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| present a brief, and slightly rough, summary of my talk atkey 2011 Toulouse CTA meeting
which deals with the origin of X-ray and Gamma-ray variapiin blazars such as 3C273 and
3C279.

For full details please sdtp://cta.obspm.fr/agnworkshop2011/presentationsyMONDAY/cta_agn_mchardy.pdf
which is largely self-explanatory. If time permits | may @b this contribution later.

The main observational conclusions are that, in the X-raydpalazars behave very much like
Seyfert galaxies (ie non-beamed AGN). They show rms-fluati@hs and have bends in their
power spectral densities (PSDs) whose timescales arestemisivith Seyfert mass/accretion rate
scaling. The implication is that the perturbations whioh #wought to propagate inwards through
the accretion disc in Seyfert galaxies to modulate the Xenantting corona also modulate the
X-ray emission region in blazars. The Gamma-ray lightcsrase, however, very different to
those in the X-ray band. There are a small number of briefdlareich are seen in both bands
but the bulk of the variability is different, implying at Isetwo separate emission regions in both
bands. The flares seen in both bands may arise from shockelatizistics jet, and could occur
far from the black hole. The Gamma-ray PSDs have slopes ifvilas to that of the X-rays at
low frequencies but cannot yet confirm or deny the existeffiteends. If bulk of the X-ray and
Gamma-ray emission comes from a steady jet, with the Ganamamission arising closer to the
black hole, it is hard to see how PSD bends could be imprimet® X-ray emission without also
being imprinted on the Gamma-ray emission unless the \ilityais primarily produced within
the jet rather than propagating in, through the corona, fiteereccretion disc. Hopefully further
Fermi data will eventually clarify the important questiohwhether blazar Gamma-ray PSDs
have bends at the same frequencies as in the X-ray band.

Some of this work has been done in collaboration with Alan $dher, Svetlana Jorstad, Alex
Markowitz, Dimitrios Emmanoulopoulos and others, but | idlame them for the brevity of

this contribution.
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1. The Important Questions in Blazar Variability

When trying to understand blazar variability there are a number of topichwidshould consider:

e Are blazar lightcurves produced by the summation of some sort of spaoia ar outburts,
or are they simply the result of a noise process?

e Can we learn anything by comparison with the well-studied X-ray variability-oa)bina-
ries (XRBs) or Seyfert galaxies, ie non-beamed AGN.

e What can we learn about the emission process and source of the variayistudying the
relationship between the variations in different bands, eg X-ray and Ganayfa

e |s blazar variability dominated by processes within the jet (eg turbulenaa)tside the jet
(eg accretion disc perturbations); ie does the host black hole leave anyntiop the observed
Gamma-ray variability?

2. Independent flares or just a noise process? What can we leafrom X-ray
binaries and Seyfert galaxies?

Blazar observers usually like to concentrate on periods when there Edarise in flux. These
periods are often referred to as flares or outbursts. But are thélsersts special events, or are
they just part of a stochastic noise process? As an example | show, in thig.X-ray lightcurve
of 3C279 decomposed into a number of separate flares by ChatterjgflefTais decomposition
works perfectly well, but is it the truth? | also show, an example of a flareCi#53.3 which is
particularly prominent in the Gamma-ray band, but where flux rises aresakso in other bands
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Figure 1: Left: X-ray lightcurve of 3C279 decomposed into individflares by [1]; Right: An example of a
large ‘flare’, particularly prominent in the Gamma-ray baasl observed in a number of different wavebands
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2.1 Lessons from X-ray Binaries and Seyfert Galaxies

Rapid X-ray variability is seen in X-ray binary systems (XRBs) and in neardted AGN, ie Seyfert
galaxies (eg[]3]). One strong characteristic of their variability is that tiseaestrong relationship
between the rms variability at a given time and the mean flux lej{el ([7]). Thisioaship tells us
that the short timescale variations are coupled to those on longer timescghessifle cause of
the variations could be the propagation inwards of accretion rate variatiomsgh the accretion
disc with longer timescale variations being produced at larger radii. A limesifiux relationship
will not be produced by a random distribution of independent flaresh &wistrubution will tend
to produce a constant rms.

In Figs. 2 and 3 | show the rms-flux relationship for the X-ray variationsétlazars 3C273
and 3C279 ([6]) in preparation). Both blazars show the same relatiotistiie see in XRBs and
Seyfert galaxies. These observations argue against an interpretbbtazar variability as being
due to a series of entirely independent flares or shots.

o T T T T

@ L 4
[S)

0.6
1

RMS

RMS
0.4

0.5
T
1
0.2

o 1 1 1
1 2 3

o 1 1 1 1
6 8 10 12 14

) CFLUX | .
Figure 2 :rms-flux relationship for the X-ray variations Figure 3 :rms-flux relationship for the X-ray variations
in 3C273. in 3C279.

3. The relationship between variations in different wavebads

| concentrate here on the relationship between the X-ray and Gammar@y. l¥ss a result of
the long timescale X-ray monitoring programmes carried out with the Rossy Xinaing Explorer
(RXTE) by Alan Marscher, Svetlana Jorstad, myself and others it is masiple to make excellent
long timescale X-ray lightcurves. Similarly the FERMI database now enabtetoanake excellent
long timescale Gamma-ray lightcurves.

In Figs.4 and 6 | show parallel X-ray and Gamma-ray lightcurves for 3G2id 3C279 cov-
ering periods of 3 years with time resolution of a few days. We see that thetually very
little correlation between the wavebands. Occasionally, when there is darggy‘flare’ in one
waveband, it is seen in the other (see Fig.5 for one such event), batweys. The correlation
is quantified in Figs.7 and 8 where | show the cross-correlation functionsach case there is a
very weak correlation at close to zero lag.x This part of the correlatguiteefrom the few parallel
flares (eg Fig.5 and see Fig.1 for a similar event). However the bulk of tatieas in the two
bands are different. | conclude that there are at least two compondhtshah energy variability
in blazars in any given waveband. One of these components is assowittieal physically lo-
calised event, where emission is produced over a wide range of walsbEnis event could well
be a strong shock, which would give rise to frequency-stratified emissidnio the very small lags
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between wavebands which are seen in more detailed multiband studiesed ‘{keg Fig.1, from
[B]. However the bulk of the emission in the X-ray and Gamma-ray bandsaagpo come from
regions which are physically separated enough that perturbationsaimgnn one region do not
noticeably affect variability in the other emission region.

It is interesting to compare the relationship between the X-ray and Gammaniagien,
which we see here to be quite weak, and the relationships between theakddpwer energy
emissions in blazars which are generally stronger. For example, rédsaoarelations are found
between X-ray and both optical and radio variability in 3C279 (Bee [1jfore details). We return
to this point in the brief conclusions section.
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3C273. Bottom Panel: Fermi 0.2-200 GeV Gamma-rz,, . o | o
igure 5 :Similar to Fig.5 except zooming in on a

lightcurve. With the possible exception that the major ) ) ) ]
smaller time period, showing one correlated flare in

period of Gamma-ray activity occurs when the X-ra
oth bands.

mean flux is fractionally higher, there is very little

correlation between the two wavebands.
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Figure 6 :As for Fig.5, except for 3C279.

4. Power Spectra

We conclude this brief data review by showing the X-ray and Gamma-raempepectral
densities (PSDs) of 3C273 and 3C279 (frdin [6]). From Fig.9 we carasgear bend in the long
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Figure 7 :X-ray/Gamma-ray cross correlation functionFigure 8 :X-ray/Gamma-ray cross correlation function
for 3C273 from the lightcurves shown in Fig.5. for 3C279 from the lightcurves shown in Fig.7.

timescale X-ray PSD of 3C273. The bend frequency is consistent withclimg relationship

between bend timescale, black hole mass and accretion rate for Seyéiegand soft-state
XRBs ([]). The Fermi data do not cover the high frequencies very, wad the data are less
extensive and so the quality of the PSD is poorer, thus we cannot dramgstonclusions. The
slope in the measured frequency range is -1, the same as for the X-ragja@niisthe same (low)

frequency range. However there is no strong evidence for a bend Gamma-ray PSD within the
present data. (Note that the ordinates in Figs 7 and 8 are, for varidusdatreasons, in different
units.)

For 3C279 we can update the X-ray PSD provided [by [1] with additiont (fig.9). We
now see a clear bend at a frequency~08 x 10~ 'Hz. In the Fermi PSD the result is less clear.
The slope (-1) is the same as in the X-ray band, in the same (low) frequangg,rand the PSD
is consistent with a bend at the same frequency. However further gatadrired to confirm the
reality of the bend in the Fermi PSD.
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Figure 9 :X-ray power spectrum of 3C273 with -7 -85 -6 -55

Log Freq (Hz)
combined data from many observatories®thardy et Figure 10 : Fermi Gamma-ray power spectrum of

al, in preparation). Note that the ordinate is units 08C273. Here the ordinate is in units of just power.
frequency*power.
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) ) ) ) _Figure 12 : Fermi Gamma-ray power spectrum of
(M®Hardy et al, in preparation). The ordinate is units ) o )
3C279. The ordinate is in units of power.
of power.

5. Conclusions

The weak correlation between the X-ray and Gamma-ray bands tells usdhatiie at least
two sources of variability in both wavebands. Shocks, which may be fiaoved from the black
hole, in a jet may account for the flares which are seen in both bandspbutio we account for
the bulk of the variability?

In the X-ray band, the variability characteristics of blazars are similar toetlobsSeyfert
galaxies (ie non-beamed AGN) and XRBs. They show similar rms-flux rekttipa and bends
are found in their PSDs which fit the same mass/accretion rate scaling refg®as those found
in Seyferts and XRBs. These observations indicate that, at least as tlae #dulk of the X-ray
emission goes, the central black hole leaves an imprint upon the emissiactehnitics. In Seyfert
galaxies it is commonly assumed that perturbations arising in the accretiorrdpsgate inwards
and modulate the X-ray emission from some central corona. In blazars virt tmégefore say that
the X-ray emission also comes from a central corona. However oltisgrsauch as the strong
correlation between the X-ray and infrared emission in 3CPJ73 [5], antattehat the X-ray lag
the infrared by about a day, strongly implies that the bulk of the X-ray ermissiproduced by
synchrotron self-Compton emission, ie from a jet, rather than from thermap@n emission
from a non-beamed central corona. In that case we would concluthénperturbations carry on
through any central corona into a jet which would extend out from thatnzo

In the Gamma-ray band the conclusions are less clear. The PSD slopke s@me as at
low frequencies in the X-ray band (-1) and there is a hint of a bend asdhee frequency in
3C279, but the evidence is far from overwhelming at present. It istogscoduce high luminosity
Gamma-ray emission from anything other than a relativistic jet oriented tovlaedsbserver. In
such a jet then, apart from in strong shocks which could arise far finenblack hole, the bulk of
the Gamma-ray emission arises close to the black hole where particle enadjiemgnetic field
strengths are highest. If we assume that the Gamma-ray and X-ray emigstbnsome from a
relativistic jet, with the X-ray emission arising further from the black hole, @edurther assume
that the perturbations propagate down the jet, then it is very hard to se¢hbamprint of the
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black hole upon those variations can somehow bypass the Gamma-ray eméggamnbut still
affect the downstream X-ray emission region. If the PSD bend is neeptgeor is at a much higher
frequency than in the X-ray band, we must conclude that the underlpinge of the variability
in the Gamma-ray band is not external to the emission region, eg from thebdisis, produced
mainly by processes within the jet. Hopefully, once further Fermi data hese accrued, the very
important question of whether there is a bend in the Gamma-ray PSD canifiedlar
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