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ABSTRACT

Aims. Since the CGRO operation in 1991-2000, one of the primargaoitved questions about the blazaray emission has been
its possible correlation with the low-energy (in particutgtical) emission. To help answer this problem, the WhaetheBlazar
Telescope (WEBT) consortium has organized the GLAST-AGHUpport Program (GASP) to provide the optical-to-radio ituwimg
data to be compared with theray detections by the AGILE and GLAST satellites. This ne®&BV project started in early September
2007, just before a strongray detection of 0716714 by AGILE.

Methods. We present the GASP-WEBT optical and radio light curves f hazar obtained in July—November 2007, about various
AGILE pointings at the source. We construct NIR-to-UV spalcenergy distributions (SEDs), by assembling GASP-WERTad
together with UV data from the Swift ToO observations of i@tober.

Results. We observe a contemporaneous optical-radio outbursthihia rare and interesting phenomenon in blazars. The stiape o
the SEDs during the outburst appears peculiarly wavy becaluan optical excess and a UV drop-and-rise. The opticht bgrve is
well sampled during the AGILE pointings, showing prominantd sharp flares. A future cross-correlation analysis obgieal and
AGILE data will shed light on the expected relationship betw these flares and theay events.

Key words. galaxies: active — galaxies: BL Lacertae objects: geneigdlaxies: BL Lacertae objects: individual: S5 0%¥8 —
galaxies: jets

Send offprint requests to: M. Villata 1. Introduction

* The radio-to-optical data presented in this paper aredtoréghe The Compton Gamma Ray Observatory (CGRO, 1991-2000)

WEBT archive; for questions regarding their availabilmease contact discovered that blazars can be Stroﬂ.gay emitters’ and the
the WEBT President Massimo Villatajllata@oato.inaf.it).
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third EGRET catalog (Hartman et al., 1999) contains 66 high- ‘736
confidence and 27 low-confidence identifications of blazars a $ oGAsP
energies greater than 100 MeV (see also Mattox et al., 2001) ! o f . 0B
Thevy-ray emission from blazars is usually ascribed to inverse-
Compton scattering of soft photons by synchrotron-engjtted- o lo e s

ativistic electrons in the plasma jet. According to syn¢ton-
self-Compton (SSC) models, the source of soft photons is the
synchrotron process itself, which produces the radiogtical =
(radio-to-X-rays for the high-energy-peaked BL Lac objgct
non-thermal emission. In contrast, in external-Compto@)(E
models, seed photons come from outside the jet, in particula
from the accretion disc or the broad line region. Finajhray
emission might also originate from particle cascadegebant o
models make dierent predictions on the multifrequency be- i
haviour of the source, which must be tested on observational [, . .
grounds. A few multiwavelength observations were orgahize 4390
during the CGRO operation, whose analysis provided sorrie ind
cation of opticaly correlation (e.g. Bloom et al., 1997; HartmarFig. 2. Enlargement of the best-sampled part of Baband light curve
etal., 2001). ds}lt:own tin inég)b?l,sduritr;gI thedb[)ight an_d E_ctivle _ﬁ)_irlase of Octeber
A deeper insight into the high-energy emission productighPVeMPer 2V07. Symbols and box as In Fig. L. 1Ne grey curve rep
mechanisFr)n can %e attained ogly by ogr)g/]anizing grgund_baggaentsacublc spline interpolation through the 30-miméihdata.
multiwavelength campaigns coordinated with the satedlitser-
vations, in which a large number of telescopes fiedent longi- . . ) .
tudes is involved, to ogbtain continuous moﬁitoring. Indethgt]‘s WEBT campaigns in 1999 and 2003-2004 (Villata et al., 2000;
was one of the main motivations that led to the birth of the WhOOstorero etal., 2006).

Earth Blazar Telescope (WEBT)n 1997, during the operation 1 ne detection by AGILE occurred at the beginning of the op-
pe ( n 9 b cal observing season, as well as at the start of the GASW act

of CGRO. In ten years of activity, the WEBT consortium hald :
proved its capability to obtain high-precision and weltgded ity. The data collected by the GASP showed that an optica flar

: ; ; ; d had occurred in the same period (Carosati et al., 2007). Abou
light curves in the optical, near-IR, and radio bands, duniore .
tr?an twenty monito?ing campaigns. one month later, the GASP observed a new very bright phase,

More recently, following the launch of thg-ray satellites triggering new AGILE as well as Swift observations. The tler

Astro-rivelatore Gamma a Immagini LEggero (AGILE) angvas also spread among the other WEBT observers to improve

Gamma-ray Large Area Space Telescope (GLAST), the WE qe sam.plmg. .

has started a new project: the GLAST-AGILE Support Progranf)slgr\t/r;tsiopnipaerr{chLJe\/reSF\)/eilr‘t ggtt:ﬁ]?ﬁSfN\évviinzruzlgfésqgﬁonfz
(GASP). Its primary aim is to provide long-term continuou AGILE pointi tth y '
monitoring of a list of selectegt-loud blazars, during the op- € pointings at the source.

eration of these two satellites, by means of some fifteen WEBT
telescopes. AGILE was launched on April 23, 2007, and one gf . : .
its first detections of extragalactic objects was S5 G718 in 2 Optical-to-radio observations by the GASP and
mid September (Giuliani et al., 2007). WEBT

The blazar S5 071671 is a BL Lac object of still unknown we calibrated the opticaR-band magnitudes with respect to
redshift. It is famous for its strong variability, on botmpand Stars 2, 3, 5, and 6 from the photometric sequence by Villata
short (intraday) timescales (e.g. Wagner et al., 1996;@ihis et al. (1998). Figure 1 shows theband data collected by
et al., 1997; Raiteri et al., 2003), and it was the target af twthe GASP and WEBT in August-November 2007. We added
some J-band data converted to tHeband (adopting a mean

! http://www.oato.inaf.it/blazars/webt/ colour indexR — J = 1.46), to improve the sampling in
see e.g. Villata et al. (2004b, 2006); Raiteri et al. (20UTR7). the critical periods. In total, we assembled 950 data ppints
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_ ) ) (blue circles) compared to tHeband flux densities in the same period
Fig. 3. Radio data from 8 to 43 GHz of 072814 in July-November (red, yellow-filled stars), rescaled to have the optical @ttio maxima
2007. Diterent symbols refer to fierent frequencies and observatoriesat the same level.
as explained in the text.

The subsequent period (see Fig. 1) is characterized by an
parently smooth brightness decréase
In Fig. 3, we show the radio data taken by the GASP and
EBT in July—November 2007 in the 8-43 GHz frequency
range. The 8 GHz data come from Medicina and UMRAO (8Md
@d 8U in the figure legend, respectively); 14.5 GHz data are
rom UMRAO (14U); 22 GHz observations were carried out
the Crimean (RT-22) and Medicina observatories (22C and
Md); 37 GHz ones at the Crimean (RT-22) and Metsahovi

~ 80) y-ray detection of September 10-20 reported by Giu“agﬁlescopes (37C and 37M), while 43 GHz data are from Noto

L 3N). The light curves show a relatively quiet initial pbagith
et al. (2007), which is represented by the red box. In the sa& . . 1B . :
period, we observed a noticeable optical flare (see alsos@ﬁroa%“ghtly inverted spectrum. Around JB2454350 the higher

. A frequency (22-43 GHz) fluxes started to increase, reaching a
et al., 2007). Then, after a rather variable phase, in midlrt :
the optical z‘lux started to rise, reaching appeaIRofz 1215 Maximum level of about 3.5 Jy at 37 GHmore or less at the

on October 22.2 This triggered intensive observations at afpame time as the optical peak. At 14.5 GHz, the increase appea

wavelengths and in particular AGILE and Swift ToO pointingsIeSS pronounced, and delayed by about 20 days. The 8 GHz data

. show only a marginal flux enhancement, and no clear signature
Because of a sudden drop of 0.73 mag in 2.3 days, the opti ; :
level was relatively low at the start of the AGILE observaso ig?gr:: ?iultjt;grst is seen in the rather sparse 5 GHz data, natsho
on October 24.3. AGILE remained on the source until Novemb&r € "ure. .

1.5, and during this period (blue box) 074AL4 showed again .. F19ure 4 displays the 37 GHz and optié&band flux den-
strong variability and bright phases. The analysis of thay sities in August—November 2007 together. The optical and ra

data taken by AGILE is still underway and will be presented iffl© Outbursts appear roughly contemporaneous. Howevemwh
a forthcoming paper (Chen et al., in preparation). seen in detail, the two events show dfelient behaviour. In

The October—November optical outburst is better display r;?gé ttr;fé ?Qg%ahﬂuxr-gfssgﬂgs fzt"rgr.‘r?zr ;n?:r]:assrf(;gﬁ“e? .
in Fig. 2, where we traced a cubic spline interpolation tigtou w 10 Tlux i ! u way.

the 30-min binned light curve, to guide the eye along thedast Optical and radio fluxes appear to peak almost at the same time

g : : but while the optical flux drops in a few hours, the high ra-
comple;lx variations. Inzpartlcgs;\(r), vge réo(tlce the Lall Of)@?ag dio state lasts fgr a few days pThe discrete correlationtf%nc
in 7.1 hours on JD= 24544 —9.49 (November 4), during . ; : . e
which the steepest slopes match the typical valueés002 mag (Dclzd':) analdy_S|s(,j e}pphefd tg thte 4ogt|cal %r;ﬂ rad'o.ggdh.t cetve
per minute, estimated by Villata et al. (2000, see also @stor Y'€/9S @ radio defay of about 4 days. LUIher matterences
etal. 2006 ,and references therein) ' in flux behaviour are the absence of radio counterparts to the
' ' August and September optical flares, and the unusual fact tha
2 30 cm telescope, see Castro-Tirado et al. (2004). the radio flux achieves a very bright state well before thécapt
3 The AGILE pointing periods shown in Fig. 1 represent the slateﬂuxj Thus, du_e tp_thesemrences’ the 4-day radio d_elay, th.OUQh
when 0716714 was in the AGILE field of view at less than4iom Statistically significant (DCE- 1), must be taken with caution,
the axis. During other pointings the source was mdfreawis, where the
data analysis is currently more uncertain. 6 The fall continued also beyond the period shown in the figaing,
4 This high brightness level is comparable to those reachetién led the source to readR ~ 15 in mid December, comparable to the
recurrent outbursts of 2004—2007, which represent thentardg states historical minima of 1996 and 2000 (Raiteri et al., 2003).
ever observed. 7 This radio peak represents an unusually bright level, thatgp-
5 On the same date the source was seen bright in the AGILE fieldpefars modest when compared with the 2003 radio outburét Jy at
view, even if it was ratherfb-axis. 37 GHz, see e.g. Terasranta et al., 2005; Nieppola et &7)20

acquired mainly from the GASP observatories: Abastumar&i
Armenzano, Crimean, LUAmpolla, Roque de los Muchachosp
(KVA), Sabadell, St. Petersburg, Talmassons, Torino, éval
d’Aosta, and Campo Imperatore, this last providitgK data.
Other participating WEBT observatories were BOOTE2SKatt
Peak (MDM and SARA), and San Pedro Matrtir, supplying da
about the October—November outburst.

In the figure, the green boxes indicate the periods of the fi
AGILE pointings, from September 4 to 23ncluding the strong




since it mainly reflects the time separation of the detecpeidal L A e
and radio maxima, with their ffierent sampling.
A contemporaneous optical-radio event such as that detecte L N i
in October—November has sometimes been observed in blazars-9s|- 3 i i g
(see e.g. Tornikoski et al., 1994a,b). However, most studie 7 r % é ]
radio-optical correlation have shown that the radio evésgs - I ‘%
behind the optical ones by several weeks or months (see €ig. % |
Tornikoski et al., 1994b; Clements et al., 1995; Villata ef a & - ¢ % %
2004a, 2007, Raiteri et al., 2008). In the case of 7B, — r {,
Raiteri et al. (2003) noticed that in the 1994-2001 obseyrviri osk ]
period, major optical outbursts may have modest radio @unt = | +43953 i

parts. Thus, the optically-emitting jet region is sometmet 8 L ada0le

completely opaque to the high radio frequencies. In pdgicu " 04398.1 ‘% ‘%% i
it is quite transparent to them in the case of the 2007 outburs %4
while lower frequencies are at least partially absorbedhas A S R

14.5 GHz delay and the strongly-inverted spectrum indicate 14.2 14.4 Lo - 14.8 15.0 15.2
og v z

Fig.5. Spectral energy distributions (SEDs) of 0414 in late
3. Swift-UVOT observations and NIR-to-UV SEDs October 2007, constructed witW2 M2W1U BV data from Swift-

. o . . . UVOT (empty symbols) and ground-based GASP-WEBVRI JHK
Besides the AGILE ToO pointing, the optical brighteningleét gata (filled symbols). The numbers in the legend refer to tiiad
source also triggered observations by the Swift satellitdch Dates of the observations. The dotted lines conneckthe, andw2
started on October 23 and lasted until mid November 20QFata; together with the cubic splines through the spedtey, help to
The UltraViolet and Optical Telescope (UVOT) instrument adetter distinguish the main features of the SEDs (see text).
quired data in all of its opticaMBU) and ultraviolet (UWV1,

UVM2, UVW2) bands. These data were processed with the ) ) .

uvotmaghist task of the HEASOFT 6.3 package. The sourcE0O observations by AGILE and Swift were triggered as a con-
counts were extracted from a circular region of 5 arcseausdisequence of the detected optical brightening.

and the background counts from a surrounding annulus with 8 For the first time, a contemporaneous optical-radio outburs
and 18 arcsec radii. A 0.1 mag error was assumed, to take iktas followed in detail, showing both the similarities and thf-
account both systematic and statistical errors. ferences between the optical and radio behaviours.

Figure 5 shows the source SEDs built wikhto UVW2 The NIR-to-UV SEDs constructed during the most active
data from UVOT andBVRIJHK data from GASP-WEBT, at Phase of late October with both ground-based GASP-WEBT and
three epochs characterized byfeient brightness levélsin the space Swift-UVOT data also show unexpected and intriguing
SEDs at JD= 44000 and JD = 44019, the GASP-WEBT features, such as the optical excess and the UV drop-aed-ris
optical data are strictly contemporaneous to the UVOT data, In particular, we have assembled a detailed optical light
while the ground-based optical data in the lowest-state SEDcUrve during the AGILE ToO pointing of October 24 —
JD = 43981 come from another date when the source was pvember 1, and detected a prominent optical flare in corre-
the same optical level. In addition, tdé1K data are not strictly spondence with the strongray detection of mid September.
contemporaneous to the UVOT data, but again taken at the sabhés optical information will be very useful when theray data
brightness levels. Finally, the highest-state optical $€lBse to are completely analysed, because it will be possible tockear
the optical peak) is plotted for comparison. for _cor_relations and time delays between optical flares)aral

The SEDs show two main features: the bluer-when-brightgfission.

behaviour (especially in the UV band), which is typical of BL e s We thank A. Capeti f ol di ons. We acknon
; ; owledgements. We thank A. Capetti for useful discussions. We acknowl-
Lac ObJeCtS’ and the wavy shape of the spectra. In part;cul@j;”e the use of public data from the Swift data archive. Tegearch has

we notice the bumpy aspect of the optical part and the dip #Lge use of data obtained through the High Energy AstrophyScience

the UWV1 band. A deep investigatigaiscussion on these SEDArchive Research Center Online Service, provided by the Als®ddard Space

features is beyond the scope of this letter. We note thatifhe @light Center. AZT-24 observations at Campo Imperatorenaaele within an

in the UVWW1 band resembles an analogous feature found in w@eement between Pulkovo, Rome and Teramo observat@iés.research
a

. S s made use of data from the University of Michigan Radiorgkeimy
optical-UV SEDs of AO 023516 by Raiteri et al. (2008), who Observatory, which is supported by the National Sciencengation and by

in_terpreted it as anomalous absorption, or as a UV excessualis from the University of Michigan. This work is partly e on observa-
higher frequencies. tions with the Medicina and Noto radio telescopes operajetNBF — Istituto
di Radioastronomia. The Torino team acknowledges finarstigport by the
Italian Space Agency through contract ASI-INAP8806/0 for the Study of
c lusi High-Energy Astrophysics. The Metsahovi team acknowdsdipe support from
4. Conclusions the Academy of Finland. JH acknowledges support by the GerBaence
. . Foundation (DFG) through SFB 439. MJ would like to thank thsari8sh
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at the source. Radio-to-optical data were taken by the GASP,
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