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LETTER TO THE EDITOR

Multifrequency monitoring of the blazar 0716+714 during the
GASP-WEBT-AGILE campaign of 2007*
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ABSTRACT

Aims. Since the CGRO operation in 1991-2000, one of the primargagived questions about the blazaray emission has been
its possible correlation with the low-energy (in particutgtical) emission. To help answer this problem, the WhdettEBlazar
Telescope (WEBT) consortium has organized the GLAST-AGHUpport Program (GASP) to provide the optical-to-radio itasimg
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 isfazar 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 l@ietober.

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

Key words. galaxies: active — galaxies: BL Lacertae objects: genegdlaxies: 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 aredtior¢he The Compton Gamma Ray Observatory (CGRO, 1991-2000)

WEBT archive; for questions regarding their availabilffiease contact discovered that blazars can be stropgay emitters, and the
the WEBT President Massimo Villatajllata@oato.inaf.it).
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1347 ‘ ‘ ‘ ‘ ‘ — converted toR band. The boxes indi-
4340 4360 4380 4400 4420 cate various periods of AGILE obser-
Julian Date — 2450000 vations, as explained in the text.
third EGRET catalogl (Hartman etlal., 1999) contains 66 high- s
confidence and 27 low-confidence identifications of blazars a $ 0GASP
energies greater than 100 MeV (see also_Mattoxlet al.,| 2001).!%? of CoB
They-ray emission from blazars is usually ascribed to inverse-
Compton scattering of soft photons by synchrotron-engjtted- 24 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 radioptical <
(radio-to-X-rays for the high-energy-peaked BL Lac obggct
non-thermal emission. In contrast, in external-Compto@)(E
models, seed photons come from outside the jet, in particu-
lar from the accretion disc or the broad line region. Finally '*®
vy-ray emission might also originate from particle cascades. o i °
Different models make fierent predictions on the multifre- 150 ¢
quency behaviour of the source, which must be tested on ob-""L . . . . .
servational grounds. A few multiwavelength observatioesen 4390
organized during the CGRO operation, whose analysis peovid
some indication of opticaj-correlation (e.g. Bloom et al., 1997; Fig. 2. Enlargement of the best-sampled part of faband light
Hartman et al!, 2001). curve shown in Fig[]1, during the bright and active phase of
A deeper insight into the high-energy emission productidactober-November 2007. Symbols and box as in Hig. 1. The
mechanism can be attained only by organizing ground-bag#@y curve represents a cubic spline interpolation throtingh
multiwavelength campaigns coordinated with the satedlitser- 30-min binned data.
vations, in which a large number of telescopes fiedént longi-
tudes is involved, to obtain continuous monitoring. Indeats _ )
was one of the main motivations that led to the birth of the WhaQf two WEBT campaigns in 1999 and 2003-2004 (Villata et al.,
Earth Blazar Telescope (WEHTN 1997, during the operation'2000; Ostorero et al., 2006). o
of CGRO. In ten years of activity, the WEBT consortium has The detection by AGILE occurred at the beginning of the op-
proved its capability to obtain high-precision and welirgsed tical observing season, as well as at the start of the GAS{ act
light curves in the optical, near-IR, and radio bands, dyniore ity. The data C(_)Ilected by the G_ASP showeo_l that an opticad flar
than twenty monitoring campaigns. had occurred in the same period (Carosati et al.,'2007). Abou
More recently, following the launch of thgray satellites one month later, the GASP observed a new very bright phase,

Astro-rivelatore Gamma a Immagini LEggero (AGILE) andriggering new AGILE as well as Swift observations. Thg aler
Gamma-ray Large Area Space Telescope (GLAST), the WE s also spread among the other WEBT observers to improve

g ling.
has started a new project: the GLAST-AGILE Support Prograii® SamPpP .
(GASP). lts primary aim is to provide long-term continuous, In this paper,dWL(JaVreSpq;t 8” the (‘?AISPI;IWEBTmeZIt(I)f(r)(;qg;ncy
monitoring of a list of selecteg-loud blazars, during the op- 9°Servationsan wiit data in July-November , agoun

eration of these two satellites, by means of some fifteen WEgRE ACGILE pointings at the source.
telescopes. AGILE was launched on April 23, 2007, and one of

its first detections of extragalactic objects was S5 G711 in ; ; :
mid Septembef (Giuliani et al.. 2007). 2. Optical-to-radio observations by the GASP and

The blazar S5 071671 is a BL Lac object of still un- WEBT
known redshift. It is famous for its strong variability, ooth We calibrated the opticaR-band magnitudes with respect
long and short (intraday) timescales (e.g. WagnerletaB619to Stars 2, 3, 5, and 6 from the photometric sequence by
Ghisellini et al.| 1997; Raiteri et al., 2003), and it was theyet |Villata et al. {1998). Figur€l1l shows thieband data collected
by the GASP and WEBT in August—November 2007. We added
! http://www.oato.inaf.it/blazars/webt/ some J-band data converted to tHe-band (adopting a mean
see e.d. Villata et al. (2004b, 2006); Raiteri €tlal. (20TR D). colour indexR — J = 1.46), to improve the sampling in
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Fig.4. 37 GHz light curve of 0716714 in August—November
2007 (blue circles) compared to tReband flux densities in the

Fig.3. Radio data from 8 to 43 GHz of 07214 in July— same period (red, yellow-filled stars), rescaled to havefitieal
November 2007. Dferent symbols refer to flierent frequencies gnd radio maxima at the same level.

and observatories, as explained in the text.

Julian Date — 2450000

0.002 mag per minute, estimated|by Villata et al. (2000, se® als

" . . |Ostorero et al. 2006 and references therein).
the critical periods. In total, we assembled 950 data ppints 1pe subsequent period (see Fiy. 1) is characterized by an
acquired mainly from the GASP observatories: Abastumanj

4 ) parently smooth brightness decréase
Armenzano, Crimean, L'Ampolla, Roque de los Muchachosp In Fig.[3, we show the radio data taken by the GASP and

(KVA), Sabadell, St. Petersburg, Taimassons, Torino, &allyegT in july—November 2007 in the 8-43 GHz frequency
d'Aosta, and Campo Imperatore, this last providitgK data. nge The 8 GHz data come from Medicina and UMRAO (8Md
Other participating WEBT observatories were BOOT%,IQH and 8U in the figure legend, respectively); 14.5 GHz data are
Peak (MDM and SARA), and San Pedro Martir, supplying daig,y; yMRAO (14U); 22 GHz observations were carried out
aboutthe Qctober—Novemberoutbu.rst.. . at the Crimean (RT-22) and Medicina observatories (22C and
~In the flgure,_the green boxes indicate the perl_ods of tI@QMd); 37 GHz ones at the Crimean (RT-22) and Metsahovi
first AGILE pointings, from September 4 to[23ncluding the telescopes (37C and 37Mt), while 43 GHz data are from Noto
strong ¢ 80) y-ray detection of September 10-20 reportegy3Ny. The light curves show a relatively quiet initial peagith

by |Giuliani et al. (2007), which is represented by the red.boy gjightly inverted spectrum. Around 3B 2454350 the higher-

In the same period, we observed a noticeable optical flage ($gaquency (22-43 GHz) fluxes started to increase, reaching a
also Carosati et al., 2007). Then, after a rather variabds@hin - maximum level of about 3.5 Jy at 37 GHmore or less at the
mid October the optical flux started to rise, reaching a pdak game time as the optical peak. At 14.5 GHz, the increase eppea
R = 12151 on October 22[2 This triggered intensive observaiess pronounced, and delayed by about 20 days. The 8 GHz data
tions at all wavelengths and in particular AGILE and SwifTo ghow only a marginal flux enhancement, and no clear signature

pointings. Because of a sudden drop of 0.73 mag in 2.3 day$the outburst is seen in the rather sparse 5 GHz data, natsho
the optical level was relatively low at the start of the AGIbB- i, the figure.

servations on October 24.3. AGILE remained on the source un- gigyrel3 displays the 37 GHz and optid&band flux den-

til November 1.5, and during this period (blue box) 0#84 gijties in August—November 2007 together. The optical ard ra
showed again strong variability and bright phases. Theyar®al gig outbursts appear roughly contemporaneous. Howevenwh
of they-ray data taken by AGILE is still underway and will besgen in detail, the two events show afelient behaviour. In
presented in a forthcoming paper (Chen et al., in preparatio general, the optical flux presents stronger and fastertiamia
~The October-November optical outburst is better display@ghereas the radio flux rises and falls in a much smoother way.
in Fig.[2, where we traced a cubic spline interpolation tigfou Optical and radio fluxes appear to peak almost at the same time
the 30-min binned light curve, to guide the eye along the fagt while the optical flux drops in a few hours, the high ra-
and complex variations. In particular, we notice the falDd89  dio state lasts for a few days. The discrete correlationtfanc
mag in 7.1 hours on JD= 245440920-9.49 (November 4), (DCF) analysis, applied to the optical and radio light cstve
during which the steepest slopes match the typical valdesyields a radio delay of about 4 days. Other maiffatences
in flux behaviour are the absence of radio counterparts to the

2 30 cm telescope, see Castro-Tirado et al. (2004). August and September optical flares, and the unusual fact tha

3 The AGILE pointing periods shown in Fifll 1 represent the slat¢he radio flux achieves a very bright state well before thécapt
when 0716714 was in the AGILE field of view at less than*4®om  flux. Thus, due to theseftierences, the 4-day radio delay, though
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 figainel,

4 This high brightness level is comparable to those reacheten led the source to readR ~ 15 in mid December, comparable to the
recurrent outbursts of 2004—-2007, which represent théntasg states historical minima of 1996 and 2000 (Raiteri et al., 2003).
ever observed. 7 This radio peak represents an unusually bright level, thdtigp-

5 On the same date the source was seen bright in the AGILE fieldméars modest when compared with the 2003 radio outburst Jy at
view, even if it was ratherfb-axis. 37 GHz, see e.g. Terasranta €tlal., 2005; Nieppola et &%)20
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statistically significant (DCPE- 1), must be taken with caution, e g e P R

since it mainly reflects the time separation of the detecpeidal I

and radio maxima, with their fferent sampling. L s
A contemporaneous optical-radio event such as that de- 98- 3 i i

tected in October-November has sometimes been observedin - * % é 1

blazars (see e.g. Tornikoski et al., 1994a,b). Howevert siod- - e ‘% ‘H’ 1

ies on radio-optical correlation have shown that the rademes £ = | e %’ |

lag behind the optical ones by several weeks or months (sge L s * %

e.glTornikoski et l., 1994b; Clements etlal., 1995; \éllat al.,

20044,/ 2007, Raiteri etal., 2008). In the case of G7AK,

Raiteri et al.[(2003) noticed that in the 1994-2001 obsgrpier = '°°

¢+ ¢ 1

by :

wr) [

L € 4395.3 7
riod, major optical outbursts may have modest radio counter | A4401.9 {> ,
parts. Thus, the optically-emitting jet region is sometnmat - 04398.1 ‘% 1
completely opaque to the high radio frequencies. In pdeicu  -104[~ ‘% f
it is quite transparent to them in the case of the 2007 outburs T T R R
while lower frequencies are at least partially absorbedhas 14.2 14.4 14.6 14.8 15.0 15.2

14.5 GHz delay and the strongly-inverted spectrum indicate log v [Hz]

Fig.5. Spectral energy distributions (SEDs) of 0414 in

; ; late October 2007, constructed wit¥ M2W1 U BV data from
3. Swift-UVOT observations and NIR-to-UV SEDs Swift-UVOT (empty symbols) and ground-based GASP-WEBT
Besides the AGILE ToO pointing, the optical brighteningleét BVRIJHK data (filled symbols). The numbers in the legend re-
source also triggered observations by the Swift satellitéch fer to the Julian Dates of the observations. The dotted kioes
started on October 23 and lasted until mid November 20Q7ect theK, U, and W2 data; together with the cubic splines
The UltraViolet and Optical Telescope (UVOT) instrument achrough the spectra, they help to better distinguish thenrieai-
quired data in all of its opticaMBU) and ultraviolet (UMV1, tures of the SEDs (see text).
UVM2, UVW2) bands. These data were processed with the
uvotmaghist task of the HEASOFT 6.3 package. The source
counts were extracted from a circular region of 5 arcseaigadi

and the backgroun_d counts from a surrounding annulus Withsg ported by other WEBT observatories, in particular dytire
and 18 arcsec radii. A 0.1 mag error was assumed, to take 'Pﬁé)st critical period of the October—November outburst, avhe

account both systematic and statistical errors. ToO observations by AGILE and Swift were triggered as a con-
Figure[5 shows the source SEDs built wkhto UVW2 g4 ence of the detected optical brightening.

data from UVOT andBVRIJHK data from GASP-WEBT, at For the first ti i iical-radi th
three epochs characterized byfeient brightness levélsin the or the first imeé, a contemporaneous optical-radio outburs
SEDs at JD= 44000 and JD = 44019, the GASP-WEBT was followed in detalil, sho_wmg both the 5|m|la_r|t|es and thf-
optical data are strictly contemporaneous to the UVOT da{gyrences between the optical and radio behawours. )
while the ground-based optical data in the lowest-state §ED  1he NIR-to-UV SEDs constructed during the most active
JD = 43981 come from another date when the source was Ripase of late October with both ground-based GASP-WEBT and
the same optical level. In addition, &K data are not strictly SPace Swift-UVOT data also show unexpected features, ssich a
contemporaneous to the UVOT data, but again taken at the sdhfeoptical excess and the UV drop-and-rise.
brightness levels. Finally, the highest-state optical $&Bse to In particular, we have assembled a detailed optical light
the optical peak) is plotted for comparison. curve during the AGILE ToO pointing of October 24 —
The SEDs show two main features: the bluer-when-brightdovember 1, and detected a prominent optical flare in corre-
behaviour (especially in the UV band), which is typical of Blspondence with the strongray detection of mid September.
Lac objects, and the wavy shape of the spectra. In particul&his optical information will be very useful when theray data
we notice the bumpy aspect of the optical part and the dip &ie completely analysed, because it will be possible tockear
the UWV1 band. A deep investigatigaiscussion on these SEDfor correlations and time delays between optical flares)aral/
features is beyond the scope of this letter. We note thatifhe @mission.
in the UWV1 band resembles an analogous feature found in the
optical-UV SEDs of AO 023516 by Raiteri et al. (2008), who

; ; ; owledgements. We thank A. Capetti for useful discussions. We acknowl-
mterpreted it as anomalous absorpnon, orasaUv excesg:?;{é the use of public data from the Swift data archive. Taegearch has

hlghel_’ fr_equ_enf:les' However' "_1 our Case_ the dI’Op, th_OUQh Shade use of data obtained through the High Energy AstrophyStience
tematic, is within the uncertainties, and might be due ttbcal  Archive Research Center Online Service, provided by the As®ddard Space
tion problems. Flight Center. AZT-24 observations at Campo Imperatorenaagle within an
agreement between Pulkovo, Rome and Teramo observatdhés.research
has made use of data from the University of Michigan Radiorgkstmy

Observatory, which is supported by the National Sciencenation and by
funds from the University of Michigan. This work is partly $&d on observa-

We have reported on the multifrequency behaviour of theamaiions with the Medicina and Noto radio telescopes operatetNBF — Istituto
§;3Radioastronomia. The Torino team acknowledges finarstippbort by the

4. Conclusions
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the Academy of Finland. JH acknowledges support by the GerBzence
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