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Abstract Introduction

Quastperiodicoscillation (QPO) detected in theray radiation of blac AGNspoweredby blackhole (BH)accretionwith BHsof p 1 p 10 4 at the centerof galaxiesare
hole X%ray binaries (BHXBSs) is thought to originate from dynamical| |thoughtto be scaledup versionsof BHXBsA compellingline of evidencefor this postulationis the

processes in the close vicinity of the black holes (BHs), and thus darjStriking similarity in the variability of the Xray radiation between AGNsand BHXBs One
important physical information therein. Such a feature is extremel characteristicand enigmaticfeature of the variableX-raysis QuasiPeriodicOscillation(QPO)which

rare in active galactic nuclei (AGNs) with supermassive BHs. hasbeenobservedin the X-ray light curvesof dozensof BHXBsAlsoan inverselinear relation has
Here we report on the detection of a possibleay QPO signal with a] |PeensuggestedetweenBHmassandthe frequencyof high-frequencyQPQ(HFQPOs)
period 0f3800 sat a confidence levet99.99%n the narrowline In AGNswith supermassivaBHs(SMBHs)however, QPOsare rarely detected Sofar, there is only

Seyfertl galaxy (NLSIH 0707495 inone data set irD.2-10 keVtaken onewidelyacceptedcaseip WhichasignificantQPAOwasunambiguousl;detectedin the NLS. galax
with XMM-Newton. The statistical significance is higher than that of |REJL034:396 with 'Q € ¢& p m Hz (DA S NietAalZ Z0Q8Asee figure 1). By extending B
most previously reported QPOs in AGNs. The QPO is highly cohefeimassesto the SMBHrange, Zhou et al. (2019 suggestedthat the "Q -0  scalingrelation is
(quality factorQxL5)with a highrmsfractional variability~15%). universalspanning~6 ordersof magnitudefrom stellarmassBHsto SMBHSs

A comprehensive analysis of the optical spectra of this AGN Is alsg LT T
performed, yielding a central BH mas& p 10 g from the broad
emission lines based on the scaling relation. The QPO follows close
the known frequencyaBH mass relation, which spans from steh@ass “wmi- The strong peak in the power

to supermassive BHs N e :“‘1 11 spectrum density indicated a QPO
- possennose ] | W{W& signalwith "Q & ¢& p m Hzat

1,000 ¢

Fig 1.t The light curve and power
spectrum density of RE J1034+396.

. 09.99% |

We suggest that the (higfrequency) QPOs tend to oceur in highly B oo e then S99%
accreting BH systems, from BHXBs to supermassive BHs. Future pr e LULE (DA § NEtALZG0Y. A

estimation of the BH mass may be used to infer the BH spin from the
QPO frequency. In this work, we report on the discoveryof a significantQPOsignalin one XMM-Newtonobservatio

of IH 0707495, a nearby(redshift0.04), typical NL3. We alsore-examinethe BHmassof 1H 070/
X_ray quasiperiodicoscillation 495 by analysingts availableoptical spectroscopi@ata, and comparethe QPOwith the 'Q -0

relation.

1H 0707495 was observedwith XMM-Newton with an exposure

of ~100kson February6 2008in the full frame imagingmode (Obs _ _ = N .
ID: 051158040) Black hole mass estimation and th® -v  relation

The combinedPN+MO$+MO2 light curveis shownin Figure?2,
and its power spectrum density (PSD is shown in Figure 3. A
strongpeakatc® p 1 HzindicatesasignificantQPOsignal
Thequalityfactor (0 ' ¥3°  p Yishigh,and Thermsfractional
variabilityin the QPQOis ~15%

A MonteCarlo technique iapplied and suggests that the QPC

significance level is higher than 99%989while an even more —
iri f tast based a atatistics is also tried and We re-analyzeboth the spectra,asshownin Figure4. The
sthingent iest based on bayesiatatstics 1S also tred an widths of the broad | I line are fitted to be 1002 km/s

iIndicates a small posterior predictipevalue ofc® p 1 8 (CTIO)and 1054m/s (6dF), which agreewith each other
S — Fig 21 XMM-Newton light curve of 1H within mutual errors. The BHmassis estimated usingthe

Using the empirical virial method based on optical
spectroscopiaata, the BHmassof 1H 070/-495 hasbeen
estimated in previous studies,as ¢ p 1O 4 from a 6dF
spectrum (Bian et al. 2003 and 4 p T 5 (Done & Jin
2016) from CTIGCspectrum

,, e e oo | | broad | i line width and the luminosity at 5100v (_G
woep e 0.2-10 keVwith a binsizeof 100, Thelight 18t p m ergls) (Vestergaard & Peterson 2006),
3 | 'curveis divided into two segmentsby the Vi ) ) = )
- +. | solidline, and only the secogndsegmintis gIVTI[T)g U(GdF) rgf eCFt)iVZlI) « (CTIO) and U U Fig 5.1 Relationbetween QPOfrequencyand BHmass
S Myv. | usedin this letter. Thedotted vertical lines a , P y Thisis an updated version of Figurel from Zhouet al.
" show the expected periodicity of 3800 s. Fig 4.t CTIGspectrumof 1H (2019, where objectswith significantQPOdetectionsare
7 Upper Right Inset the folded light curve 07074495 The continuum plotted (dots), together with the newly detected QPOin
with a period 3800s modeledwith a powerlaw is 1H 0707495 (star) The solid line represents the
plotted in green The bestit extrapolation of the relation from the three BHXBsThe

power spectrum density

JD“%\ Fen emissionis represented dotted line and dashed line represent the relations
Wl by the lower blackcurve The derived from the model of 3:2 resonancewith the spin
Fig 3.1 Powerspectrumdensity of 1H % R residual emission line parameter a=0.998 (dotted) and a=0 (dashed)
0707495. The solid line representsthe £ ol spectra (black line) after respectively Upperright inset A zoomin comparisonof
bestfit power-law, and the dashedline £ subtracting the power-law 1H 0707495 with the model predictions, with various
representsthe 99.99% confidencelevel > 10 continuum and the Fei availableBH massestimates a and b denote the mass
The data/model residualsare shown in 5 modelis shownin the insets from Bian et al. (2003 and 04 Done & Jin (2016
the lower panel A statistically, “3' _______________________________________ for the | +[On] and HN respectively,while ¢ denotes our bestestimated mass
significant peak is clearly present at R N regions, respectively (red. derived in this paper Lower left inset the inferred BH
C® p 1 Hz. z 10 broad lines blue: narrow spinfor a rangeof BHmassvaluesfor 1H 0707495 from
s S lines) the 3:2 resonance model, assuming that the QPQO
° -5t representsthe 2°Qpeak

Do HFQPOs tend to occur at theghest accretion stat@ | |Conclusion

Figure5 showsthe distribution of the Eddingtonratios for all the BHaccretion e . . .
systemawith reliable QPOdetections(blue) Asa comparisonwe overplotthe 1. A significantQPOsignalwith frequencyc® p 1 Hzis detectedat a >99.99%

Eddington ratio distribution for the AGN sample of GonzaleaMarth, & confidencelevelin one XMM-Newton observationof the NLY AGN1HO0707-495
Vaughanet al. 2012, in whichQPOswere searchedor but not found. 2. We re-analyzeall the availableoptical spectroscopi@ata and find v L&
(83'9?‘”3’ ”:e ttW‘? I‘;is”ib“tiolrl‘s dif:er Sifggig;a”;'ﬁ_a tWOI'tSided KO’[ITth[O{f?V p T . The QPOfollows the universalscalingrelation between the (3:2 twin-
Mmirnov I m -V . IS T - - - oo
HFQP(Z)EenSd t)(l)?)ccfua:a? thae hlijghaelsjzlgcretior?statei)f?ssﬁljacsc:l:gggﬁsistzms ) pe_ak)QPOfrequenCyand BHMAassspanning-6 .O rd.erSOf magm.tUdem v
3. It Is demonstratedthat HFQPO$end to occurin highly accretingsystems from
BHXB$o AGNSs
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