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ABSTRACT

Context. The blazar AO 0235164 was claimed to show a quasi-periodic behaviour in theradd optical bands in the past, with the main
outbursts repeating every 5-6 years. However, the pred@®®4 outburst did not occur, and further analysis sugdestionger time scale,
according to which the next event would have occurred in 88622007 observing season. Moreover, an extra emissiopauent contributing

to the UV and soft X-ray flux was detected, whose nature is poiciear. An optical outburst was observed in late 2006 -ye2007, which
triggered a Whole Earth Blazar Telescope (WEBT) campaigmedisas target of opportunity (ToO) observations by the $wudtellite.

Aims. In this paper, we present the radio-to-optical data taketheyWEBT together with the UV data acquired by the UltraVi@lad Optical
Telescope (UVOT) instrument onboard Swift to investigaithlthe outburst behaviour atffirent wavelengths and the nature of the extra emission
component.

Methods. Multifrequency light curves have been assembled with datian 27 observatories; optical and UV fluxes have been clefinedthe
contamination of the southern active galactic nucleus (AGMe have analysed spectral energy distributionsfégmint epochs, corresponding to
different brightness states; extra absorption by the foregrgataxy has been taken into account.

Results. We found the optical outburst to be as strong as the big ostibof the past: starting from late September 2006, a brégistimcrease of

~ 5 mag led to the outburst peak in February 19-21, 2007. Weddiserved an outburst at mm and then at cm wavelengths, withcegasing
time delay going toward lower frequencies during the rigthgse. Cross-correlation analysis indicates that the 1 nth3@ GHz flux variations
lagged behind th&-band ones by about 3 weeks and 2 months, respectively. Bhesetime delays suggest that the corresponding jet emitti
regions are only slightly separated @dmisaligned. In contrast, during the outburst decreaghase the flux faded contemporaneously at all cm
wavelengths. This abrupt change in the emission behaviayrsuggest the presence of some “shutdown” mechanism ofdittior geometric
nature. The behaviour of the UV flux closely follows the oatignd near-IR one. By separating the synchrotron and eairgponent contributions
to the UV flux, we found that they correlate, which suggesas the two emissions have a common origin.

Key words. galaxies: active — galaxies: BL Lacertae objects: genegallaxies: BL Lacertae objects: individual: AO 023%4 — galaxies: jets —
galaxies: quasars: general

arXiv:0801.1236v1 [astro-ph] 8 Jan 2008

1. Introduction data acquired by the XMM-Newton satellite during 3 point-

) i . .ings in January and August 2004, and January 2005, and by
AO 0235+164 at redshifz = 0.94 is one of the best-studiedqptical spectroscopic observations with the 3.6 m Teldscop
BL Lac objects. The analysis of its radio and optical lighijazionale Galileo (TNG). The results of this intense obisgyv
curves extending over 25 years led Raiteri etlal. (2001) & Surort were published by (Raiteri et/al. 2005, 2006a,b, 2005@; s
gest a quasi-periodic occurrence of the main outbursts &fsqHagen-Thorn et Al. 2007b for an analysis of colour biria
ery 57 + 0.5 years. The next outburst was predicted aroun) The predicted outburst was not observed, and timieser
February—March 2004, and a multiwavelength campaign wgga|ysis on the light curves extended to 2005 revealed dpess
organised by the Whole Earth Blazar Telescope (WEB®) characteristic variability time scale of 8 years. Moreover, the
follow the expected event. The radio-to-optical obseoratiby x\j\-Newton observations suggested the presence of an extra
the WEBT were complemented by the optical-UV and X-raymission component in the source spectral energy disiibut
(SED), in addition to the synchrotron and inverse-Comptoeso
Send offprint requests to: C. M. Raiteri The origin of this component, peaking in the ($dft X-ray fre-

* The radio-to-optical data presented in this paper aredtorehe quency range, was ascribed either to thermal emission from a

WEBT archive; for questions regarding their availabiliease contact gccretion disc, or to synchrotron emission from an innerget

the WEBT President Massimo Villatajllata@oato.inaf.it). gion.
1 http://www.to.astro.it/blazars/webt/ ) _ o .
(see e.d. Villata et al., 2006, 2007; Boettcher et al., ?Baiteri et al., An increased radio activity was detected in the 2005-2006

2007b) observing season _(Bach et al., 2007), and a dramatic optical
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brightening was finally observed in late 2006 — early 2007s ThTable 1. Ground-based observatories participating in this work.

triggered a new WEBT multiwavelength campaign as well as

ToO observations by the Swift satellite. In this paper, wespnt Observatory Tel. size Bands
the radio-to-optical observations performed from sprifi9% Radio
(i.e. the end of the period considered|in Raiteri et al. 2p06a Crimean (RT-22), Ukraine 22m 22,37 GHz
to October 2007, and the data acquired by the UltraViolet and ~ Mauna Kea (SMA), USA &6 0.85, 1 mm
Optical Telescope (UVOT) instrument onboard Swift. X-ray ~ Medicina, ltaly 32m  5,8,22GHz
data from the Swift X-ray Telescope (XRT) and Burst Alert Metsahol"" Finland 324 m 3;7GGHZ
Telescope (BAT) instruments will be presented in anotheepa UK/T%AIS yUSA 6 m 5 84 14 ?ZGHZ
(Kadler et al., in preparation). . Near-nfrared L
This paper is organised as follows: the procedures we  Campo Imperatore, Italy 110cm  JH,K
adopted to treat the WEBT and UVOT data are outlined in  Roque (NOT), Spain 256cm  JH,K
Sect. 2, with particular attention paid to the subtractibrthe Optical
southern AGN contribution from the optical and UV photome- Abastumani, Georgia 70 cm R
try. The multifrequency light curves are presented andugised Crimean, Ukraine 70cm B VR
in Sect. 3 while in Sect. 4 time lags among variations at dif- ~ Greve, ltaly 32cm R
ferent frequencies are derived by means of statisticalyaisal Hankasalmi, Finland 40cm VR
Spectral energy distributions with simultaneous data frear- ‘I]fko"OSk" Finland 50 cm R
’ ; : : itt Peak (MDM), USA 130cm  B,V.R|I
IR to UV are constructed in Sect. 5, with the aim of separating L’Ampolla, Spain 36 om R
the synchrotron and the extra emission components and of Un-  \jichael Adrian, Germany 120 cm R
derstanding their relationship. Finally, the results of work New Millennium, Italy 36 cm R
are discussed in Sect. 6. Roque (KVA), Spain 35cm R
Roque (NOT), Spain 256cm U,B,V,R I
Rozhen, Bulgaria 500 cm B,V,R |
. . Sabadell, Spain 50 cm R
2. Data reduction and analysis Sobaeksan, South Korea 6lcm V.RI
. . . St. Petersburg, Russia 40 cm V,R |
2.1. Radio-to-optical observations Torino, Italy 105 cm RI
The new WEBT campaign on AO 023%64 saw a wide inter- R%?lgaﬁr’]éi%an 10%50(|Enm B, VI’?R’ !
national participation. Data were collected starting fritve end valle d’Aosta, Italy 81 cm V.RI
of the period consideredin Raiteri ef al. (2006a), i.e. fepring Yunnan, China 102 cm R

2005 to October 2007. Tallé 1 shows the list of participating
servatories, the size of the telescopes, and the lfaaglsencies
at which we acquired the data.

We collected optical and near-IR data as instrumental mag3. Correction for ELISA contribution

nitudes of the source and comparison stars in the same fieldqjor point in the analysis of the optical and UV radiation
Magnitude calibration was performed using preferablySfar .o ming from AO 0235164 is to eliminate the contamination
2, and 3 by Smith et all (1985) in the optical bahdand the from the southern AGN, named ELISA by Raiteri et al. (2005).
Gonzalez-Perez etial. (2001) photometric sequence ingke  gince it lies only 2 arcsec south of the source and it is very
IR. Optical light curves were carefully assembled and a¥antaint (Nilsson et all.. 1996), this object is not resolvedirdO
(see e.g. Villata et al., 2002). 0235+164 in most optical frames as well as in the UVOT ones.
We collected radio data as calibrated flux densities; no sysonsequently, it gives a contribution to the AO 02364 pho-
tematic dfset among datasets provided byfelient observers tometry, which &ects more the blue than the red part of the
was evident; data binning was needed in a few cases to &@tical-UV spectrum and is stronger when the blazar is éaint
duce the noise. We also included data from the YWIBA  To correct for this &ect, [Raiteri et dl.[(2005) estimated the
Polarization Calibration Datab&s@PCD) in our light curves.  UBVRI magnitudes of ELISA from images taken at medium-
size telescopes participating in the 2003—2004 WEBT cagmpai
. . More recently| Raiteri et all (2007a) analysed an ELISA -opti
2.2. UV observations by Swift cal spectrum taken at the 8 m Very Large Telescope (VLT).

The Swift satellite observed the source from January 28 t&€UBVRI magnitudes derived from this spectrum confirm the
February 26, 2007. The UVOT instrument (Roming et al., 2008y€vious photometry results and lower the uncertainti€s @5
acquired data in the, UVW1, UVM2, and UMV2 filters, which Mag; only in the case of th¢ filter a slightly fainter value ap-
were processed with thevotmaghist task of the HEASOFT P€ars more appropriate. Hence, to subtract the ELISA dnntri
6.3 package. Following the recommendations containeden ten from the optical fluxes, we adopted the following ELISA
release notes, we used an aperture radius of 5 arcsec in agfégnitudest) = 20.80,B = 2140,V = 20.95,R = 2050, and
ment with the standard photometric aperture defined in the ch=19.90. Zero-magnitude fluxes were taken from Bessell et al.
ibration files (CALDB updated as July 2007). Background w&d-998).

extracted in an annulus centred on the source, with inner and We then estimated the ELISA contribution in the WAL,
outer radii of 8 and 18 arcsec, respectively. UVM2, and UWV2 filters from the HSJFOS composite

spectrum published by Burbidge et al. (19D6\e subtracted

a Radio interferometer including 8 dishes of 6 m size.

2In some cases, we also used Stars 9, 10, and 11 by We note that the flux in the UW1 band is &ected by the contri-
Gonzalez-Pérez etlal. (2001). bution of the Gu] emission line, and that the HEHOS UV spectrum
3 http://www.vla.nrao.edu/astro/calib/polar/ nicely reconnects in flux with the VLT optical spectrum.
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Fig. 1. Optical and near-IR light curves of AO

0235+164 in the 2006—2007 observing season.

The optical magnitudes are corrected for the

ELISA contribution. Maximum and minimum

4000 4050 4100 4150 brightness levels are highlighted with horizon-
Julian Date — 2450000 tal dotted lines.
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these ELISA flux densities from the total flux densities ob= 2454077.4 (December 7, 2006). It was characterized by a 2.0
tained withuvotmaghist and converted the results into magmag brightening in 4 days in tHe band, and by noticeable in-
nitudes with zero-magnitude fluxes of983 4.544, 5.400 x tranight variability (see also Hagen-Thorn et al., 2007d)er
10%ergenm?s 1 A-1. UV magnitudes of ELISA are: 20.45,the drop of 1.5 mag in 3 days, the source brightness continued
20.50, and 20.65 in the U¥1, UVM2, and UMV2 bands, re- to rise smoothly, with minor flares superposed. The outtmurist
spectively, again with a 0.05 mag uncertainty. minated on JD= 24541513 (February 19-21, 2007). This peak
As in the previous works, the ELISA contamination in thés well sampled in the optical bands, but was missed by the nea

near-IR is assumed to be negligible, and null in the mm and dit observations, which registered the brightest level sdayes
bands. later, when the optical flux was already in a decreasing phase

We notice that in this observing season the variability adugé
in the best-samplel® band was- 5 mag.

3. Light curves behaviour ) ) ) i i
Observations by the Swift satellite were triggered in late

The final light curves are shown in Fi§$[1-3. The optical ald UJanuary during the culminating phase of the outburst.T laad
magnitudes have been corrected for the ELISA contributign, UV light curves from UVOT are shown in Fifj] 2 as blue circles,
explained in the previous section. and compared to thB-band light curve. In théJ-band panel,
Figure[1 displays the optical and near-IR light curves of thground-based data from the Nordic Optical Telescope (NOT)
2006-2007 observing season. Notwithstanding tffedinces in were plotted as red diamonds. UVOT data have been binned
time sampling, the general trend is similar at all wavelbegas daily, and a lower limit to the error of 0.1 mag has been adbpte
expected. At the beginning of the observing season the soutt take into account statistical and systematic errors. grieg
was in a faint state, but by in late September the source trigline in each panel represents a cubic spline interpolaticuigh
ness started to increase. We observed a fast flare to peak athil-day binne®-band light curve (rescaled according to aver-
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_2007.08  =2007.10 _ 2007.12  2007.14 _ lar conjunction show that the mm flux density had reduced by
16.5E 3 . i .
170k ol E more than a factor of 2. We notice that a first hump in the 1 mm
175E 3 light curve, around JB 2454100, may be correlated to the fast
S 1800 L | 4T # 94 optical flare observed at J©2454080.
12'2 3 J A 56 oh o | ?|° E In the following panels, radio light curves at lower and lowe
E 3 frequencies are displayed. We have plotted the cubic spiline
165E = terpolation through the 20-day binned light curve at 37 GHz,
17.0E & E the best-sampled one, to allow an easier comparison of tke flu
Q1755 o M density behaviour at fierent wavelengths. In general, the ra-
18.08 e, o o || adede . E dio spectrum appears “inverted”: the flux density is higher a
%gg 3 o€ ol 3 higher frequencies. This is not true in the period &2453900—
160 - 2454050) leading to the minimum flux levels, where the flux
165E oy 3 density appears higher at longer wavelengths, and duriag th
_, 1roE o outburst decreasing phase, where the radio spectrum seems t
= 1758 Ly N ° = be flat.
12:2; ) °55 s ’ 3 The radio emission had already undergone a rather bright
= = phase in 2005-2006, a kind of “minor outburst” like those of-
12'25 o : ten observed in the past, which sometimes are accompanied by
17 0E ‘ E noticeable optical events and sometimes not. A flux minimum
ST . . 9 R was reached around 3®2454000-2454100, and then the flux
18.0F e 5. ° oo E started to increase again, all these variations occurrisg dt
18.5F s %P = the higher and then at the lower frequencies. However, the 22
140E = GHz flux density reached a maximum value similar to that ob-
145F I 3 served at 37 GHz almost at the same time, and the flux decrease
15.0F g 85,0 = was also similar and contemporaneous. This is highlig ¢
= 155 e o % g 9. PP = fourth panel of Fig[3 by the overlapping of the spline thrioug
16.0F "o # ey ok Wete 3 the 37 GHz data with that through the 22 GHz ones. The lower-
16.5¢ 3 frequency light curves are more sparsely sampled, but they t

4130 4135 4140 4145 4150 4155 4160  suggest a progressively delayed rising phase, and a coatamp
Julian Date — 2450000 neous decreasing phase.

Fig.2. UVOT light curves of AO 0235164 compared to the  While the general multifrequency behaviour during the out-
ground-based) data from the NOT (red diamonds) and to théurst seems in agreement with the predictions of shoclktin-j
R-band data (bottom panel). All data have been correctedhéor tnodels (see e.g. Hughes et al., 1989; Valtaojalet al.,| 1992),
ELISA contribution. The cubic spline interpolation thrduthe decay stage might suggest a more complex picture. Indeed, it
1-day binnedR-band light curve is shown in each panel, properlgeems as if a kind of “shutdown” occurred when the pertuobati
rescaled (see text). that was responsible for the flux increase reached the jareg
emitting at cm wavelengths. The shape of the 37 GHz outburst,
sharp and without a plateau, may indicate that the outbirst o
age colourindiced) —-R=2.1;W1-R=2.1;M2-R=2.3;and Served at this frequency has already beffacted by the shut-

W2 - R = 2.7). It helps to recognize that the trend of fRéand down. The signature of the shutdown would be mainly visible i
light curve is well followed by all the UVOT light curves. Ads  the 22 GHz light curve, which is characterized by an abrupt flu
the variability amplitude appears nearly the same in thecabt decay.
and UVOT bands. It is interesting to compare this recent behaviour of the
The increase of the optical and near-IR fluxes was followeburce with its past history. Figuré 4 displays the lightvesrin
soon after by an increase of the millimetric and then of thrgiee the opticalR band and at two radio frequencies in the lagt2.5
metric fluxes, with a progressive time delay going towardjlem years, including the previous radio-optical outburst obse in
wavelengths. Figur€]3 shows the radio light curves startin®97-1998. We notice that the last outburst had a shorter du-
from the end of the observing period presented in Raiteriilet gation with respect to the outburst in 1997-1998. Moreoier,
(20064a), compared to tiR-band one (top panel). Optical obserwe compare the 2005-2006 and 2006—2007 events, we see that
vations in the 2005-2006 season were rather sparse; they shite latter was much “harder” (i.e. stronger at higher fregigs)
moderate source activity at a level similar to that observed than the former. Similarly, the 1999-2000 post-outburgnév
the previous season (Raiteri et al., 2006a). The figure &lves is harder than the preceding major one. Other very hard-(opti
that, after the solar conjunction in 2007, the source waiadga cal only) events are visible along all the period shown in Big
a very faint optical state. starting from the 1995-1996 event (Takalo etlal., 1998).mAs i
The second panel from the top displays 1 mm and @50 the case of 3C 454.3 discussed by Villata et al. (2007), these
data from the SubMillimeter Array (SMA). A cubic spline imte currences might be due to (temporaryifeiient orientations of
polation through the 10-day binned 1 mm light curve is plbttethe optical and radio emitting regions, harder events belng
to better follow the behaviour of the source flux at this waveserved when the optical emitting region is more aligned with
length. The 1 mm flux density increased by a facto8 from line of sight than the radio one, and hence the corresponding
the beginning of the 2006—2007 season to the time of the abation is more beamed. Alternatively, harder and softenéy
served maximum, on March 6, 2007. After this date, the oniyight be intrinsically diferent. In this case harder events would
data point acquired before the solar conjunction epochestgg correspond to situations where the perturbation vanisaeiee
that the outburst peak was already over. Moreover, datasafte in the jet, sometimes being unable to reach the radio emittin
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ROBE  uee 10T e o ms g . ° - 15-day binned light curve at 22 GHz is also
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Julian Date — 2450000 dotted lines.

regions. Regardless of their origin, hard flares in averhgeld of the average time delays between the flux changes observed

be shorter, since they cannot fully develop. at different frequencies, we apply the discrete correlation func-
In this framework we could also explain the sharpness of ttien (DCF;[Edelson & Krolix 198&; Hufnagel & Bregman 1992)

last radio outburst, and the fast contemporaneous flux dsereanalysis. Since we are analysing a limited time period vtigl

at all wavelengths. They might be due either to a geometric efata gaps, we use the cubic spline interpolations through th

fect, i.e. a jet bending in the radio emitting region (as megad binned light curves that had already been shown in [Hig. 3. In

for 3C 454.3; see Villata et 8], 2007), or to an intrinsic pert this way we certainly oversmooth the variations hidden k& th

bation power € in the same jet region. We speculate that, hagblar conjunction period, but better define the major sigmad

this shutdown occurred in an even inner part of the jet, weldvouare looking for.

have not observed the outburst in the radio band, i.e. theteve - yss-correlation between thieband and 1 mm, 37 GHz,

would have been even harder. and 22 GHz splines yields the DCF curves displayed inBig 5. |
all cases the distribution of points shows a significant mmaxn
(~ 1) at positive time lags, which indicates a strong correlation
with variations at the lower frequency lagging behind trghleir-

; ; ; ; . The delays corresponding to the DCF peeks ar
In the previous section we saw that the brightness increade érequency ones
consequent outburst observed in the optical and near-IRsal 0, 60, and 70 days for the 1 mm, 37 GHz, and 22 GHz curves,

were soon followed by similar events at mm and cm Wavé(_aspectively. We obtain a better estimate of the time lagdby c

; - - lating the centroid of the DCF_(Peterson etlal., 1998)ctvhi
lengths. We can of course estimate time delays by calcglttm culaur N _ \ 2900
time separation between peaks in thffetent light curves. But is defined age = 3, 7 DCF/ 3, DCF; for all the pointsi with

: : : CF > kDCFyeak By considering @ < k < 0.8, we obtain
this procedure neglects the light curves behaviour as aeyh ' pea
and strongly depends on the time sampling. For instancenw gs between 22 and 23 days for fRenm, 56-58 days for the

comparing theR-band to the 1 mm light curve, we find a lag o .37 GHz, and 70-72 days for tfe22 GHz cross-correlations.

about 1 month if we consider the December 2006 optical flare, However, we have already discussed in the previous section
while the lag is reduced to a couple of weeks if we considérat the 22 GHz outburst seems to lffeated by a sort of shut-
the outburst peak. Hence, in order to obtain a better esgtimdbwn causing the sudden flux decrease. In the absence of this

4. Cross-correlation analysis
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effect, the outburst peak and following decreasing phase would
likely have been delayed. Hence, the 70-72 day delay irslicat
by the DCF appears as a “compromise” between the more de-
layed rising phase and the less delayed decaying phasednde
by looking at the fourth panel of Figl 3, we see that the flux-den
sity increase at 22 GHz followed that at 37 GHz after about 25
days, the peak was reached 1 week later, and no lag is visihle
during the flux fading. a o0
In the 14.5, 8, and 5 GHz light curves, the time of the out-
burst peak cannot be defined because of the inferior sampling
but we nonetheless infer that the ascending part of the aattbu
was delayed by 50, ~ 65, and> 90 days with respect to the
rising part of the 37 GHz outburst, while, again, no significa
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delay is visible in the dimming phase.
The application of the DCF method to auto-correlate the
compositeR-band historical light cunferesults in a reinforce-
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ment of the~ 8.5 year signal already found by Raiteri et al

(20064). Fig.5. Discrete correlation functions between the cubic spline

interpolations through the binnédband and 1 mm light curves
(blue dots), theR-band and 37 GHz ones (red diamonds), and
the R-band and 22 GHz ones (green triangles). Vertical strips

o _ i highlight the range of time lagsincluded between the location
One of the major issues raised by the works of Junkkarinel et the peak and the centroid of the distributions.

(2004) and Raiteri et al. (2005, 20064a,b) is the existencanof

extra emission componentin the SED of AO 02354, in addi-

tion to the synchrotron and inverse-Compton components. Tgtates, and that the component appears to be variable. 8ut th
component is represented by a bump in the UV and soft X1y, ot discriminate between the two most obvious integpr
energy range, and its nature is not yet clear. In the caseasiiu g j o thermal emission from an accretion disc and ati-ad
type blazars, a similar feature is clearly visible only dgrfaint tional synchrotron component from an inner jet region

states, and it is generally ascribed to thermal emissiom fia With the aim of shedding some light on this .we se-
accretion disc. However, _When thes_e SOurces undergo aglarligcted epochs in which the source was ifffefient briéhtness
state, the bump tends to disappear, since it is overwhelyittuh states and in which contemporaneous near-IR-to-UV data wer
synchrotron emission (see €e.g. Raiteri et al., 2007b, foctse

; available. Magnitudes were corrected for both Galactic and
of 3C 454.3). In contrast, by comparing SEDs of AQ 07364 foreground-galaxy absorption by following the prescops of
obtained at various observing epochs in which X-ray Obsenlﬂmkkarinen et all (2004) (see Table 5 by Raiteri et al. 200B)
tions were performed, Raiteri et'al. (2006a) p0|r_1ted 0“‘“.“"“’ .then converted de-reddened magnitudes into fluxes usirgathe
presence of the extra component can also be inferred 'mb”%}ation byl Bessell et al,_(1998) in the optical, and the 2@y

5 This composite light curve has been obtained by considetiag fluxes for the UVOT ultraviolet bands mentioned in Sect. 2.3.

R-band data back to JB 2447000, and-band data converted inf- We show three of these SEDs in Hig. 6, compared with those
band ones (through the mean colour indiex R = 1.7) before that date corresponding to the XMM-Newton pointings of January and
(Raiteri et al.| 2006a). August 2004, published in_Raiteri et al. (2006a). We bui# th

5. Spectral energy distributions
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Fig.6. Near-IR-to-UV spectral energy distributions at vari-. _ .
ous epochs: the SED corresponding to the outburst maximl'J:tW' 7. The contribution to the flux density from the extra com-
(February 19, 2007) is compared to the faint-state SEDsSradita pohent versus that from the syr_wchro'gron component in trugthr
during the January and August 2004 XMM-Newton pointin VOT bands (see text for details). Lines represent lineartdit
(Raiteri et al.; 2006a) and to two intermediate-state SEi@s p € data.

ceding the outburst peak.
outburst toward the 2006—2007 observing season. An inedeas

. . adio activity was registered in 2005-2006 (Bach et al.,7200
brightest SED with data taken on February 19, 2007, at téﬁd a major optical outburst was finally observed in late 2006
culmination of the outburst; since there were no simultaiseo

h i Lo — early 2007, about 8.5 years after the previous major ostbur
JHK data, we inferred near-IR magnitudes by considering t&%ak, thus confirming the Raiteri et al. (2006a) prediction.

R — JHK colour indices corresponding to the brightest near-I We observed the same event simuitaneously in the near-IR
level in the light curves (see Figl. 1). In the other two caSills d UV frequency ranges, and then at millimetric and ceritime

of January 31 and February 5, 2007) all data are contempora"ﬁl'% , S
ous (taken within few hours). They show intermediate flux Ie\;'Eg‘:}i\ilglsenv%glse’svt\;'rt:a?e%r?ﬁ;ﬁﬁgelt'm?nd::%y ;(;Wgﬁzlogﬁ{bursts
els, with a noticeable spectral-slope variation: the nBdtuxes 9 :

are nearly the same, but toward the UV the two SEDs divergel.aggecj _behmd t_hR—band one by about 3 weeks and 2 months,
spectively. This latter lag appears a facta? longer than pre-

; : §
We found that the least-order polynomial that yields a goQﬁously estimated (Raiteri et al., 2005, 2006a) when caréig)

fit to the near-IR-to-optical part of the SEDs is a cubic; we A% e histori : : X :
. X : g e historical light curves until spring 2005. This may refle
sume that these fits, which are displayed in Big. 6, can redipn some real change either in the jet structure at still unwesbl

represent the contribution of the synchrotron componehé T ales or in its energetics with respect to the past. Indaeds

. . d S
UV excess is clearly recognizable in all SEDs, and reprase L i’ X
the extra emission component. We estimated the contribafio Qfe sources that exhibit a characteristic behavior for nyaays

; , . and then suddenly change (see é€.g. Smith, |1996; Aller et al.,
this component in the UV bands as thefelience between the 1996). Another possibility is that lack of data for long tiinger-
total and the extrapolated synchrotron flux densities.

vals, chiefly in the optical bands because of solar conjonsti
L ffects the results of the DCF analysis. Even in the case of the
componentand the synchrotron-componentflux densitighéor ;997" 1 998 quthurst, which was intensively observed thamks
ggﬁecge\%gggff' f ?g;gggggoggﬁ'?gr (\ﬁf bl\jzsi/?/g (crtrre he dforts of the just-born WEBT (Raiteri et al., 2001), the cen-

. T TIs ‘ Lo ' . tral part of the event was missed in the optical, and the dimymi
spectively). Notwithstanding the uncertaintideating our fit- o0 \yas hoorly sampled at 37 GHz. As for the 2006—2007 out-
ting procedure, we think that this result indicates that thitra burst, notwithstanding the exceptional sampling, we cansie

component can hardly be explained in terms of thermal €Mt that solar conjunction hid a further optical peak. Thaand

con o e 156 ich is ot expecte o deperd on e SWforten e raco g
mechanism that is responsible for the synchrotron emission In any case, the delays estimated in the present paper ap-
pear rather short if compared, for example, with the approxi
mately twice-longer lags estimated by Villata et al. (2063
the quasar-type blazar 3C 454.3 in correspondence of it§-200
2006 exceptional outburst, and hy Villata et al. (2004) and
The claim by Raiteri et al{ (2001) of a possible quasi-padodBach et al. [(2006) for BL Lacertae. The short time delays in
occurrence of the major radio and optical outbursts of AGO 0235+164 had already been noticed in the past (Webblet al.,
0235+164 every 57+ 0.5 years led to a mobilization of the inter.2000; Raiteri et al!, 2001), and this was one of the reasorys wh
national blazar community to observe the next event, ptedic microlensing was proposed as a possible explanation of #ie m
to peak in early 2004. A WEBT campaign was organised, wifbr variability events in this source (see e.g. Raiteri 120074,
a huge international participation (Raiteri et al., 20080@2.,b, and references therein). In contrast, when interpretiagrthlti-
20074a), but the source remained in a faint state and timessefrequency variability of AO 0235164 in the framework of the
analysis on the updated light curves suggested a possiigero helical jet model by Villata & Raiteri (1999), the short tinde-
period of about 8-8.5 years, delaying the occurrence oféxé nlays imply that the corresponding jet-emitting regions amnéy

6. Discussion and conclusions
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slightly misaligned|(Ostorero etlal., 2004). If, besides geo- ponentis the result of inverse-Compton scattering of ratio-
metrical défect, the outburst is also produced by energetic prtens df the relativistic electrons producing the IR—optical emis-
cesses inside the jet, short time lags imply that the emgittaa  sion. Indeed, as stated above, the close correlation amttshe
gions are also closeby. delays between the optical and radio variations suggetshtioa

At lower (< 37 GHz) radio frequencies, the outburst beef radio photons are available in the optical emitting regio
haviour changes: while the rising phase is progressivdbyee, 3 _ _
as expected, the decaying phase is observed Simu|tanmus§,§knovvledgerrmts We are grateful to Philip Hughes for useful discussions. We

I | ths. | ticular. the 22 GHz flux d it h knowledge the use of public data from the Swift data aechhhis research
all wavelengtns. In parucular, the Z 1uX density réEnp s made use of data obtained through the High Energy AgtsagzhScience

a maximum value similar to the 37 GHz flux density almost @frchive Research Center Online Service, provided by the NS®ddard Space
the same time and then suddenly decreases. Although the Bight Center. This work is partly based on observations enaith the Nordic
served general multifrequency properties of the outbustie O,p}'caé Tle"flsczpflf\] OPefaIEddog thg 'S'f_i”‘:hOfS'-a Ffar']mgblom EeI”F’Q“afky
. . - . inland, Iceland, Norway, and Sweden, in the Spanis s@ie del Roque
.eXplamed by models dealing with ShOC‘kS propag.atlng alqng 59 los Muchachos of the Instituto de Astrofisica de Canaiidés research
inhomogeneous jet (see e.g. Hughes =t al., 1989; Valtaaia ethas made use of data from the University of Michigan Radioraksimy
1992), the emission behaviour during the dimming phase migbbservatory, which is supported by the National Sciencendation and by
suggest that the scenario is more complicated than what is teds from the University of Michigan. The Metsahovi teaokrmowledges the
picted in these models. Indeed, it seems as if a kind of skridosuPport from the Academy of Finland. AZT-24 observations mrade within

din the iet bet th S . d th g\ agreement between Pulkovo, Rome and Teramo obsergatdie St.-
occurred In the Jet between the mm emission region an e etersburg team was supported by the Russian Foundati®asic Research,

_22 GHZ region. We can SpeCU|ate_ that either a jet ber}ding Or @&t 08-02-00245. The Torino team acknowledges financippart by the
intrinsic power df of the perturbation may produce thiffect, Italian Space Agency through contract ASI-INAR8§06/0 for the Study of
which could also account for theftérent flavours of events ob- High-Energy Astrophysics. University of Joensuu acknagtss co-operation

; ; ; ; . _with local Amateur Astronomer Association Seulaset. ACGkns supported
served in the historical light curves of the source: the aaott by NNSF of China grant No.10533050. JHF’s work is supportgthb National

bursts, which are stronger at the higher frequencies, Sty Natural Science Foundation of China (10573005,10633000)ize 973 project
a shutdown (of any origin) has occurred between the higimek- aNo. 2007CB815405).

the lower-frequency emitting regions. Understanding waet

the geometric or intrinsic scenario would be more plausible

not easy. One can envisage that if the flux fading is due togferences

jet bending, the perturbation could continue to travel gltre  alier, M. F., Aller, H. D., & Hughes, P. A. 1996, in AstronomatSociety of the
jet, following a misaligned path, until it could eventualig ob- Pacific Conference Series, Vol. 110, Blazar continuum béifig ed. H. R.

served at radio wavelengths as soon as the jet (helical)yat Bag/'hi“fg ’ ~:q- ;t.e\ll’\i/egb’l\/l & Jv ”%tgo&'ere%%? 2007, AGA. 46475

again toward the_ line of sight. For those sources, for whireh tBach U Vilata, M. Raiteri. C. M.. et al. 2006, A&A. 45605

Very Long Baseline Interferometry (VLBI) resolution carpse  gessell, M. S., Castelli, F., & Plez, B. 1998, A&A, 333, 231

rate these regions, we should be able to observe a briglgtefin Boettcher, M., Basu, S., Joshi, M., & et al. 2007, ArXiv eqps, 07082291

a VLBI knot. Burbidge, E. M., Beaver, E. A, Cohen, R. D., Junkkariner.\& Lyons, R. W.

We notice that our analysis of the multifrequency light 159 A 12,2533 =~ Ap. 333, 646

qurveg in terms of hard,ésofter events presents spme Similar'Gonzéllez-Pérez, J. N., Kidger, M. R., & Martin-Luis, BOZ, AJ, 122, 2055
ties with the generalized shock modellby Valtaoja et al. 2099 Hagen-Thorn, V. A., Larionov, V. M., Jorstad, S. G., et al028, ArXiv e-prints,
who distinguish between high- and low-peaking flares. We fi- 07093550 . o _ _
nally mention that Hagen-Thorn et al. (2007a) interpretes t Hagen-Thorn, V. A, Larionov, V. M., Raiteri, C. M., et al. @b, ArXiv e-prints,
photometric and polarimetric variations of AO 0;}3854 during Hu?ngglg’lg%. & Bregman, J. N. 1992, ApJ, 386, 473

the December 2006 flare as due to the propagation of a tra&@sve{ghes, P. A., Aller, H. D., & Aller, M. F. 1989, ApJ, 341, 54

shock, accompanied by a small change in the viewing angleJafikkarinen, V. T., Cohen, R. D., Beaver, E. A, et al. 2004J 4614, 658
the jet. Nilsson, K., Charles, P. A., Pursimo, T., et al. 1996, A&AA43T754

PR ; ; ; ; torero, L., Villata, M., & Raiteri, C. M. 2004, A&A, 419, 31

Another major issue we investigated is the existence of Sﬁterson’ B. M., Wanders. .. Horne. K.. et al. 1998, PAS®, 660
extra emission component mostly contributing in the UV aryggiteri’ C. M., Villata, M., Aller, H. D, et al. 2001, A&A. 37, 396
soft X-ray energy range of the source SED. Swift-UVOT obRaiteri, C. M., Villata, M., Capetti, A., et al. 2007a, A&Ap4, 871
servations during the culminating phase of the optical unstb Raiteri, C. M., Villata, M., Ibrahimov, M. A., et al. 2005, A&, 438, 39
show that the behaviour of the UV emission strictly folloluatt E::g:' g m x:::::gv m ﬁgg:::' m gi Z:- gggg‘;" ﬁﬁﬁ’ ggié
of the optical one. Moreover, when constructing SEDs With Shaiicri' ¢ M’ villata, M. Larionov, V. M., et al. 2007b, A& 473, 819
multaneous near-IR-to-UV data, and separating the syoeiro Roming, P. W. A., Kennedy, T. E., Mason, K. O., et al. 2005, @p&cience
and extra-component contributions, we found that they amee Reviews, 120, 95
lated. Although this result isfiected by uncertainties due to theSmith, A. G. 1996, in Astronomical Society of the Pacific Gaehce Series,
decomposition procedure, it nevertheless suggests thaten \N/((J)I.bél% Blazar continuum variability, ed. H. R. Miller, B. Webb, & J. C.
pretation of the extra component in terms of radiation fr® t gyith p.'s., Balonek, T. J., Heckert, P. A., Elston, R., &8ich, G. D. 1985,
accretion disc is rather unlikely (s2e Raiteri etlal., 20068r AJ, 90, 1184
the various possible interpretations). Also the hypothestwo Takalo, L. O., Sillanpaa, A., Valtaoja, E., et al. 1998, A&, 129, 577
independent synchrotron components appears now inaquuEtrgShek' D. A., Grillmair, C. J., Foltz, C. B., & Weymann,R1988, ApJ, 325,
A still viat_)le explanation cou_Id _be t_hat of anomalous absorp Valtjolja’ E., Terasranta, H., Urpo, S., et al. 1992, A&A, ZE8
of the optical to near-UV emission in a spectrum that would ot vjjata, M. & Raiteri, C. M. 1999, A&A, 347, 30
erwise be power-law-like from the near-IR to UV. Indeed,raxa Villata, M., Raiteri, C. M., Aller, H. D., et al. 2004, A&A, 42, 497
ples of noticeable intrinsic absorption are found whenysiat Villata, M., Raiteri, C. M., Aller, M. F., etal. 2007, A&A, 46, L5
illata, M., Raiteri, C. M., Balonek, T. J., et al. 2006, A&A53, 817

the spectra of broad absorption line (BAL) quasars, wheve S%”ata’ M. Raiteri G. M. Kurtanidze. O. M.. et al. 20028, 390, 407

eral lines betweer 1000 and 1500 A (rest frame) can heavilyvebb, J. R., Howard, E., Benitez, E., et al. 2000, AJ, 120, 41
reduce the flux in the corresponding spectral regions (sge e-

Turnshek et al., 1988). A further possibility is that theraxdom- 1 INAF, Osservatorio Astronomico di Torino, Italy
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