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ABSTRACT

Aims. We study the multifrequency emission and spectral progeedf the quasar 3C 279 aimed at identifying the radiationgsses taking place
in the source.

Methods. We observed 3C 279 in very high energy (VHE>ELOO GeV)y rays, with the MAGIC telescopes during 2011, for the firsteim
stereoscopic mode. We combine these measurements wittvatises at other energy bands: in high energy (HE; 100 MeV)y rays from
Fermi-LAT , in X-rays from RXTE, in the optical from the KVA telespe and in the radio at 43 GHz, 37 GHz and 15 GHz from the VLBA,
Metsahovi and OVRO radio telescopes - along with opticépeation measurements from the KVA and Liverpool telgsso We examine the
corresponding light curves and broadband spectral enésgybdition and we compare the multifrequency propertfie3@279 at the epoch of the
MAGIC observations with those inferred from historical ebstions.

Results. During the MAGIC observations (February to April 2011) 3®2vas in a low state in optical, X-ray afgdays. The MAGIC observations
did not yield a significant detection. The derived upper inare in agreement with the extrapolation of the Eay spectrum, corrected for
extragalactic background light absorption, fréiermi-LAT. The second part of the MAGIC observations in 2011 wagered by a high activity
state in the optical ang-ray bands. During the optical outburst the optical electgctor position angle (EVPA) showed a rotation~ofl80 .
Unlike previous cases, there was no simultaneous rotafitthreat3 GHz radio polarisation angle. No VHEays were detected by MAGIC, and
the derived upper limits suggest the presence of a spectraklor curvature between tikermi-LAT and MAGIC bands. The combined upper
limits are the strongest derived to date for the source at \dH& below the level of the previously detected flux by a facfor 2. Radiation
models that include synchrotron and inverse Compton eamissinatch the optical tp-ray data, assuming an emission component inside the
broad line region with siz& = 1.1 x 10'® cm and magnetic fiel& = 1.45 G responsible for the high-energy emission and anothepaotside the
broad line region and the infrared tori®£ 1.5 x 10" cm andB = 0.8 G) causing the optical and low-energy emission. We alsdystie optical
polarisation in detail and interpret it with a bent trajegtmodel.

Key words. gamma rays: galaxies — galaxies: active — galaxies: quandigdual (3C 279)— galaxies: jets — radiation mecharssnon-thermal
— relativistic processes.
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1. Introduction 2001a), where the seed photons are provided by the accretion
. . . . . .. disk, BLR clouds and dusty torus, models with several emissi
Blazars, active galactic nuclei (AGN) with the relativisiet  ;ones (e.g._Tavecchio efal. 2011) and further ramificatiains

oriented at small angles with respect to the line of sightygronic models have been proposed.
(Urry & Padovanil 1995), constitute the most numerous class

of very high energy (VHE, E> 100 GeV) y-ray emitters. 3C 279 was the firsty-ray quasar discovered with the
Nowadays, we count around fiftyepresentatives of this class Compton Gamma-Ray Observat¢Hartman et al. 1992) and is
which is further divided into BL Lac objects (BL Lacs) and flathe first representative of the class of FSRQs detected as VHE
spectrum radio quasars (FSRQs). In the VHE range only thregay emitter (Albert et al. 2008a). In addition, with the secft_
y-ray sources belonging to this latter class have been @etecof 0.536, it is among the most distant VHEray extragalactic
i.e., 3C 279((Albert et al. 2008a), PKS 122216 [Aleksic et al. sources detected so far. VHErays interact with low-energy
20114), and PKS 151@89 [H.E.S.S. Collaboration et/al. 2013photons of the extragalactic background light (EBL) viarpai
Cortina 2012). production, making the source visibility in this energy gan

All blazars are highly variable, emitting nonthermal radigdeépendent on its distance. The discovery of 3C 279 asay
tion spanning more than ten orders of magnitude in energy, a¥Purce indeed stimulated debate about the models of EBI- avai
they show distinct features, in particular in the opticalapum. able at that time, implying a lower level of EBL than thought.
BL Lacs are characterised by a continuous spectrum with welagrthermore, the discovery of this source had interesting i
or no emission lines in the optical regime while FSRQs shoiications for emission models. Simple one-zone SSC models
broad emission lines. Consequently, blazars are classi§@l Were not able to explain the observed emission requiringléae
Lacs or FSRQs according to the width of the strongest opﬁe!ppment of more compl|c.z,ited scenarios and hadronic rsodel
cal emission line, which is: 5A in BL Lacs [Urry & Padovani (Boticher etal. 2009; Aleksic etal. 2011D).

1995). The presence of emission lines has several impitsti Recently several papers have been published reporting larg
In combination with the often observed “big blue bump” in theotations ¢ 180°) of the optical electric vector position angle
optical-UV region from the accretion disk, the presenceas g(EVPA) in high energy (HE, 100 Me¥ E < 100 GeV) and VHE
and low-energy radiation around these sources is suggéstisd ,-ray emitting blazars (e.0. Marscher ef al. 2008; Larionialle
has further implications for emission models; the VHE eioiss 2008). In almost every case the rotations appear in cororecti
may be absorbed by internal optical and UV radiation comingith y-ray flares and high activity states of the sources. These
from the accretion disk or from the broad line region (BLR)long, coherent rotation events have been interpreted asighe
Therefore, it is reasonable to assume the presence of agpophhture of a global field topology or the geometry of the jet,
tion of low-energy photons coming from either one of these rgyhich are traced by a moving emission feature. For the case of
gions or from both of them, which contributes to the overlii 0 3C 279, two such rotation events have been detected. The first
served emission. Secondly, pronounced emission lines &i0  one [Larionov et dl. 2008) was associated with $heay flare
a good measurement of the redshift, which is usually pracisejetected by MAGIC[(Aleksic et dl. 20111b), whereas the sdcon
determined for FSRQs while for BL Lacs it is often unknowijAbdo et al! 2010c) was observed in conjunction with a f4E
or limited to a range of values. The traditional classificatof ray flare detected by tHeermilLarge Area Telescope (LAT) and
blazars into BL Lacs and FSRQs, outlined above, has recenfyerpreted as the signature of a bend in the jet, a few parsec
been called into question (Giommi eflal. 2012a). downstream from the AGN core. In this work, an EVPA rota-
The spectral energy distribution (SED) of blazars hafon that happened around MJD 55720 is reported. This event
two broad peaks, the first between mm wavelengths aisdtherefore the third episode of large EVPA rotation detect
soft X-ray wavelengths, the second in the M&éV band for 3C 279. While the rotation events seem to be rather com-
(Ghisellini & Tavecchiol 2008). Typically FSRQs have lowemon iny-ray emitting blazars during the-ray flares, the con-
peak energies and higher bolometric luminosity than BL Laasection between them and the HE and VHE emission in blazars
In addition, their high-energy peak is the more prominerd.(e is still under discussion. Historically, also variatiorfstioe cir-
see Compton dominance distributions in Giommi et al. 2012bgularly polarised flux in the optical band have been measured
Various scenarios have been proposed to explain the emissio (Wagner & Mannheim 2001) supporting the idea that flux en-
blazars. The low-energy peak is believed to be associatéd whancements can go along with magnetic field structure.
synchrotron radiation from relativistic electrons, white the
high-energy peak there is no general agreement, affiereint
models are us.ed for pgirticular sources. In general,.in Bistlae 2 MAGIC observations and data analysis
second peak is explained as Compton up-scattering of the low
energy photons of the synchrotron emission (SSC - synahrotiyHE y-ray observations were performed with the MAGIC tele-
self Compton, Band & Grindlay 1985). The case of FSRQs &opes, a system of two 17 m diameter imaging Cherenkov tele-
different. Initially, at the time of early-ray observations, syn- scopes located on the Canary Island of La Palma, at the ob-
chrotron self Compton models (Maraschi et al. 1992, 1994d) aBervatory of the Roque de Los Muchachos (2818, 17.8
hadronic self-Compton models (Mannheim & Biermann 2998) at 2200m a.s.l). The stereoscopic system provides an en-
were applied to FSRQs. Later, it was found that the short vagrgy threshold of 50 GeV and a sensitivity of 76 + 0.03) %
ability time scales observed seemed to favour leptonic®oms of the Crab Nebula flux, for 50 hours offective observation
since the acceleration time scale for protons is much longgfme in the medium energy range above 290 GeV (for details see
If, however, the variability is governed by the dynamicahéi [Ajeksic et al[ 2012). Due to the limited field of view @.5°) of
scale, hadronic emission is a viable explanation, provitletl the MAGIC telescopes, we do not operate in surveying mode but
the proton energies are high enough to guarantee a highivadiatrack selected sources. One of the most successful teasiiqu
efficiency. External Compton (EC) models (e.g. Hartman et &fiscovering new sources or detecting flaring states is @tarfg
opportunity (ToO) program triggered by an alert of a highact
1 httpy/tevcat.uchicago.edu ity state in other wavebands.
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Table 1. Results of 2011 MAGIC observations. For both the individolaservation periods and for the entire 2011 data set, the
observation time in hours, the excess and background esadtthe significance calculated with formula 17 of Li & Ma (E38
are reported.

Observation period  Observation time [h] Excess eventsisju Background events [counts]  significance

February - April 11.6 3482 3354+ 58 0.40
June 6.2 46- 60 1790+ 42 0.80
all 2011 data 17.9 8@ 102 5144+ 72 0.80

Table 2. Differential upper limits calculated from MAGIC ob-
servations. In the first and second column are listed theggner
and the respective absorption factor (eef’) wherer is the op-

) tical depth given by the EBL model bf Dominguez et al. (2011)
In columns three to five, the observeddiential upper limits for

v 2l v the individual periods and the overall data sample are tegor

i
=]
©

E2dN/dE [ erg cm? s]
5
o

9 Energy alf. Upper Limit [16 erg cnT?s 1]
[GeV] February- April  June all 2011 data
1471 0.63 10.7 16.0 10.9
1M 303.6 0.16 0.8 2.9 0.8

* >
»

atotal of about 10 hoursin 7 days. After a quality selectiaseal

10? 10° on the event rate, excluding runs with bad weather and techni
ElGeV] cal problems, the final data sample amounts to 20.58 houes. Th

effective time of these observations, corrected for the deae ti

Fig. 1. Differential upper limits calculated from MAGIC obser-

vations from the two individual observations periods in 201°f the trigger and readout systems, is 17.85 hours. Partef th

: o . data was taken under moderate moonlight and twilight condi-
(blue stars for February to April upper limits, red full tnigles . .
for June upper limits). Previous MAGIC-I observations dsma gonks, "?‘“ﬁtthfg‘?twere ?r)?lyzs(;aggtogrehther with those t%kem%dlér
shown [(Aleksi€ et al. 2011b): the 2006 discovery (greylesy, ark nights fbritzger et al. ). The source was observed a

2007 detection (grey squares) and the upper limits deriad f high zenith angles, between 38nd 45. All data were taken

2009 observations (grey open down-going triangles). Alasb In thg false-source traCk'ng .(WObble) mode (Fomin et al.4;.99
vations are corrected for EBL absorption uding Dominguedle " WWhich the telescope pointing was alternated every 20 tesu
2011) = = between two sky positions at 0.4ffset from the source, with

a rotation angle of 180 This observation mode allows to take
On and Gr data simultaneously. The background is estimated
from the “anti-source”, a region located opposite to therseu
The data analysis was performed using “MARSpHosition.
(Moralejo et al. 2009), the standard MAGIC analysis frameéwo  Apove 125 GeV, the distribution of the squared angular dis-
with adaptations for stereoscopic observations (Lombafgince between the pointed position and the reconstructsie po
2011). Based on the timing information, an image cleaning Wéon in the MAGIC data, for all 2011 observations, indicaes
performed with absolute cleaning levels of 6 photoelectrogxcess of 8@ 102y-like events above the background (5144
(so-called “core pixels”) and 3 photoelectrons (“boundary2) which corresponds to a significance of .8alculated with
pixels”) for the MAGIC-I telescope and 9 photoelectrons angyrmula 17 of Li & Ma (19838f4. The number of excess events
4.5 photoelectrons for the MAGIC-II telescope respecfiveland significances for the individual observation periods fam
(Aliu et alll2009). The shower arrival direction is reconsted  the complete 2011 data set are reported in Table 1. Sinceafone
using a random forest regression method (Aleksic et al0pO1the periods provided any significant detection, we compuite t
extended with stereoscopic information such as the heifjht fifferential upper limits in the energy window from 125 GeV to
the shower maximum and the impact distance of the showgjo GeV, neglecting higher energies due to EBL absorptibe. T
on the ground.(Lombardi 2011). In order to distinguistike  differential upper limits on the flux have been computed using
events from hadron events, a random forest method is appliie method of Rolke et al. (2005), assuming a power law with a
(Albert et al. 2008b). In the stereoscopic analysis imagermpa spectral index of 3.5 and a systematic error of 30%. The tesul
eters of both telescopes are used, following the preseriptiphtained are summarised in TaBle 2 and in Figdre 1, together
of Hillas (1985), as well as the shower impact point and thgith historical MAGIC observations, all corrected for EBb-a
shower height maximum. We additionally reject events whoggrption using the model from Dominguez €t/al. (2011). Wesha
reconstructed source positionféirs by more than (05°)*  aiso computed the upper limits using 2.5 and 4.5 as speotral |

in each teIeSC_Ope. A detailed description of the Stere@scogices of the power law, and they do noffdr appreciab|y from
MAGIC analysis can be found in Aleksic et al. (2012). the values obtained using an index of 3.5.

3C 279 was observed in 2011 as part of twiiatent cam-

paigns. Initially, it was observed for about 20 hours, dgrid 2 The higher energy threshold of this analysis with respetttéqre-
nights from February to April for regular monitoring. Latém  vious ones (of this source), is caused by the fact that oagens were
June, high activity states in the optical aRekmi-LAT energy performed at high zenith angle and part of them under moelenabn-
ranges triggered ToO observations. The source was obsknvedight.
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Fig. 2. Multiwavelength light curve from February 2011 to June 20Ifie MAGIC ToO observation window is marked by ver-
tical lines. Starting from the uppermost panel we preseft:;yHay observations frorrermi-LAT (both flux and spectral index,
above 100 MeV; because of the special ToO pointing-modereatens, the exposure time for data on MJD 55646-55649 and
MJD 55664-55670 were significantly reduced; the downwarmaafor MID 55646-55649 indicates a 95% CL upper limit on the
flux), X-ray data from RXTE, optical R-band photometric olvsgions from the KVA telescope, optical polarisation measents
(both percentage of polarised flux and degree of polarisptiom the KVA (full circles) and Liverpool telescopes (opeiangles),
radio observations at 37 GHz and 15 GHz provided by the Metggand OVRO telescopes respectively.

3. Multiwavelength data Information regarding on-orbit calibration proceduregigen
in/Ackermann et al. (2012Fermi-LAT normally operates in a

3.1. HE y rays: Fermi-LAT scanning “sky-survey” mode, which provides a full-sky ceve
Fermi-LAT is a pair-production telescope with largfextive g€ every two orbits (3 hours). The analysis was performed fo
area (6500 cfon axis for> 1GeV photons) and large fielglowing the Fermi-LAT standard analysis procedbiresing the

of view (2.4sr at 1GeV), sensitive tp rays in the energy
range from 20MeV to above 300GeV_Atwood et al. (2009).° See details ih hitgfermi.gsfc.nasa.ggssg¢datganalysig
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Fermi-LAT analysis softwareScienceTools v9r29r2ogether upper limits, both observed and corrected for EBL absonptio
with theP7SOURCEV6 instrument response functions. We disare also shown. In both spectra, the detection significafice o
carded events with zenith angles greater tharf 1®@void con- the Fermi-LAT data TS ~ 400) was not statistically $ii
tamination byy rays produced in the Earth’'s atmosphere. We seient for 3C 279 to determine a spectral break in Heemi-
lected events of energy between 100 MeV and 300 GeV withirAT data alone as previously obtained (Hayashida et al. [p012
15° of the position of 3C 279. Fluxes and spectra were detéZonsidering period A, the VHE upper limits do not indicate
mined by performing an unbinned maximum likelihood fit ofhe presence of a break or a curvature betweami-LAT and
model parameters withtlike. We examined the significanceMAGIC energy ranges. On the other hand, in the June spectrum,
of they-ray signal from the sources by means of the test statistitie MAGIC upper limits points are located almost at the edge
(TS) based on the likelihood ratio test (see Mattox &t al.6)99 of the lo- confidence region of the LAT spectral model, suggest-
The background model applied here includes standard modelg a break or a curvature between the energy ranges of the two
for the isotropic and Galactic filuse emission componefitén  experiments. This distribution is consistent with the $peu
addition, the model includes point sources representihg-al reported in the Seconeermi-LAT Catalog (Nolan et al. 2012),
ray emitters within the region of interest based on the Seécowhere a log-parabola model was used. Moreover, curvatuse wa
Fermi-LAT Catalog (Nolan et al. 2012); flux normalizations folalso reported in Hayashida et al. (2012), where a largersdaia
the difuse and point-like background sources were left free ple (2 years) was used.
the fitting procedure. We also investigated the highest energy photons associated
We derived a light curve in theermi-LAT HE band at in- with 3C 279 during each period, including some quality clseck
tervals of 3 days (Figurkl 2). We plotted 95% confidence levigr each event: the tracker section in which the conversion o
upper limits where the time bin has a K30. We note that the cured, angular distance between the reconstructed agiies-
exposure times for 3C 279 in observations between MJD 556#@ of the eventand 3C 279, probability of associatiormeated
and 55649, and between MJD 55664 and 55671 were signifsinggtsrcprob , and if the event survives a tighter selection
cantly reduced (5-10 times shorter than usual) because ©f Tthan the standardsburce:evclass=2" selection. The results
pointing-mode observations of CygX-3 and Crab Nebula, rare summarised in Tablé 4.
spectively. In particular,ﬁthe uzppelr limit at MJD 55664-636
corresponds to.8 x 10°° cm™ s, which is far beyond the )
range of the LAT light curve panel. The source was in a relg:2- X-rays: RXTE
tively low state at the beginning of the year, followed by &g  3C 279 has been monitored with the Rossi X-Ray Timing
of enhanced activity. The light curve shows two flares, with t Explorer (RXTE) since 1996 (Chatterjee el al. 2008). It hesrb
peaks around MJD 55670 and 55695 and reaching a maximgpserved in separate pointings with a typical interval 06 tw
HE flux of about 13x 10~" cm? s™, corresponding to roughly to three days and exposure times of the order of kilo-seconds
half the flux level of the outburst measured in 2009 Februap%r the ana|ysis, routines from the X-ray data ana|y3i3m
(Hayashida et al. 2012). Although the result shows the ighg=TOOLS and XSPEC were used. The source spectrum from 2.4
flux level at MJD 55667-55670, the point has a large error bgy 10 keV is modelled with an absorbed power law. The low-
because of the short exposure time to 3C 279 during the ToO elrergy photoelectric absorption is caused by the intengegias
servation, which coincided with the rsing phase of the flese. in our Ga|axy’ which is represented by a hydrogen column den-
Interestingly (see next section), the X-ray light curvewsb@ sity of 8x 10°°atoms cm? (Chatterjee et al. 2008).
similar trend, with two Subsequent ﬂal’eS, the first one bd]eg With respect to the |ong_term X_ray behaviour of 3C 279
more intense. in 1996-2007 presented in_Chatterjee etlal. (2008), thecsour
The y-ray spectra of 3C 279 were extracted using data fgfas in a low state during spring 2011 (Figife 2). The light
two periods: (A) from 2011 February 8 to 2011 April 12 (MJDcurve in the energy range 2-10keV shows two minor flares
55600 — 55663) and (B) from 2011 June 1 to 2011 JunepBaking around MJD 55670 (with a maximum flux aR
(MJD 55713 — 55720). Those periods include the MAGIC Ot]:()‘llerg cn?s™t) and MJD 55700 (with a maximum flux
serving windows. Each-ray spectrum was modelled using simof 1.0 x 10 ergcnt2s1). For comparison, the major X-ray
ple power-law (N/dE « E™') and log-parabola (§/dE « flares of the source have reached peak fluxes of @ x
(E/Ep) *#!°9E/E)) models, as done in the SecoRermi-LAT  10-*ergcnt2s 2, while the Fermi-LAT outburst reported in
Catalog and in a previous study of the soutce (Hayashida ef@hdo et al. [2010c) had a maximum flux of similar order as
2012). In the case of log-parabola model, the parangtep- the outbursts reported here. The bowties represented in the
resents the curvature around the peak. Here, we fixed the gfiltifrequency SEDs (seéé 4.1.1) are obtained using the flux
erence energy, at 300 MeV. The best-fit parameters calcu¢s.7 + 0.5)x 10-2erg cnt?s ! and the energy index®x 0.2 for
lated by the fitting procedure are summarised in Table 3.H®r tFebruary to April observations and flux.g7: 0.5) x 10 *2erg
spectrum in period A, a log-parabola model is slightly fasemi ¢cm2s-1 and the energy index @+ 0.2 for June obsevations.
to describe the-ray spectral shape over the simple power-law
model with the diference of the logarithm of the likelihood fts ) ] ]
—2AL = 6.0, which corresponds to a probability 0f4B% for 3.3 Optical observations: KVA and Liverpool

;Ehe por\]/verjlavvl hypothe?is, whilde tlher(;is no significz;ntdt.wg The optical observations have been performed with the Kgag|
rom the simple power-law model in the spectrum of period B.jstenskapsakademien (KVA) telescope and the Liverpoet tel
In Figure[3, SED plots are shown together with@ don- - ccqpe (LT), both located on the Canary Island of La Palma. The

fidence region of the best-fit power—law mo_del for each periogha telescope, operated remotely from Finland, consistsvof
extended up to 300 GeVEermi-LAT data points and MAGIC

6 the tool assigns the probabilities for each event includ-

4 ‘iso_p7v6source.txt’ and‘gal_2yearp7v6.v0.fits ing not only the spatial consistency but also the spectral
5 —2AL = -2log(LO/L1), wherelL0 andL1 are the maximum likeli- information of all the sources in the model. See details:
hood estimated for the null and alternative hypothesipaetvely. http;//fermi.gsfc.nasa.ggssg¢datganalysigscitoolghelpgtsrcprob.txt


http://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/help/gtsrcprob.txt
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Table 3. Results of spectral fitting in the Hizray band measured Bermi-LAT . The first column shows the period of observations,
columns two to four the fitting model and its parameters (Riwer law model, LogP: log-parabola model. See definitiorthén
text), column five the TS, column six thefléirence of the logarithm of the likelihood of the fit with resp& a single power law
fit. The flux> 100 MeV is reported in the last column.

Period Gamma-ray spectrumRefmi-LAT ) Flux (> 100 MeV)

(MJD) fitting model I'a B TS -2AL (107 phcn?s™)
Feb 8 — Apr 12 PL B7+0.06 695.6 H+03
(55600 — 55663) LogP .28+0.10 012+006 7009 5.3 2+03
Jun1l-Jun8 PL 27+0.08 400.6 8+10
(55713 — 55720) LogP 02+015 007+0.06 4020 1.4 77+10

Table 4. Highest energy photons associated with 3C 278a8rmi-LAT observations during each period of the MAGIC obsensadi
in 2011.

estimated incident converted reconstructed probabifity o survived

detection time of the event energy angle layer arrival dioec  association tighter event
[GeV] from 3C 279 with 3C 279  selectiof
Period A April 04 (MJD 55655.7779) 335 i back 040° 83.2% no
May 10 (MJD 55691.2821) 19.8 5 back 017r° 98.9% yes
Period B June 05 (MJD 55717.0275) 13.1 .45 back 017 98.4% yes

@ 68% containment radius of the LAT point-spread function.B0@ in the instrument response functionsRFfSOURCEV6 for the back-thick
layers converted events at 33.5 GeV with an incident angi& 6f .
® so-called “ultraclean:evclasd” data selection.

telescopes mounted on the same fork; a 35cm Celestron &@475 filter cemented to a 2mm KG3 filter. The polarimeter
a 60cm Schmidt reflector. Photometric monitoring of 3C 27@sed a rotating polaroid with a frequency of approximatetz]
has been performed regularly since 2004 as a part of the&uaturing the cycle of which 8 exposures of the source are obthin
blazar monitoring prografnObservations were performed withThese exposures were synchronised with the phase of the po-
the KVA 35 cm telescope in R-band and data were analysed lezoid to determine the degree and angle of polarisatior Th
ing standard procedures (for details see Aleksic et al1BD1 flux of 3C 279 was measured in each of the eight images us-
The R-band light curve shows a constant quiescent state flng aperture photometry, and the normalized Stokes pasamet
throughout spring 2011 until around MJD 55700, after which = Q/I andu = U/I (for a definition of the Stokes parame-
there is a clear outburst. It reaches its peak at MJD 55718rs see e.g. Rybicki & Lightman 1986) and their erregsand
showing a maximum flux of 6 mJy (magnituddRk ~ 14.3). o, were computed using the formulaelin_Clarke & Neumayer
Compared to previous outbursts observed from this sourie, i(2002). The RINGO2 instrument exhibits an instrumental po-
the third brightest since the beginning of the program in&00larisation which remains constant through several months b
The other two brighter optical outbursts were detected fimgp changes abruptly at epochs when changes have been made to
2006 and spring 2007 in coincidence with the detections & VHhe system. This instrumental polarisation amounts ta225%
vy rays. depending on which interval is considered. To correct fetrin

The polarisation monitoring of 3C 279 had been carriggental polarisation, the averagandu of zero polarisation stan-
out since 2009 using the KVA 60 cm telescope, equipped wigards, monitored throughout the 3C 279 campaign, were sub-
a CCD polarimeter capable of polarimetric measurements tiacted from the andu of 3C 279 and the errors propagated into
BVRI bands using a plane-parallel calcite plate and a supers andoy. The degree of polarisatignand the EVPA were then
achromatici/2 retarderl(Piirola et al. 2006). The observationsomputed fronp = /g? + U2 and EVPA= 0.5 tarr1(u/q). After
presented hefeh WeF\I; ebpegmmledswithouztg%eﬂ alllowing f@a%g this, the unbiased degree of polarisatismwas computed from
surements in the R-band only. Since , polarimetricebse  _ /52— -2 whereo i " 2 Th mmetri %
vations had also been conduc_ted with the ful!y—roboti_c 2m L (r)1d 9550 coifider?cgoi-nfe(r?/—gls gg)v/vere tﬁe(gsgompﬁieg) Egn;
For the present campalfrpolarimetry data-taking was intensi-te prescription by Simmons & Stewdrt (1985) and, if the lowe
f|ed in June 2011, trlgge_red by the high activity state de'dect§5% confidence Boundary @ was> 0%, we considered that
in the Fermi-LAT and optical bands. The source was followed;gificant polarisation had been detected. In this caseraco
for about a month, with an almost daily observation freqyengion, for instrumental depolarisation, determined fromhhijgp-
At the epochs of intense monitoring during the high activity isation standards, was applied usig: = po/k, wherepeorr
state, between MJD 55710-30, we were able to closely follqW he corrected polarisation akd= 0.76+ 0.01. In the corre-
the smooth evolutllon of t_he polarlsa.tlon parameters, whieh sponding panels of FiguFé o and its 68% confidence limits
lowed us to model in detail the behaviour of the source (S8 4.are reported. Finally, the error of the EVPA was computethfro

Observations at the LT were performed with the novel., .= 28.6507,,,./ Peorr-
RINGO?2 fast-readout imaging polarimeter (Steele et al.0201
equipped with a hybrid “¥R” filter, consisting of a 3 mm Schott

3.3.1. Polarisation

7 httpy/users.utu.fkanj1ny ) o

® This campaign is part of a larger program conducted at then&T t The complete light curves for the polarisation degree an8&V
provides optical polarisation data to complement MAGIC Vbtiser- are presented in the corresponding panels of Figure 2. Te pl
vations of extragalactic sources. show that the optical flare was accompanied by a fourfold in-
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; linearly polarised light. The distance to the coordinateteeis
the polarisation degree. Since the polarisation is a psetan

107 Pt b b tor, with ar-ambiguity, the reported values for the EVPA rota-

E[GeV] tions correspond to half-angles in the Stokes plane. Opresho
show the KVA and RINGO2 polarisation data for 3C 279, from
February to June, 2011: the grey boxes are from the period pri
to optical flare while the red open boxes are from the time of
%)tical flare (starting-MJD 55700). The lines (grey dotted for
pre-flare epoch and red arrows for flare epoch) connect timgoi
ip chronological order. The blue vector marks the averaggedi
tion and magnitude of the polarisation of the source measure
during the campaign.
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Fig. 3. Comparison ofermi-LAT observations and MAGIC up-
per limits for February to April (top) and June (bottom) obse
vations. The butterfly represents the SED plot withcacbn-
fidence region of the best-fit power-law model extended up
300 GeV forFermi-LAT observations (squares, full circles rep
resent upper limits). The VHE data (open stars for February
April, open triangles for June) are corrected for EBL absorp
usinglDominguez et al. (2011)(full stars for February tailAp
full triangles for June).

Figure[4 shows the Stokes plot for every polarisation mea-

. L L surement presented here and provides an alternative iggual
crease in the degree of polarisation. The polarisation&®gfiqn of the polarisation state of the source. The red pointt a

reached a maximum of 20% contemporaneously with the pho,\ys mark the chronological evolution of the rotationréve
tometric peak flux, after which it returned to the initial walof (from A — B) observed during the optical flare, while the grey
~ 5%, while the tota! qu_x remained persistently high f_or the "%oxes are from the period prior to optical flare. The blueveict
mainder of the monitoring. Throughout the observationgqeri e thirg quadrant is the mean polarisation vector, avetager

the polarisation was variable, showing high-amplitudende o \4jues measured during the campaign. Note that the mean
at timescales of a few days. High polarisation such as that g8y/pa js nearly perpendicular to the jet position afigle agree-
reached at the maximum of the flare are typical during high agen; with what is observed from the core position in the 43 GHz
tivity states of the source and reflect a high-degree of loi#r- /| ga images, suggesting that the dominant polarised optica
ing of the magnetic field (e.g. Larionov et/al. 2008). The t8Mp gmissjon was co-spatial to the radio core (Figure 5)2°. The

ral coincidence of the photometric and polarised flares 88159 gv/pa of the source randomly oscillated around this directio
that the two events are related. with a variance of\y ~ 20°.

The EVPA also presents notable evolution. During the ap- The pojarisation variability outside the optical high sitgi
proximately 30 days spanning the optical high activity &tatsiate can be described as magnetic turbulence around the mea
observed with high cadence, the polarisation position @ngjg|g position. To evaluate if the rotation event can also be d
sm_oothly rotatedv_ 140 .Wlth a nearly constant rate. The r'0-scribed by magnetic turbulence, we have performed MontCar
tation showed an inversion of the sense of rotation in the- migj, 1ations using a random ensemble of polarisation aragles
point of the event, when the polarisation degree decreasad atgroxy for turbulence (Figufid 2). We modelled the emittingioa
local minimum. Since the monitoring was discontinued sden &g "cells of equal volume and field intensity. The field is uni-
ter the optical flux started decreasing from its maximuns itot - ¢, within the cell but randomly oriented and acquires atea
possible to judge if the rotation reached its end point dutirve
observations. Outside of the epochs of smooth rotationdthe s ap angular variation oA in the Stokes Q-U plane corresponds to a
rection of the EVPA varied erratically, suggesting thatéhwas change in the EVPA of &y; therefore, the 3600f the Stokes plane cor-
no single polarised component dominating the source @eolut respond to only 1800f real angley. This is due to the 18Gambiguity
at all observed epochs. of the polarisation angle.
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Fig. 6. The fluxes of the single components of the VLBA 43 GHz

core. There was no new component ejected from the VLBA core
in 2011; the brightest components are the core (A0) and the in

. . .__nhermost component (Al).
Fig.5. VLBA total (contours) and polarised (colour scale) im- P (AL)

ages of 3C 279 at 43GHz with the total intensity peak of
17.0Jybeam, and polarised intensity peak of 0.83®&am, and {date]

a Gaussian restoring beand.13x 0.20 mas at PA = —6°; con- e ke e MF
tours represent.25,0.5, . . ., 64% of the peak intensity; line seg- or S A
ments within the image show direction of linear polarisatied r A 1
circles indicate position and size (FWHM) of components ac- §
cording to model fits. Four bright components are moving iwith
1 mas with respect to the core (AO) but there is no ejectioreaf n
components.

Relative RA (mas)

P[%]
N B o ®
T

simulation step a new random value. The number of cells wasz
determined from the mean fractional polarisation, assgrtiiat @ sof
each cell individually emits with the maximum degree of pbla
sation for incoherent synchrotron radiati®tax ~ 0.7. With an / ‘ ‘ ‘
observed varianceé, ~ 0.003, we haveN = V< P> /op ~ 10 55600 55650 55700 55750
cells. The net polarisation was then obtained from the qugsér a1

tion of the individual cells emission. The probability thgésma Fig, 7. VLBA polarisation data of the single components. The
turbulence generates a continuous rotation of the EVPA I8y 14e\/pA of the components A0 and A1l rotates with180 be-
_after 15 ep_OChS |$ 1%|t should be noted that the prObabiIitytween January and March 2011. Howeven by the time the ro-
increases if we approximate the turbulence as N cells ofleqygion starts in the optical regime the EVPA of the VLBA core

volume, where about ten cells leave and around ten cells enghd the components closest to it) has stabilised 160 .
the emission regior (D’Arcangelo et al. 2008). While the-ran

dom probability is not small enough that it could be safely ex
cluded as a candidate mechanism to explain the EVPA rotatighom temperature. The observations are ON-ON observations
the smoothness of the rotation showing only small excussiogiiternating the source and the sky in each feed horn. The flux
from the prescribed path during its entire duration (corafddo density scale is set by observations of DR 21 (a huge molecula
the 20 variance of the rest of the campaign), disfavours turbétoud located in the constellation of Cygnus, the standandite
lence as the likely explanation. Therefore we investigage@ for radio astronomy). The sources NGC 7027, 3C 274 and 3C 84
metric dfect as possible cause of the rotation (see 4.2.). are used as secondary calibrators. A detailed descripfitmeo
data reduction and analysis can be found_in Teraesranta et al
(1998). The error estimate in the flux density includes the- co
tribution from the measurement RMS and the uncertainty ®f th
absolute calibration.
3C 279 was monitored by the Metsahovi radio observatogy, th Regular 15 GHz observations of 3C 279 were carried out us-
Owens Valley Radio Observatory (OVRO) and the Very Lonmg the OVRO 40 m telescope (Richards et al. 2011). This pro-
Baseline Array (VLBA) as a part of quasar monitoring program commenced in late 2007 and now includes about 1800
grams. sources, each observed with a nominal biweekly cadence. The
The 37 GHz observations were performed with the 13.7 m dBVRO 40 m usesfd-axis dual-beam optics and a cryogenic high
ameter Metsahoviradio telescope, aradome enclosedgaidb electron mobility transistor low-noise amplifier with a Q& Hz
antenna situated in Finland. The measurements were malle winter frequency and 3 GHz bandwidth. The total system noise
a 1 GHz-band dual beam receiver centred at 36.8 GHz. The higmperature, including receiver, atmosphere, ground Givig
electron mobility pseudomorphic transistor front end epes at contributions, is about 52K. The two sky beams are Dicke

3.4. Radio: VLBA 43 GHz, Metsdhovi 37 GHz and OVRO
15 GHz observations
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switched using the f6-source beam as a reference, while the

source is alternated between the two beams in an ON-ON mode Log E [e\;]

to remove atmospheric and ground contamination. A noisd lev __,5 — ? ——— 1,0 .

of approximately 3—-4mJy in quadrature with about 2% addi- F

tional uncertainty, mostly due to pointing errors, is agbi® o — ]
Y y P d Feb—Apr 3

in a 70s integration period. The calibration is performed us -9 F
ing a temperature-stable diode noise source to removevezcei F
gain drifts; the flux density scale is derived from obse/adi v
of 3C 286 assuming the (Baars etlal. 1977) value of 3.44Jy aty _
15.0GHz. The systematic uncertainty of about 5% in the flux
density scale is not included in the error bars. Complete de-
tails of the reduction and calibration procedure can be daan
Richards et &ll (2011).

Both the 37 GHz and 15 GHz radio light curves (Figufe 2)
show a smooth increase at the beginning of the observation pe C
riod after which the flux stays rather constant. The 15 GHatlig F .
curve shows a gap in coincidence with the optical outbursilgn
the flux of the 37 GHz light curve increases from 20 Jy to 24 Jy
during the rising phase of the optical outburst. The fluxéase b
resembles a flare, with a sharp rise and a slower decay; the pea _;5t 1

_1]
I
—- —
- o
T T
>
e
|

Log vF, [erg cm

1
—
[

T

flux is reached at MJD 55710, i.e. 10 days before the peak of the 10
optical outburst. Log v [Hz]
The VLBA observations at 43 GHz have been performed
once a month since the beginning of the monitoring program, Log E [eV]
in summer 2007. The data were analysed as described in -5 0 5 10

Jorstad et al.| (2005), extracting the information about jete L L
kinematics and polarisation in the period from January 2011
to December 2011. In this period there were four bright mov-
ing components within 1 mas of the core (see Fidure 5), but no
new components ejected from the core (the latest injechoas  —
Al and A2 with zero separation epochs MJD 55245.760 and i .
55335.837). The fluxes of the single components are shown it _g
Figure[®. During spring 2011, the core (A0), and the compo- E E
nent very close to the core (Al) were the brightest comp@ent o
During the optical outburst (starting at MJD 55700) the dbne
increased, while for A1, A2 and K1 the flux decreased. The po-
larisation data show that the EVPA of the VLBA core at 43 GHz
is constant at 140between MJD 55693.4 and 55693.4 (period §°
of the rotation in the optical), but due to the time resolnta
rotation of 180 cannot be excluded between these two epochs.
The polarisation data of the components AO, Al and A2 are
shown in Figur€l7. Between January and March 2011, the EVPA
of the components A0 and Al rotates with18(, but by the -13t
time the rotation starts in the optical the EVPA of the VLBAe€o
(and the components closest to it) has stabilised 1&0°. This
behaviour resembles the profile and the characteristicrobd
in the core at 43 GHz reported|in Larionov et al. (2008), whth t Fig.8. Multiwavelength observations between February and
only difference being the absence of a simultaneous rotationApril 2011: radio from Metsahovi and OVRO (red open tri-
the optical regime. angles), optical from KVA (red full triangles), X-ray from
RXTE (red bowtie), HEy rays fromFermi-LAT (red circles)
and MAGIC (red arrows: ebl corrected, cyan arrows: observed
4. Discussion points). Historical data are also shown (Aleksic el al. )1
] . o . high activity state from 1991 (grey open triangles, Hartratal.
We now discuss plausible emission scenarios for the t{@9¢), |ow state from 1993 (green open circles, MarascHiet a
MAGIC observation periods and examine in detail a geomet[{§94; Ballo et all. 2002), the high activity state from 199fiéo
interpretation of the observed rotation of the optical EVPA  powtie [Wehrle et dl. 1998) and the low activity state frond en
of 1996 - beginning of 1997 (violet Hartman etlal. 2001a).\Onl
points marked in red are considered for the SED fit. The SED
is fitted using two leptonic models, withféérent populations of
external low-energy photons as target for the inverse Compt
We investigate the multifrequency behaviour during the twarocess. The individual components are shown: synchrotron
MAGIC observing periods to constrain the number and locatigdotted), SSC (dashed) and EC (dot-dashed). The blacklaady r
diation from the BLR (dashed) and from the infrared torug<{do
10 httpy/www.bu.edyblazargvVLBAproject.html ted) are also shown. In the upper panel, the high-energysémis
is originating from a region located inside the BLR. In thevéw
panel, the high-energy emission is coming from a regiontexta
outside the BLR, considering as targets for inverse Cofhpton
scattering only photons from the infrared torus. The patarnse
are summarised in Tadlé 5.

vF, [er

-11 F

-12 |

10 A 15 l 20 25
Log v [Hz]

4.1. Multifrequency variability and spectral energy
distributions
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of the emission regions and then model the spectral enesgy dhe radio core; Larionov et al. (2008) locate the emissigore

tributions of these epochs accordingly. We have compiled tht or after the radio core~( 1 pc). Given that the VLBA size

multiwavelenght spectral energy distribution for the tvesipds of the core at 22 GHz is.0 mas, this corresponds t00.6 pc or

of observations, February-April 2011 (Figlde 8) and Junk1201.8x 108 cm. It follows that the active region is a fraction (80%)

(Figurel9). of the core size or the transversal size of the pc-scale fettan
location of the active region is upstream from the core.

4.1.1. February-April 2011: low state

In the first period the source was in a rather low state in aptict-1-2- June 2011: high activity state
to y-ray wavebands (see Figdrk 2), while some activity was r
ported in the radio bands. Indeed, the light curves at 15 Gidz
37 GHz frequencies showed an increasing flux, with the 37 G
light curve peaking before the 15 GHz light curve. The lack cﬁ‘
variability in the other bands does not allow strong coricls
on the site of the emission.

The multifrequency SED is fitted using leptonic models (fog
details see Maraschi & Tavecchio 2003). The emission re:@jor}i
spherical blob with radiuR is filled with an homogeneous and
tangled magnetic fiel® and a population of relativistic elec-
trons. The spectrum of the electrons extends o8 t0 Ymax
and is described bM(y) = Ky ™™ (1 + y/yp)™ ™. The electrons : . .
emit synchrotron radiation forming the first peak (dottecks). ray |Ight§L)](I’V€. I?I the two radio bands there are gaps dufieg t
This low-energy radiation is then inverse-Compton upsgagt *'&Y @nd A-fay flares. _ _
to high energies (dashed lines), contributing to the seqesadk. A previous study on the multifrequency behaviour of 3C 279
chrotron process, two other populations of |ow_energy phst and HE’)"ray bands and an absence of correlation betWeen the
as target for the inverse Compton process (dot-dashed times X-ray and HEy-ray bands between 2008 and 2010. The find-
considered. The first one (blue curve in upper panel of Fighreing is also in agreement with the tendency of FSRQs to have
is photons from the BLR, characterised bysx = 3 x 10%5 erg correlated emission between optical and pay bands (e.g.

s Rgr = 1.7 x 107 cm. The model accounts also for th(‘Ab_do et al 201C|3,a_). Here a cor_relatlon stu_dy by selectmt_gd
internal pair absorption, considering the external BLRtphe Pairs from diferent light curves with separation €f0.5 days in

not only for the inverse Compton scattering but also as tardéne yields no significant correlations. Visual inspect{ahove)

for yy pair production. In the other scenario (red curve in loweuggests a dlierent behaviour of 3C 279 in spring 2011 com-
panel of Figur€I8), photons stem from the infrared torus,senoPared to 2008-2010. In particular it seems there is no catioel
luminosity and distance are respectivély.,s = 2 x 10°5 erg between the optical and Hizray bands. A possible explana-
st andRers = 2 x 108 cm. We assume an accretion disk adon could be a tlme_ lag between the emission in th_e two en-
described in_Pian ethl. (1899) and that the infrared tortes-in €rgy bands (e.g. Janiak etlal. 2012). However this is disfiaad
cepts a fraction{ 60%) of the disk luminosity and re-radiatessince the shape of the flux increase (around MJD 55715) in the
it in form of a black-body spectrum with a temperature of 800 HE y-ray light curve is diferent from the one in the optical R-
(Calderone et al. 2012). ban.d. In addition, the opt|ca_l I|g.ht curve shows a.qwe.squt

are listed in Tabl€]5. Both scenarios can fit reasonably Wmell tPehaviour observed in thiéermi-LAT light curve. It should be
multifrequency data, and the obtained parameters havesalnentioned that the optigalray correlation showed inconsistent
within the typical ranges used for this source. Consequentt Patterns as far back as the EGRET era (Hartman/ et al. 2001b)
cannot constrain the location of the emission region in pieis @nd this “change of mode” (with appearing and disappeasng c
riod by means of the SED modelling. relations) is in _agree_mentwnh forinstance thg long tenndists

The radio observations are not included in our SED fits b@f the source in optical and X-rays (Chatterjee et al. 2008).
considered only as upper limits. The observed radio entissio SUmmary, the behaviour observed in the light curves iecint
assumed to originate fromfiérent emission regions at the dis€Nergy ranges, suggests the presence of thfesrefit emission
tance of 788 pc (Pushkarev et/al. 2012) from the central enginé9ions, one responsible for the radiation in X-ray anchHay,
The modelled emission regions are assumed to be much otose¥ $€cond for the optical and a third one for the radio emission
the central engine. To check this assumption, we can déreve fsee discussionin4.1.1and 4.2.).
maximum size of the emission region that will be synchrotron The co-spatiality of HE and VHE emission and the loca-
self-absorbed at radio frequencies. Following the apgrdac tion inside the BLR of the corresponding emission region is
Abdo et al. [(2010c) and adopting the flux at 15 GHz to be 22 Jypmpatible with the Fermi spectum and MAGIC upper lim-
we calculate that the emitting region must be smaller, indvar- its. The EBL corrected MAGIG-ray spectra of June observa-
sal size, thaR < 10'8cm for a magnetic fiel® > 0.5G and a tions (see Figurl3) shows that the 95% confidence uppeslimit
Lorentz factor of 10/ (Aleksi€ et al. 2011b) in order to beioptfrom MAGIC are barely consistent with the 68% contours of the
cally thick at 15 GHz and lower frequencies. These values dermi-LAT spectrum, hence suggesting the presence of a spec-
consistent with the SED fit parameters. tral break. The uncertainties in the used EBL model, whieh ar

The distance of the emission region from the central engidéficult to quantify, are not taken into account. A possible ex-
we derived is either larger than or comparable to previouksvo planation of this feature is that the emission in HE and VWHE
Abdo et al.|(2010c), due to the absence in variations of th®rarays is generated in the same region, in which a population of
data up to 230 GHz, position the emission region upstream frdow-energy photons is also present. These low-energy plsoto

ffi June 2011 the multifrequency light curves (Figure 2) slaow
igher state than during the previous period and significanit

ility in all bands. X-ray and HE rays show a similar be-
aviour having two minor flares in May. The optical light carv
has only one outburst, which happens during the descending
hase of the second peak, when both the X-ray and the HE fluxes
re decreasing. In the two radio bands there are no clearaindi
ons of simultaneous flares with- X-ray or optical (the gaps
present during the-ray and X-ray flares should be noticed).
However, there is a fast flare in the 37 GHz light curve which
is simultaneous with the third peak (one bin long) in the AE

10
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Table 5. Model parameters used for fitting the SEDs witlfelient leptonic scenarios (Figure 8 and Fiddre 9). The aocreisk
and the torus are characterisedlhys = 3 x 10*° erg s, Rgir = 1.7 x 10Y cm, Liorus2 x 10 erg s, Rous = 2 x 108 cm
respectivelys is the Doppler factor antl is the Lorentz factor; see the text for a description of threepparameters.

Ymin Vb Ymax m n B[G] K[ecm™3] Rlcm] 5 r
February - April inside the BLR 1 610 1x410° 2 3.7 2.4 5100 4.7x10® 12.7 10
outside the BLR 2.5 600 810 2 3.6 0.3 3.210° 1x10Y7 15 12
June (two zones) internalregion 25 610 @100 2 36 145 310 1.1x10® 10 10
externalregion 35 610 X0 2 335 0.8 1.0%10° 15<107 10 10

will interact mostly with the more energetic HE or VHEray Log E [eV]
photons, causing their absorption. 5 0 g 5 10
The features observed in the optical polarisation rotation L S B B R B
suggest an (optical) emission region at distances of abpat 3 F
(see 4.2.), but closer to the central engine than the radie. co F
Consequently, we fitted the SED with a two-zone leptonic rhode -9
(Figure[®): the high-energy emission is dominated by theoreg :
inside the BLR (blue long-dashed line), while the synclootr
radiation, responsible for the optical and low-energy siois
(red short-dashed line), is produced in a region outsid®ttie
and infrared torus and therefore only the SSC scenario is con
sidered for the second bump. However, the size of the exter-
nal region is fixed by the variability time scale in the optica . -11 |
to R = 1.5 x 10" cm. AssumingK = 2 x 10° andB = 0.5G, :
values of the order of the ones derived from the SED fit of the ¥
external region, we find that the emission region is opaque to—
radio frequencies below 100 GHz. Thus, the radio data are not
included in the fit. The multifrequency light curves of thgoeh
do not show evident correlation between the optical andoradi
frequencies and therefore support this scenario. _1ak

June ]

[erg ecm=2 s-1]
|
)

vF

Log v [Hz]

4.2. The geometric interpretation of the EVPA rotation

The rotation of> 140 of the EVPA, which took place simulta- Fig. 9. June 2011 multifrequency observations. See Figlre 8 for

neously to the optical outburst and which was accompanied the data description. The SED is fitted using a two-zone tépto

the increased degree of polarisation between MJD 55710-78@bdel. The high-energy emission is dominated by the region i

can be explained with purely geometric and relativisticredse side the BLR (blue long-dashed line) while the synchrotn i

tion effects (Figuré_T0). In detail, the EVPA light curve for thedominated by the external region (red short-dashed linept-

10 days around the optical flare (Figlré 11) shows a smooth side the BLR and the infrared torus. Thus only the SSC hypothe

tation by~ 15° in the clockwise direction, followed by an inver-sis is considered for the high-energy bump. The blackbodiy ra

sion and a smooth 4(EVPA change in the counter-clockwiseation from the BLR (dashed) and from the infrared torus ettt

direction. are also shown. The parameters are summarised in[Table 5.
We propose a scenario (Figlirg 10) in which an emission knot

moving with the flow enters a region where its trajectory suf-

fers a bend. Since the jet is closely aligned to the line ditsig

(l.o.s.) by about 2 and the plasma flows relativistically, with plane of the sky. After the polarisation degree passes ¢firau

I' < 16 (Wehrle et dl. 2001; Jorstad etlal. 2005), small bekds minimum coincideing with the crossing of the l.o.s., it ieases

by only a few degrees, are enough to produce strdliegts both again, until the observer leaves the radiation cone of théfter

in the apparent deflected angle and the observed flux and potae bending exceedgILrelative to the |.0.s., the polarisation de-

isation due to relativistic aberration. In particular, fthis range creases, its maximum being attained when the l.0.s. crdisses

of speeds, a bend b < 10°, from —2° to &, will imply a to- border of the radiation cone. In this model, we ubed 16, cor-

tal apparentoending as seen in the projected EVPA direction ¢esponding to a half-opening angle of the radiation apred°.

~ 60°. As shown in Figurd11, the observed polarisation degree
Furthermore, if the bend is in such a direction that the trajeclosely follows this behaviour. The solid model lines résudm

tory axis crosses the l.o.s., two maifiexts will follow. First, af- the comparison of the data and the predicted model built from

ter the trajectory crosses the l.o.s., the observer wiltgige the the characteristics of the EVPA rotation and the jet paramet

EVPA rotating in the opposite direction, with the profile slro as measured by VLBA and quoted above, not from a minimisa-

in Figure[11. The inversion simply results from projectida etion fit as it would be dficult due to the degeneracy of many of

fects, and the specific profile depends on the speed of the fltkie parameters involved. However, once all values derikad f

Secondly, once the trajectory axis approaches the l.asc-di VLBI and MWL observations are putin, the only free parameter

tion, the polarisation degree is expected to decreaserasists left to try to reproduce the behaviour of the polarisatiogrée is

from the fact that a slight angle between the axis and ths.l.athe ratio of transversal to axial magnetic field compondnisee

favours an apparent symmetry of the field as it is projectetien Barres de Almeida 2010), which we found to imply a dominance

11
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of the axial field componenh < 0.5, in order to reproduce the
observed behaviour.

In this scenario we also expect an increase of the photanetri Jet axis

flux as the trajectory of the emitting region crosses thel.bhe . ine of sight

.. 2]
fractional change in the observed (aberrated) photonfaixids T
given byl Urry & Padovani (199FF,s/Fo ~ (6/50)®*® (we use &ot% trajectory
the exponent 3 a because we are dealing with fluxes in a nar-
row energy band, and hence quasi-monochromatic), where

Doppler factorg = [I'(1 - 8 co¥)] ™, is a function of the view- . h : : ;

: : : : : oving with the flow enters a region where its trajectorffeus
ing angleo. Using thg parameters for the jet derived in Tdlile g-]bené;such that the flow directign crosses the IinJe of ;‘if ht
for the external region (June), we estimate that the chanmgeal gnt.

flux between the initial positiond( ~ 2°) and the flux at the
site when the trajectory crosses the l.o.s. due to the bend is
Fios/Fo ~ 1.1 — 1.2, for a spectral index = —2.5. It can be
readily seen that the flux change induced by the aberration &f
fect is too small to explain the nearly doubling of the optica¥
flux registered in the light curve. This is not in contradictito £
the neat fit obtained with the aberration model to the behavio:
of the polarisation quantities, but it suggests that moas thne
process (such as an increase in the total synchrotron eityissi
of the region without significant changes in B) is taking plac
multaneously to the change in the trajectory. The bend doald
caused by e.g. hydrodynamical ram pressure equilibriurh wit
the outer medium. (Hardee 1990).

|8. 10. Sketch of the bent trajectory model. An emission knot

Angl

ion
90 100 110 120 130

Polarisati

24 80

20

16

Finally, we can apply this model to put limits on the locatiorg
of the event. The total bending anglelisx 10° and the rotation
lasted 14 days. This implies a rotation rate=010.9° per day,
corresponding to the 4° per day of apparent EVPA rotation.
ForT = 16, the linear distance travelled by the blob during theig. 11. Fit of the bent trajectory model to the polarisation quan-
event can be estimated to be ~ cAtI'? ~ 9.25x 10 cm — tities at the dates corresponding to the optical flare. Bbéh t
or ~ 3 pc. Since the path of the blob is curved, the de-projectefiserved polarisation degree and the percentage of pedaris
linear distance traveled by the blob can be related to thiti@os flux closely follow the behaviour predicted by the bent teaje
of the bend bypend 2 Ar (Nalewajka 2010). tory model (Figuré_10). The model, as described in the text, i
obtained following the theory of Nalewajko (2010). Aftereth
epochs reported in the figure, the monitoring is less intanse

There are dterent possible explanations for the bent trajetfh - g

. : 222 : : e behaviour of the polarisation degree and EVPA seems to
tories of the moving émission featute (Ab(_jo etal. 2()1.0c)_sph change and do not follow anymore the simple bent trajectory
ical bend in the jet, flow-through and helical magnetic fietd IModel

the jet. For single rotation it is not possible to identifg thrigin
of the bent trajectory. However, the detection of earlieadgr
ual and smooth rotation of the EVPA during high activity etat
(Larionov et all 2008; Abdo et &al. 2010c, at opposite dietd)
led|Abdo et al. [(2010c) and Nalewajko (2010) to propose th@he flat spectrum radio quasar 3C 279 was observed in 2011
there might exist a bend in the jet of 3C 279 that is respofith the MAGIC telescopes in two flierent campaigns: first for
sible for the observed change in the sense of the EVPA rotagular monitoring from February to April and later in Juree a
tion. The bend itself would be located somewhere between Hfaflow up observations after high activity states in optiaad
emission region observed by the two groups. The longer imgg y-ray bands. In none of the periods a detection was found:;
scales associated with the rotation observed by Larional etconsequently dierential upper limits were calculated.

(2008) suggest that their event is located further out injéhe  Simultaneously to the MAGIC observations, 3C 279 was
(lower limit ~ 20 pc), whereas the event observed byRBemi-  monitored at lower energies: HErays, X-ray, optical and radio.
LAT was estimated to happen within the first'2@m, corre- \we examine the multifrequency light curve obtained mergithg
sponding to a scale ef 3 pc, and containing the “blazar zone’the available information. There are various periods obeked
(Retazar < 10 cm) associated with the size of the GeMay  activity in all the examined energy ranges. The ##Eay and X-
emitting region as observed at the time. Adapting this prea-  ray time evolution show similar behaviours, with two flaregtb
tion to our results suggests that the bend must happen imshe $ccurring before the optical outburst. Simultaneous te thi-

3 pc. Using the relatioRy = 2GMsmsn/c* ~ 3x 10"7%% with  ter event, an increase in the optical polarised flux and a #moo
the mass of the supermassive black hblgysn ~ 10°° M,  rotation of the EVPA was observed. We compiled broadband
(Nilsson et al. 2009), the location of the bend can be expesSEDs for the two dferent MAGIC observations periods, and
in units of gravitational radii~ 3x10*~°R,. The radio core is es- fitted them with leptonic models taking into account the vari
timated to be~ 10°Ry (Marscher et &l. 2008), consequently thability patterns in the multifrequency data. For the lowtestaf
bend is positioned near the radio core. the source we cannot constrain the location of the emisgon r

arized Flux Fracfioh (%)

=

14 16 18 20 22 24

MJD-55700

5. Summary and Conclusions
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