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ABSTRACT

Context. The quasar-type blazar 3C 454.3 was observed to undergopaeagaented optical outburst in spring 200@eeting the source bright-
ness from the near-IR to the X-ray frequencies. This wasffitiiwed by a millimetric and then by a radio outburst, whigaked in February
2006.

Aims. In this paper we report on follow-up observations to stuayrtultiwavelength emission in the post-outburst phase.

Methods. Radio, near-infrared, and optical monitoring was perfairog the Whole Earth Blazar Telescope (WEBT) collaboratiothie 2006—
2007 observing season. XMM-Newton observations on JulyseBDecember 18-19, 2006 added information on the X-ray anstates of the
source.

Results. The source was in a faint state. The radio flux at the highejuacies showed a fast decreasing trend, which repre$entsik of the
big radio outburst. It was followed by a quiescent state, mam at all radio frequencies. In contrast, moderate agtaliaracterized the near-IR
and optical light curves, with a progressive increase oktr&ability amplitude with increasing wavelength. We d@serthis redder-when-brighter
behaviour to the presence of a “little blue bump” due to lingssion from the broad line region, which is clearly visibiethe source spectral
energy distribution (SED) during faint states. Moreovikg tata from the XMM-Newton Optical Monitor reveal a rise o tSED in the ultra-
violet, suggesting the existence of a “big blue bump” duehtrmal emission from the accretion disc. The X-ray speatanell fitted with a
power-law model with photoelectric absorption, possillger than the Galactic one. However, the comparison wéhipus X-ray observations
would imply that the amount of absorbing matter is variaBliéernatively, the intrinsic X-ray spectrum presents aveture, which may depend
on the X-ray brightness. In this case, two scenarios ardlges§ There is no extra absorption, and the X-ray specthamiens at low energies,
the hardening being more evident in bright states. ii) Them@ constant amount of extra absorption, likely in the quasaironment, and the
X-ray spectrum softens at low energies, at least in faina)Xstates. This softening might be the result of a flux coutidim by the high-frequency

tail of the big blue bump.

arXiv:0708.2793v1 [astro-ph] 21 Aug 2007

Key words. galaxies: active — galaxies: quasars: general — galaxiesags: individual: 3C 454.3

1. Introduction Telescope (WEBT)to follow in detail the behaviour of the low-

. energy emission. Past data were also collected, both peblis
In May 2005 the flat-spectrum radio quasar 3C 454.3 Wagq ;npublished ones, so that this behaviour was tracedtback
observed in an unprecedented bright optical state. THis try,,mer 1966. The main results were publishedl by Villatalet al
gered observathns by hlgh-energy_ satellites (C.hant_jra, iEOOG): the diferent behaviour shown by the optical and radio
Villata et al. 2006; INTEGRAL, see Pian etal. 2006; SwifteSeyjqiorical light curves was interpreted as due to the faat th
Giommi et al. 2006), which found an exceptionally high fluX,o oo responding jet emitting regions are separated asd mi
also in the X-ray band. A multiwavelength (radio-to-optjca aligned. In this picture, the inner region, which is resploles
monitoring campaign was organized by the Whole Earth Blazgj"ine gptical radiation, became more aligned with the biie
sight during the 2004—-2005 outburst. This produced an asere
of the Doppler factor and a consequent enhancement of the flux

Send offprint requests to: C. M. Raiteri

* The radio-to-optical data presented in this paper are dtior¢he
WEBT archive; for questions regarding their availabilfilease contact
the WEBT President Massimo Villatajllata@oato.inaf.it). 1 http://www.to.astro.it/blazars/webt/
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Moreover, the analysis of the colour-index behaviour dyrinfable 1.Ground-based observatories participating in this work.
the outburst, generally redder-when-brighter, lled \éllat al.

(2006) to suggest the presence of a luminous accretion disc. ~Observatory Tel. size Bands
The WEBT continued to monitor the source also in the post- Radio
outburst period, in particular in order to detect a possiiolee-  SAO RAS (RATAN-600), Russia 600t 1,2.3,5,8,
lated event in the radio bands. Indeed, a huge mm outburst was _ 11,22 GHz
observed to peak in June—July 2005. At the high radio frequerf-rimean (RT-22), Ukraine 22m 22,37 GHz
cies (43 to~ 22 GHz), a long-lasting outburst developed, reach—Metsarolv" Finland 324 m 4276?_|HZ
ing the maximum flux levels in late February 2006. The evenﬁl(z)atdoi’ciﬁlzyltal m z
, , ;  ltaly 32m 5,8,22GHz
was seen progressively delayed and fainter going towavasrlo UMRAO, USA 26m 5. 8,14.5 GHz
frequencies, disappearing below 8 GHz. These data were pre- Near-infrared
sented and discussed by Villata et al. (2007). Accordinhért —Campo Imperatore, Ttaly 110cm  JH.K
interpretation, the radio peak observed in late Februa®g2a® Optical
not the delayed radio counterpart of the spring 2005 opieak, ~Osaka Kyoiku, Japan 51 cm V.R1
but it is instead connected to a minor optical flare deteated i Yunnan, China 102 cm V,R
October—November 2005. This interpretation combines an inSobaeksan, South Korea 61 cm R
trinsic variability mechanism (disturbances travellingah the ~ Lulin (SLT), Taiwan _ 40 cm V,R
jet) with a diferential change of the emitting regions viewing Mt- Maidanak (AZT-22), Uzbekistan ~ 150cm U, B,V.R |
angles, due to the motion of the curved jet. Mt. Maidanak (T60-K), Uzbekistan 60cm U,BV.RI
o . Abastumani, Georgia 70 cm R
Monitoring of the source by the WEBT continued and was-iean Ukraine 70cm BRI
complemented, in July and December 2006, by two pointings Of4xokoski. Finland 50 cm "R
the XMM-Newton satellite to study the high-energy emission  skinakas, Greece 130cm  B,V.R |
the post-outburst phase. In this paper we present the sesfult Rozhen, Bulgaria 200cm U,B,V.R
this new observingféort on 3C 454.3. A third XMM-Newton Rozhen, Bulgaria 580cm U,B,V,R I
pointing was performed in May 2007 and its results will be re-Tuorla, Finland 103 cm R
ported in a further paper, where the multifrequency histdri  Michael Adrian, Germany 120 cm R
behaviour of the source will be reconstructed and analysed. Valle d'Aosta, Italy 8lem  BV.RI
This paper is organised as follows: the radio-to-optical ob S20adell, Spain 50 cm R
. - ; Ampolla, Spain 36 cm V,R
servations by the WEBT are presented in Sect. 2, while Sect. ordeaux. France 20 cm v
reports on the results of the XMM-Newton pointings. The lokoa Roque (K\’/A), Spain 35 cm R
band spectral energy distributions (SEDs) of the sourc@@t v Roque (NOT), Spain 256cm  U,B,V.RI
ous epochs are analysed in Sect. 4. Conclusions are drawn [t Peak (WIYN), USA 90 cm B,V.R I
Sect. 5. Kitt Peak (MDM), USA 130cm U,B,V,RI

2 Ring telescope

2. Observations by the WEBT
) ) _ ) ] gressive increasing of the variability amplitude with wiaveyth

Table[1 contains the list of the radio, near-infrared, antcap g clearly recognizable.
observatories participating in the 2006-2007 WEBT campaig The R-band light curve is compared to the near-IR ones in
(starting from September 2006 for the radio observers, amd f Fig [2. The latter are less sampled than the optical onese sin
May 2006 for the near-infrared and optical ones). Earligadagn|y the 110 cm telescope at Campo Imperatore was monitoring
were published by Villata et al. (2006, 2007). Col. 1 reptis the source at these frequencies. ThK fluxes have a maxi-
name of the observatory and the country where it is locatgflym at JD= 2453979, in correspondence to one of the brightest
Col. 2 gives the telescope size, and Col. 3 the observingshangptical peaks. We can see that the variability amplitudeinen
Notice that for each group (radio, near-infrared, and @fifithe yes to increase with wavelength (1.43, 1.80, and 1.86 mag in
observatories are Iisteq in order of angitUQe; indeed,cm‘nbe J, H, andK bands, respectively). This trend seems to be an-
WEBT characteristics is the spread in longitude of its memibe gther indication in favour of the existence of a luminousraec
which in principle allows continuous 24 hour monitoring. tion disc, which was suggested to be responsible for thearedd

Light curves in Johnson-CousingBVRI bands are plot- when-brighter behaviour found by Villata ef al. (2006). Wi w
ted in Fig.[1. The largest contributions (more than 30 olgome back to this point in the following section.
serving nights) came from the Mt. Maidanak, Roque (KVA), The behaviour of the radio flux density (Jy) affdient fre-
Crimean, Osaka Kyoiku, and Skinakas observatories. Thesouguencies is shown in Fifll 3, where the first panel reportspkie o
magnitude has been calibrated accordind to_Angione (197%hl light curve in theR band for a comparison. We also included
in the U band, to Raiteri et al. (1998) in thBVR bands, and data from the VLAVLBA Polarization Calibration Database
tolGonzalez-Pérez etlal. (2001) in théand. A cleaning pro- (PCDR.
cess was applied to minimize data scattering due to photomet | contrast with the optical light curves, showing some ac-
ric uncertainties, as described by e.g. Villata etial. (J0® tjyity, the radio flux displays only a smooth decreasing dren
Raiteri et al.|(2005). The total number of data points in Bi¢s  \hich is mainly recognizable at the higher frequencies, rethe
3201,~ 63% of which are in th& band. we see the tail of the big radio outburst peaking in late Fatyru

Figurell shows the source in a rather faint state, but with sig006 that was analysed by Villata et al. (2007). Indeed, we no
nificant magnitude variations: thefférence between the mini-tice that at the beginning of the period considered in Bigh8,

mum and maximum brightness levels is 0.72, 0.91, 1.04, 1.28dio spectrum s still inverted, as during the outbursygasting
and 1.38 mag in thdJ, B, V, R, and | band, respectively.
Notwithstanding the dierent sampling of the light curves, a pro- 2 http://www.vla.nrao.edu/astro/calib/polar/
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that the flux enhancement comes from the inner radio emitti{®trider et al., 2001). Since a bright state of the souroédawot
region. Then, as the high-frequency flux decays, the radio-spbe excluded, a medium-filtemall-window configuration was
trum becomes softer and softer, and the flux density incseashosen in order to avoid possible contamination by lowergy
with increasing wavelength. This behaviour is highlightad photons as well as photon pile-up.
Fig.[3 by reporting the 37 GHz (20-day binned) cubic spline Data were reduced with the Science Analysis System (SAS)
interpolation in the various radio panels for a comparisen bsoftware, version 7.0. Only the good time intervals were se-
tween frequencies. As expected, the 37 GHz spline matckes liécted, i.e. the periods which are free of high-backgrouare§.
43 GHz data fairly well, while lower-frequencies light cesin-  This temporal filtering, which was performed according st
tersect the spline at some time, when the correspondingrapealard prescriptions, reduced the available integratiore tfior
index changes sign and the spectrum is no longer inverted. MOS1, MOS2, and pn by 4%, 5%, and 30%, respectively in
July. For the December data these numbers beea@ts, 27%,

3. Observations by XMM-Newton and 40%, because of a very high background at the beginning of
’ the exposure.
The X-ray Multi-Mirror Mission (XMM) - Newton satellite ob- Both the source and background spectra were extracted by

served 3C 454.3 twice during the period considered in this psetting (FLAG==0) and (PATTERN<=4) in the selection expres-
per (PI: C. M. Raiteri). The first time was during revolutiorsion for all the three EPIC detectors. The first string rejext
number 1202, from July 2, 2006 at 21:25:07 UT to July 3 aifacts as well as events next to both CCD edges and bad pix-
01:58:37 UT (JD= 2453919.39244-2453919.58237). The seels, which may have incorrect energies; the second striagtse
ond observation took place during revolution number 12&mf only single and double pixel events, which have the besiggner
December 18, 2006 at 20:07:27 UT to December 19 at 00:25ddlibration. Source spectra were extracted from circidgions

(JD = 2454088.33851-2454088.51752). with ~ 35 and~ 40 arcsec radii for MOS and pn, respectively;
background spectra were selected as the largest sourceifre
cles that can be arranged on the same CE20 and~ 40
arcsec radius regions for MOS and pn, respectively.

The European Photon Imaging Camera (EPIC) includes By means of thegrppha task of the FTOOL package, the
three detectors: MOS1, MOS2 (Turner et al., 2001), and pource spectra were grouped, i.e. the energy channels were

3.1. Results from EPIC
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binned in order to have a minimum of 25 counts in each bin, aitg of the source in the 2-10 keV rest frame energy range is
they were associated with the corresponding backgroundsand1.90x 10*erg s? in July, and 246 x 10*erg s in December.
sponse files. The grouped spectra were then analysed with thewe notice that fitting previous X-ray spectra of 3C 454.3
Xspec package, version 11.3.2. Only energy channels betwesffen required extra absorptidn. Villata ef al. (2006) med a
0.3 and 12 keV were considered. value ofNy = (1.34+ 0.05) x 107 cm2 for the Chandra obser-
The same model spectrum was applied to the MOS1, MOSation of May 2005, during the outburst phask that case the
and pn data simultaneously to increase the statistics. & fiunabsorbed 1 keV flux density was 14 times higher, but the
applied a single power law with Galactic absorption modellgoower-law slope was very similal.= 1.477 + 0.017. An even
according to the Wilms et all (2000) prescriptions aig = higher hydrogen column density was found by Giommi et al.
0.724 x 10?*cm2, from the LeidepArgentingBonn (LAB) (2006) when fitting the April-May 2005 data taken by the XRT
Survey (seé Kalberla etlal., 2005). The results are showniistrument onboard SwiftNy ~ 2-3x 10?*cm2) and when
Table2, where Col. 2 reports the column density, Col. 3 the phreanalysing the BeppoSAX data of June 2000.
ton spectral indek, Col. 4 the unabsorbed flux density at 1 keV, By looking at Fig[h, we see that the model slightly overes-
Col. 5 the 2-10 keV observed flux, and Col. 6 the valug?gh timates the data at the low-energy end of the plot. This cbald
(with the number of degrees of freedofn an indication that some extra absorption is needed alsoisn th
The three EPIC spectra fitted with the above model af@se. To check this point, we reanalysed the XMM-Newton data
displayed in the top panels of Fifl 4 (July 2—3) and Fig. §tting Ny to vary freely, and obtainetlly = (0.87 + 0.06) x
(December 18-19), while the bottom panels show the ratio be-
tween the data and the folded model. Assuming a flat cosmoR Notice that there was a misprint in the Villata et al. (Z008&per,
ogy withHy = 71kms!Mpc andQy = 0.27, the luminos- because of which 1.34 became 13.4.
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Table 2. Results of fitting the EPIC data withfeiérent models

Date Ny r Fikev Fa 10kev X/v ()
[10%tcm?] [udy] [ergenT?s7
Single power law with Galactic absorption
July 2-3 0.724 1.52 0.01 0.87+ 0.01 709x 10'2  0.857 (1093)
Dec. 18-19 0.724 1.5¥0.01 1.18+0.01 886x107'2 1.051 (1074)

Single power law with free absorption
July 2-3 0.87% 0.06 1.55+ 0.02 0.90+ 0.02 696x 10*2  0.842(1092)
Dec. 18-19 1.0% 0.06 1.65+ 0.02 1.29+ 0.02 853x107'2 0.985 (1073)
Double power law with fixed extra absorption

July 2-3 1.34 1.49,2.990.20 0.99+0.02 703x10'2 0.849 (1092)
Dec. 18-19 1.34 1.58,2.870.23 1.37+0.04 860x 10 0.984 (1073)
XMM-Newton: July 2-3, 2006
. 2006.4 20066  2006.8 2007.0 MOS1+MOSZ+pn
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ok - 1R N e Galactic absorption.
v 125 * g Lot E
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g T e o e those observed in spring 2005, which seem to require mora ext
3850 3900 3950 4000 4050 4100 absorption.
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On the other hand, the hypothesis that the amount of ab-
sorbing material is variable, even on relatively short tsnales,
Fig. 2. R-band (top panel) andHK light curves of 3C 454.3 s difficult to explain. It may be that extra absorption is indeed
from May 2006 to January 2007. All near-infrared data afsresent, and itis as large as found by k.qg. Villata et al. €20®
from Campo Imperatore. Maximum and minimum (red lineshat the intrinsic spectrum softens at low X-ray frequesicier-
as well as average (green lines) brightness levels areatetic ing faint X-ray states. We checked this point by fitting a deub
Arrows mark the times of the XMM-Newton pointings of Julypower-law model withNy = 1.34 x 1071 cm2 to both the July
and December 2006. and December data. In order to reduce the uncertaintiessoe a

fixed one of the two spectral indices by fitting the data above 2

keV with a single power law, since absorption plays a neplei
107 cm 2 for July, and (101 + 0.06) x 107 cm 2 for December role at these energies. The results of the fits, which appeze t
(see Tablgl2). The F-test probability in the two casesds50¢  as good as in the power-law with free absorption case (thest-t
and 46 x 10°Y7, respectively, indicating that from a statisticaprobability now being 5x 10 and 23x 10" for the July and
point of view the hypothesis of extra absorption is reastnab December epochs, respectively), are shown in Table 2.

Another possibility is that the need of extra absorption
hides the fact that the intrinsic spectrum _of the source tsaN0 3 5 pasuits from OM
power law, but presents some hardening in the soft X-rayeang
(Tavecchio et all, 2007). We investigated this hypothegifitb Besides the X-ray detectors, XMM-Newton also carries a co-
ting the XMM-Newton data with both a broken and a doubleligned 30 cm optical-UV telescope (Mason etlal., 2001), the
power-law model with Galactic absorption, but the resulbss dOptical Monitor (OM). The instrument is equipped with otic
not imply any significant curvature of the source spectrumd, aVBU filters, ultraviolet UMNV1, UVM2, UVW?2 filters, as well
do not improve the goodness of fit. However, we cannot rudes optical and UV grisms. In both the July and December point-
out that this scenario holds true in case of high X-ray stdites ings, we chose to use B, U, UVW1, UVM2 sequence, as a
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MOSLMOS2+pn Neuton: ecember 161, 2009 reddened magnitudes into flux densities, we adopted the zero
F mag fluxes by Bessell etal. (1998).
- 9 Blue and red diamonds in Figl 6 correspond to thBVRI

i data acquired by the NOT during the July and December XMM-
4 Newton pointings, respectively. As we can see from the figure
the ground-based optical flux densities agree fairly wethwhe
4 OM ones in the overlapping frequency range. Flux densities i
theJH bands from observations performed at Campo Imperatore
4 simultaneously to the July pointing are also displayeddlia-
monds).

In Fig.[d, the above two near-infrared—ultraviolet SEDs are
compared to previous faint-state SEDs. One SED (green-trian
gles) was obtained by Villata etlal. (2006) from near-indchr
and optical observations by the WEBT in late September 2005,
just after the end of the big outburst. The faintest-stat® SE
(cyan crosses) was derived from Neugebauerlet al. (1979), wh
channel energy (keV) observed this source with the 5 m Hale Telescope at Palomar

Fig. 5. EPIC spectrum of 3C 454.3 on December 18—19, 200%lountain; the optical data were taken in January 1973, vihde
black squares, red triangles, and green diamonds repreégerﬂr-mfrared ones in October 19.76. Further near-infralagd
MOS1, MOS2, and pn data, respectively. The bottom par%‘]"”ts (black plus signs) were derived from the August 1980 o

h the ratio bet the dat d the folded model, wervations of Allen et all (1982). Finally, the pink astksisefer
E’;\v(v)\cvv?th (ez-éﬁalc?[iczt\;\;eoergtiorel. ala and he folded model, a IoOto data acquired in December 1986 by Smith et al. (1988).

By looking at Fig[6 we notice that:

0.1

counts/s/keV
0.01

103

15 2 28+

ratio

1

0.5

— all the optical SEDs have a bump shape, with peak in the
compromise between a good spectral coverage and the limitedv—B frequency range;
d_urati(_)n of the observation. Exposure times for each filter a — the OM data presented in this paper confirm and extend fur-
given in Cols. 5 and 8 of Tablel 3 for the July and December ther in frequency the rise of the SED in the ultraviolet that

observations, respectively. was present in the datalof Neugebauer bt al. (1979);
The OM data were reduced with themichain task of — there is also an upturn from theo theJ band;
SAS version 7.0, and the results were analysed witdource.  — going towards lower frequencies, the behaviour of the

Source magnitudes are reported in Cols. 6 and 9 of Table 3. The brightest-state SED is fiilerent from that of the lower-state
error on the source magnitude also takes into account the dis ones, since in the former the SED rise continues, while in all
persion of the results obtained by varying the parametetiseof  the latter the values in thid band are lower than in thé
aperture photometry, in particular the location and sizehef one. The dference between thkandH values is greater in
regions from which the background is extracted. the July 2006 SED than in the Allen et al. (1982) one, while
We noticed that the) andB magnitudes of the brighteststars  in the case of Neugebauer et al. (1979) large uncertainties
in the field are in fair agreement with the ground-based calib  affect the data.
tions in theU band by Angione| (1971) and in tH& band by

Raiteri et al.(1998), which we have adopted for the WEBT data_''© Pump peaking around thé and B bands likely cor-
(see Sect. 2). The UW1 magnitudes of Stars 1 and 4 in thd€sponds to thdittle blue bump observed in quasars between

Raiteri et al. [(1998) notation are D&+ 0.03 and 1652+ 0.04, ~ 2000 and 4000 A'in the rest frame. This is due to the contri-

respectively. In the UM2 frames only the source is measurabl@ution of many emission lines produced in the broad lineaegi
We derived the Galactic extinction (mag) in the variou$SLR). in particular the numerous keand the Mg lines, and
bands (Col. 2 of Tablé]13) by adopting thg-band value Bqlmer continuum (W!Ils et al., 1935). Since the 3C 454.3 red
of [Schiegel et &1. (1998) and then applying the equations gpm is z = 0.859, Fex lines would mostly contribute to the ob-
Cardelli et al. [(1989). Extinction in the UM2 band is al- served spectrum around tBebagnd, while the flux in _th&’ band
most 1 mag; had we adopted the most recent prescriptions¥guld be enhanced by the Mdine and Balmer continuum con-
Fitzpatrick (1999), we would have obtained a value whichigo tributions. In the same way, the flux excess in corresporelenc
~ 1.8% lower. (_)f the J_band is _Ilkely due to a prominent broadvHemission
The transformation of the de-reddened magnitudes into fifig€- This bump is more evident when the beamed synchrotron

densities was obtained by using the method based on the VEg@ation from the jet is fainter. The lowest-flux SEDs in &y
flux scal@: the adopted Vega magnitudes and flux densities drianuary 1973 and December 2006) show states where the BLR

that in this epoch the synchrotron component was giving ladtig
contribution, and the BLR component, though still recogbie,

P ; i be diluted by the synchrotron one.

This figure also shows ground-based optical and ne&¥9ins to . . o
infrared flux densities from this work as well as from therlite . On the _other hand, th? rise of the SEDs in th_e ultraviolet is
ature (see description below); all the plotted values haenb Kely the signature of théig blue bump observed in many ac-
obtained by correcting for the Galactic extinction, usitg t tive galactic nuclei, which is commonly interpreted as thak

same method we used for the OM data. In order to convert de%pis_sion from the accretion disc (elg. Laor, 1990). Evigsnc
of this thermal component have been found in other quage-ty

4 See http://xmm.esac.esa.int/sas/7.0.0/watchout/| blazars, such as 3C 273 (Smith etlal., 1993; von Montignylet al
Evergreen_tips_and_tricks/uvflux.shtml 1997;| Grandi & Palumba, 2004; Turler et al., 2006), 3C 279

pointings are shown in Cols. 7 and 10 of Table 3, and plotted
blue and red squares in Figd. 6, respectively.
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Table 3.Results of the OM observations of 3C 454.3.

July 2-3 Dec. 18-19 |
Filter | Extinction Vega Vega texp 3C454.3 3C 454.3 texp 3C454.3 3C 454.3
[mag] [mag] [ergcm?s™A™] | [s] [mag] [mJy] [s] [mag] [mJy]
B 0.462 0.030 6.4&107° 2900 16.82-0.01 1.205+0.011| 1402 17.05-0.02 0.975+0.018
U 0.539 0.025 3.210° 2901 16.03:0.02 0.931+0.017| 1401 16.24-0.02 0.767+0.014
w1l 0.648 0.025 3.6&10° 4499 15.82: 0.03 0.908: 0.025| 3001 16.03:0.03 0.748+0.021
M2 0.980 0.025 4.3%10° 4600 15.89-0.04 0.8570.032| 752G 15.90+0.04 0.849+0.031

a Three subsequent exposures of 3100, 3099, and 1321 s.

4. Broad-band spectral energy distribution

The broad-band SED of 3C 454.3 is shown in Eig. 7. The near-
IR-to-UV SEDs corresponding to the XMM-Newton pointings
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= : of July and December 2006, which were displayed in Elg. 6
o e and discussed in the previous section, are now complemented
§ 5 : @ by the X-ray spectra presented in Sect. 3.1 (the results f bo

g 3 H R the power-law with Galactic absorption and double power-la

5 -11.2 + ¢ e 8 with fixed extra absorption models are shown) and by radia dat
2 i & ki from 5 to 43 GHz that were taken at the same time or within 3
g 3 days from the XMM-Newton observations. The comparison be-

“114 tween the UV and X-ray data clearly shows the UV excess. As

discussed in the previous section, this excess is the signat

‘ ‘ A the big blue bump, which is most likely due to thermal emissio

SR P TS AU U A S SO AT POt ST R A from the accretion disc. Moreover, fitting the X-ray datahnat

140 142 144 146 148 15.0 152 double power-law with fixed extra absorption model produces

tog v (2] also a soft-X-ray excess, which would indicate a possibigréo

Fig. 6. Spectral energy distributions of 3C 454.3 in the near-IRbution from the high-frequency tail of the big blue bump.

UV frequency range (observer’s frame). Blue and red symbols We notice that, while the radio-to-optical state was faiirie
refer to observations performed on July 2—-3 and December 1Becember than in July 2006, in the X-ray domain it was the op-
19, 2006, respectively: squares repredotWi1 M2 data taken posite. However, a linear fit to the high-frequeneyZ2 GHz)

by the Optical Monitor; diamonds show simultaneous datartakradio data in Figl17 reveals that this part of the radio spectr

with the NOT in theUBVRI bands and at Campo Imperatore iwas harder in Decembear = 0.10+0.08, withF, o v~*) thanin

the JH bands. Green triangles display the September 2005 SBOly (o« = 0.46+ 0.03), suggesting a larger flux in the mm bands,
reported by Villata et all (2006); cyan crosses represesgmma- whose photons are inverse-Comptonized to the X-ray frequen

tions byl Neugebauer etlal. (1979), black plus signs correspaies we observe with XMM-Newton.

to the JHK data published by Allen et al. (1982), and pink as- In the same figure we show the results of power-law

terisks are derived from Smith et al. (1988). model fits to X-ray spectra from observations by ROSAT in
1991 and 1992 (Sambruna, 1997; Prieto, 1996), BeppoSAX in
200@, chandra in 2002 (Marshall etlal., 2005), and from ob-
servations performed near the 2005 outburst peak by Chandra
Villata et al.,l 2006), INTEGRALI/(Pian et al., 2006), and 8wi

%Giommi et al.| 2006).

(Pian et al.| 1999), and 3C 345 (Bregman etlal., 1986). Inde
by separating the polarized (synchrotron) from the unjzgar
(thermal) component in individual quasar IR-UV spectrallavi X e
(1991) showed that this latter is consistent with the SEDs o2 R—Moptlgagovgr?bl.hty ;ﬁn%?\r?'lé%egff bthghW%BT me_zrrt1
served in luminous radio-quiet and lobe-dominated quagars . ersin viay , aurnng the an andra point-
the case of the BL Lacertae object AO 03354, a UV—soft-X- ings, and reported by Villata etlal. (2006). Lower-energyada

: ; : - simultaneous to the 0.7-10 keV observations of the XRT in-
ray bump is recognizable in several SEDs, but whether this co g .
ponent is thermal radiation from the disc or rather anothier s strument onboard Swift were taken by the UVOT instrument

C , ——-- . onboard the satellite (optical-UV) and by the REM telescope
ggroczgrc;n co‘mponent from the jet is not clear yet (Raiteril&t a(near-IR—opticaI). They are plotted in the figure distirgling
5/2006a.b). - - = i J
. the four epochs presented by Giommi €t al. (2006): April 24
The fact that the source flux appears to be constant in thf?nk symbols), May 11 (cyan), May 17 (dark green), and May
UVM2 band, which is lessfected by the synchrotron contri-19 (orange). An indication of the hard-X-ray flux (between 15
bution, suggests that the big blue bump is a rather nonhlariagng 150 keV) registered by the BAT instrument onboard Swift
component, at least on a few-month time scale. in May and August 2005 is also reported. The X-ray spectra
The presence of these non-jet components, which mostitgm Swift (in particular that of May 19) are less hard thas th
affect the blue part of the spectrum, allows us to understa@thandra spectrum acquired on May 19-20; this may depend, at
why the variability amplitude in the near-IR and optical dan least in part, on the 1.7-1.8 times highdy value adopted by
increases with wavelength (i.e. the redder-when-brighter
haviour), as noticed in Sect. 2. Indeed, when the jet emmissios The spectrum shown in the figure, corresponding to obsenti
decreases, the non-jet contribution sustains the soupcetibue performed in June 2000, was derived from the ASI Science Datder
in the blue than in the red. (http://www.asdc.asi.it/).

The open circles show the radio brightness levels and the
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Giommi et al. (2006) with respect to that used|by Villata etal A power-law model with Galactic photoelectric absorption
(2006). gives a fair fit to the XMM-Newton X-ray spectra. Some amount
The data taken in the Swift epochs May 11 and May 19, 2005 extra absorption{ 20% for the July observation and40%

reveal the same “crossing” trend that we have already mbfare for the December one) yields better results from a stadilstic
the July and December 2006 XMM-Newton epochs, i.e. a highgoint of view. Since the need of even much higher values of ex-
optical flux corresponding to a lower X-ray flux. Howevergsthitra absorption was claimed by various authors when anaysin
does not imply any direct relation between the optical an@- past X-ray data, this might suggest the presence of absorb-
emissions, since they come fromfférent regions and, as dis-ing material with variable column density, as observed far A
cussed above for the XMM-Newton epochs, the X-ray emissi®235+164 (Wolfe et al.| 1982) and suggested for BL Lacertae
is most likely correlated to the mm one. (Ravasio et &ll, 2003).

We notice that the optical-UV data taken during the outburst The possibility that the requirement of extra absorptidnac
phase do not show any evidence of the blue—UV bumps obser@di hides a hardening of the intrinsic soft-X-ray spectrigmot
during faint states, as they are overwhelmed by the beanred syupported by our results. Indeed, applying curved models wi
chrotron radiation. Galactic absorption to the XMM-Newton data does not produce

significant curvatures and does not improve the goodness of fi
with respect to the single power-law case. However, brighéX
5. Conclusions states, which seem to require larger values of extra alisarpt
might be charactized by intrinsic curved spectra with haitig
The unprecedented outburst of 3C 454.3 in 20@gcting the in the soft X-ray range.
source emission from the near-IR to the X-ray frequenci@s, w  An alternative explanation is that extra absorption, gugsi
first followed by a huge millimetric and then by a long-lagtin in the quasar environment, does exist, and it is not varidble
extraordinary, high-frequency radio outburst. After thtite this case, the fact that X-ray data acquired during fain@y-r
blazar underwent a multifrequency faint-state period froid ~ states seem to require a lower amount of absorption couldée d
2006 to April 2007, which was characterized by moderate-vatb a spectral softening of the lower-energy X-ray spectriinis
ability in the near-infrared and optical bands. The vatigkam-  softening might be due to the contribution of the high-frexgey
plitude was larger at longer wavelengths, consistentifnhe tail of the big blue bump.
results of e.g. Bregman etlal. (1986) for the quasar-typeabla At present, it is not possible to discriminate among the-vari
3C 345, whereas the general feature of BL Lac-type blazaes isous models of X-ray spectral fitting. Further X-ray obseioras
show larger-amplitude flux changes at higher frequencigs (ewill hopefully help to clarify this matter.
Villata et al., 2004; Papadakis et al., 2007; Wu et al., 2007)

After the radio peak of late February 2006, at the higher ré‘—?knfs‘”;f]‘égi’;m:stmesﬂmg Vtvr;erkriesfer:ﬁf %Z"S‘Z'éegn%m;g:a‘;:gg“mﬁm'
dI_O frequenmes_we observed _the fast OUtburSt dimming pha;{ rll/l-Nevvton?]gn ESA 'science missign W)ilth instruments andtdbations di-
with the transition from the inverted radio spectrum, whickectly funded by ESA Member States and NASA, and on obsenatmade
characterised the long-lasting outburst, to the usualesofie. with the Nordic Optical Telescope, operated on the islanidadPalma jointly by
According ta Villata et al.[(2007), the fast drop at all thehér Denmark, Finland, Iceland, Norway, and Sweden, in the Spa@ibservatorio

: : : | Roque de los Muchachos of the Instituto de Astrofisicaaea@ias. This re-
radio frequencies and the absence of any flux increase at g@aé:\::h has made use of data from the University of MichigadidRastronomy

|0W_er_ ones suggest that the event that pert_urbe_d the I_nd_E]‘ I%opservatory, which is supported by the National Sciencen8ation and by
emitting region has propagated outwards, in a jet regiohisha funds from the University of Michigan. The Torino team ackitedges finan-
misaligned with respect to the line of sight. Hence, we se® naial support by the Italian Space Agency through contradyIN&F |/023050.

only the “quiescent" emission of the source, i.e. a higher ﬂLgt. Petersburg team was supported by the Russian Fund af Beséarch, grant

. . . - 5-02-17562. The Metsahovi team acknowledges the sufipartthe Academy
den5|ty at Iarger Wavelengths, since this radiation comes f of Finland. JHF's work is partially supported by the Natibh&tural Science

outer and more transparent emitting regions. Foundation of China (10573005,10633010). YYK is a resededbw of the

The faint state allowed us to recognize important spectp‘ahxandeé t\)lonhHumboldt Founélllation.f RATAN-600 obsrialjaﬂiwvere partb)/
i i pported by the Russian Foundation for Basic Researcfe{p@b-02-17377).

fea-tures’ which ar-e usua”y h|<_jden b-y the beamed -Syncmm'}ﬁ(l:G’s work is supported by NNSF of China grant no. 10533050.

emission from the jet. The firstis the little blue bump in thpdio
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