority of AGN. This large Eddington ratio and the likelihood that this is another HFQPO supports the claim by Pan
et al. (2016) that HFQPOs are associated with BHs accreting at very high rates as is the case for BH X-ray binaries.
If a high accretion rate is indeed a prerequisite for engendering a HFQPO and the few detected in AGNs are indeed of
the same type as in X-ray binaries, then many otherwise viable
models (e.g., review by Belloni & Stella 2014) are disfavored
(Pan et al. 2016). A wavelet analysis of the apparent variations of
the QPO frequency for the NLS1 RE J1034+396 by Czerny et al.
(2010) indicated that an increase in QPO frequency was accompanied by an increase in X-ray flux. The wavelet approach to the
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current observation of MCG–06–30–15 does not provide additional evidence for such a trend, as the QPO frequency around
3670 s appears to be very stable. According to Pan et al. (2016),
only models invoking p-modes trapped in the innermost part of
an accretion disk (e.g., Li et al. 2003; Horák & Lai 2013, and references therein) or those involving magnetized disks subject to
accretion-ejection instabilities (Tagger & Pellat 1999) naturally
tie HFQPOs to high accretion rate situations.
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