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We present a summary on the update of 3C 273’s Database am@ @malysis of the longterm
multi-wavelength variability of this bright quasar. The-lime database is now covering more
than 40 years of observations from radio to gamma-raysinffex unique view on the complex
variability properties of this active galactic nucleus . efdmplitude and the maximum time scales
of the variations depend strongly on the frequency and shemds that are characteristic of the
underlying emission processes. The variability properitthe X-ray band imply the presence
of either two separate components (possibly a Seyfertdilie a blazar-like) or at least two pa-
rameters with different timing properties to account fag ¥rray emission below and abowe0
keV. The dominant hard X-ray emission is most probably nat duelectrons accelerated by the
shock waves in the jet as their variability does not coresleith the flaring millimeter emission,
but seems to be associated to long-timescale variatiom®ioytical. This optical component is
consistent with being optically thin synchrotron radiativom the base of the jet and the hard
X-rays would be produced through inverse Compton proce&$8€ and/or EC) by the same
electron population. We show evidence that this synchnatmnponent extends from the optical
to the near-infrared domain, where it is blended by emissioheated dust that we find to be
located within about 1 light-year from the ultraviolet soeir
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Figure 1: Time coverage of all 3C 273 observations of the database @sctidn of the frequency, colour-
coded to represent thd=, intensity of the measured fluxes.

1. Introduction

The quasar 3C 273 is one of the best observed active galactic nu@i)(@t all wavelengths,
due to its brightness and to its numerous interesting features both typicatafb(aigh variability,
a jet with superluminal motion, polarization) and of Seyfert galaxies (a bluep, variable broad
emission-lines). We continue the effort of updating 3C 273’s Databasellscting and including
all available multi-wavelength observations from radio to gamma-rays. Thjegirhas been ini-
tiated in 1999 by Turler et al[J[1] and has now been updated by Soldi fJakith the inclusion
of the last 10 years of data. As an illustration, we show in Big. 1 the time agdédrey cover-
age of the database organized as lightcurves in various frequendy, vamereas Fig] 2 shows the
average spectral energy distribution and the range of variability. ANiddal lightcurves are pub-
licly available in graphical and data formatrett p: / /i sdc. uni ge. ch/ 3c273/ . We present
here a summary of the main results of the variability analysis of this dataset thatéstly being
published in[[R].

2. Variability amplitude and timescale

For lightcurves with sufficient observations and adequate time samplingervixee dhe am-
plitude of the variations relative to the mean flig,, and the maximum time scale of variability,
Tmax €Stimated with a structure function analysis. The results are given ifj Figl Shew that both
variability parameters depend strongly on the frequency of the radiatimnfollowing interesting
trends can be observed:
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Figure 2: Average spectral energy distribution of 3C 273. The erras lbapresent the standard deviation
from the mean values and the grey area indicates the obsemgd of variations.

e X-and gamma-rays F is increasing steeply with energy above 20 keV, whereas at lower
X-ray energies the increase is rather shallow. In addition, significantlyelomariability
time scales are observed above 20 keV than below. This suggests taeqgares either two
separate components (possibly a Seyfert-like and a blazar-like ondasttwo parameters
with distinct variability properties to explain the different characteristics efuariations
below and above 20 keV.

e optical-ultraviolet: theF-decrease from ultraviolet to optical is due to the increasing dom-
inance of theZ component, i.e. the longer-wavelength blue-bump component identified by
Paltani et al. [[B] and showing smaller variations on longer time scales, cethparthe
ultraviolet component.

e infrared: after the removal of synchrotron flares, a less variable compongetagn The
similarity of the infrared, trend with that found in the optical-ultraviolet suggests that the
Z component is still significantly contributing to the near-infrared emission.

o radio-millimeter : the F g-increase andmnax-decrease from the radio to the millimeter band
can be well understood as due to the superposition of synchrotroas flatiee jet, starting
as short flares at high frequencies and propagating to lower fresewhile evolving on
longer time scaled][4].

3. Cross-correlation results

To identify possible correlations and time delays between radiation emitted exediffivave-
length, we cross-correlate lightcurves at different frequencies.r@ults are summarized below:
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Figure 3: Left panel: Spectrum of the fractional variability amplitudB,, (circles). Triangles have been
obtained after removal of synchrotron flares in the infrdvadd. Dashed lines highlight the trendRight
panel: Maximum variability time scaletmay, as a function of the frequency.
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Figure 4: Left panel:Correlation between the 1300 A and the near-infrared (J,dHkaband) lightcurves.
Delays of 0.8—-1.2 years are observed in the near-infraress@n with respect to the ultraviolet onRight
panel: Correlation between the 20-70 keV and the 1.3 mm lightcurve.

3.1 The ultraviolet—infrared relation

A correlation is observed between the ultraviolet and the near-infrarettligres (see Fig] 4
Left pane), suggesting that the near-infrared emission is radiated by dust hgabgdhe ultravio-
let continuum. The 0.8-1.2 year delays we find could represent the tiraeedf the photons from
the ultraviolet source to the dust location. The delays increase with incgeafared wavelength
suggesting an extended dust region with a temperature gradient.

3.2 The hard X-ray emission

Cross-correlating the hard X-ray and millimeter lightcurves (figight pane), we do not find
a correlation at short lags that would be expected if the same electrotapopwas responsible
for both the synchrotron and the inverse Compton emissions. Thergfegems that the dominant
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Figure 5: Left panel:Correlation between the 20-70 keV and the optical V-barfitdigrves.Right panel:
Correlation between the 20-70 keV and the ultraviolet tighte at 3000 A. The secondary peak at 1.5 years
indicates a possible delay of the hard X-ray emission wispeet to the blue-bump.

hard X-ray emission is produced by a different electron population ttetrethitting the radio-to-
millimeter radiation.

On the other hand, a correlation without delay is observed between tieXharys and the
optical —%-component dominated — component (Fid-é5t pane). A secondary peak in the cor-
relation at 1.5 years becomes dominant when the hard X-rays are tedreldh the ultraviolet
(Fig. B Right pane). Considering the measurement of slightly polarized emission in the optical
domain, the spectral shape and the variability properties ofzh@omponent, we propose that
it could be synchrotron emission from the base of the jet. This emission waarel b be rela-
tively unrelated with the outburst activity in the radio-millimeter domain that woukkdurther
downstream. In this case, the hard X-rays could be produced by the edaoieon population
emitting theZ/synchrotron component. In addition, if the ultraviolet provide the seetbplsdor
the Compton processes producing hard X-rays, the correlation atardglay could indicate the
distance covered by the photons from the ultraviolet to the X-ray source.

4. Conclusion

Multiwavelength data sets spanning many years are of fundamental impoftargtudying
the physics of AGN. The more data we add, the more evident it becomesuthaiear of AGN
is still too simplistic to describe and understand the complexity of these objectsrtNeless, the
worldwide observational effort on 3C 273 during decades, allows psdgress in the character-
ization of its variability properties across the electromagnetic spectrum aneéntfjdrelations
between the emission from one spectral range to the other. The lasedawailed us a much
clearer picture of the X-ray variability, whereas future facilities like the GIAsatellite will enable
the extention of this analysis in the gamma-ray domain.
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