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B. XXpaHos, a-p is.-mat. Hayk, npod.,
C. Ovnpa, ctya. ¢is. d-1y,
KviBcbkui HauioHanbHui yHiBepcuTeT imeHi Tapaca LleBuyeHka, Kuis

raPOAMHAMIYHA KOCMONOIYHA MOAEND | "KOCMIYHUW KIHELb CBITY"

0O62080peHO eidoMi KocMoso2iyHi po3e'a3ku muny "Benukoz2o po3puey "y 38'a3ky 3 eidnoeidHicmio 2idpoduHamiyHoi (H) i ckansipHo-
nonboeoi (SF) modeneli QuHamiyHoi memMHoi eHepeil. lMopieHsiHO MiHiManbHO 38'a3aHy SF-modenb i3 camodiero ma H-modenb i3 6apomponHum
PieHSIHHSIM cmaHy &8 OOHOpiOHOMY i3ompornHomy Bceceimi. 3azanom yi modesni He MoeHicmio ekeieanieHmMHi, xo4ya Ons OesiKUX MomeHuyiarie
cKansipHo20 rnosisi U OesiKux pexxumMie po3wupeHHs1 8OHU dalomb MakKy caMy eeoslloyito 2ycmuHu eHepail ma MacwmabHo20 ¢hakmopa 3 Yacom.
Po3sansHymo npuknadu nomenHuyianie SF, siki 3a6e3neyyromb o6MexeHy ekeiearieHmHicmb y eunadky NiHiliHUx pieHssHb cmaHy H-modeni; odHak,
nokasyemo, wo y eunadky KaHOHiYHUX JlagpaH)KuaHie CKassipHO20 nosisi (3i cmaHOapmMHUM KiHemu4YHUM 4YneHoM) Benukul po3pue He 8UHUKae.

B. XXpaHoB, g-p. cous.-mart. Hayk, npodp., C. Abinaa, ctya. ¢ms. d-Ta,
KueBckuit HauMoHanbHbIN YyHMBepcuTeT UMeHn Tapaca LlleByeHko, Knes

rMAPOAUHAMUYECKAA KOCMOJTIOMMYECKASI MOAENDb U "KOCMUYECKUIA KOHEL, CBETA"

O6cyxdaeM xopowio uzeecmHbie KOCMoJIo2u4ecKue peweHusi muna "bosnbwozo paspbiea” e cesis3u ¢ coomeemcmeuem 2uépoduHamuydeckoli (H) u
ckansipHo-noneeol (SF) modeneli duHamuyeckoli meMHoU 3Hepauu. A UMEHHO, cpagHU8aeM MUHUMaIIbHO cesizaHHyto SF-modenb ¢ camodelicmeuemM u
H-modenb ¢ 6apomponHbIM ypagHeHUeM COCMOsIHUSI 8 OOHOPOOHOoU u3zomponHoli BceneHHoli. B obujem criydae amu modenu He MOHOCMbIO
3KeueasieHMHbI, Xomsi G511 HEKOMOPbIX MOMEHUUAsIo8 CKasNsiPHO20 MO/ U HEKOMOPbIX PEXUMOE paclupeHusi OHU Oarom Mmakyr e 3680J1IoUUI0
nmomHocmu 3Hepauu u macwmabHozo ¢pakmopa co epemeHem. Mbl paccmampueaem npumepb! SF-nomeHyuanos, komopblie obecnequsarom
0O2paHUYeHHYI0 IKeU8asleHMHOCMb 6 Cilyyae JIuHelHbIX ypaeHeHuli cocmosiHusi H-modenu; oGHako, Mbl roka3bieaeM, Ymo € crlydae KaHOHUYeCKUX
JNlagpaH)XuaHoe CKaslsipHO20 roJisi (Co cmaHAapmHbIM KUHemu4eckum YrieHoMm) Bonbwoli pa3pbie He 803HUKaem.

YOK 524.7
E. Fedorova, Ph.D

Taras Shevchenko National University of Kiev, Astronomical Observatory

DETERMINING THE UPPER LIMIT ON THE BLACK HOLE MASS
FROM NGC 4748 X-RAY PHOTOMETRY

In this paper, we analyze all the available X-ray photometrical data of the narrow-line Seyfert 1 galaxy NGC 4748, namely XMM-
Newton (EPIC and OM), INTEGRAL (ISGRI and JEM-X) as well as SWIFT (BAT and XRT) to estimate, if it's possible, the mass of
the central black hole from the variability of the lightcurves. In the XMM/EPIC composite lightcurve, we found fast quasiperiodic
variations of the 0.5-10.0 keV flux on a timescales of 10° seconds. These variations were interpreted as the result of the emission
of a dense hot clump of matter orbiting the central black hole near the innermost stable trajectory. The structure function analysis
of this lightcurve allowed us to put an upper limit to the mass of the central BH, as 6.23 * 10’ Me.

Key words: active galactic nucleus, X-rays, black hole mass.

1. Introduction. NGC 4748 is nearby narrow-line type 1 Seyfert (NLS1) galaxy in Corvus constellation at the redshift
z=0.01463 [10]. NGC 4748 is a barred spiral galaxy, interacting with the other slightly smaller spiral galaxy [7, 11], with
radio-quiet active nucleus (1.4 Ghz flux of 14.0+0.6 mJy, following [2]). There is present subnuclear starburst activity, but the
object is nonetheless AGN-dominated [13]. The mass of the black hole in the nucleus of NGC 4748 was determined by Hao

et al. [4] basing on the stellar vs. BH mass correlation, as 5.5*10°Me. Higher value of the BH mass was obtained by Wang &
Lu [12] using the correlation of the mass of BH and the velocity dispersion within the narrow line region, indicated by the

[OllN] line width, i.e. 4.2*10"Me. Later, the core of NGC 4748 was investigated in details by means of the reverberation
mapping method to HST/WFC3 data [3], and the black hole mass was re-calculated [1] to be 2.55 ‘974 10°Me. Here we try to

determine the upper limit on the central black hole mass value, applying the autocorrelation function and FFT analyses to
variable X-ray lightcurves of this object.

Following the results by Pal et al. [8] based on ROSAT/HRI data, NGC 4748 have quite steep photon-index
=2.50£0.17. Similar result was obtained by Landi et al. [5], [=2.20+0.11, for the SWIFT/XRT spectrum of NGC 4748. For
wide-band X-ray spectrum, Panessa et al. [9] obtained a photon index of '=2.01+£0.13 and no cut-off at high energies, no
Fe-K emission lines and no reflection components in the composite SWIFT/XRT + INTEGRAL/ISGRI spectrum. They also
founded the hardness ratio between 0.1-2.0 keV and 2-10 keV band slightly higher than 1.

Here we use the X-ray observational data available by January 2017, namely, the data obtained by INTEGRAL, XMM-Newton
and Swift missions. This allowed us to analyze both a flux variability and wide-band 0.5-195 keV X-ray spectrum. The paper is
organized as follows. In the Section 1 we describe the data used and it's reduction. In Section 2 we analyze the flux variability on
different timescales. Finally, in Section 4 we discuss our results, and in the Section 5 we draw out our conclusions.

© Fedorova E., 2017
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2. Observations and data reduction. In this analyzis the XMM-Newton (EPIC), SWIFT (BAT and XRT), and INTEGRAL
(ISGRI) datasets. In this section we describe the reduction performed to the initial data to obtain the lightcurves are used.
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Fig. 1. 0.5-12 keV XMM/EPIC lightcurve of NGC 4748

XMM-Newton. NGC 4748 was being observed by the XMM-Newton mission 14 January 2014 (OBSID 0723100401,
Pl name: B.Kelly) during 68645 secs. During the observational time all the three EPIC cameras were operated in Large-
window mode, using the Medium Filters for the MOS cameras and Thin Filter for the PN camera. The EPIC data were
processed using the standard software package XMM SAS version 14.0. The standard SAS chains epproc and emproc
were applied for primary data reduction. The single- and double-photon events were taken into account (i.e., the
PATTERN_4 option was applied). To exclude bad pixels and near-CCD-egde events from our consideration, the filter
FLAG=0 was also applied. The source counts were extracted from the source-centered 30 sec-radii circular regions, while to
extract the background counts were chosen the empty regions on the same CCD chip.
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Fig. 2. SWIFT/XRT 0.2-10 keV lightcurve Fig. 3. SWIFT/BAT 14-195 keV lightcurve

The effective exposure time for combined EPIC lightcurve is ~ 68 ksecs, with the averaged count rate on the level of
16.56 cts/s.

INTEGRAL. The ISGRI dataset of the INTEGRAL observations analyzed in the present paper includes all the data
publicly available in INTEGRAL data archive on 1st April 2017, i.e. spacecraft revolutions from 0077 to 1080. The total
ISGRI exposure time of the dataset which had been used is 1.04 Ms (including all the observations when the object was at
the angle less than 10° off-axis). The JEM-X dataset contains only 61 ks exposure with near 1500 counts, thus we analyzed
here only the lightcurve in 3-35 keV energy range. Due to the low-counting JEM-X statistics its lightcurve is not good enough
for further modeling.

We performed INTEGRAL IBIS/ISGRI data analysis with version 10.1 of the Off-line Scientific Analysis software (OSA).
We used standard recipes of lightcurve extraction for IBIS/ISGRI and OSA software. The source is detected by ISGRI up to
150 keV. These two lightcurves were merged into one as they were too low-counting for fruitful analysis.

The significances of detection are 290 in 17-80 keV and 30c in 80-250 keV. The IBIS/ISGRI lightcurves have been
extracted in two energy bands (17-80 keV and 80-250 keV).

Swift. The Swift/BAT stacked spectra in 14-195 keV energy range and Crab-weighted light curve are available from the
70 month catalog (2004-2010) web page: http://swift.gsfc.nasa.gov/results/bs70mon/SWIFT_J1252.31323. We have
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rebinned the light curve to 3-month time bin. The effective exposure time is 7.093 Ms, with the average count-rate 2.04*10° cts.
The resulting BAT lightcurve is shown on the Fig.3. The Swift/’XRT lightcurve was obtained using the online software
provided by Department of Physics and Astronomy of the University of Leichester (XROA), http://www.swift.ac.uk/user
_objects/. We used single-pass centroid with the maximum of 10 attempts and 6° search radius. The Swift/XRT
observations of NGC 4748 were performed in photon counting mode, target ID is 35363.

To extract the 0.2-10 keV lightcurve and spectra of NGC 4748 averaged all the counts to 1000 sec time bin, and
collected the source and background counts from the 20 00-radii circular areas around the source and from empty zone in
the field-of-wiev (for the background). The resulting lightcurve is shown on the Fig.2.

2. Lightcurves and variability. The analyzis of the lightcurves on short (200 sec) timescales revealed the
synchronization of the XMM-Newton/EPIC lightcurves in the soft (0.5-2 keV) and hard (2-10 keV) energy ranges, with the
correlation coefficient value near 0.7. That is why we have summed the hard and soft energy lightcurves obtained by both
MOS cameras and also the PN camera, and after that tested it for the presence of variability/periodicity. We have calculated
the variances:

N N
o? = ﬁZ(F(t;)—<F>)2 , and mean-squared errors: <AF2> =13 AF? (1)
i=0 i=0
for all the lightcurves available (XMM-Newton/EPIC, SWIFT/XRT and BAT, INTEGRAL/ISGRI and JEM-X), and show them

w
in the Table 1. Here N is the number of timebins {t,}, AF, is the observational error in the ith timebin, and <F> =1I>F.
i=0

Table 1
Lightcurves variances and errors
lightcurve variance o* observational error <AF2> units
INTEGRAL/ISGRI 0.011 0.077 cts
INTEGRAL/JEM-X 0.04 0.67 cts
SWIFT/BAT 1.33 242 mCrabs
SWIFT/XRT 0.0075 0.0028 cts
XMM-Newton/EPIC 8.45 0.000283 cts
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Fig. 4. Autocorrelation function for XMM/EPIC lightcurve

As one can easily see from this Table, only on the XMM/EPIC and SWIFT/XRT lightcurves have o° > <AF2> and thus

demonstrate the signs of variability. But the counting statistics of the XRT lightcurve is not enough for autocorrelation
analyzis, so we have performed the further analysis only to XMM/EPIC one, looking for the periodicity of the fast variability
disclosed here. Thus, we have constructed the autocorrelation function for it:

AF(At):ﬁiF(l‘n)F(t,7 + At) (2)

This test we have applied to the 0.5-12 keV XMM-Newton/EPIC lightcurve with 10 sec time bin (lightcurve in the same
energy range but with 200 sec time bin is shown on the Fig.1). Sampling was performed in 3000 points, i.e. 30 ksec. The
error bars to AF were simulated using the Monte-Carlo modeling. The following plot is shown on the Fig. 4.

The AF shown on the Fig.4 can be considered of a sign of periodicity, but it is too blurred to determine the value of the
period of these variations. Thus additionally to the autocorrelation we have appplied the FFT analysis. Power spectral
density function (PSD) is shown on the Fig.5. As we can see, there is a maximun between 8500 and 10500 seconds.
Smoothing this curve give a value of 10025 sec, which can be interpreted as an estimation of the "period".
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Fig. 5. FFT power spectral density function for XMM/EPIC lightcurve

Rapid quasiperiodical variations in a non-blazar AGN can be interpreted as a sign of the presence of the hot spot on the
accretion disk (or hotter/denser blob of matter) orbiting the central black hole [6]. The velocity of this blob orbiting the BH at
the distance R from its center can be easily calculated using the formula:

2GM

V3(R)="— 3
(R) 5 (3)
where M is mass of a matter inside the sphere of radius R and G is a gravitational constant. In the same time,
2nR
V(R) = - (4)

where T is the period of the variations. Now, supposing that the blob is orbiting the innermost stable orbit, i.e., for a
Schwarzschild BH, that R = %st we can calculate the mass of the central BH. Using the shortest time interval between
two maximums on AF (i.e. T=10 ks) as a period:

3
472 (%j = G'MB,_,T2 , (5)
Tc?
M, = =6.23*10" Me. 6
BH GTEG\/§ ] (6)

However, one should note that presuming that the blob is moving on the innermost stable orbit is just a quite rough
approximation, and thus our estimation is but an upper limit of the BH mass.

In the same time, the orbiting blob is not the only reason which can cause such variability. Taking into account that the
periodicity is not finally confirmed the other possible cause of it can be an inhomegeneity of the hot corona above the
accretion disk.

5. Conclusions. In this work it was disclosed the short-term variability of NGC 4748 in 0.1-12 keV energy range.
Supposing that this variability is an effect of the hotter or denser blob of matter orbiting the BH near the innermost stable
orbit, we had estimated the upper limit on the mass of the central black hole in NGC 4748, using the autocorrelation anlyzis
and FFT power spectral density function. Both methods had shown the estimation of the periodicity at level of 10° sec, which

unable us to estimate the upper limit on the black hole mass in this system on the level of 6.23*10" Me.
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ActpoHOoMuUueckasa obcepBaTopus
KueBckoro HaunoHansHoro yHuBepcurteta umeHn Tapaca LLleBuyeHko

ONPEAEJNEHUE BEPXHEM NrPAHULIbI MACCbl YEPHOM AbIPbI
HA OCHOBE PEHTFTEHOBCKOM ®OTOMETPUU NGC 4748

AHanusupyromcsi ece docmynHble 0aHHble peHmaeHo8ckol ¢ghomomempuu 2anakmuku Celigpepma 1 muna c y3kumu nuHussmu NGC 4748,
a umeHHo XMM-Newton/EPIC, INTEGRAL (ISGRI u JEM-X), a makxe SWIFT (BAT u XRT) ¢ yenbio oyeHumsb, HaCKOJIbKO 3mo npedcmasnsiemcs
B803MOXHbIM, Maccy yeHmpasnbHol 4YEpHoU Obipbl MO nepeMeHHOcmMu Kpuebix 6necka. Ha komno3umHol kKpueoli 6necka XMM/EPIC 6binu
06HapyeHbl Kea3unepuoduyeckue eapuayuu nomoka e duanazoxe 0.5-10.0 keB Ha epeMeHHbIX Macwmabax 10° cekynd. dmu eapuayuu 6binu
uHmepnpemupoeaHb! Kak criedcmeue u3sly4eHusl MIIOMHO20 20psiYe20 KOMKa Mamepuu, o6paujarouje2ocsi 80Kpy2 yeHmpasnbHol YépHol Obipbl MO
mpaekmopuu, 6nu3koii Kk Haubosiee eHympeHHel cmabunbHoli op6ume. AHanu3 amoli Kpueoli 651ecka ¢ MOMOUbi0O ae8MOKOPPEIAYUOHHOU

¢pyHKUUU M0380J1UJT yCMaHOo8UMb 8EPXHIOI0 2PaHUUy Macchl YéPHOU ObIpbl Ha ypoeHe 6.23 * 10’ Me.
Knroyeenbie crnoea: akmueHble si0pa 2aslakmuk, peHmaeHo8CKoe U3Jjly4eHue, Macca YepHol ObIpbl.

0. ®epgopoBa, kKaHA. (is.-maT. Hayk
AcTpoHomiyHa o6cepBaTopis
KuniBcbkoro HauioHanbHoro yHiBepcuTteTy iMeHi Tapaca LLleBueHka

BU3HAUYEHHSA BEPXHbOI MEXI MACU YOPHOI AIIPKU
HA OCHOBI PEHTFEHIBCbKOI ®OTOMETPII NGC 4748

Ananizyrombcs eci docmynHi daHi peHmaeHiecbkoi gpomomempii 2anakmuku Celigpepma 1 muny 3 ey3bkumu niHiasmu NGC 4748, a came XMM-
Newton/EPIC, INTEGRAL (ISGRI i JEM-X), a makox SWIFT (BAT i XRT) i3 Memoto oyiHumu, HackinbKu ye MOXJiueo, Macy yeHmpasbHoi YopHoi dipu
3a 3miHHicmio Kpueux 6nucky. Ha komno3umuiii kpueili 6nucky XMM/EPIC 6ynu 3HalideHi kea3unepioOuyHi eapuayii momoky e Odiana3oHi
0.5-10.0 keB Ha Yacoeux macwma6ax 10° cekyHO. L]i eapiayii iHmepnpemyeanucs sik HacsiOoK eUNPOMiHIO8aHHs1 2ycmoz2o 2apsivyoi 2pydku Mmamepir,
wo obepmaembcsi HaBKOJIO UeHMpasibHOI 4YopHoi dipu Mo mpaekmopii, 6nu3bkoi 8o Halibinbw eHympiwHLOi cmabunbHoi op6imu. AHani3 yiei

Kpueoi 611ucky 3a dornomoz20r0 agemokoppensiyiliHoi ¢pyHKUiT 00380/1u6 8CMaHO8UMU 8EPXHIO MEXY Macu YOPHOI dipu Ha pieHi 6.23 * 10" Me.
Knroyoei cnoea: akmueHi sidpa 2ar IK, peHmeeHiecbKe eUnpoMiHIO8aHHsI, Maca YopHoi dipu.
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O. KoxyxoB, kaHA. TeXH. HayK, LieHTp npuitoMy i 06po6ku cneudianbHoi iHpopmalii Ta KOHTponto
HaBiraui“Horo nons HauioHanbHOro LEHTPy ynpaeBsiHHA Ta BUNpobyBaHb KOCMi4HUX 3aco6iB KA YkpaiHu

N33 - CNOCTEPEXXEHHSA ACTEPOI1A 2014 JO25 Y NEPIOA MO0 TICHOIO 3BJIVXKEHHSA
13 3EMJIEIO Y KBITHI 2017 POKY

HaeedeHo acmpomempuyHi pe3ynbmamu o6po6ku crocmepexeHb nomeHyiliHo-He6e3neyHo2o acmepoida 2014 JO25, wo
odepxaHo Ha Hoeomy 0.30 M meneckoni HayioHanbHO20 yeHmMpy ynpaesniHHA ma eunpobyeaHb KOCMi4YHUX 3acobie (c. 3anicyi)
i meneckoni KT-50 komnnekcy Mo6umen Hl "MAO" (M. Mukonaie). OmpumaHo Macue mornoyeHmpuYyHUX MoJIoXeHb acmepoioa 3a
3 damu cnocmepexxeHb y cucmemi onopHoz2o kamano2y UCAC-4. OuiHku no3uyiliHoi mo4Hocmi nosioxeHb acmepoida 064ucsieHo
wisixoM nopieHsiHHA 3 eghemepudoro HORIZONS na6opamopii NASA JPL. CepedHi 3Ha4eHHsi CKIl pi3Huyb (O- ) no o6ox
KoopOuHamax 3Haxo0simbcs 8 diana3oHi (0.1-0.2) "dns cnocmepexeHb y Mukonaesi i (0.3-0.4)" dns cnocmepexeHs y 3anicuysix.

Knroyoei cnoea: acmepoidu, l133-cnocmepexeHHsl.

BcTyn. BMCOKOTOYHI aCTpOMETPUYHI CNOCTEPEXEHHs acTepoidiB HeobxigHi ansg Toro, wob ob'ektn, Aki Bneplue
BiOKpUTi, He Oynu BTpadeHi B ManbyTHbOMY 4epe3 HETOYHOCTI BWM3HAYEHHS OpOiTM, a TakoX [ANsi 3MEHLUEHHS
HEBM3HAYEHOCTEN Y 3HAYEHHsIX enemMeHTiB opbiTn. AcTepoig 2014 JO25 HanexuTb 0o knacy AMOSOHOB i BXOAUTb 40
rpynu Tak 3BaHWX NOTEHLiNHO-Hebe3neyHnx acTepoiais, nepioanyHo Habnmkatouucsk Ao 3emni MmeHw Hix Ha 0.05 a.o. BiH
oyB Bigkputuin A. Fpayepom 5 TpaBHs 2014 p. 3a 4ONOMOrow aBTOMaTM30BaHOro Tereckona Ha niky MayHT-JleMMoH y
mexax KataniHcekoro npoekty ornsigy Heba [1]. 3a gonomorot gaHux kocMivyHoi Micii NEOWISE 6ynu oTpumaHi ouiHku
diameTpa n anbbeno uboro actepoiga. 3HaudHi po3mipu actepoiga (6nusbko 650 M) i Bucoke anbbeno (0.25) 3pobunu
MOro LikaBol MeTOoW ANA pajapHUX cnocTepexeHb Nig yac nponboTy nobnmady 3emni B kBiTHI 2017 p. OgHak TOYHICTb
obuncneHHsa opbitn 3a cnoctepexeHHsamn 2014 p. 6yna HegoOCTaTHLOW ANA MPOBEAEHHS pafapHUX CroCTEpPEeXeHb.
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