INAF

ISTITUTO MNAZIOMNALE

Ol ASTROFISICA

MATICHMAL INSTITLITE
FOR ASTROFHYSICS

Publication Year 2008

Acceptance in OA@INAF 12023-01-24T13:29:31Z

Title The high activity of 3C 454.3 in autumn 2007: Monitoring by the WEBT during the
AGILE detection

Authors RAITERI, Claudia Maria; VILLATA, Massimo; Chen, W.P.; Hsiao, W.-S.;
Kurtanidze, O.M.; et al.

DOI 10.1051/0004-6361:200809995

Handle http://hdl.handle.net/20.500.12386/33038

Journal ASTRONOMY & ASTROPHYSICS

Number 485




Astronomy & Astrophysicenanuscript no. raiteri © ESO 201
October 30, 2018

LETTER TO THE EDITOR

The high activity of 3C 454.3 in autumn 2007
Monitoring by the WEBT during the AGILE detection*

C. M. Raitert, M. Villatal, W. P. CheR, W.-S. Hsia8, O. M. Kurtanidzé, K. Nilssorf, V. M. Larionov?8,
M. A. Gurwell’, I. Agudd, H .D. Aller®, M. F. Aller®, E. Angelakid®, A. A. Arkharo\?, U. BacH®, M. Bottchet?,

C.S. Buenﬁzb P. Calcides®, P. Charlot*, F. D’Ammandd®, |. Donnarumm#, E. Forné®, A. Frasca?,
L. Fuhrmanf®, J. L. Gome$, V.A. Hagen-Thorf, S. G. Jorstall, G. N. Kimeridzé, T. P. Krichbaurt?,

A. Lahteenmak®, L. Lantert, G. LateV®, J.-F. Le Campiotf, C.-U. Le&?, P. Letd?, H.-C. Lin?, N. Marchilit®,
E. Marilli*?, A. P. Marschet’, R. Nesc#?, E. Nieppold®, M. G. Nikolashvil?, J. Ohlert?, E. Ovcharov®,
D. Principé?, T. Pursimd?, B. Ragozzin&', A. C. Saduf®, L. A. Sigu&, R. L. Smart, A. Strigachet®, L. O. Takald,
M. Tavant®, C. Thun?’, M. Tornikoskt8, C. Trigilio'?, K. Uckerf!, G. Umané&?, A. Valcheva®, S. Vercelloné®,
A. Volvach?®, and H. Wiesemeyé?

INAF, Osservatorio Astronomico di Torino, Italy

Institute of Astronomy, National Central University, Taw
Abastumani Astrophysical Observatory, Georgia

Tuorla Observatory, Univ. of Turku, Piikkid, Finland

Astron. Inst., St.-Petersburg State Univ., Russia

Pulkovo Observatory, St. Petersburg, Russia
Harvard-Smithsonian Center for Astroph., Cambridge, MSAU
Instituto de Astrofisica de Andalucia (CSIC), Granadaqi8
Department of Astronomy, University of Michigan, MI, USA
Max-Planck-Institut fur Radioastronomie, Bonn, Germany
Department of Physics and Astronomy, Ohio Univ., OH, USA
INAF, Osservatorio Astrofisico di Catania, Italy

Osservatorio Astronomico della Regione Autonoma Vallea$#a, Italy
Lab. d’Astrophysique, Université Bordeaux 1, CNRS, FdojrFrance
INAF, IASF-Roma, Italy

Agrupacio Astronomica de Sabadell, Spain

Institute for Astrophysical Research, Boston Universit, USA
Metsahovi Radio Obs., Helsinki Univ. of Technology TKKnkind
Sofia University, Bulgaria

Korea Astronomy and Space Science Institute, South Korea
INAF, Istituto di Radioastronomia, Sezione di Noto, Italy

Dept. of Phys. “La Sapienza” Univ, Roma, Italy

Michael Adrian Observatory, Trebur, Germany

Nordic Optical Telescope, Santa Cruz de La Palma, Spain

Dept. of Phys., Univ. of Colorado, Denver, USA

Inst. of Astronomy, Bulgarian Academy of Sciences, SofidgBria
Institut de Radio Astronomie Millimétrique, Grenoble aRce

INAF, IASF-Milano, Italy

Radio Astronomy Lab. of Crimean Astrophysical Observatoikraine
Instituto de Radioastronomia Millimétrica, Granadaaip

© © N o U~ WN P

arXiv:0805.1983v1 [astro-ph] 14 May 2008

ABSTRACT

Context. The quasar-type blazar 3C 454.3 underwent a phase of hightyaat summer and autumn 2007, which was intensively
monitored in the radio-to-optical bands by the Whole EattizBr Telescope (WEBT). Theray satellite Astro-rivelatore Gamma a
Immagini LEggero (AGILE) detected this source first in latdy,Jand then in November—-December 2007.

Aims. In this letter we present the multifrequency data colle@gthe WEBT and collaborators during the second AGILE olisgrv
period, complemented by a few contemporaneous data frobiltte/iolet and Optical Telescope (UVOT) onboard the Swiftellite.
The aim is to trace in detail the behaviour of the synchro&mission from the blazar jet, and to investigate the coutidip from the
thermal emission component.

Methods. Optical data from about twenty telescopes have been horeogsly calibrated and carefully assembled to construct an
R-band light curve containing about 1340 data points in 4Zdahis extremely well-sampled optical light curve allovesta follow
the dramatic flux variability of the source in detail. In aitsth, we show radio-to-UV spectral energy distributionE[$3) at diferent
epochs, which representfiirent brightness levels.

Results. In the considered period, the source varied by 2.6 mag in pleaf weeks in theR band. Many episodes of fast (i.e.
intranight) variability were observed, most notably on Baber 12, when a flux increase of about 1.1 mag in 1.5 hours etasted,
followed by a steep decrease of about 1.2 mag in 1 hour. Theilootion by the thermal component isfli¢ult to assess, due to the
uncertainties in the Galactic, and possibly also intrinsiginction in the UV band. However, polynomial fitting offie-to-UV SEDs
reveals an increasina snectral bendina aoina towardsefiagtates suaaesting a L)V excess likelv due to the thermisken from
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The flat-spectrum radio quasar 3C 454.3 focused the atteotio
astronomers in spring 2005, when it was observed in an exceps, ,
tional brightness state from the near-IR to the X-ray fremye
range. The Whole Earth Blazar Telescope (WHRBGiganised

a multiwavelength campaign to study the event, whose esult 135
were published by Villata et al. (2006). The WEBT monitorin%
effort continued after the optical outburst, and followed thie-s ~ 14.0
sequent radio activity (Villata et al., 2007), and then thaff

state in the 2006—-2007 observing season (Raiteri et al.)200

In this last period, the low contribution by the synchrotesnis-

sion from the jet allowed the authors to recognise both ttie li

blue bump, due to line emission from the broad line regiod, an 150
the big blue bump, due to thermal emission from the accretion

dISC' . .. . . 4410 4420 4430 4440 4450
A renewed optical activity was observed at the beginning of Julian Date — 2450000

the next observing season, in May 2007, which prompted tlt—‘f‘lg. 1. R-band light curve of 3C 454.3 in November 4—-December

WEBT to go on with the monitoring. Indeed, a big optical out; 55407 The episode of extremely fast variability incicaby
burst was observed in July—August. This triggered obsienvat Shé red arrow is shown in more detail in Fig. 3

by the Astro-rivelatore Gamma a Immagini LEggero (AGILE
satellite, which detected the source in its brightesay state

ever observed (Vercellone et al., 2008). A further signiftae- data were calibrated according to a photometric sequence by
tection by AGILE was announced in November (Chen et al.arionov (private commun.). The light curves constructivas
2007; Pucella et al., 2007), which in turn led to intensifieehm performed by assembling all datasets for each band and then
itoring by the WEBT. simultaneously inspecting all the resulting optical-Night

The importance of collecting data at both low and high enegurves day by day. When an intranight dataset contained nois
gies simultaneously comes from the fact that the X-i@y ra-  data, they were binned (typically on 5 minutes); redundaie d
diation from blazars is commonly thought to be produced & ttpoints with too large errorsx(0.1 mag) and unreliable outliers
plasma jet through an inverse-Compton procdébthe same rel- were discarded.
ativistic electrons that generate the radio-to-opticalcsyotron The R-band light curve obtained during the core period of
emission. The seed photons for the inverse-Compton sceftethe WEBT campaign is shown in Figl 1. It was constructed
may be either the same synchrotron photons (synchrotién-sgith the data provided by the following observatories (oede
Compton or SSC models) or photons coming from outside thg decreasing contribution): Lulin, Abastumani, Roque o |
jet (external-Compton or EC models), or a combination ohbotMuchachos (KVA and NOT), St. Petersburg, Mt. Lemmon, Valle
In particular, they-ray radiation in the GeV regime should bey’'Aosta, Torino, Kitt Peak (MDM), L'Ampolla, Vallinfreda,
directly connected to the optical one. Hence, the compla_triswchae| Adrian, Rozhen (580 cm and 200 cm telescopes),
between they-ray AGILE data and the optical data, especiallyew Mexico Skies, and Calar Afflo The light curve contains
during periods of high variability, can give an importanht® 1337 data points, which show a total variation of 2.58 mag, oc
bution to our knowledge of blazar emission mechanisms. An eurred in the last 15.18 days. The Bordeaux and Catania-obser
ample of synergy between AGILE and WEBT has recently beg@tories also contributed to the optical light curves, tttin the
put into practice on the blazar S5 0448l (Villata et al.| 2008). Rband.

In this letter we deal with the multiwavelength data taken in - The source was very active in this period, and strong varia-
the core period (November 4-December 16, 2007) of the laigins were observed also on intranight time scales. Ndbieea
WEBT campaign on 3C 454.3. This core period correspongpisodes of fast variability are displayed in Fig. 2. Fig@ee
to the AGILE second detection, and includes a few obserihows a well-sampled brightening of 0.33 mag in 2.3 hours,
tions by the Swift satellite. We will present a detailed gsed of which was followed by an apparently slower flux decrease. The
all multiwavelength data acquired during the whole last WEBfirst dimming phase in Fig. 2b implies a variation of 0.38 mag
campaign (May 2007-February 2008) in a forthcoming papg¥ 9.0 hours. A very spectacular variability episode is shamw
(Raiteri et al., in prep.). Fig. 2c, where the total flux increase is 1.35 mag in 28.5 hours
including an almost monotonic brightening of 0.83 mag in 4.6
hour§, from JD= 2454435.9357 to 2454436.1284, correspond-
ing to the maximum peak of the light curve in Aig. 1. Finalhgt
Optical and near-IR data were acquired in Johnson-Cousfhsx variations displayed in Fig. 2d involve a 0.41 mag dimgin
UBVRI andJHK bands by about twenty telescopes all arounid 5.1 hours.
the world. Magnitudes were calibrated following Angione A special mention is due to the episode of extraordinarily
(1971) for theU filter, [Raiteri et al. [(1998) for theBVR fil-  fast variability detected on December 12, 2007, which isxsho
ters, and Gonzalez-Pérez et al. (2001) forlthidter. The JHK  in Fig.[3. Observations started in St. Petersb@&gRI) and then
continued in Valle d’AostaBVRI) and Bordeaux\{). For all

2. Optical-to-radio observations by the WEBT

Send offprint requests to: C. M. Raiteri
* The radio-to-optical data presented in this paper are dtior¢he 2 Calar Alto data were taken as part of the MAPCAT (Monitoring
WEBT archive; for questions regarding their availabiliilease contact AGN with Polarimetry at the Calar Alto Telescopes) project.
the WEBT President Massimo Villatajllata@oato.inaf.it). 3 With very steep slopes of about 0.006 mag per minute, i.en8di
1 http://www.oato.inaf.it/blazars/webt/ steeper than the fastest variations observed in the stidwgblazar
see e.g. Villata et al. (2004); Bottcher el al. (2007); Raikt al. (2008). 0716+714 (see Villata et al., 2008, and references therein).
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136) R . IRAM 30 m telescope on Pico Vel@aAt cm wavelengths, the
W% + st i radio flux densities were measured at the Metsahovi (37 GHz)
per 1 iea 3; % UMRAO (14.5, 8.0, and 4.8 GHz),ffelsberg (42, 23, 15, 8, 5,
= 140t f t 1 las 3,and 1 GHz), Crimean (37 GHz), Medicina (22, 8, and 5 GHz),
g’%‘f % 1 1ee % and Noto (43 GHz) observatories. We also collected data from
. 1 e 0 the VLA/VLBA Polarization Calibration Databd&e
442‘5,0 442‘5,1 442‘5,2 442‘5.3 14.8442‘90 442‘95 441;0,0 44{;0.5 445;1,0 44315
2ol ‘ g P ‘&% ‘ T 3. Uy d_atafrom Swift and spectral energy
o R A YA distributions
w 132] f 1 139f WW 1 In the period considered in this letter, observations bydW®T
13.4F . / 1 1a0b i instrumentl(Roming et al., 2005) onboard Swift were perfedm
13.6 “ i Yl on November 15, 20, and 22, and on December 13 and 15.
ol ?gf\ ‘ ‘ 1 ‘ ‘ ‘ However, only in the first and in the last two epochs all the
44350 44355 4436.0 44379 44380 44381 44382 optical (UBV) and UV NVZ, M2, Wl) filters were used, while
Julian Date — 2450000 Julian Date — 2450000

in the other epochs data in the UV bands only were acquired.
Fig. 2. Examples of very fast variability of 3C 454.3 extractedhe UVOT data were processed with theotmaghist task

from the light curve in Fig.]1. of the HEASOFT 6.3 package. Following the recommendations
contained in the release notes, the source counts weretxira
IS o from a circular region with a 5 arcsec radius, in agreemetit wi

the standard photometric aperture defined in the calibrdilies
(CALDB updated as July 2007). To avoid contamination by Star
1 (see Raiteri et al.,, 1998), the background was extracted fr
source-free circular regions in the source surroundingsaw/
tributed a 0.1 mag uncertainty to all UVOT data, to take aotou
of both systematic and statistical errors.

We constructed broad-band SEDs with contemporaneous
data from the radio bands to the UV frequencies. We selected
epochs in which data at various frequencies were available,
better trace the synchrotron component. In Elg. 4 we show the
most significant SEDs at filerent brightness levels. Before be-
ing converted into flux densities, NIR-to-UV magnitudes aver
de-reddened according to the Cardelli et al. (1989) laws, as

6.0 T e suminganextinctionin_tthando_fO.462mag,a_nEtV =

4447.05 4447.10 4447.15 444720 444725 4447.30 4447.35 A(V)/E(B-V) = 3.1, as in the diuse interstellar medium. One

Julian Date — 2450000 delicate point is the amount of extinction in the UV bandseTh
Fig. 3. The extraordinary episode of fast variability observed o i :/ecr)s-rf:(;tg/; 4Wg\gin£§:§ f;(r)g:)e ,BL\Wr :éy'sL;;/(I:v'ti\i;ﬁ/n?PL(J)gl/\elzet al
December 12, 2007. 2008). We derive for these bands an extinction of 0.73, h0d,
1.02 mag, respectively, and the result is the wavy shapeeof th
SEDs in Fig[#. We notice that the amount of Galactic extorcti
}n the UV is strongly &ected by the 2175 A bump due to dust ab-
s%rption. Even slight variations in the depth grdshape of this
fature would have noticeable consequences on the SEDs in th
V, particularly on the position of the UM2 points, since the
eﬁective wavelength of this filter is close to 2175 A. Moreover,
3ue remind that fitting the 3C 454.3 X-ray spectra requiresaext
absorption (see e.g. Raiteri et al., 2007, and refereneesitt).
Hence, there may be intrinsic absorption also in the optld¥l
frequency range (see elg. Gaskell etlal., 2004), even if it ma
have diferent properties with respect to the Galactic extinction
g\/laiolino etal.| 2001).
few near-IR data were taken at Campo Imperatore and with tpe Conseque_ntly, the_ shape of the spectrum in the UV band_has
Nordic Optical Telescope (NOT) 0 be taken with caution. However, if we perform a polynon_ual
Radio data at both mm and ;:m wavelenaths were collec fit of the SEDs from the radio (starting from 5 GHz, outside
9 tﬁ% plot in Fig[4) to the UV data, we can see that the optical—

as already calibrated flux densities. In the mm regime, data w
taken at 85Qim and 1 mm with the SubMillimiter Array (SMA) UV SED becomes more and more concave as the flux decreases,

on Mauna Kei and at 1 mm, 142 GHz, and 86 GHz with the 6 The IRAM data are part of a standard AGN monitoring program of
total flux and polarization, a complementary program to rasraddi-

4 More precisely, 1.25 mag in 64 minutes, i.e. a mean sloped@. tional sources selected for observations with GLAST (Fuimmet all.,
mag per minute (cf. Footnote 3). in prep.), and a dedicated polarimetry program to monitemtim flare

5 These data were obtained as part of the normal monitoringrane  of 3C 454.3 in 2007 (Agudo et al., in prep.).
initiated by the SMA|(Gurwell et al., 2007). 7 lnttp://www.vla.nrao.edu/astro/calib/polar/
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these datasets the source was relatively faint. But soam, af
eight BVRI frames taken at the Torino Observatory revealed
sudden brightening, which was already over when the Ro
(KVA) R-band data were acquired. This rapid flare implies
least a 1.1 mag brightening in 1.5 hours, and a brightness
crease of about 1.2 mag in 1 hour in tReband, thus repre-
senting one of the most dramatic flux changes ever detecte
blazars. For this reason the Torino frames were carefully-an
ysed to check for any possible instrumental problem anthatti
finding none. Hence, we believe that the observed fast i@miat
represents a real phenomenon.

At the beginning of the period considered in this letter,
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e e the host galaxy, like g-ray burst (GRB). However, most GRBs
- - are associated with the death of young massive stars, which a
more common in star-forming galaxies (Savaglio etlal., 3008
while blazars are usually hosted in ellipticals. A micraemy
effect, e.g. by a MACHO in our Galaxy, may be possible, but
it seems unlikely; indeed, these events are observed witthmu
longer time scales (e.g. Wood & Mao, 2005). Unfortunatdig, t
poor sampling prevents us from any consideration on theeshap
and chromatism of the event.
The construction of broad-band SEDs with contemporane-
ous data reveals noticeable spectral changes in the cptival
frequency range. Although the details of the spectral shayst

-10.0

—10.5

-11.0

log (vF,) [erg cm™ s7']

0e 2454420 O =1.48

P R R

s / ST e be regarded with caution because of the uncertainties iméte
Y elling of absorption (Galactic, but possibly also intrijsiespe-
AN e A cially in the UV band, we notice that the optical-UV SED gets
11 12 13 14 15 more and more concave as the flux decreases. This is consis-
log v [Hz] tent with the finding of a UV excess in faint states (Raitealet

Fig.4. Spectral energy distributions (SEDs) of 3C 454.2007), likely due to thermal radiation from the accretiosadi

at different brightness levels in November—December 20d7d€ed; this contribution to the blazar emission becomesemo

Contemporaneous data are plotted with the same symbol §iRiPle when the beamed synchrotron radiation from theget i
colour; filled symbols refer to Swift-UVOT data, while empty/@inter, which stresses the importance of studying blaizdosv-

symbols represent ground-based observations. The curoes saCctivity states as well as during outbursts.

polynomial fits to the radio-to-UV data at the various epochs 1 he time interval considered in this letter correspondéiéo t
dashed vertical lines correspond to the fit maxima. The watie S€cond period of detection in therays by the AGILE satellite,
the optical spectral indices are also indicated. which follows the observation of an unprecedented brigay

state in July 2007 _(Vercellone et al., 2008). The AGILE data i
November—December 2007 show high variability on time scale

suggesting the presence of a rather stable UV excess. Inddeam days to weeks, with recurrent flaring activity (Veroeié et

a UV excess was found by Raiteri et al. (2007) when analysiag, in prep.; Donnarumma et al., in prep.). The comparisen b
XMM-Newton data taken in July and December 2006, whichveen the low-energy data presented in this letter and tyie- hi
was interpreted as the contribution from the accretion.disg energy data by AGILE will contribute to shed light on the re-
SEDs would confirm the picture according to which the thefationship between the synchrotron and inverse-Comptds-em
mal contribution from the disc is overwhelmed by the beameidion components from the blazar jet.

synchrotron emission when the source is bright, and it can /lgekn ied s We acknowledae th ¢ oublic data from the Swift
: ) . cknowledgements. We acknowledge the use of public data from the Swi
recognlsed Only V.Vhen the non-thermal flux IS. low. . data archive. This research has made use of data obtaineagththe High
\_Ne finally notice the remarkable change in the optical Spegrergy Astrophysics Science Archive Research Center ©riarvice, pro-
tral indexaopt (F, o< v™®), from 1.33 (JD= 2454450) to 1.71 (JD vided by the NASAGoddard Space Flight Center. This work is partly based
= 2454425), and that the polynomial fits suggest that the pkakoo observations made with the Nordic Optical Telescoperatgé on the is-

; ; ; VA +kand of La Palma jointly by Denmark, Finland, Iceland, Noywand Sweden,
the SED may shift towards hlgher frequenues with mcregasn:f]‘ the Spanish Observatorio del Roque de los Muchachos ofntéuto de

optlcal flux (See F'QD4)' Astrofisica de Canarias, and on observations collectedeaGérman-Spanish
Calar Alto Observatory, jointly operated by the MPIA and tAA-CSIC. AZT-
24 observations are made within an agreement between RyliRnme and
4. Discussion and conclusions Teramo observatories. We thank theffs& the IRAM 30-m telescope for their
help with the observations, and in particular H. Ungeredbtsallowing us to
In this letter we have presented the radio-to-optical data @clude data from the general IRAM 30-meter AGN monitoringgram. We
3C 454.3 acquired by the WEBT and collaborators, complee also grateful to the IRAM Director for providing discogtary observing

; ; iHme at the 30-m telescope. This paper is based on obsersatiarried out
mented by data taken with the UVOT instrument onboard SW@{,“the IRAM 30-m telescope. IRAM is supported by INGINRS (France).

dur'ng the core pe”Od of the last WEBT campaign, 1.e. frOWPG (Germany) and IGN (Spain). This research has made usatafftbm
November 4 to December 16, 2007. The source showed Str@fguniversity of Michigan Radio Astronomy Observatory, igthis supported
activity in the optical band, with a maximum variation of aibo by the National Science Foundation and NASA and by funds tr@University
2.6 mag in a couple of weeks. Many episodes of fast variapff-Michigan. The Metsahovi team acknowledges the suppom the Academy

: : : f Finland. The Torino team acknowledges financial supppthb Italian Space
ity were observed, mvolvmg flux changes of several tenths ency through contract ASI-INAF/08806/0 for the Study of High-Energy

mag in a few hours. The most striking event was detected REtrophysics. Acquisition of the MAPCAT data is supportedpiart by the
December 12, when a flux increase of about 1.1 mag in Ispanish Ministerio de Educacion y Ciencia through grant 2087-67626-C03-
hours was followed by a fall of about 1.2 mag in 1 hour. Thié3

is one of the fastest variations ever observed in blazaes) #v
the inferred brightness temperature is still well belowliimit of ferences
~ 102K for inverse-Compton catastrophe. Indeed, by assumiﬁage

Ho = 71kms*Mpc?, the 1.2 mag dimming in 1 hour in theAngione, R. J. 1971, AJ, 76, 412

R band yieldsT, ~ 5 x 10°K (e.g./Wagner et all, 19%)We Bottcher, M., Basu, S., Joshi, M., et al. 2007, ApJ, 670, 968

think that this very fast flare is most likely a real variatiorthe ~ S2delli. J. A., Clayton, G. C., & Mathis, J. S, 1989, ApJ, 3285

. . . . . . Chen, A., Vercellone, S., Giuliani, A., et al. 2007, The Asiomer’s Telegram,
jet emission. Alternatively, we may think of a dramatic evien 15781

- ) o Gaskell, C. M., Goosmann, R. W., Antonucci, R. R. J., & Whygdd. H. 2004,
8 For comparison, the 0.83 mag brightening in 4.6 hours oleserv  ApJ, 616, 147
on December 1 (JB 2454436.0, see Fif] 2) implid@s ~ 4 x 1B K. Gonzalez-Pérez, J. N., Kidger, M. R., & Martin-Luis, BOZ, AJ, 122, 2055
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