INAF

ISTITUTO NAZIOMNALE

2 ASTROFISICA

MATICHNEL INSTITWITE
FOR ASTROPHYSICS

Publication Year

2008

Acceptance in OA

2023-01-24T13:01:58Z

Title

Results of WEBT, VLBA and RXTE monitoring of 3C 279 during 2006-2007

Authors

Larionov, V. M., Jorstad, S. G., Marscher, A. P., RAITERI, ClaudiaMaria, VILLATA, Massimo,
Agudo, I, Aller, M. F.,, Arkharov, A. A., Asfandiyarov, |. M., Bach, U., Bachev, R., Berdyugin, A.,
Bottcher, M., BUEMI, CARLA SIMONA, Cacidese, P., Carosati, D., Charlot, P., Chen, W. -P., DI
PAOLA, Andrea, DOLCI, Mauro, Dogru, S., Doroshenko, V. T., Efimov, Yu. S,, Erdem, A.,
FRASCA, Antonio, Fuhrmann, L., Giommi, P., Glowienka, L., Gupta, A. C., Gurwell, M. A.,
Hagen-Thorn, V. A., Hsiao, W. -S., Ibrahimov, M. A., Jordan, B., Kamada, M., Konstantinova, T. S.
Kopatskaya, E. N., Kovalev, Y. Y., Kovalev, Y. A., Kurtanidze, O. M., Ldhteenmaki, A., LANTERI
Luciano, Larionova, L. V., LETO, PAOLO, Le Campion, P., Lee, C. -U., Lindfors, E., Marilli, E.,
McHardy, I., Mingaliev, M. G., Nazarov, S. V., Nieppola, E., Nilsson, K., Ohlert, J., Pasanen, M.,
Porter, D., Pursimo, T., Ros, J. A., Sadakane, K., Sadun, A. C., Sergeev, S. G., Smith, N.,
Strigachev, A., Sumitomo, N., Takalo, L. O., Tanaka, K., TRIGILIO, CORRADO, UMANA, Grazig
Maria Gloria, Ungerechts, H., Volvach, A., Yuan, W.

Publisher's version (DOI)

10.1051/0004-6361:200810937

Handle

http://hdl.handl e.net/20.500.12386/33033

Journal

ASTRONOMY & ASTROPHY SICS

Volume

492




arXiv:0810.4261v1 [astro-ph] 23 Oct 2008

Astronomy & Astrophysicenanuscript no. 3c279 © ESO 2018
November 3, 2018

Results of WEBT, VLBA and RXTE monitoring of 3C 279 during
2006-2007*

V. M. Larionov?, S. G. Jorstatf!, A. P. Marschet!, C. M. Raiter?, M. Villata®, I. Agudd*, M. F. Aller®,
A. A. Arkharo?, I. M. Asfandiyaro#®, U. Baclf, R. BacheV¥, A. Berdyugirf®, M. Béttchef, C. S. Buemi®,
P. Calcidesg D. Carosatfi®, P. Charlot!, W.-P. Chef?, A. Di Paold?, M. Dolci4, S. Dogrd®,

V. T. Doroshenké®3441 yu. S. Efimov4, A. Erdent®, A. Frasca®, L. Fuhrmanf, P. Giomm?®, L. Glowienkd’,
A. C. Guptd*18 M. A. Gurwell®®, V. A. Hagen-Thorh, W.-S. Hsiad?, M. A. Ibrahimov, B. Jordafi®, M. Kamad&?,

T. S. Konstantinovh E. N. Kopatskayh Y. Y. Kovale\®23, Y. A. Kovalev?3, O. M. Kurtanidzé*, A. Lahteenmakp,
L. Lanter?, L. V. Larionova, P. Letd’, P. Le Campiot', C.-U. Le&®, E. Lindfors®, E. Marilli*®, I. McHardy?’,
M. G. MingalieV*?, S. V. Nazaro¥*, E. Nieppol&®, K. Nilssorf®, J. Ohlert®, M. Pasanet?, D. Portef?, T. Pursimd?,
J. A. Ros?, K. Sadakan®, A. C. Saduf®, S. G. Sergeé*!, N. Smith#°, A. Strigache¥, N. Sumitomad?,

L. O. Takal@®, K. Tanaka&?, C. Trigilio'®, G. Umana®, H. Ungerecht&, A. Volvach?®, and W. Yuar®

(Affiliations can be found after the references)

ABSTRACT

Context. The quasar 3C 279 is among the most extreme blazars in tefdonsiofosity and variability of flux at all wavebands. Its \&tions in flux
and polarization are quite complex and therefore requiensive monitoring observations at multiple wavebandh&racterise and interpret the
observed changes.

Aims. In this paper, we present radio-to-optical data taken byeBT, supplemented by our VLBA and RXTE observations, of 3©.2ur
goal is to use this extensive database to draw inferencesdieg the physics of the relativistic jet.

Methods. We assemble multifrequency light curves with data from 36ugd-based observatories and the space-based instruBMAET
(UVOT) and RXTE, along with linear polarization vs. time inet opticalR band. In addition, we present a sequence of 22 images (with po
larization vectors) at 43 GHz at resolution 0.15 milliasabtained with the VLBA. We analyse the light curves andapahtion, as well as the
spectral energy distributions atfi#girent epochs, corresponding tdfdient brightness states.

Results. We find that the IR-optical-UV continuum spectrum of the slate component corresponds to a power law with a constame sib-1.6,
while in the 2.4-10 keV X-ray band it varies in slope frerh.1 to —1.6. The steepest X-ray spectrum occurs at a flux minimum. Quidecline

in flux from maximum in late 2006, the optical and 43 GHz cortapgation vectors rotate by 300°.

Conclusions. The continuum spectrum agrees with steady injection otividtic electrons with a power-law energy distributionstbpe—3.2
that is steepened te4.2 at high energies by radiative losses. The X-ray emissifilmaminimum comes most likely from a new component that
starts in an upstream section of the jet where inverse Camgatattering of seed photons from outside the jet is impariEime rotation of the
polarization vector implies that the jet contains a helivalgnetic field that extends 20 pc past the 43 GHz core.

Key words. galaxies: active — quasars: general — quasars: indivi@@aR79

1. Introduction with extremely rapid flux variability, by the EGRET detector
) i . i of the Compton Gamma Ray Observatory and at longer wave-
Blazars form a class of active galactic nuclei in which thecsp |engths near a historical maximum in brightnéss (Wehrldlet a
tral energy distribution is dominated by highly variablenno [1g98) They-ray flare was coincident with an X-ray outburst
thermal emlssmn.from relativistic jets that point almosedt]y without any lag longer than 1 day. However, while one can draw
along the line of sight. The quasar-type blazar 3C 279, _some important conclusions from such campaigns, the betiavi
z = 0.538 (Burbidge & Rosenberg. 1965), is one of the most iRyt 3¢ 279 is typically too complex to characterise and relate
tensively studied objects of this class, owing to its prav@d .oncjysively to physical aspects of the jet from short-téight
variability of flux across the electromagnetic spectrumrfimyre . ,rves at a few wavelengths.
than 3" in optical bands) and high optical polarization (highest
observed value of 45.5% ld band| Mead et al. 1990). Because Ultra-high resolution observations with the Very Long
of this, 3C 279 has been the target of many multiwavelengBaseline Array (VLBA) have demonstrated that EGRET-
campaigns, mounted in arffert to learn about the physics ofdetected blazars possess the most highly relativistiajsisng
the jet and the high-energy plasma that it contains. For exaoompact flat spectrum radio sources (Jorstadletal., 2001a;
ple, in early 1996 the source was observed at a highy state, [Kellermann et all, 2004). This is inferred from the appeeesof
superluminally moving knots in the jet separating from abt;j
Send offprint requests to: V. M. Larionov, viar@astro.spbu.ru compact, stationary “core” in the VLBA images. Apparent
* The radio-to-optical data presented in this paper are dtior¢he Speeds in 3C 279 range frora t 16c (e.g./Jorstad et al., 2004,
WEBT archive; for questions regarding their availabiliiease contact and references therein). From an analysis of both the appare
the WEBT president Massimo Villata{llata@oato.inaf.it). speeds and the time scales of flux decline of individual kirots
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3C 279/ Jorstad et al. (2005) derived a Doppler beamingfactd1. Optical and near-infrared observations

¢ = 24+ 6, a Lorentz factor of the jet flolw = 16+ 3, and an an- .

gle between the jet axis and line of sight~ 2°. An analysis of We have collected optical and near-IR data from 21 telestope
the times of highy-ray flux and superluminal ejections pfray listed in TableLlL. The data were obtained as instrumentat mag
blazars indicates a statistical connection between thestwats itudes of the source and comparison stars in the same field.
(Jorstad et all, 2001Lb). An intensive set of multi-wavebmod- T he finding chart can be found at WEBT campaign WEB-page.
itoring and VLBA observations of BL Lac confirms this con\We_used optical and NIR calibration of standard stars from
nection between high-energy flares and superluminal knaas i Raiteri et al.i(1998) and Gonzalez-Pérez, Kidger, & Muattlis
least one blazar (Marscher et al., 2008). (2001

Given the complexity of the time variability of nonthermal We carefully assembled and “cleaned” the optical light
emission in blazars, a more complete observational datzset CUrVes (see, e.g.. Villata et/al., 2002). When necessarywe
customarily obtained is needed to maximize the range of cdiied systematic corrections (mostly caused Heetive wave-
clusions that can be drawn concerning jet physics. To this et€ngths difering from standar@VRclc bandpasses) to the data
Chatterjee et all (2008) have analysed a decade-long tatase OPtained from some of the participating teams, to match éhe c
taining radio (14.5 GHz), single-colouR{band) optical, and X- ibration of the sources of data that use standard instruatient
ray light curves as well as VLBA images at 43 GHz of 3C 27dnd proced_ures. The resultingfsets do not generally exceed
They find strong correlations between the X-ray and optic801-F'03 inRband.
fluxes, with time delays that change from X-ray leading opti-
cal variations to vice-versa, with simultaneous variagionbe-
tween. Although the radio variations lag behind those irs¢he

wavebands by more than 100 days on average, changes inigecollected radio data from 8 radio telescopes, listed bie[A.
jet direction on time scales of years are correlated with amhta binning and cleaning was needed in some cases to reduce
actually lead long-term variations at X-ray energies. The ¢ the noise. We report also VLBA observations performed réyagh
rent paper extends these observations to include multiscol monthly with the VLBA at 43 GHz {7mm) in both right and
optical and near-infrared light curves, as well as lineaapo |eft circular polarizations throughout 2006-2007 (22 dfs)c
ization in the optical range and in the VLBA images, althougih general, all 10 antennas of the VLBA were used to reach
over a more limited range in time (2006.0-2007.7). The radio yltra-high resolution~0.15 milliarsecond (mas), for imaging.
optical data presented in this paper have been acquiredgiari However, at a few epochs 1-2 antennas failed due to weather
multifrequency campaign organized by the Whole Earth Blazgr technical problems. We calibrated and reduced the data in
Telescope (WEB)Our dataset includes the data from the 200fe same manner as described in Jorstad et al. (2005) using th
WEBT campaign presented by Bottcher etial. (2007) as well A#S and Difmap software packages. The electric vector-posi
some of the data analysed by Chatterjee et al. (2008). The fifgn angle (EVPA) of linear polarization was obtained by eom
of these papers found a spectral hardening during flaregfhat parison between the Very Large Array (VLA) and VLBA inte-
peared delayed with respect to a rising optical flux. The@wsth grated EVPAs for sources 0OJ 287, 14285, 3C 273, 3C 279,
interpreted such behaviour in terms of fil@ent particle accel- BL Lac, and 3C 454.3 that are common to both our sample and
eration at optical bands. Chatterjee €tlal. (2008) came itmia s the VVLA/VLBA polarization calibration li§}, at epochs simulta-
lar conclusion based on the common occurrence of X-ray (frofl@ous within 2-3 days (10 epochs out of 22). At the remaining
synchrotron self-Compton emission) variations leadinicap epochs, we performed the EVPA calibration using the D-term
synchrotron variations, with the latter involving highemergy method [(Gomez et al., 2002). We modelled the calibrated im-
electrons than the former. ages by components with circular Gaussian brightnesshistr
Our paper is organized as follows: Secfidn 2 outlines the pritons, a procedure that allows us to represent each image by a
cedures that we used to process and analyse the data. $&ctisequence of components described by flux density, FWHM an-
presents and analyses the multifrequency light curved, Becgular diameter, position (distance and angle) relativhéccbre,
discusses the kinematics and polarization of the radiosgea and polarization parameters (degree and position angle).
vealed by the VLBA images, and Sdct. 5 gives the results of the
optical polarimetry. In Secf.]6 we derive and discuss thetim ) .
lags among variations atférent frequencies, while in Sefi. 72-3- UV observations by Swift

we do the same for the radio-to-X-ray spectral energy distri |, 2007, the Swift satellite observed 3C 279 at 15 epochs from
tion constructed at four fierent flux states. In Se€l. 8 we d'scusﬁanuary 12 to July 14, covering both bright and faint states

the implications of our observational results with respgedhe of the source. The UVOT instrument (Roming et al., 2005) ac-

physics of the jetin 3C 279. quired data in the/, B, U, UVW1, UVM2, and UW?2 filters.

These data were processed with thetmaghist task of the

HEASOFT package remotely through the Runtask Hera facil-
2. ObservationS, data reduction and ana|ysis |tyE, with software and calibration files UpdatEd in May 2008.

Following the recommendations giveniby Poole et al. (2008) f
Table[d contains a list of observatories participating ie tHJVOT photometry, we extracted the source counts from a cir-
WEBT campaign, as well as the baffdsquencies at which we cle using a 8 aperture radius, and determined the background
acquired the data for this study. Reduction of the data gdiger counts from a surrounding source-free annulus. Since tloeser
followed standard procedures. In this section, we summénis of individual data points are of the order df1) we use daily
observations and methodology. binned data for further analysis.

2.2. Radio observations

! http://www.oato.inaf.it/blazars/webt/ (see e.g. 2 http://www.vla.nrao.edu/astro/calib/polar
Bottcher et all, 2005; Villata et al., 2006; Raiteri et{@D07). 8 lnttp://heasarc.gsfc.nasa.gov/hera
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Table 1. Ground-based observatories participating in this worl 2006 2007
Jan May Sep Jan May Sep
Observatory Tel. diam. Bands — ‘ T e t A Aaaas
Radio T 125t g . P . §
Crimean (RT-22), Ukraine 22m 36 GHz 3 R S TS A A Py,
Mauna Kea (SMA), USA &6 nf 230, 345 GHz W 120 e o YR bl
Medicina, Italy 32m 5,8, 22 GHz b i
Metsahovi, Finland 14 m 37 GHz ner f f f f f -]
Noto, Italy 32m 43 GHz 141 \ A
Pico Veleta, Spain 30%n 86 GHz o 15F B g Ny )
UMRAO, USA 26m 5,8, 14.5 GHz ) S KOO
RATAN-600, Russia 600f 1,2,5,8,11,22GHz wr R 1
Near-infrared 18 B - b b - b -]
Campo Imperatore, ltaly 110cm JH,K ij | \ |
Optical + SEC RN N v, ] ]
Abastumani, Georgia 70 cm R > 15 . EE ~ ”
Armenzano, Italy 40 cm B,V.R I 16r L 1
Belogradchik, Bulgaria 60 cm R 17r ; ; ; ; s ]
Bordeaux, France 20 cm \ 13 ., _,\ 1
Catania, Italy 91 cm U,B,Vv 14 - . J
COMU Ulupinar, Turkey 30 cm V,R I x ol A AP W,_ o]
Crimean (AP-7), Ukraine 70 cm B,VRI sl \,3 . |
Crimean (ST-7), Ukraine 70 cm BVRI e i et e R e
Crimean (ST-7, pol.), Ukraine 70 cm R 2r \ 1
Lulin, Taiwan 40 cm R 18 RPN R 1
Michael Adrian, Germany 120 cm R — 14t R k A
Mt.Maidanak, Uzbekistan 60 cm B,V.R I 15 F e 1
Osaka Kyoiku, Japan 51 cm R 16 | A
Roque (KVA), Spain 35¢cm R Ll I T I I T T
Roque (LT), Spain 200 cm R e
Roque (NOT), Spain 256 cm U,B,V,R I -~ 13} o .
Sabadell, Spain 50 cm R ul o |
Sobaeksan, South Korea 61 cm B,V.R I *
St. Petersburg, Russia 40 cm B,V.R | 1 [ ARRAARAAN FHH P P e ]
Torino, Italy 105 cm B,V.R I ‘o
Valle d’Aosta, Italy 8lcm R T b A
Yunnan, China 102 cm
13 F i 1
@ Radio interferometer including 8 antennas of diameter 6 m. w0l f f f f ot ]
b Data obtained with the IRAM 30-meter telescope as a partaof-st e o
dard AGN monitoring program. ¥ 1f A
¢ Ring telescope. .
12+ ‘ ‘ ‘ ‘ W
3700 3800 3900 4000 4100 4200 4300
2.4. X-ray observations MJD - 50000

We observed 3C 279 with the Rossi X-ray Timing Exploregig 1. X-ray, optical and near-IR light curves of 3C 279 in

(RXTE) roughly 3 times per week, with 1-2 ks exposure dufne 2006-2007 observing seasons. Previously publishechdat
ing each pointing. This is a portion of a long-term monimarked with blue (light) symbols.

toring program from 1996 until the present (Marscher, 2006;
Chatterjee et al., 2008). Fluxes and spectral indices tneen-
ergy range from 2.4 keV to 10 keV were computed with the

X-ray data analysis software FTOOLS and XSPEC along wi o
the faint-sourqg background model provided by the RXTE Gu%ﬁﬁgﬁgr @t,g?%ie%'%néh%fgggfgﬂﬁ,sgfﬁ 2’1%%3;3 ;v;?o?jt a
Observer Facility. We assumed a power-law continium SPRCtr i, ", decreased tR = 16"2. Superposed on this declining
for the source with negligible photoelectric absorptiothiis en- trend, we observed a mild outburst around MID 54150—54180,
ergy range. with amplitude~ 0"7. The minimum light level at MJD 54230,
though not a record for 3C 279, was close to a level at which
Pian et al. [(1999) were able to detect the contribution of ac-
cretion disc in UV part of 3C 279 spectral energy distribatio
Figure[l displays the X-ray, optical, and near-IR light @gv Unfortunately, we were not able to detect it due to lack offSwi
of the 2006—2007 observing seasons. Analysis of the 20@6 deVOT data close to these dates.
is given in a previous WEBT campaign paper (Bottcher et al., One of the campaign goals was to evaluate the characteristic
2007); see also Collmar et/al. (2007). time scales and amplitudes of intranight variability. Weirid
During nearly the entire 2006 season, 3C 279 was at a mdkat, both in high and low optical states, such rapid vakabi
erately bright optical level oR ~ 14"5, with two noticeable ity does not exceed®2 hour?, while night-to-night variations
downward excursions in January and April (MJD 53740 amgached D1-0"2. This can be confirmed by visual inspection

3. X-ray, optical and near-IR light curves
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T T T T T T T 40 T T T T
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R

Fig. 2. Colour vs. magnitude dependence of 3C 279; data refi
ring to 2006 and 2007 seasons are marked witledint colours. o

25

of Fig[, where the general features of the light curves ate r 14
masked by noise.

The bluer-when-brighter behaviour is easily seen on[Hig. 12|
(although it is less evident in the 2006 data). The regressi
curve isB — R« (0.05+ 0.01)R. There are two plausible expla- 10l
nations for the origin of this colour variation: either weselbve
simultaneously a constant (or slowly varying) source,, éttg
host galaxy and accretion disc, along with a strongly vaeiak
source (in the jet) with a substantiallyfiirent SED; or, alter-
natively, the bluer-when-brighter trend is intrinsic te tjet, as
found for other blazars, especially BL Lac objects (Villatal.
2000; | Raiteri et all 2003 for 071614, |Villata et al.| 20044; 4r
Papadakis, Villata, & Raiteri 2007 for BL Lacertae). In tho-f
lowing we consider the former supposition as better sukistar 2
ated for 3C 279 behaviour during these observing seasons.

Fi [mJy]

1 1 1 1

10 12 14 16 18

8
3.1. Analysis of optical data F, [myy]

Following the technique developed by Hagen-Thorn (see, e.lc:;_ )
Hagen-Thorn et al., 2008, and references therein), letpmome  F19- 3. Flux-flux dependences for optical and NIR (top panel)

that the flux changes within some time interval are due toa sf"d UVOT bands (bottom panel).
gle variable source. If the variability is caused only byfitsf}
variation but the relative SED remains unchanged, thenén th

n-dimensional flux spacgFs, ..., Fn} (nis the number of spectral law _(Cardelli, Clayton, & Mathis, 1989) andy, = 07095
bands used in multicolour observations) the observatjooiats ~ (Schlegel, Finkbeiner, & Davis, 1998). _ o
must lie on straight lines. The slopes of these lines areded We use the better-sampl&dband data to obtain relations in

tios for different pairs of bands as determined by the SED. Withe form ofF; vs. Fr. Similarly, in the case of the UVOT data,
some limitations, the opposite is also true: a linear retabe- Wwe deriveF; vs. Fy.

tween observed fluxes at twofidirent wavelengths during some  Figure[3 (upper panel) shows that the method described
period of flux variability implies that the slope (flux ratidpes above holds true: during the entire time covered by our afaser
not change. Such a relation for several bands would inditbate tions, the flux ratios follow linear dependenceés= A + B; - Fr.

the relative SED of the variable source remains steady and d#&lues ofB;, along with the slopes of the regressions, can be
be derived from the slopes of the lines. used to construct the relative SED of the variable source.

We use magnitude-to-flux calibration constants for op- A similar analysis can be carried out with UVOT data.
tical (BVRI) and NIR (@HK) bands from | Mead et al. Figure[3 (bottom panel) demonstrates that the same kind-of be
(1990), and for UVOT Y, B, U, W1, M2, W2) — from haviour is seen in the ultraviolet part of the 3C 279 spectrum
Poole et al. [(2008). The Galactic absorption in the directiolhis confirms our supposition about self-similar changethén
of 3C 279 was calculated according to Cardelli's extinctioBED of the variable source.

Having found the slopes of flux dependences in the near-IR,
4 For the sake of brevity, we use the term “flux” instead of theeno optical, and UVOT ranges, we are able to construct the velati
proper “flux density.” SED of the variable source in 3C 279. These results are given
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Table 2. Multicolour properties of the variable optical emissior af
component. 4l A
o O S ;‘-"ga_"‘% & B Wr o A\caf,_ g .
Band logv (Hz) A, N r logB or Y - b’-gp K
@ 2 B @ ©6 (6) Il kR
Ground-based observations o : ‘
K 141307 0.010 28 0.989 0.8286 14 ) \%
H 14.2544 0.016 25 0.998 0.6688 o sl an Pueth dpan C Wit .
J 14.3733 0.026 10 0.998 0.4609 Ty, R A W
I 145740 0.055 169 0.998 0.1520 of ' LT ;
R 14.6642 0.076 - - 0.0000 vl ; ; ; ; ot
\% 14.7447 0.095 185 0.998 -0.1180 . iv
B 14.8336 0.123 121 0.996 -0.2434 By oA g g T Tase -
UVOT observations - g R FH N e ‘v‘-!'. W
V147445 0093 - -~ -0.1180 sl e,
B 148407 0.123 14 00995 -0.2607 6l ‘ ‘ ‘ ‘ "
U 14.9329 0.147 14 0.999 -0.4045 ul ‘ ‘ ‘ ‘ ‘
w1 15.0565 0.195 13 0.999 -0.6438 . ._-"‘».._‘.
M2 151286 0.285 6 0.949 -0.7306 I L e T e L
W2 15.1696 0.271 14 0.998 -0.7856 5] AW el
Columns are as follows: (1) - filter of photometry; (2) - loiglam 14t T
of the dfective frequency of the filter; (3) - extinction at the corre ‘ ‘ ‘ ‘
sponding wavelength; (4) - number of observations in a givend, lor , EY
(quasi)simultaneous witR (for ground-based observations) avidfor uft IO T N -
UVOT observations); (5) - correlation ciieient; (6) - logarithm of the = | 4 %75 77 hadt L
contribution of the variable component in the SED at freqyenrela- ST B o
tive to the contribution alR band. \ -
1.0 T T T T T T 127 ) . _.—"“H.\_.
x A Al
08 F g nr AW 2
12 ' RTEN
0.6 - 1 1L

3700 38‘00 39‘00 40‘00 41‘00 42‘00 41;00
o4r MJD - 50000
0.2 |
Fig.5. Comparison of observational data (red circles) and cal-
culated values according to dependences shown i Fig. 8k(bla

1 dots).

00

log (F;/ Fg)

02+
0.4+

oer Additionally, Figs[3 an@5 allow us to conclude that there is

08 no noticeable lag between any of the optical and near-iafrar

-1.0 t s s : : : light curves; otherwise, we would see both hysteresis laops
140 142 14 146 148 150 152 184 Eig [3 and misfitting in Figll5. If any lags in that wavelength
log V [Hz] range do exist, they are shorter than a few hours. This atiotsa

the inference drawn by Bottcher et al. (2007) based on a more
Fig.4. NIR-optical-UV relative spectral energy distribution oflimited dataset.
3C 279 variable source(s), normalizedRbdand.

3.2. X-ray vs. optical fluctuations

in Table[2 (slopes in the UVOT bands are obtained relative Fsom an analysis of the power spectral density of longer-
the UVOTYV band and fitted to ground-based data) and showntérm monitoring observations, Chatterjee et/al. (2008grmn-
Fig.[4. (The doubld-band point is caused byfirent éfective cluded that the X-ray light curve of 3C 279 has a red-noise na-
wavelengths for the ground-based telescopes and that offyVCQure, with fluctuations on short time scales having much fowe
We note that we are unable to judge whether there is only oamplitude than those on longer time scales. In general, thayX
variable source acting throughout our observations or abemmvariations are either less pronounced or similar to thotieeatp-
of variable components with the same SED. In any case, in thisal R band| Chatterjee et lal. (2008) explain this as the result of
wavelength range we derive a power-law slope with 1.58+ the higher energy of electrons that emit optical synchrotes
0.01, inthe sens€é, « v, diation compared to the wide range of energies — mostly lewer
Itis possible to “reconstruct” the light curves in tB¥ 1 JHK  of electrons that scatter IR and optical seed photons to theyX
bands using the dependences shown in[Big. 3. This allows ub&md. However, we see the opposite occur between MJD 53770
(1) check the reliability of this procedure and (2) form apnes- and 53890, when the X-ray fluctuations were more dramatit tha
sion of the variability behaviour without gaps that othessvare those at any of the optical bands (see Fig. 1). (Note: therappa
present in less well-sampled bands. Fiddre 5 clearly shbaits trapid X-ray fluctuations during the minimum at MJD 54210 to
the actual data (red circles) closely match the calculatddes 54240 is mostly noise, since the logarithm of the uncenaimt
(black dots). the fluxes during this time was of orde0.07.) We can rule out
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an instrumental fect as the cause of the rapid X-ray variabil-
ity, since the X-ray flux of PKS 151089, measured under very
similar circumstances, displays only more modest fluctunsti
Although a transient, bright, highly variable X-ray sourgi¢hin

~ 20 of 3C 279 could also have caused the observed fluctua-
tions, no such source has been reported previously. Heree, w
accept the much more likely scenario that the variationsrare
trinsic to 3C 279. We discuss a possible physical cause of the
rapid X-ray variations in Sedt. 8.1.
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4. Kinematics and polarization of the radio jet - 12 Mar.06

The Boston University group observes the quasar 3C 279 with
the VLBA at 43 GHz monthly (if dynamic scheduling works
properly) in a program that started in 2001 (see Chattetjaé,e
2008). Figuréb shows the sequence of total and polarized-int
sity images of the parsec-scale jet obtained with the VLBA du
ing 2006-2007. The data were reduced and modelled in the same
manner as described.in Jorstad et al. (2005). The imagesmre ¢
volved with the same beam, 0:88.14 mas at PA-9°, corre-
sponding to the average beam for uniform weighting over epoc
when all 10 VLBA antennas were in operation (16 epochs out
of 22 epochs shown). The images reveal motion of two new
componentsC23 andC24 (we follow the scheme of component
designation adopted in Chatterjee et al. 2008). Figure & jlo
angular separation of the components from the core vs. epoch
Although there is some deviation from ballistic motion (esp
cially for C23 within 0.3 mas of the core), a linear dependence
fits the data according to the criteria adopted_by Jorstabl et a
(2005%). This gives a high apparent speed for both components
165+ 2.3cand 147 + 0.9 c, respectively, folC23 andC24 (for
cosmological parametetd, = 70 km st Mpc™?, Q, = 0.3,
Q, = 0.7), and yields the following times of ejection of compo-
nents (component’s coincidence with the core): MJD 53888
and 5406340. In projection on the plane of the sky, these
components move along similar position angles, ~ —114
and PA ~ -12C. The directions are dierent from the posi-
tion angles of components ejected in 2003-2(@4,~ -150C
(Chatterjee et al., 2008), when both the optical and X-rdiyac
ity of the quasar was very modest. The images in Eig. 6 con-
tain another moving component about 1 mas from the ¢@?4 (
Chatterjee et al. 2008), which is a “relic” of the southertndie
rection seen near the core during 2004-2005. Using the rdetho
suggested in_Jorstad el &l. (2005), we have estimated tle var
ability Doppler factor,6vsr, from the light curves and angular YSHCERTA RERTALYRRy LOTTUIRATIEE bbbl
sizes 0fC23 andC24,6var = 25 anddyar = 29 respectively, with 0500 05 1.0 1.5 2.0 2.5 0500 05 1.0 1.5 2.0 25
uncertainties- 20%. From these values 6§, andBapp, we de-
rive the Lorentz factor and viewing angle of the jBt= 18+ 5, Fig. 6. Total intensity VLBA images of 3C 279 at 43 GHz. Line
0 =21°+0.3°forC23, and" = 18+3,0 = 1.6°+0.4° for C24. segments within each image indicate the direction of podari
These values are consistent with those derived by Jorstld etion electric vectors, with length proportional to the patad
(2005) during the period 1998-2001 when 3C 279 was in a vantensity. The resolution beam is shown by the cross-hatehe
active X-ray and optical state, similar to that seen in 2@¥%— lipse in the lower left corner. The contour levels corresptm
The polarization behaviour in the VLBI core at 7 mm, com@.25,0.5,1,2,4,8,16,32, and 64% of the peak intensity of 1y
bined with the jet kinematics discussed above, helps toel#fim beant. The solid lines indicate the positions of components
relationship between the physical state of the jet and thid-muC23 andC24 that were ejected in 2006.
waveband variations that we have observed. Figlire 8 shavs th
light curve of the VLBI core at 7 mm and also degree and po-
sition angle of polarization in the core. The dotted vettitees rotation of the EVPA in the core of duratier60-80 days. During
indicate the times of ejection of compone®23 andC24. The the rotation the degree of polarization in the core reachmia
ejections of both components in 2006 occurred near maximaimum (< 0.5%). At the end of the rotation, the EVPA in the core
the light curve of the VLBI core region, in keeping with theneo aligns with the jet direction (see also Hig. 9).
clusion of Savolainen et al. (2002) that the emergence ofstew  Figure[8 also presents the X-ray and radio (37 GHz) light
perluminal knots is responsible for radio flares observed4d curves. The ejections of the components occurred just rafer
GHz. Each of the ejections in 2006 coincides with the stag ofima in the X-ray light curve. (Although the peak of the second
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flare is not covered by our observations due to the proxinfity o
the quasar to the Sun, we can infer the approximate time when
it occurred by interpolation of the rising and declining pbs of

the event.) The X-ray maxima lead the ejections-69-80 days.

The similarity of the behaviour at fierent wavelengths strongly
suggests that the two major flares observed from X-ray taradi
wavelengths are associated with disturbances propagsting

the jet.

5. Optical Polarimetry

All optical polarimetric data reported here are from the MmOc
telescope in Crimea and the 40cm telescope in St.Petersburg
both equipped with nearly identical imaging photometers-
polarimeters from St.Petersburg State University. Palatiic
observations were performed using two Savart plates obtate
45°relative to each another. By swapping the plates, the observ
can obtain the relative Stokesandu parameters from the two
splitimages of each source in the field. Instrumental ppédion
was found via stars located near the object under the asgampt
that their radiation is unpolarized. This is indicated aigothe
high Galactic latitude (5 and the low level of extinction in the
direction of 3C 2794y = 0"095; Schlegel, Finkbeiner, & Davis
1998).

The results of polarimetric monitoring of 3C 279 during the
2007 campaign are given in Figl 9, wifRband photometry
shown in the upper panel for comparison. The most remark-
able feature of the polarimetric behaviour is the smootha-rot
tion of the electric-vector position angle (EVPA) of polaaiion
0r from the start of the observing season. This rotation centin
ued, while gradually slowing, over approximately two manth
In total, the EVPA rotated by 300, eventually stabilizing at
Or ~240. Note that, because of thRl80°n ambiguity indg, this
value is the same asl2(, the direction of the VLBA inner jet
in 3C 279 during 2007 (cf. Fid.l6). The bottom panel of [Fiy. 9
also shows the 7mm radio EVPA (red open circles), which ro-
tates along with the optical EVPA, although with fewer peint
to define the smoothness of the rotation. The degree of dptica
polarizationpg varies more erratically than the EVPA, reaching
minimum values of 2% close to the mid-point of rotation 6§
and varying between 5% and 30% during the remainder of the
observational period.

6. Radio light curves and cross-correlation analysis

The common way to estimate delays between light curves at
different wavelengths is to use the DCF (Discrete Correlation
Function] Edelson & Krolik 1988; Hufnagel & Bregman 1992).
In the case of inter-optical delays, we have mentioned above
that there are no lags between any pairs of wavelengths (see
Sect[3.]). This conclusion is confirmed with DCF analysis us
ing different pairs of optical bands — in all the cases the best fit
is obtained for 0 days lag. We failed to evaluate DCF lags be-
tween optical and radio frequencies for both observatisaat
sons simultaneously, because of the seasonal gap in opkieal
servations caused by solar conjunction and, to a lessarteitie

Fig.8. X-ray and radio observations of 3C 279 during 200dlifférent time sampling. However, inspection by eye of the op-
2007. Solid lines mark VLBI core radiation at 7 mm, triangles tical R and radio light curves (Fi¢. 10) reveals progressive lags
X-ray flux (arbitrary units) and diamonds — 37 GHz flux. Veatic that increase toward lower frequencies, with a time delay be
dotted lines indicate the times of ejection of componentd c3ween the minima aR band and 37 GHz in mid-2007 of 60
and C24 seen on the VLBA images, and horizontal bars in tA8ys- The dashed slanted lines in figl 10 connect the pasitio
bottom panel — uncertainty of the times’ determination.

of two minima and one maximum that are easily distinguished
in the light curves. The question mark in tReband panel de-
notes the position of a tentative optical maximum, missezitdu
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the seasonal gap. Such behaviour is not unexpected andusnfir . . .
the results obtained during earlier epochs (E.g., Torhiketsal, Fig. 10. Radio andr-band light curves of 3C 279; dashed slanted

19941 Lindfors et dI[. 2006). lines trace mimima and maxima of light curves afetient fre-
' ) encies. Error bars are shown only for 1 and 2 GHz data, where

We calculated the optical-radio (37 GHz) delays separat oy are larger than symbol size.

for two observing seasons (Fig.]11b). The negative values
delays agree with our conclusion made from eye inspection
of Fig.[10. In order to evaluate time lags gquantitatively at
dio frequencies, we have computed the DCF for the 22 G
14 GHz, 8 GHz and 5 GHz light curves relative to 37 GHZ
The results are plotted in Fig.J11c, where vertical bars-indi
cate the Iags_ cqrresppnding to t.he DCF centroit_js. Desp_eizte t-p Spectral energy distribution
large uncertainties, this plot confirms our conclusion ahlvaui-
ations at lower frequencies lagging behind those at high freigure[I2 displays the spectral energy distribution (SED) o
quencies. Similar results were foundby Raiteri etlal. (3068 3C 279 at four dierent flux levels at epochs when we have suf-
S5 0716714, Villata et al. [(2004b) for BL Lac, Raiteri et/al.ficient data. Note that the non-variable optical compones h
(2005) for AO 0235-164/ Villata et al.|(2007) for 3C 454.3. not been subtracted in these plots. The overall increasenin fl
The upper panel of Fig. 11 displays the X-ray—optical DCRcross the entire sampled frequency range strongly susjipest
The correlation is rather weak, with changes in the optiBal (the nonthermal emission at radio through X-ray wavelenlgéss
flux lagging behind X-ray variations by 1 day. Inspection by a common origin, which we identify with the jet based on the
eye suggests that the correlation is strong during 2007 aatkw appearance of new superluminal knots associated with €ach o
or non-existent in 2006. The most salient feature in thetligthe two major outbursts in flux. The other striking feature of
curves, a deep minimum between MJD 54220 and 54250, dlce SEDs is the steepening of the X-ray spectrum at lower flux
curs essentially simultaneously at both X-ray and opticalev levels. (Note: the X-ray spectral index is derived from apax
bands. As is discussed by Chatterjee etlal. (2008), the X-rayential smoothing of the values obtained from the obseyaati
optical correlation fluctuated slowly over the years frold@% with a smoothing time of 10 days. This is necessary because
2007, both in strength and in the length and sense of the timfthe large uncertainties in individual spectral indicesived
lag, with the weakest correlation occurring when the lageiarn when the flux is low.) It is perhaps significant that the highes
zero. The latter behaviour matches that observed in 2006—B+#ray spectral index of 1.6 matches that of the variableaapti
The controlling factor may be slight changes in the jet dijdc component, while the flattest X-ray spectrum has an index tha
over time, which modulates the Doppler factor, light-tdede- is lower by 0.5. As we discuss below, this has important iogli

H y across the source, and the position in the jet where ttie ma
served emission originates (Chatterjee et al., 2008).
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02k A mal source model if there is continuous injection of relatie
electrons with a power-law energy distribution of slef2 that
0.0

is steepened te4.2 at high energies by radiative energy losses.
This implies that there is a flatter spectrum at mid- and far-I
wavelengths, belows 10 Hz, with ajg = 1.1 that matches

Fig. 11. Discrete correlation functions (a) for optical—X-ray, (bjhat of the high flux state. At minimum flux, the X-ray spectrum
optical-radio (37GHz) and (c) radio frequencies relativehie SIEEPENS @y = 1.6 = acpt _ .

37 GHz light curve. Negative time lag corresponds to lower- The steep X-ray spectrum during the flux minimum of 2007
frequency radiation changing later than at higher fregiesnc implies that the entire synchrotron spectrum above thetsglec
Vertical bars in panel (c) indicate the lags correspondintpe turnover frequency had a steep spectral index of 1.6. Indhe ¢
DCF centroids. Note that in panel (b), due to seasonal gap!Xt of the standard nonthermal source model mentionedeabov

optical range, the DCF is calculated separately for the 2005 €ssentially all of the electrons ered significant radiative en-
2007 Seasons. ergy losses at the time of the low state. That is, their radiat

loss time scale was shorter than the time required for them to
escape from the emission region. For this to be the casenthe i
tions for the energy gains and losses experienced by thatiragli jected energy distribution must have a low-energy fitttmat is
electrons. far above the rest-mass energy. We can match the time scale of
optical and X-ray variability of 3C 279 if we adopt a magnetic
] ] field strength in the emission region Bf~ 1 G. Electrons ra-
8. Discussion diating at the UV wavelengths must then have a Lorentz fac-
tory = (E/mc2) ~ 6000B~Y2(5/25) /2, those radiating at a
break frequency ot 10'* Hz havey ~ 1500B~Y%(5/25) /2,
During the two observing seasons reported here, 3C 279 exd those emitting at 1® Hz havey ~ 150B-1/2(5/25) /2.
hibited flux variations from radio to X-ray wavelengths (seGiven the turnover in the SED at 10'? Hz (cf. Fig.[12), we
Fig. [1). We observed the shortest time scales of variapiligssume that either the variable emitting component becomes
At/ In(Fmax/ Fmin) ~ days, in the X-ray and optical bands. Therself-absorbed near this frequency or that there is a lowergy
were two deep minima in the X-ray light curve, the first (at theutof (or sharp break) in the injected electron energy distribu-
start of 2006) coinciding with a low optical state with atdea tion aty ~ 150B~Y/%(5/25) /2. The time scale for energy losses
two closely spaced minima, and the second essentially samulfrom synchrotron radiation, as measured in our refererssad;
neous with a deep optical minimum between MJD 54210 aigl~ 4B~3/%(5/25) /2 days at~ 10*?Hz if we adopt a Doppler
54240. The discrete cross-correlation function indicltasthe factor of 25 (see Sedil 4 above). This is similar to the mimmu
time lag between the X-ray and optical bands is essentially.z X-ray variability time scale that we observed. The time edaf
The SEDs in Fig1l2 demonstrate that the X-ray emissionggnchrotron energy losses allows the variability at opticends
not simply a continuation of the optical synchrotron spatir to be as fast as 3 hours as long as the emission region is smaller
This agrees with the conclusion lof Chatterjee ét/al. (2008) t than~ 5x 10'(5/25) cm.
the X-rays result from synchrotron self-Compton (SSC)tscat The 2.4-10 keV X-ray emission results from a range of
ing. During the highest flux state, the X-ray spectral indesw seed photons scattered by electrons having a range of esergi
ax = 1.1, while the optical spectral index of the variable com{McHardy et al.; 1999). If there is a break in the spectrum, as
ponent wasrgy = 1.6 throughout both observing seasons (seee infer, then the bulk of the X-ray emission is from seed pho-
Fig.[d). This can be accommodated within a standard nonthtms at frequencies below the break ~ 10'2-10' Hz — scat-

-300 -200 200 300

Time lag [days]

8.1. Variability in flux and continuum spectrum
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tered by electrons with energies below the break —~ 150— particle acceleration models, neither are they predictetithe
1500. The rapid optical variability in the low flux state irrlgd constancy of this steep slope during the campaign implias th
that the magnetic field remained of similar strength as fer tlthe physical parameters governing the particle acceteratio-
high state. However, the break frequency must have deaeasess can be maintained over long periods of time and from one
to nearly 18°Hz for the SSC X-ray spectrum to have steepevent in the jet to the next. This presents a challenge taigseo
ened toay = aopt = 1.6. This could occur simply from adi- for particle acceleration.
abatic cooling if the emission region expanded by a factor of The radio light curves from 230 to 1 GHz become pro-
10 between the high and low states. However, in this case tessively smoother with decreasing frequency. As can be in
magnetic field would have dropped, increasing the time swfaleferred from Fig[ 1D, there is also a lag in the timing of max-
variability and decreasing the flux by more than the observeda and minima in the light curves toward lower frequencies,
factor of~ 10 (cf., e.g., Marscher & Gear, 1985). Alternativelyas well as a delay of 100-150 days between optical variations
the time for electrons to escape the emission region could hand those at 5 GHz. This is readily explained as a consequence
increased as the flux declined. For example, in the shock mod€ opacity, with an outburst delayed at radio frequencied un
of Marscher & Gear (1985), the electrons are acceleratdueat the disturbance reaches the location in the jet where theabpt
shock front and advect toward the rear of the shocked regien wepth is less than unity (see, elg., Hughes, Aller, & All&8%;
til they encounter a rarefaction at a distaxdeehind the shock. IMarscher & Gear, 1985). In addition, the radiative lifetime
If the primary energy loss is due to synchrotron radiatitw, t electrons in the radio-emitting regions is longer than es¢hse
break frequencyy o« x2B~3. A factor of 10 increase in the ex-farther upstream, owing to the lower magnetic field and photo
tent (in the direction parallel to the jet axis) of the shatkegion energy density. This prolongs the duration of an outbursid- a
would then cause the break frequency to decrease4rdft*to therefore the timing of the minima in the light curves — atéow
102 Hz. However, this would require a high relative velocity befrequencies. Because of the absence of optical and 230 GHz da
tween the shock front and the rear of the shocked regionyimphear the global peak in 2006-07, we cannot determine whether
ing that the emission near the latter is relatively poorlgrbed thereis a significant delay between the optical and 230 Gt li
and therefore not prominent. curves. However, the fact that at the end of the campaigogeri
Another possibility, which seems less contrived, is that thwe see a brightening in the optical, but notin the mm lighveur
X-ray emission during the flux minimum is not the decayesuggests that the two emission regions are not co-spatial.
remnant of the previous event, but rather comes from the new
component that caused the outburst seen during the- 14§10
days of the 2007 observing season. This component would fi
be seen well upstream of the location where the flux reachiBeise main feature of interest in the polarimetric data is tta+
a maximum, and therefore the external photon field from thien of theR-band and 43 GHz core EVPAs between MJD 54120
broad emission-line region and dusty torus would initiddly and 54200 (see Fif] 9). The optical polarization was seperal
higher than at later times (see Sokolov & Marscher, 2005). dent or less during the middle of this rotation, but it was as
this case, the break frequency would increase with time @s thigh as 23% near the beginning and end. Apparent rotations by
component moves downstream and the level of inverse Compto30or more can occur simply from random walks caused by
energy losses decreases. This scenario predicts thastheutel turbulent cells with random magnetic field orientation frags
be ay-ray flare from inverse Compton scattering of seed phototigough the emission region (Johes, 1988). In this case; how
originating outside the jet prior to the main outburst. Aligh ever, the apparent rotation has an extremely low probgldit
the y-ray observations needed to test this were not undertakes as smooth as we have observed (D’Arcangelolet al.| 2007).
in early May 2007 (the newly-launched AGILE telescope wag/e therefore conclude that the rotation is intrinsic to teThe
in the testing phase), future observations involving GLABIO  coincident rotation of the 43 GHz core and optical polaiarat
AGILE will determine whether such precursor flares actuadly vector suggests a common emission site at the two wavebands.
cur. [Note: the discrepancy between 43 GHz and optical EVPAs mea-
The higher amplitude of variability at X-ray energies refat sured at essentially the same time could be due to Faraday rot
to the optical bands between MJD 53770 and 53890 could tien, which is of the order of tens of degrees and might varti wi
the result of the higher sensitivity of the SSC vs. the syotbn location (Zavala & Taylon, 2004; Jorstad et al., 2007).]
flux to changes in the number of relativistic electrons (qatd The observed behaviour is qualitatively similar to the mod-
vs. linear dependence). Although, as discussed above;thgsX els suggested by Kikuchi etlal. (1988); Sillanpaa et a9a);
during high flux states are scattered seed photons thahaliigi Marscher et &l. (2008), where a shock wave or other compres-
had a range of frequencies from10'2 to 104 Hz, the longest sive feature propagating down the jet traces a spiral pattcgn
time scale of variability — a few days at¥(Hz — is short enough cles through the orientations of an underlying helical neign
to be consistent with the observations. Alternativelyjatale op- field. This manifests itself through rotation of the positingle
tical depths within the emitting region could cause the dg$  of linear polarization as the feature moves outward. Tharpol
SSC seed photons at frequencied0'? Hz to fluctuate with- ization is low during the rotation because the symmetry ef th
out changing the observed synchrotron radiation muchebher toroidal component of the helical magnetic field producesra ¢
causing the SSC X-rays to be more highly variable than the agellation of the net linear polarization when integratedmthe
tical synchrotron radiation. entire structure of the feature. On the other hand, the dance
The continuum spectrum from UV to near-IR wavelengthion is only partial, which implies that the feature doesexdend
is well described by a power law with constant spectral indewer the entire cross-section of the jet.
aopt = 1.6, even as the flux varied by over an order of mag- Several documented events of optical position angle miati
nitude. As discussed above, this agrees with constanttiojec have been reported by Sillanp&a etlal. (1993) and Marsthadr
of relativistic electrons with a power-law energy disttibm of (2008) (both — BL Lac)! Kikuchi et al.| (1988) (0J287), and
slope-3.2 that is steepened te4.2 at high energies by radiativelLarionov et al. [(2008) (S5 07%&1). The time scale of rota-
energy losses. Although such steep slopes are not in casitiict tion of the polarization vector in 3C 279 is much longer than i

?S . Polarimetric behaviour
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any of these previous cases — almost two months as comparepldssibly other blazars, the jet contains a helical magfietid.
~ 1 week. This diference can be explained by the substantialljowever, in contrast with BL Lac, the region of helical fietd i
larger scale of the core of the 3C 279 jet as well as the greaBs 279 extends 20 pc past the 43 GHz core. Given the paucity
distance from the central engine (as determined by thenintrof well-sampled optical polarization monitoring over ppet$ of
sic opening angle of the jet of 4/+0.2°; lJorstad et all, 2005). time longer than 1-2 weeks, such rotations may be the norm
The time required for the disturbance to reach and passdhroun blazars. If so, more extensive future polarization mairity
the millimeter-wave core is therefore longer than in theeothshould uncover many more examples, allowing more general in
blazars. ferences to be drawn regarding the magnetic field structure i
The first superluminal knot that emerged during our canets and its relationship to the dynamics of the flow.
paign (See quj8) was 'OC"%‘teq at the. centroid (.)f the. 4.3 G|_A|é<nowledgements The research at Boston University was funded in part by
core on MJD 5388855. (It is interesting that this coincidedine National Science Foundation through grant AST-0406865 by NASA
with the end of the interval of rapid fluctuations of the optic through RXTE Guest Investigator grant NNX06AG86G, and éysiysical
and, especially, X-ray flux.) The flux subsequently rose ht &lata Analysis Program grant NNX08AJ64G. The VLBA is an instent
wavebands reaching a pealdSO days later. We note that theof the National Radio Astronomy Observatory, a facility dfetNational
EVPA of th, t 43 GH h d Z.I.30° the fl Science Foundation, USA, operated under cooperative mgmey Associated
0 € core a Z change by a_.S € Tux Universities, Inc. This work is partly based on observatiorade with the Nordic
rose, although the Fiata are too sparse to d.etermllne whetker dptical Telescope, operated on the island of La Palma joioyl Denmark,
was a smooth rotation. The next knot coincided with the care Ginland, Iceland, Norway, and Sweden, in the Spanish Obt®ie del Roque
MJD 54063-40. ~ 50 days after the radio and X-ray flux peal(ie los Muchachos of the Instituto de Astrofisica de Canaffastly based
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