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ABSTRACT

Context. The quasar-type blazar 3C 454.3 was observed to undergo an unprecedented optical outburst in spring 2005, affecting the source
brightness from the near-IR to the X-ray frequencies. This was first followed by a millimetric and then by a radio outburst, which peaked in
February 2006.

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

Methods. Radio, near-infrared, and optical monitoring was performed by the Whole Earth Blazar Telescope (WEBT) collaboration in the
2006-2007 observing season. XMM-Newton observations on July 2-3 and December 18-19, 2006 added information on the X-ray and UV
states of the source.

Results. The source was in a faint state. The radio flux at the higher frequencies showed a fast decreasing trend, which represents the tail of the
big radio outburst. It was followed by a quiescent state, common at all radio frequencies. In contrast, moderate activity characterized the near-IR
and optical light curves, with a progressive increase of the variability amplitude with increasing wavelength. We ascribe this redder-when-brighter
behaviour to the presence of a “little blue bump” due to line emission from the broad line region, which is clearly visible in the source spectral
energy distribution (SED) during faint states. Moreover, the data from the XMM-Newton Optical Monitor reveal a rise of the SED in the ultra-
violet, suggesting the existence of a “big blue bump” due to thermal emission from the accretion disc. The X-ray spectra are well fitted with a
power-law model with photoelectric absorption, possibly larger than the Galactic one. However, the comparison with previous X-ray observations
would imply that the amount of absorbing matter is variable. Alternatively, the intrinsic X-ray spectrum presents a curvature, which may depend
on the X-ray brightness. In this case, two scenarios are possible. i) There is no extra absorption, and the X-ray spectrum hardens at low energies,
the hardening being more evident in bright states; ii) there is a constant amount of extra absorption, likely in the quasar environment, and the X-ray
spectrum softens at low energies, at least in faint X-ray states. This softening might be the result of a flux contribution by the high-frequency tail
of the big blue bump.

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

1. Introduction X-ray band. A multiwavelength (radio-to-optical) monitoring
campaign was organized by the Whole Earth Blazar Telescope

In May 2005 the flat-spectrum radio quasar 3C 454.3 was ob-  (WEBT)! to follow in detail the behaviour of the low-energy
served in an unprecedented bright optical state. This triggered  emjgsion. Past data were also collected, both published and un-
observations by hlgh—energy satellites (Chandra,. see Vlllatg et al: published ones, so that this behaviour was traced back to sum-
2006; INTEGRAL, see Pian et al. 2006; Swift, see Giommi  mer 1966. The main results were published by Villata et al.
et al. 2006), which found an exceptionally high flux also in the  (2006): the different behaviour shown by the optical and radio
historical light curves was interpreted as due to the fact that
* The radio-to-optical data presented in this paper are stored in the corresponding jet emitting regions are separated and mis-
the WEBT archive; for questions regarding their availability, please  aligned. In this picture, the inner region, which is responsible
contact the WEBT President Massimo Villata
e-mail: villata@oato.inaf.it ! http://www.to.astro.it/blazars/webt/
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for the optical radiation, became more aligned with the line of
sight during the 2004-2005 outburst. This produced an increase
of the Doppler factor and a consequent enhancement of the flux.
Moreover, the analysis of the colour-index behaviour during the
outburst, generally redder-when-brighter, led Villata et al. (2006)
to suggest the presence of a luminous accretion disc.

The WEBT continued to monitor the source also in the post-
outburst period, in particular in order to detect a possible corre-
lated event in the radio bands. Indeed, a huge mm outburst was
observed to peak in June—July 2005. At the high radio frequen-
cies (43 to ~22 GHz), a long-lasting outburst developed, reach-
ing the maximum flux levels in late February 2006. The event
was seen progressively delayed and fainter going towards lower
frequencies, disappearing below 8 GHz. These data were pre-
sented and discussed by Villata et al. (2007). According to their
interpretation, the radio peak observed in late February 2006 is
not the delayed radio counterpart of the spring 2005 optical peak,
but it is instead connected to a minor optical flare detected in
October—November 2005. This interpretation combines an in-
trinsic variability mechanism (disturbances travelling down the
jet) with a differential change of the emitting regions viewing
angles, due to the motion of the curved jet.

Monitoring of the source by the WEBT continued and was
complemented, in July and December 2006, by two pointings of
the XMM-Newton satellite to study the high-energy emission in
the post-outburst phase. In this paper we present the results of
this new observing effort on 3C 454.3. A third XMM-Newton
pointing was performed in May 2007 and its results will be re-
ported in a further paper, where the multifrequency historical
behaviour of the source will be reconstructed and analysed.

This paper is organised as follows: the radio-to-optical ob-
servations by the WEBT are presented in Sect. 2, while Sect. 3
reports on the results of the XMM-Newton pointings. The broad-
band spectral energy distributions (SEDs) of the source at vari-
ous epochs are analysed in Sect. 4. Conclusions are drawn in
Sect. 5.

2. Observations by the WEBT

Table 1 contains the list of the radio, near-infrared, and optical
observatories participating in the 2006-2007 WEBT campaign
(starting from September 2006 for the radio observers, and from
May 2006 for the near-infrared and optical ones). Earlier data
were published by Villata et al. (2006, 2007). Column 1 reports
the name of the observatory and the country where it is located,
Col. 2 gives the telescope size, and Col. 3 the observing bands.
Notice that for each group (radio, near-infrared, and optical), the
observatories are listed in order of longitude; indeed, one of the
WEBT characteristics is the spread in longitude of its members,
which in principle allows continuous 24 h monitoring.

Light curves in Johnson-Cousins UBVRI bands are plotted in
Fig. 1. The largest contributions (more than 30 observing nights)
came from the Mt. Maidanak, Roque (KVA), Crimean, Osaka
Kyoiku, and Skinakas observatories. The source magnitude has
been calibrated according to Angione (1971) in the U band, to
Raiteri et al. (1998) in the BVR bands, and to Gonzalez-Pérez
et al. (2001) in the / band. A cleaning process was applied to
minimize data scattering due to photometric uncertainties, as de-
scribed by e.g. Villata et al. (2002) and Raiteri et al. (2005). The
total number of data points in Fig. 1 is 3201, ~63% of which are
in the R band.

Figure 1 shows the source in a rather faint state, but with sig-
nificant magnitude variations: the difference between the mini-
mum and maximum brightness levels is 0.72, 0.91, 1.04, 1.28,
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Table 1. Ground-based observatories participating in this work.

Observatory Tel. size Bands
Radio
SAO RAS (RATAN-600), Russia 600 m* 1,2.3,5,8,
11,22 GHz
Crimean (RT-22), Ukraine 22m 22,37 GHz
Metsidhovi, Finland 14 m 37 GHz
Noto, Italy 32m 43 GHz
Medicina, Italy 32m  5,8,22 GHz
UMRAO, USA 26 m 5,8, 14.5 GHz
Near-infrared
Campo Imperatore, Italy 110 cm JH K
Optical
Osaka Kyoiku, Japan 51 cm V.R, 1
Yunnan, China 102 cm V,R
Sobaeksan, South Korea 61 cm R
Lulin (SLT), Taiwan 40 cm V.R
Mt. Maidanak (AZT-22), Uzbekistan 150 cm U,B,V,R, I
Mt. Maidanak (T60-K), Uzbekistan 60 cm U,B,V,R, 1
Abastumani, Georgia 70 cm R
Crimean, Ukraine 70 cm B,V,R,I
Jakokoski, Finland 50 cm R
Skinakas, Greece 130 cm B,V,R,I
Rozhen, Bulgaria 200 cm U,B,V,R
Rozhen, Bulgaria 50/70 cm U,B,V,R, 1
Tuorla, Finland 103 cm R
Michael Adrian, Germany 120 cm R
Valle d’ Aosta, Italy 81 cm B,V,R,1
Sabadell, Spain 50 cm R
L’ Ampolla, Spain 36 cm V.R
Bordeaux, France 20 cm \%
Roque (KVA), Spain 35 cm R
Roque (NOT), Spain 256 cm U,B,V,R, 1
Kitt Peak (WIYN), USA 90 cm B,V,R,1
Kitt Peak (MDM), USA 130cm  U,B,V,R,1

¢ Ring telescope.

and 1.38 mag in the U, B, V, R, and I band, respectively.
Notwithstanding the different sampling of the light curves, a pro-
gressive increasing of the variability amplitude with wavelength
is clearly recognizable.

The R-band light curve is compared to the near-IR ones in
Fig. 2. The latter are less sampled than the optical ones, since
only the 110 cm telescope at Campo Imperatore was monitoring
the source at these frequencies. The JHK fluxes have a maximum
at JD =2453979, in correspondence to one of the brightest opti-
cal peaks. We can see that the variability amplitude continues to
increase with wavelength (1.43, 1.80, and 1.86 mag in J, H, and
K bands, respectively). This trend seems to be another indication
in favour of the existence of a luminous accretion disc, which
was suggested to be responsible for the redder-when-brighter be-
haviour found by Villata et al. (2006). We will come back to this
point in the following section.

The behaviour of the radio flux density (Jy) at different fre-
quencies is shown in Fig. 3, where the first panel reports the opti-
cal light curve in the R band for a comparison. We also included
data from the VLA/VLBA Polarization Calibration Database
(PCD)?.

In contrast with the optical light curves, showing some activ-
ity, the radio flux displays only a smooth decreasing trend, which
is mainly recognizable at the higher frequencies, where we see
the tail of the big radio outburst peaking in late February 2006
that was analysed by Villata et al. (2007). Indeed, we notice that

2 http://www.vla.nrao.edu/astro/calib/polar/
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at the beginning of the period considered in Fig. 3, the radio
spectrum is still inverted, as during the outburst, suggesting that
the flux enhancement comes from the inner radio emitting re-
gion. Then, as the high-frequency flux decays, the radio spec-
trum becomes softer and softer, and the flux density increases
with increasing wavelength. This behaviour is highlighted in
Fig. 3 by reporting the 37 GHz (20-day binned) cubic spline
interpolation in the various radio panels for a comparison be-
tween frequencies. As expected, the 37 GHz spline matches the
43 GHz data fairly well, while lower-frequencies light curves in-
tersect the spline at some time, when the corresponding spectral
index changes sign and the spectrum is no longer inverted.

3. Observations by XMM-Newton

The X-ray Multi-Mirror Mission (XMM)-Newton satellite ob-
served 3C 454.3 twice during the period considered in this pa-
per (PI: C. M. Raiteri). The first time was during revolution
number 1202, from July 2, 2006 at 21:25:07 UT to July 3 at
01:58:37UT (JD =2453919.39244-2453919.58237). The sec-
ond observation took place during revolution number 1287, from
December 18, 2006 at 20:07:27 UT to December 19 at 00:25:14
(JD=2454088.33851-2454 088.51752).

3.1. Results from EPIC

The European Photon Imaging Camera (EPIC) includes three
detectors: MOS1, MOS2 (Turner et al. 2001), and pn (Striider
et al. 2001). Since a bright state of the source could not be
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Fig.1. Johnson-Cousins UBVRI light
curves of 3C 454.3 from May 2006 to
January 2007. The vertical lines and arrows
indicate the times of the XMM-Newton
pointings of July and December 2006.
Horizontal dotted lines mark the minimum
and maximum brightness levels.

excluded, a medium-filter/small-window configuration was cho-
sen in order to avoid possible contamination by lower-energy
photons as well as photon pile-up.

Data were reduced with the Science Analysis System (SAS)
software, version 7.0. Only the good time intervals were se-
lected, i.e. the periods which are free of high-background flares.
This temporal filtering, which was performed according to stan-
dard prescriptions, reduced the available integration time for
MOS1, MOS2, and pn by ~4%, 5%, and 30%, respectively in
July. For the December data these numbers became ~25%, 27%,
and 40%, because of a very high background at the beginning of
the exposure.

Both the source and background spectra were extracted by
setting (FLAG==0) and (PATTERN < =4) in the selection expres-
sion for all the three EPIC detectors. The first string rejects ar-
tifacts as well as events next to both CCD edges and bad pix-
els, which may have incorrect energies; the second string selects
only single and double pixel events, which have the best energy
calibration. Source spectra were extracted from circular regions
with ~35 and ~40 arcsec radii for MOS and pn, respectively;
background spectra were selected as the largest source-free cir-
cles that can be arranged on the same CCD: ~20 and ~40 arcsec
radius regions for MOS and pn, respectively.

By means of the grppha task of the FTOOL package, the
source spectra were grouped, i.e. the energy channels were
binned in order to have a minimum of 25 counts in each bin,
and they were associated with the corresponding background
and response files. The grouped spectra were then analysed with



822

2006.4 2006.6 2006.8 2007.0

14.5
15.0

15.5

16.0

16.5
17.0
13.0
13.5

R
AR R R R R I R

=

-

1 5
-3

>
- -~
T

e

\H\‘HH‘HH‘\H\‘HH

14.0

14.5

15.0
15.5

J
NN RN RN R AR
o b bl

12.5

13.0
o 185
14.0

14.5

T[T T T T T
¢
b b e e

12.0

R 3

12.5

13.0

13.5

s g
&

3950 4000 4050 4100

Julian Date — 2450000

Fig.2. R-band (top panel) and JHK light curves of 3C 454.3 from
May 2006 to January 2007. All near-infrared data are from Campo
Imperatore. Maximum and minimum (red lines) as well as average
(green lines) brightness levels are indicated. Arrows mark the times of
the XMM-Newton pointings of July and December 2006.
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the Xspec package, version 11.3.2. Only energy channels be-
tween 0.3 and 12 keV were considered.

The same model spectrum was applied to the MOS1, MOS2,
and pn data simultaneously to increase the statistics. We first
applied a single power law with Galactic absorption mod-
elled according to the Wilms et al. (2000) prescriptions and
Ny = 0.724 x 10! cm™2, from the Leiden/Argentine/Bonn
(LAB) Survey (see Kalberla et al. 2005). The results are shown
in Table 2, where Col. 2 reports the column density, Col. 3 the
photon spectral index I', Col. 4 the unabsorbed flux density at
1 keV, Col. 5 the 2—-10 keV observed flux, and Col. 6 the value
of x?/v (with the number of degrees of freedom v).

The three EPIC spectra fitted with the above model are
displayed in the top panels of Fig. 4 (July 2-3) and Fig. 5
(December 18—19), while the bottom panels show the ratio be-
tween the data and the folded model. Assuming a flat cosmol-
ogy with Hy = 71kms~'Mpc™! and Qy = 0.27, the luminos-
ity of the source in the 2-10 keV rest frame energy range is
1.90 x 10* erg s~! in July, and 2.46 x 10* erg s~! in December.

We notice that fitting previous X-ray spectra of 3C 454.3
often required extra absorption. Villata et al. (2006) reported
a value of Ny = (1.34 + 0.05) x 10*! cm™2 for the Chandra

C. M. Raiteri et al.: WEBT and XMM-Newton observations of 3C 454.3 during the post-outburst phase

observation of May 2005, during the outburst phase?. In that case
the unabsorbed 1 keV flux density was ~14 times higher, but the
power-law slope was very similar: I' = 1.477 + 0.017. An even
higher hydrogen column density was found by Giommi et al.
(2006) when fitting the April-May 2005 data taken by the XRT
instrument onboard Swift (Vg ~ 2-3 x 10*' cm™2) and when
reanalysing the BeppoSAX data of June 2000.

By looking at Fig. 5, we see that the model slightly overes-
timates the data at the low-energy end of the plot. This could be
an indication that some extra absorption is needed also in this
case. To check this point, we reanalysed the XMM-Newton data
letting Ny to vary freely, and obtained Ny = (0.87 £+ 0.06) X
10%' cm™2 for July, and (1.01 + 0.06) x 10?! cm~2 for December
(see Table 2). The F-test probability in the two cases is 5.2x 1076
and 4.6 x 1077, respectively, indicating that from a statistical
point of view the hypothesis of extra absorption is reasonable.

Another possibility is that the need of extra absorption
hides the fact that the intrinsic spectrum of the source is not a
power law, but presents some hardening in the soft X-ray range
(Tavecchio et al. 2007). We investigated this hypothesis by fit-
ting the XMM-Newton data with both a broken and a double
power-law model with Galactic absorption, but the results do
not imply any significant curvature of the source spectrum, and
do not improve the goodness of fit. However, we cannot rule
out that this scenario holds true in case of high X-ray states, like
those observed in spring 2005, which seem to require more extra
absorption.

On the other hand, the hypothesis that the amount of ab-
sorbing material is variable, even on relatively short time scales,
is difficult to explain. It may be that extra absorption is indeed
present, and it is as large as found by e.g. Villata et al. (2006), so
that the intrinsic spectrum softens at low X-ray frequencies dur-
ing faint X-ray states. We checked this point by fitting a double
power-law model with Ny = 1.34 x 10*' cm™2 to both the July
and December data. In order to reduce the uncertainties, we also
fixed one of the two spectral indices by fitting the data above
2 keV with a single power law, since absorption plays a negli-
gible role at these energies. The results of the fits, which appear
to be as good as in the power-law with free absorption case (the
F-test probability now being 7.5 x 10~ and 2.3 x 10~"7 for the
July and December epochs, respectively), are shown in Table 2.

3.2. Results from OM

Besides the X-ray detectors, XMM-Newton also carries a co-
aligned 30 cm optical-UV telescope (Mason et al. 2001), the
Optical Monitor (OM). The instrument is equipped with optical
VBU filters, ultraviolet UVW1, UVM?2, UVW?2 filters, as well
as optical and UV grisms. In both the July and December point-
ings, we chose to use a B, U, UVWI1, UVM2 sequence, as a
compromise between a good spectral coverage and the limited
duration of the observation. Exposure times for each filter are
given in Cols. 5 and 8 of Table 3 for the July and December
observations, respectively.

The OM data were reduced with the omichain task of
SAS version 7.0, and the results were analysed with omsource.
Source magnitudes are reported in Cols. 6 and 9 of Table 3. The
error on the source magnitude also takes into account the dis-
persion of the results obtained by varying the parameters of the
aperture photometry, in particular the location and size of the
regions from which the background is extracted.

3 Notice that there was a misprint in the Villata et al. (2006) paper,
because of which 1.34 became 13.4.
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We noticed that the U and B magnitudes of the brightest stars
in the field are in fair agreement with the ground-based calibra-
tions in the U band by Angione (1971) and in the B band by
Raiteri et al. (1998), which we have adopted for the WEBT data
(see Sect. 2). The UVWI magnitudes of Stars 1 and 4 in the
Raiteri et al. (1998) notation are 16.04 + 0.03 and 16.52 + 0.04,
respectively. In the UV M2 frames only the source is measurable.

We derived the Galactic extinction (mag) in the various
bands (Col. 2 of Table 3) by adopting the B-band value of
Schlegel et al. (1998) and then applying the equations by
Cardelli et al. (1989). Extinction in the UVM2 band is al-
most 1 mag; had we adopted the most recent prescriptions by
Fitzpatrick (1999), we would have obtained a value which is only
~1.8% lower.

The transformation of the de-reddened magnitudes into flux
densities was obtained by using the method based on the Vega

through the 20-day binned
37 GHz data.

flux scale*: the adopted Vega magnitudes and flux densities are
reported in Cols. 3 and 4 of Table 3, respectively. The derived
3C 454.3 flux densities corresponding to the July and December
pointings are shown in Cols. 7 and 10 of Table 3, and plotted as
blue and red squares in Fig. 6, respectively.

This figure also shows ground-based optical and near-
infrared flux densities from this work as well as from the liter-
ature (see description below); all the plotted values have been
obtained by correcting for the Galactic extinction, using the
same method we used for the OM data. In order to convert de-
reddened magnitudes into flux densities, we adopted the zero-
mag fluxes by Bessell et al. (1998).

Blue and red diamonds in Fig. 6 correspond to the UBVRI
data acquired by the NOT during the July and December

4 See http://xmm.esac.esa.int/sas/7.0.0/watchout/
Evergreen_tips_and_tricks/uvflux.shtml
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Table 2. Results of fitting the EPIC data with different models.
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Date Nu r Fiev Fo_1okev Xy
[10%' cm™2] [dy] [ergecm™2s7]
Single power law with Galactic absorption
July 2-3 0.724 1.52 £ 0.01 0.87 £0.01  7.09x 1072 0.857 (1093)
Dec. 18-19 0.724 1.57 £ 0.01 1.18+0.01 8.86x1072  1.051 (1074)
Single power law with free absorption
July 2-3 0.87 + 0.06 1.55 £ 0.02 0.90 £0.02 6.96x 10712 0.842 (1092)
Dec. 18-19  1.01 +0.06 1.65 £ 0.02 1.29+0.02 853x1072  0.985 (1073)
Double power law with fixed extra absorption
July 2-3 1.34 149,299 £0.20 0.99+0.02 7.03x 1072 0.849 (1092)
Dec. 18-19 1.34 1.58,2.87 +0.23 1.37+0.04 8.60x 1072 0.984 (1073)

XMM-Newton: July 2-3, 2006
MOS1+MOS2+pn

XMM-Newton: December 18-19, 2006
MOS1+MOS2+pn

counts/s/keV/
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Fig. 4. EPIC spectrum of 3C 454.3 on July 2-3, 2006; black squares,
red triangles, and green diamonds represent MOS1, MOS2, and pn data,
respectively. The bottom panel shows the ratio between the data and the
folded model, a power law with Galactic absorption.

XMM-Newton pointings, respectively. As we can see from the
figure, the ground-based optical flux densities agree fairly well
with the OM ones in the overlapping frequency range. Flux den-
sities in the JH bands from observations performed at Campo
Imperatore simultaneously to the July pointing are also dis-
played (blue diamonds).

In Fig. 6, the above two near-infrared—ultraviolet SEDs are
compared to previous faint-state SEDs. One SED (green trian-
gles) was obtained by Villata et al. (2006) from near-infrared
and optical observations by the WEBT in late September 2005,
just after the end of the big outburst. The faintest-state SED
(cyan crosses) was derived from Neugebauer et al. (1979), who
observed this source with the 5 m Hale Telescope at Palomar
Mountain; the optical data were taken in January 1973, while the
near-infrared ones in October 1976. Further near-infrared data
points (black plus signs) were derived from the August 1980 ob-
servations of Allen et al. (1982). Finally, the pink asterisks refer
to data acquired in December 1986 by Smith et al. (1988).

By looking at Fig. 6 we notice that:

— all the optical SEDs have a bump shape, with peak in the
V-B frequency range;

— the OM data presented in this paper confirm and extend fur-
ther in frequency the rise of the SED in the ultraviolet that
was present in the data of Neugebauer et al. (1979);

— there is also an upturn from the 7 to the J band;

channel energy (keV)

Fig. 5. EPIC spectrum of 3C 454.3 on December 18-19, 2006; black
squares, red triangles, and green diamonds represent MOS1, MOS?2,
and pn data, respectively. The bottom panel shows the ratio between the
data and the folded model, a power law with Galactic absorption.

— going towards lower frequencies, the behaviour of the
brightest-state SED is different from that of the lower-state
ones, since in the former the SED rise continues, while in all
the latter the values in the H band are lower than in the J
one. The difference between the J and H values is greater in
the July 2006 SED than in the Allen et al. (1982) one, while
in the case of Neugebauer et al. (1979) large uncertainties
affect the data.

The bump peaking around the V and B bands likely corre-
sponds to the little blue bump observed in quasars between
~2000 and 4000 A in the rest frame. This is due to the con-
tribution of many emission lines produced in the broad line
region (BLR), in particular the numerous Fell and the MgII
lines, and Balmer continuum (Wills et al. 1985). Since the 3C
454.3 redshift is z = 0.859, Fe1l lines would mostly con-
tribute to the observed spectrum around the B band, while the
flux in the V band would be enhanced by the MgII line and
Balmer continuum contributions. In the same way, the flux
excess in correspondence of the J band is likely due to a
prominent broad Ha emission line. This bump is more evident
when the beamed synchrotron radiation from the jet is fainter.
The lowest-flux SEDs in Fig. 6 (January 1973 and December
2006) show states where the BLR component probably domi-
nates the source emission. In contrast, the steep near-infrared
part of the September 2005 SED suggests that in this epoch
the synchrotron component was giving a higher contribution,
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Table 3. Results of the OM observations of 3C 454.3.
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July 2-3 Dec. 18-19
Filter | Extinction  Vega Vega Texp 3C454.3 3C454.3 Texp 3C454.3 3C454.3
[mag] [mag] [ergcm™2s™' A1 [s] [mag] [mly] [s] [mag] [mly]
B 0.462 0.030 6.40 x107° 2900 16.82 +£0.01 1.205 +0.011 1402 17.05 £0.02 0.975 +£0.018
U 0.539 0.025 3.20 x10~° 2901 16.03 £0.02 0.931 =0.017 1401 16.24 £ 0.02 0.767 = 0.014
w1 0.648 0.025 3.68 x10~° 4499  15.82 +£0.03 0.908 + 0.025 3001 16.03 + 0.03  0.748 + 0.021
M2 0.980 0.025 4.33 x107° 4600 15.89 £0.04 0.857 £0.032 | 7520 15.90 +£0.04 0.849 + 0.031

¢ Three subsequent exposures of 3100, 3099, and 1321 s.
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Fig. 6. Spectral energy distributions of 3C 454.3 in the near-IR-UV fre-
quency range (observer’s frame). Blue and red symbols refer to observa-
tions performed on July 2-3 and December 18-19, 2006, respectively:
squares represent BU W1 M2 data taken by the Optical Monitor; di-
amonds show simultaneous data taken with the NOT in the UBVRI
bands and at Campo Imperatore in the JH bands. Green triangles dis-
play the September 2005 SED reported by Villata et al. (2006); cyan
crosses represent observations by Neugebauer et al. (1979), black plus
signs correspond to the JHK data published by Allen et al. (1982), and
pink asterisks are derived from Smith et al. (1988).

and the BLR component, though still recognizable, begins to be
diluted by the synchrotron one.

On the other hand, the rise of the SEDs in the ultraviolet is
likely the signature of the big blue bump observed in many ac-
tive galactic nuclei, which is commonly interpreted as thermal
emission from the accretion disc (e.g. Laor 1990). Evidences
of this thermal component have been found in other quasar-
type blazars, such as 3C 273 (Smith et al. 1993; von Montigny
et al. 1997; Grandi & Palumbo 2004; Tiirler et al. 2006), 3C 279
(Pian et al. 1999), and 3C 345 (Bregman et al. 1986). Indeed,
by separating the polarized (synchrotron) from the unpolarized
(thermal) component in individual quasar IR-UV spectra, Wills
(1991) showed that this latter is consistent with the SEDs ob-
served in luminous radio-quiet and lobe-dominated quasars. In
the case of the BL Lacertae object AO 0235+164, a UV-soft-
X-ray bump is recognizable in several SEDs, but whether this
component is thermal radiation from the disc or rather another
synchrotron component from the jet is not clear yet (Raiteri et al.
2005, 2006a,b).

The fact that the source flux appears to be constant in the
UVM?2 band, which is less affected by the synchrotron contri-
bution, suggests that the big blue bump is a rather non-variable
component, at least on a few-month time scale.

The presence of these non-jet components, which mostly
affect the blue part of the spectrum, allows us to understand

why the variability amplitude in the near-IR and optical bands
increases with wavelength (i.e. the redder-when-brighter be-
haviour), as noticed in Sect. 2. Indeed, when the jet emission
decreases, the non-jet contribution sustains the source flux more
in the blue than in the red.

4. Broad-band spectral energy distribution

The broad-band SED of 3C 454.3 is shown in Fig. 7. The near-
IR-to-UV SEDs corresponding to the XMM-Newton pointings
of July and December 2006, which were displayed in Fig. 6
and discussed in the previous section, are now complemented
by the X-ray spectra presented in Sect. 3.1 (the results of both
the power-law with Galactic absorption and double power-law
with fixed extra absorption models are shown) and by radio data
from 5 to 43 GHz that were taken at the same time or within 3
days from the XMM-Newton observations. The comparison be-
tween the UV and X-ray data clearly shows the UV excess. As
discussed in the previous section, this excess is the signature of
the big blue bump, which is most likely due to thermal emission
from the accretion disc. Moreover, fitting the X-ray data with a
double power-law with fixed extra absorption model produces
also a soft-X-ray excess, which would indicate a possible contri-
bution from the high-frequency tail of the big blue bump.

We notice that, while the radio-to-optical state was fainter
in December than in July 2006, in the X-ray domain it was the
opposite. However, a linear fit to the high-frequency (=22 GHz)
radio data in Fig. 7 reveals that this part of the radio spectrum
was harder in December (@ = 0.10+0.08, with F,, oc v~%) than in
July (@ = 0.46 £0.03), suggesting a larger flux in the mm bands,
whose photons are inverse-Comptonized to the X-ray frequen-
cies we observe with XMM-Newton.

In the same figure we show the results of power-law model
fits to X-ray spectra from observations by ROSAT in 1991
and 1992 (Sambruna 1997; Prieto 1996), BeppoSAX in 20007,
Chandra in 2002 (Marshall et al. 2005), and from observations
performed near the 2005 outburst peak by Chandra (Villata et al.
2006), INTEGRAL (Pian et al. 2006), and Swift (Giommi et al.
20006).

The open circles show the radio brightness levels and the
near-IR-optical variability range observed by the WEBT mem-
bers in May 2005, during the INTEGRAL and Chandra point-
ings, and reported by Villata et al. (2006). Lower-energy data
simultaneous to the 0.7-10 keV observations of the XRT in-
strument onboard Swift were taken by the UVOT instrument
onboard the satellite (optical-UV) and by the REM telescope
(near-IR-optical). They are plotted in the figure distinguish-
ing the four epochs presented by Giommi et al. (2006): April
24 (pink symbols), May 11 (cyan), May 17 (dark green), and

5 The spectrum shown in the figure, corresponding to observations
performed in June 2000, was derived from the ASI Science Data Center
(http://www.asdc.asi.it/).
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Fig.7. Broad-band spectral energy distribution
of 3C 454.3 (observer’s frame). Flux densi-
ties derived from the XMM-Newton (EPIC and
OM) observations of July and December 2006
are shown in blue and red, respectively. The
same colours are used to plot simultaneous
low-energy (radio-to-optical) data from obser-
vations by the WEBT. The X-ray spectra are
displayed as the results of spectral fitting by
two models: a power law with Galactic ab-
sorption (straight lines) and a double power
law with fixed extra absorption (curved lines).
X-ray spectra resulting from previous satellite
pointings are also shown, in particular those
obtained from the Chandra, INTEGRAL, and
Swift (XRT and BAT instruments) observations
in 2005. Swift-XRT spectra are complemented
by simultaneous near-IR-to-UV data from the
REM telescope and UVOT detector (Giommi
et al. 2006), while radio-to-optical data from
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May 19 (orange). An indication of the hard-X-ray flux (between
15 and 150 keV) registered by the BAT instrument onboard Swift
in May and August 2005 is also reported. The X-ray spectra
from Swift (in particular that of May 19) are less hard than the
Chandra spectrum acquired on May 19-20; this may depend, at
least in part, on the 1.7-1.8 times higher Ny value adopted by
Giommi et al. (2006) with respect to that used by Villata et al.
(2006).

The data taken in the Swift epochs May 11 and May 19, 2005
reveal the same “crossing” trend that we have already noticed for
the July and December 2006 XMM-Newton epochs, i.e. a higher
optical flux corresponding to a lower X-ray flux. However, this
does not imply any direct relation between the optical and X-ray
emissions, since they come from different regions and, as dis-
cussed above for the XMM-Newton epochs, the X-ray emission
is most likely correlated to the mm one.

We notice that the optical-UV data taken during the outburst
phase do not show any evidence of the blue-UV bumps observed
during faint states, as they are overwhelmed by the beamed syn-
chrotron radiation.

5. Conclusions

The unprecedented outburst of 3C 454.3 in 2005, affecting the
source emission from the near-IR to the X-ray frequencies,
was first followed by a huge millimetric and then by a long-
lasting, extraordinary, high-frequency radio outburst. After that,
the blazar underwent a multifrequency faint-state period from
mid 2006 to April 2007, which was characterized by moder-
ate variability in the near-infrared and optical bands. The vari-
ability amplitude was larger at longer wavelengths, consistently
with the results of e.g. Bregman et al. (1986) for the quasar-
type blazar 3C 345, whereas the general feature of BL Lac-type
blazars is to show larger-amplitude flux changes at higher fre-
quencies (e.g. Villata et al. 2004; Papadakis et al. 2007; Wu et al.
2007).

After the radio peak of late February 2006, at the higher ra-
dio frequencies we observed the fast outburst dimming phase,
with the transition from the inverted radio spectrum, which
characterised the long-lasting outburst, to the usual, softer one.

the WEBT (open circles) indicate brightness
levels during the Chandra and INTEGRAL
pointings.

20

According to Villata et al. (2007), the fast drop at all the higher
radio frequencies and the absence of any flux increase at the
lower ones suggest that the event that perturbed the inner radio
emitting region has propagated outwards, in a jet region that is
misaligned with respect to the line of sight. Hence, we see now
only the “quiescent” emission of the source, i.e. a higher flux
density at larger wavelengths, since this radiation comes from
outer and more transparent emitting regions.

The faint state allowed us to recognize important spectral
features, which are usually hidden by the beamed synchrotron
emission from the jet. The first is the little blue bump in the op-
tical band, peaking around the V and B bands, and likely due
to the contribution of Fe I and Mg II emission lines and Balmer
continuum produced in the BLR (Wills et al. 1985). Another mi-
nor bump seems to peak in the J band, and this is most likely the
signature of a broad and prominent He line.

But the major feature, which was clearly revealed by the data
acquired by the Optical Monitor onboard XMM-Newton, is the
spectral break in the U band, with the transition from a soft op-
tical spectrum to a hard UV one. This suggests the presence of
a big UV bump most likely due to thermal emission from the
accretion disc, as already recognized in few other quasar-type
blazars, but not yet in 3C 454.3.

These BLR and thermal emission components explain why
the optical and near-infrared light curves show an increasing
variability amplitude when going from the higher to the lower
frequencies, as well as the redder-when-brighter behaviour no-
ticed by Villata et al. (2006). Indeed, when the jet emission de-
creases, the blue part of the optical spectrum cannot go below a
certain level because of the non-jet contributions.

A power-law model with Galactic photoelectric absorption
gives a fair fit to the XMM-Newton X-ray spectra. Some amount
of extra absorption (~20% for the July observation and ~40% for
the December one) yields better results from a statistical point of
view. Since the need of even much higher values of extra absorp-
tion was claimed by various authors when analysing past X-ray
data, this might suggest the presence of absorbing material with
variable column density, as observed for AO 0235+164 (Wolfe
et al. 1982) and suggested for BL Lacertae (Ravasio et al. 2003).
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The possibility that the requirement of extra absorption actu-
ally hides a hardening of the intrinsic soft-X-ray spectrum is not
supported by our results. Indeed, applying curved models with
Galactic absorption to the XMM-Newton data does not produce
significant curvatures and does not improve the goodness of fit
with respect to the single power-law case. However, bright X-ray
states, which seem to require larger values of extra absorption,
might be charactized by intrinsic curved spectra with hardening
in the soft X-ray range.

An alternative explanation is that extra absorption, possibly
in the quasar environment, does exist, and it is not variable. In
this case, the fact that X-ray data acquired during faint X-ray
states seem to require a lower amount of absorption could be due
to a spectral softening of the lower-energy X-ray spectrum. This
softening might be due to the contribution of the high-frequency
tail of the big blue bump.

At present, it is not possible to discriminate among the vari-
ous models of X-ray spectral fitting. Further X-ray observations
will hopefully help to clarify this matter.
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