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ABSTRACT

Scaling relations are the most powerful astrophysical tools to set constraints to the physical mechanisms of astro-
nomical sources and to infer properties that cannot be accessed directly. We re-investigate here one of these scaling
relations in active galactic nuclei (AGN); the so-called X variability plane (or mass-luminosity-timescale relation,
McHardy et al. 2006). This relation links the power-spectral density (PSD) break frequency with the super-massive
black hole (SMBH) mass and the bolometric luminosity. We used available XMM-Newton observations of a sample of
22 AGN to study the PSD and spectra in short segments within each observation. This allows us to report for the first
time that the PSD break frequency varies for each object, showing variations in 19 out of the 22 AGN analyzed. Our
analysis of the variability plane confirms the relation between the break frequency and the SMBH mass and finds that
the obscuration along the line of sight Ny (or the variations on the obscuration using its standard deviation, ANy) is
also a required parameter, at least for the range of frequencies analyzed here (~ 3 x 107° — 5 x 1072Hz). We constrain
a new variability plane of the form: log(vreak) = (—0.589 £ 0.005) log(Mpg) + (0.10 £ 0.01) log(Ng) — (1.5 +£0.3) (or
log(VBreak) = (—0.549 + 0.009) log(Mpg) + (0.56 + 0.06) ANy + (0.19 +0.08)). The X-ray variability plane found by
McHardy et al. (2006) is roughly recovered when we use unobscured segments. We speculate that this behavior is well
explained if most of the reported frequencies are related to inner clouds (within 1pc), following Kepler orbits under
the gravitational field of the SMBH.
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ABSTRACT

Context. Active galactic nuclei (AGN), powered by accretion onto supermassive black holes (SMBHs), are thought to be scaled up
versions of Galactic black hole X-ray binaries (BH-XRBs). In the past few years evidence of such correspondence include similarities
in the broadband shape of the X-ray variability power spectra, with characteristic bend times-scales scaling with mass.

Aims. The aim of this project is to characterize the X-ray temporal properties of a sample of AGN to study the connection among
different classes of AGN and their connection with BH-XRBs.
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22 AGN: BLS1T and NLS1
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Table 1. Main properties of the AGN sample

Objname

lOg(MBH)

Nobs

FExpos.
(ksec)

(counts/s)

count-rate bin

(s)

lOg(Lbol)

log(Npg)

log(VBreak:) NBreak/NNH

MRK 335
ESO 113-G010
Fairall 9
PK S 0558-504
1H 0707-495
ESO 434-G40
NGC 3227
REJ 10344396
NGC 3516
NGC 3783
NGC 4051
NGC 4151
MRK 766
NGC 4395
MCG-06-30-15
I1C 4329A
Circinus
NGC 5506
NGC 5548
NGC 6860
ARK 564
NGC 7469

7.23 £ 0.04(R)

8.3+ 0.1'(R)
8.48 £+ 0.05%(RP)
6.3 + 0.5°(L)
7.57 £ 0.25%(S)
6.8 £ 0.1'(R)
6.6 £ 0.3°(L)
7.40 £+ 0.05* (R)
7.37 + 0.08" (R)
6.1 +£0.1'(R)
7.55 £+ 0.05' (R)
6.2 + 0.3°(R)
5.4+ 0.17(R)
6.3 £ 0.4°(L)
8.3+ 0.5%(9)
6.04 + 0.08° (M)
8.1+ 0.2'%R)
7.72 £+ 0.02* (R)
7.6 £ 0.5 (L)
6.3 + 0.5'2(9)
6.96 + 0.05' (R)
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389
93
332
564

1095

382
124
277
440
223
435
440
596
175
563
125
190
276
349
38

0.96
0.34
1.45
1.11
0.12
7.62
2.02
0.12
2.77
3.81
1.12
3.73
1.21
0.38
3.06
7.41
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1.78
2.31
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Cutting light-curves into pieces...

* Gonzalez-Martin 2018
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Indeed PSD frequency break varies!
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Tested models
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Obscuration!
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Obscured segments are removead
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FREQUENCY BREAKS < 105 HZ
(LONG TERM MONITORING)

FREQUENCY BREAKS > 10> HZ (SINGLE OBSERVATION)

WHEN THE OBJECT IS
OBSCURED
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The variability plane is reinforced but the parameters involved
are not. The new variability plane (~10-°> - 103 Hz range) is:

Alog(Mpm) + Dlog(Nu) + E

Alog(Mpr) + D*A(Ng)+ E

s then related to eclipsing clouds at the BLR rather than to the
accretion process. The accretion process underlaying relation is
obtained only when obscured segments are removed from the

analysis. tis
by comparing PSD and

spectra with models.
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