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ABSTRACT

Aims. We study the multifrequency emission and spectral properties of the quasar 3C 279 aimed at identifying the radiation processes taking p
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 first time in
stereoscopic mode. We combined these measurements with observations at other energy bands: in high-enersgg{biEel) y-rays from
Fermi-LAT; in X-rays from RXTE; in the optical from the KVA telescope; and in the radio at 43 GHz, 37 GHz, and 15 GHz from the VLBA,
Metsahovi, and OVRO radio telescopes - along with optical polarisation measurements from the KVA and Liverpool telescopes. We examined
corresponding light curves and broadband spectral energy distribution and we compared the multifrequency properties of 3C 279 at the epoc
the MAGIC observations with those inferred from historical observations.

Results. During the MAGIC observations (2011 February 8 to April 11) 3C 279 was in a low state in optical, X-ray;r@yd. The MAGIC
observations did not yield a significant detection. The derived upper limits are in agreement with the extrapolation ofyttey ldgectrum,
corrected for EBL absorption, froffermi-LAT. The second part of the MAGIC observations in 2011 was triggered by a high-activity state in
the optical andy-ray bands. During the optical outburst the optical electric vector position angle (EVPA) showed a rotatid80f. Unlike
previous cases, there was no simultaneous rotation of the 43 GHz radio polarisation angle. Ner&§¢Bvere detected by MAGIC, and the
derived upper limits suggest the presence of a spectral break or curvature betwieemire AT and MAGIC bands. The combined upper limits

are the strongest derived to date for the source at VHE and below the level of the previously detected flux by afd&tBaafiation models that
include synchrotron and inverse Compton emissions match the optigabpdata, assuming an emission component inside the broad line region
with sizeR = 1.1 x 10'® cm and magnetic fiele = 1.45 G responsible for the high-energy emission, and another one outside the broad line regior
and the infrared torusR = 1.5 x 10 ¢cm andB = 0.8 G) causing the optical and low-energy emission. We also study the optical polarisation in
detail and interpret it with a bent trajectory model.

Key words. gamma rays: galaxies — galaxies: active — galaxies: quasars: individual (3C 279)— galaxies: jets — radiation mechanisms: non-ther
— relativistic processes.



1. Introduction ability is governed by the dynamical timescale, hadroniégsem

. ) _ ) .. sion is a viable explanation, provided that the proton eiesrg
Blazars, active galactic nuclei (AGNs) with the relatiidst 4re high enough to guarantee a high radiatiieiency. External
jets oriented at small angles with respect to the line oftsigompton models (e.g. Hartman etlal. 2001a), models with sev-
(Urry & Padovanil 1995), constitute the most numerous clagsy| emission zones (elg. Tavecchio et al. 2011) and fuetker

of very-high-energy (VHE, E> 100 GeV)y-ray emitters. tansjons of hadronic models have been proposed.
Nowadays, we count around fiftymembers of this class, i . .
which is further divided into BL Lac objects (BL Lacs) and,__1hesource 3C 279 was the figstay quasar discovered with

: -Ray Observatoidartman et al. 1992)
flat spectrum radio quasars (FSRQs). In the VHE range o} Compton Gamma 2
three y-ray sources belonging to this latter class have be d is the first member of the class of FSRQs detected as a VHE

detected, i.e. 3C 279 (Albertetldl. 2008a), PKS 1p2p5 Y3y emitter [(Albert et al. 2003a). In addition, with a reifsh
(Aleksic et al. 2011a), and PKS 151089 [Abramowski et al. ‘?f 0.536, it is among the most d'Sta!”t VHEray extragalac-
2013/ Aleksic et al. 201.4). ) tic sources detected so far. VHErays interact with low-energy

All blazars are highly variable, emitting nonthermal radiaphOtons of the extragalactic background light (EBL) viarpal

tion spanning more than ten orders of magnitude in energy, awoducﬂon, making the source visibility in this energy gan

gt : ; ; ; dependent on its distance. The discovery of 3C 279 as a
they show distinct features, in particular in the opticaapum. . .
BL Lacs are characterised by a continuous spectrum with wegR Source sjumulz_ited erate about the models of EBL avail-
e at that time, implying a lower level of EBL than thought.

or no emission lines in the optical regime while FSRQs sho : : X Il
broad emission lines. ConseqFl)JentIy, b%azars are classi§i®l urthermore, the discovery of this source had interestmg |

Lacs or FSRQs according to the width of the strongest opHI-'Cat'onS for emission models. Simple one-zone SSC models
T S . . -"were not able to explain the observed emission requiring¢he
cal emission line, which is 5A in BL Lacs (Urry & Padovani

1 SR =< velopment of more complicated scenarios and hadronic rsodel
1995). The presence of emission lines has several imgitsti b P

ok . X ; Bottcher et all 2009; Aleksic etlal. 2011b). In additiaifer-
In combination with the often observed big blue bump in th nt models need to be considered foffetient activity states.

opgﬁal-uv reglon(;_ror_n the acc&egon disc, the presen(é%?:ngbttcher et al.(2013) could not fit the SED of a low-acti\stgte
z;n fow;]engrgyl.ra !atlor; aroundthese sgulrc.eils\ia%g > = of 3C 279 with a hadronic model while Bottcher et al. (2009)
as further implications for emission models; the VHI em'ss.rProvides satisfactory hadronic fits of a flaring state.
may be absorbed by internal optical and UV radiation coming y ]
from the accretion disc or from the broad line region (BLR). Recently several papers have been published reporting larg
Therefore, it is reasonable to assume the presence of a pdtations & 180) of the optical electric vector position an-
lation of low-energy photons coming from either one of thes#e (EVPA) in high-energy (HE, 100 Me\¥ E < 100 GeV)
regions or from both of them, which contributes to the overatnd VHE y-ray emitting blazars: 3C 279_(Larionov ef al.
observed emission. Furthermore, pronounced emissios éike 2008), BL Lacertae (Marscher et al. 2008), and PKS 1510-089
low for a good measurement of the redshift, which is usualfdarscher et al. 2010). In almost every case the rotatiopeap
precisely determined for FSRQs while for BL Lacs it is oftefl! connection withy-ray flares and high-activity states of the
unknown or limited to a range of values. The traditional skas Sources. These long, coherent rotation events have beam int
fication of blazars into BL Lacs and FSRQs, outlined above, hareted as the signature of a global field topology or the geome

recently been called into questidn (Giommi ef al. 2012a).  try of the jet, which are traced by a moving emission featkice.
The spectral energy distribution (SED) of blazars ha{Ee case of 3C 279, two such rotation events have been deétecte

two broad peaks, the first between mm  wavelengths ange first onel(Larionov et al. 2008) was associated withthe
soft X-ray wavele’ngths the second in the ME&¢V band ray flare detected by MAGIC (Aleksic etlal. 2011b), wherdwees t

(Ghisellini & Tavecchibl 2008). Typically, FSRQs have lowepecond (Abdo et al. 2010c) was observed in conjunction with
peak energies and higher bolometric luminosity than BL Lacd HE y-ray flare detected by theermi Large Area Telescope

In addition, their high-energy peak is the more prominerg.(e (LAT) and interpreted as the signature of a bend in the jet a
see Compton dominance distribution$ in Giommi ét al. 2012bjEW Parsecs downstream from the AGN core. In this work, an
Various scenarios have been proposed to explain the emistio =V PA rotation that happened around MJD 55720 is reported.

blazars. The low-energy peak is believed to be associatéd wj NiS €vent is therefore the third episode of large EVPA rota-
synchrotron radiation from relativistic electrons, white the tion detected for 3C 279. While the rotation events seem to be

high-energy peak there is no general agreement, affieretit rather common iry-ray emitting blazars during theray fIa_res., _
models are used for particular sources. For most BL Lacs, connection between them and the HE and VHE emission in
second peak is explained as Compton up-scattering of the I zars is still _under dI.SCUSSIon.- Historically, variasoof the
energy photons. Target photons can be the low-energy pﬁotsﬁcularly polarised flux in the optical band have aIsp beeam

of the synchrotron emission (SSC; synchrotron self-Compto>ured (Wagner & Mannheim 2001) supporting the idea that flux
Band & Grindlay[ 1985) or, in the case of External Comptoﬁnhancements can go along with magnetic field structure.
models (EC; e.q. Hartman etal. 2001a; Bottcher et al.|2Q48)
seed photons are provided by the accretion disc, BLR clou
and dusty torus. The case of FSRQs iffadent. Initially, at
the time of earlyy-ray observations, synchrotron self-ComptoNery-high-energyy-ray observations were performed with the
models|(Maraschi et al. 1992, 1994) and hadronic Se|f-C0mpt|\/|AG|C te|escopes, a system of two 17 m diameter imaging
models (Mannheim & Biermarin 1992) were applied to FSRQsherenkov telescopes located on the Canary Island of LazRalm
Later, it was found that the short variability timescales olyt the observatory of the Roque de Los Muchachos (288
served seemed to favour leptonic emission, since the aeeelg 7.8 W at 2200 m a.s.l). The stereoscopic system provided an
tion timescale for protons is much longer. If, however, thév energy threshold of 50 GeV and a sensitivity of7@+ 0.03) %

of the Crab Nebula flux, for 50 hours offective observation

1 httpy/tevcat.uchicago.edu time in the medium energy range above 290 GeV (for details see

%’MAGIC observations and data analysis
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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 ev@rdshe significance calculated with Eq. 17 of Li & Ma (1983k
reported.

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

2011 Feb - Apr 11.6 34 82 3354+ 58 0.40
2011 Jun 6.2 46 60 1790+ 42 0.80
all 2011 data 17.9 8@ 102 5144+ 72 0.80

description of the stereoscopic MAGIC analysis can be faond
Aleksic et al. |(2012).

i
=]
©

‘ The source 3C 279 was observed in 2011 as part of two dif-
ferent campaigns. Initially, it was observed for about 2@rsp
v I during 14 nights from February 8 to April 11 for regular mon-
itoring. In June, high-activity states in the optical alrgkmi-
LAT energy ranges triggered ToO observations. The source wa
observed for a total of about 10 hours on 7 nights (from 2011
June 1 to 2011 June 7). Hereafter, the February to April ebser
1M vations and the June observations refer to the periods of MAG

3 * observations. After a quality selection based on the ewaet r
excluding runs with bad weather and technical problems, the
final data sample amounts to 20.58 hours. THeative time

1012 of these observations, corrected for the dead time of tige tri

10° E[Gé(\);] ger and readout systems, is 17.85 hours. Part of the data was
taken under moderate moonlight and twilight conditionsd an

Fig. 1. Differential upper limits calculated from MAGIC obserthese were analysed together with those taken during dghitsni
vations from the two individual observations periods in 201(Britzger et al. 2009). The source was observed at high lzenit
(blue stars for February-April upper limits, red filled migles angles, between 3%nd 43. All data were taken in the false-
for June upper limits). Previous MAGIC-| observations dsma source tracking (wobble) mode (Fomin et al. 1994), in whiwh t
shown [(Aleksit et dl. 2011b): the 2006 discovery (greyles}; telescope pointing was alternated every 20 minutes bettveen
2007 detection (grey squares), and the upper limits deriv@l@/ positions at 0.4offset from the source, with a rotation an-
from the 2009 observations (grey open down-pointing triagle of 180. This observation mode allows us to take On and
gles). All observations are corrected for EBL absorptiomgis Off data simultaneously. The background is estimated from the
Dominguez et all (2011). anti-source, a region located opposite to the source positi

E2dN/dE [ erg cm? s]
=
o

* >
»

For all 2011 observations, above 125 GeV the distribution of
the squared angular distance between the pointed positidn a
the reconstructed position in the MAGIC data indicates an ex
cess of 80+ 102 y-like events above the background (5144
) which corresponds to a significance of @.8alculated with
rmula 17 of Li & Ma (1983)4. The number of excess events
and significances for the individual observation periods fam

Aleksic et all 2012). Because of the limited field of view3.5°)

of the MAGIC telescopes, we did not operate in surveying mo
but we tracked selected sources. One of the most successtful t ¢
nigues for discovering new sources or detecting flaringestest

a target .Of opportu_nity (ToO) program triggered by an alé& o ¢ complete 2011 data set are reported in Table 1. Sinceafone

high-activity state in other wavebands. the periods provided any significant detection, we compuite t
The data analysis was performed using MARSifferential upper limits in the energy window from 125 GeV to

(Moralejo et al. 2009), the standard MAGIC analysis framewo 500 GeV, neglecting higher energies due to EBL absorptiba. T

with adaptations for stereoscopic observations (Lombetrél.  differential upper limits on the flux have been computed using

2011). Based on the timing information, an image cleaning Wghe method of Rolke et al. (2005), assuming a power law with a

performed with absolute cleaning levels of 6 photoeled80-  spectral index of 3.5 and a systematic error of 30%. The t@sul

called core pixels) and 3 photoelectrons (boundary pixels) obtained are summarised in Talle 2 and in Figure 1, together

the MAGIC-I telescope and 9 photoelectrons and 4.5 photeelgyith historical MAGIC observations, all corrected for EBb-a

trons for the MAGIC-II telescope (Aliu et al. 2009). The sheaw sorption using the model from Dominguez etlal. (2011). Wesha

arrival direction is reconstructed using a random foregtes- also computed the upper limits using 2.5 and 4.5 as spentral i

sion method | (AleksiC et al. 2010), extended with sterepico dices of the power law, and they do noffdi appreciably from

information such as the height of the shower maximum and th& values obtained using an index of 3.5.

impact distance of the shower on the ground (Lombardilet al.

2011). In order to distinguisk-like events from hadron events,

a random forest method is applied (Albert et al. 2008b). & th

stereoscopic analysis image parameters of both teles@pes

used, following the prescription of Hillas (1985), as wedl & 2 1hg higher energy threshold of this analysis with respetttdqre-
the shower impact point and the shower height maximum. Weus ones (of this source) is caused by the fact that obsensawere
additionally reject events whose reconstructed sourcéi@os performed at high zenith angle and part of them under moelenabn-
differs by more than (05°)? in each telescope. A detailedlight.
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Fig. 2. Multiwavelength light curve from February 2011 to June 201He MAGIC ToO observation window is marked by vertical
lines. Starting from the top panel: Hizray observations fronkermi-LAT (both flux and spectral index above 100 MeV; the
downward arrow for MJD 55646-55649 indicates a 95% confidéaxel upper limit on the flux); X-ray data from RXTE; optical
R-band photometric observations from the KVA telescopérappolarisation measurements (both percentage ofigetaflux and
degree of polarisation) from the KVA (filled circles) and kipool telescopes (open triangles); and radio obsensatibB7 GHz
and 15 GHz provided by the Metsahovi and OVRO telescopspestively.

3. Multiwavelength data Information regarding on-orbit calibration procedures is
given inlAckermann et all (201 2fermi-LAT normally oper-
3.1. HE y-rays: Fermi—LAT ates in a scanning “sky-survey” mode, which provides agljl-

coverage every two orbits (3 hours). The_ analysis was peddr
Fermi-LAT is a pair-production telescope with a larggeetive following theFermi-LAT standard analysis procedBresing the
area (6500 crhon axis for> 1 GeV photons) and a large field

of view (2.4 sr at 1 GeV), sensitive terays in the energy range
from 20 MeV to above 300 GeV Atwood etlal. (2009). 3 See details ih httpfermi.gsfc.nasa.ggssg¢dataanalysig



http://fermi.gsfc.nasa.gov/ssc/data/analysis/
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Table 2. Differential upper limits calculated from MAGIC ob-Interestingly (see next section), the X-ray light curvewst@
servations. Columns 1 and 2 give the energy and the respecsimilar trend, with two subsequent flares, the first one bdieg
absorption factor (a.f.¢™*, wherer is the optical depth given more intense.

by the EBL model of Dominguez etlal. (2011). In Cols. 3-5, the The y-ray spectra of 3C 279 were extracted using data for
observed dterential upper limits for the individual periods andwo periods: (A) from 2011 February 8 to 2011 April 12 (MJD

the overall data sample are shown. 55600 — 55663) and (B) from 2011 June 1 to 2011 June 8
(MJD 55713 — 55720). These periods include the MAGIC ob-
Energy af. Upper Limit [10" erg cnm?s7]] serving windows. Each-ray spectrum was modelled using sim-
[GeV] 2011 Feb- Apr  2011Jun all2011data  ple power-law (dN/dE « ET) and log-parabola (d/dE «
1471 0.63 10.7 16.0 10.9 (E/Ep)~*#'09E/®)) models, as done in the SecoRermi-LAT
303.6 0.16 0.8 2.9 0.8 Catalog and in a previous study of the soufce (Hayashida et al

2012). In the case of log-parabola model, the parangetepre-

. ) ) sents the curvature around the peak. Here, we fixed the nefere
Fermi-LAT analysis softwarescienceTools vOr29rZogether energyE, at 300 MeV. The best-fit parameters calculated by the
with the P7SOURCEV6 instrument response functions. fitting procedure are summarised in Table 3. For the spedttum

The events were selected using SOURCE event clasgiod A, a log-parabola model is slightly favoured to déser
(Ackermann et &l. 2012). We discarded events with zenitheangthe y-ray spectral shape over the simple power-law model with
greater than 100and excluded time periods when the spacecraffe diference of the logarithm of the likelihood fitAL = 6.0,
rocking angle relative to zenith exceeded $2 avoid contami- \yhich corresponds to a probability 0f4B% for the power-law
nation byy-rays produced in the Earth’s atmosphere. The zenifyothesis, while there is no significant deviation from sive-
angle is the angle between the event direction and the love fr pje power-law model in the spectrum of period B.
the centre of the Earth through the satellite. In Figure[3, SED plots are shown together with don-

We selected events of energy between 100MeV aRgence region of the best-fit power-law model for each period
300 GeV within 18 of the position of 3C 279. Fluxes and speCaytended up to 300 GeVFermi-LAT data points and MAGIC
tra were determined by performing an unbinned maximum likgpher limits, both observed and corrected for EBL absonptio
lihood fit of model parameters withtlike. We examined the gre also shown. In both spectra, the detection significafice o
significance of they-ray signal from the sources by means ofhe Fermi—LAT data TS ~ 400) was not statistically i
the test statistic (TS) based on the likelihood ratiofteShe cient for 3C 279 to determine a spectral break in Feemi-
background model applied here includes standard models fOfT gata alone as previously obtainéd (Hayashida gt al. [p012
the isotropic and Galactic flise emission componefit$n ad-  considering period A, the VHE upper limits do not indicate
dition, the model includes point sources representinglly he presence of a break or a curvature betwesmi-LAT and
emitters within the region of interest based on the Seé@muhi-  \1AG|C energy ranges. On the other hand, in the June spectrum,
LAT Qatalog (2FGL.: quan et al. 2012); flux normalisations foine MAGIC upper limits points are located almost at the edge
the difuse and point-like background sources were left freg the 1 confidence region of the LAT spectral model, suggest-
in the fitting procedure. Photon indices of the point-likeba g 4 preak or a curvature between the energy ranges of the two
ground sources within°>of the targets were also set as free pasyperiments. This distribution is consistent with the $peo
rameters. Otherwise the values reported in the 2FGL Cata'l%orted in the Secorigermi-LAT Catalog (Nolan et al. 2012),
were used. where a log-parabola model was used. Moreover, curvatuse wa

We derived a light curve in thBermi-LAT HE band using 550 reported in Hayashida e al. (2012), where a largersdata
three-day time bins (Figufé 2). We plotted 95% com‘ldencelle\/p|e (2 years) was used.

upper limits where the time bin has a k30. We note that the
exposure times for 3C 279 in observations between MJID 556461 3¢ 279 during each period. including some quality clseck
and 55649, and between MJD 55664 and 55671 were signjj g P ' g d Y

X t each event: the tracker section in which the conversizn o
cantly reduced (5-10 times shorter than usual) because@f Tg,,rreq, angular distance between the reconstructed kdirea-
pointing-mode observations of CygX-3 and Crab Nebula, rgqp, of the event and 3C 279, probability of associatiomeated
spectively. In particular, the upper limit at MJD 55664—6%6

il usinggtsrcprobl, and whether the event survives a tighter se-
corresponds to .8 x 10°® cm™ s, which is far beyond the 9 P d

‘ . lection than the standaburce:evclass=2 selection. The re-
range of the LAT light curve panel. The source was in a relgyis are summarised in Talile 4.

tively low state at the beginning of the year, followed by ape
of enhanced activity. The light curve shows two flares, whté t
peaks around MJD 55670 and 55695, and reaches a maxim8igh X-rays: RXTE-PCA

HE flux of about 13< 10~ cm™2 s71, corresponding to roughly . . .
half the flux level of the outburst measured in 2009 Febru%re source 3C 279 has been monitored with the Rossi X-Ray

We also investigated the highest energy photons associated

(Hayashida et al. 2012). Although the result shows the ighd IMing Explorer (RXTE) since 1996 (Chatterjee etal. 2008).
flux level at MID 55667-55670, the point has a large error b gs been_obs_erved with the PCA instrumentin separate pomi
because of the short exposure time for 3C 279 during the TY¢ @ typical interval of two to three days and exposure &rof

ionth . ith the risi h fthefiase e order of kilo_seconds. For the analysis, routines froenxh
observation that coincided with the rising phase of the fiase ray data analysis software FTOOLS and XSPEC were used. The

4 TS corresponds te2AL = —2log(LO/L1), where LO and L1 are the Source spectrum from 2.4 to 10 keV is modelled with a power
maximum likelihoods estimated for the null and alternatiypotheses, law with a low-energy photoelectric absorption by the inésr-
respectively. Here for the source detectidrg = 25 with 2 degrees of
freedom corresponds to an estimated.6 o pre-trial statistical signif-  ® The tool assigns the probabilities for each event includ-
icance assuming that the null hypothesis TS distributidlois axy? ing not only the spatial consistency, but also the spectral i
distribution (see Mattox et &l. 1996). formation of all the sources in the model. See details at

5 iso_p7v6source.txt andgal_2yearp7v6_v0.fits httpy/fermi.gsfc.nasa.ggssgdatgdanalysigscitoolghelggtsrcprob.txt
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Table 3. Results of spectral fitting in the Hizray band measured Byermi-LAT. Column 1 shows the period of observations, Cols.
2-4 the fitting model and its parameters (PL: power-law mplde)P: log-parabola model. See definitions in the text), Bahe
TS, Col. 6 the dierence of the logarithm of the likelihood of the fit with resp® a single power-law fit. The flux 100 MeV is
given in the last column.

Period Gamma-ray spectruiRgfmi-LAT) Flux (> 100 MeV)
(MJD) fitting model I'a B TS -2AL (107 phcnr?2s?)
2011 Feb 8 — Apr 12 PL .37+ 0.06 695.6 $H+03
(55600 — 55663) LogP .28+0.10 012+006 7009 5.3 2+03
2011Jun1-Jun8 PL .P7+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 selectigh
Period A May 10 (MJD 55691.2821) 19.8 81 back 01r 98.9% yes
Period B June 05 (MJD 55717.0275) 13.1 .25 back 017 98.4% yes

@ 68% containment radius of the LAT point-spread function.BO@ in the instrument response functionsRFSOURCEV6 for the back-thick
layers converted events at 33.5 GeV with an incident angfe.6f .
® so-called ultraclean:evclass data selection.

ing gas in our Galaxy, which is represented by a hydrogen ctikal outbursts were detected in February 2006 and JanG&ry 2
umn density of & 10°°atoms cm? (Chatterjee et al. 2008). in coincidence with the detections at VHErays (Albert et al.

Compared to the long-term X-ray behaviour of 3C 279008a| Aleksic et al. 2011b).
in 1996-2007 presented in_Chatterjee etlal. (2008), thecgour The polarisation monitoring of 3C 279 had been carried
was in a low state during spring 2011 (Figdite 2). The lighdut since 2009 using the KVA 60 cm telescope, equipped with
curve in the energy range 2-10keV shows two minor flargs CCD polarimeter capable of polarimetric measurements in
peaking around MJD 55670 (with a maximum flux aRX BVRI bands using a plane-parallel calcite plate and a super-
10 ergenm?st) and MJID 55700 (with a maximum flux achromatici/2 retarder/(Piirola et 4l. 2006). The observations
of 1.0 x 10 ergcnT?s™t). For comparison, the major X-ray presented here were performed without a filter. Since 2010,
flares of the source have reached peak fluxes of & x polarimetric observations have also been conducted wigh th
101 ergcnt?st, while the Fermi-LAT outburst reported in fully-robotic 2m LT. For the present campalgrpolarimetry
Abdo et al. (2010c) had a maximum flux of similar order to thdata-taking was intensified in June 2011, triggered by tga-hi
outbursts reported here. The bowties represented in thé-mudctivity state detected in tHeermi-LAT and optical bands. The
frequency SEDs (see Seff. 4]1.1) are obtained using the f8ource was followed for about a month, with an almost daily
(6.7+0.5)x 10 *2erg cnt?s ! and the energy index®+ 0.2 for  observation frequency. At the epochs of intense monitadimng
the February to April observations and fluxqZ0.5)x 10-*2erg  ing the high-activity state in MJD 55710-55730, we were able
cm2s71 and the energy index®=0.2 for the June observations.closely follow the smooth evolution of the polarisation war
eters which allowed us to model in detail the behaviour of the
source (see Sect.4.2).

Observations at the LT were performed with the novel
The optical observations were performed with the KungligdINGO2 fast-readout imaging polarimeter (Steele et al.03201
Vetenskapsakademien (KVA) telescope and the Liverpose} teequipped with a hybrid ¥R filter, consisting of a 3 mm Schott
scope (LT), both located on the Canary Island of La Palma. TR&5475 filter cemented to a 2mm KG3 filter. The polarimeter
KVA telescope, operated remotely from Finland, consistsvof used a rotating polaroid with a frequency of approximatetz]
telescopes mounted on the same fork; a 35cm Celestron ahuiing the cycle of which eight exposures of the source are ob
a 60cm Schmidt reflector. Photometric monitoring of 3C 27@ined. These exposures were synchronised with the phitse of
has been performed regularly since 2004 as a part of thedugrblaroid to determine the degree and angle of polarisalibs.
blazar monitoring prografnObservations were performed withflux of 3C 279 was measured in each of the eight images us-
the KVA 35 cm telescope in the R-band and data were analyssd aperture photometry, and the normalised Stokes paeamet
using standard procedures (for details/see Aleksic e0dl1). q = Q/I andu = U/I (for a definition of the Stokes parame-
The R-band light curve shows a constant quiescent state (fiexs see e.g. Rybicki & Lightman 1986) and their err@gsand
and magnitude of the source quiescent state are 1.45mJy endvere computed using the formulaelin _Clarke & Neumayer
R=15.8; respectively Reinthal etlal. 2012) from 2011 Februa(2002). The RINGO2 instrument exhibits an instrumental po-
until May, around MJD 55700, after which there is a clear oularisation which remains constant through several moriihs,
burst. It reaches its peak at MJD 55719, showing a maximwhanges abruptly at epochs when changes have been made to
flux of ~ 6mJy (magnitud&k ~ 14.3). Compared to previous the system. This instrumental polarisation amounts ta225%
outbursts observed from this source, it is the third brighgence
the beginning of the program in 2004. The other two brighper o 8 This campaign is part of a larger program conducted at thenaT t
provides optical polarisation data to complement MAGIC Vbliser-
" httpy/users.utu.tkany1my vations of extragalactic sources.

3.3. Optical observations: KVA and Liverpool
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dinate axis represents one of the orthogonal componentseof t
linearly polarised light. The distance to the coordinatetieeis
{ ] the polarisation degree. Since the polarisation is a psetan
n tor, with ax-ambiguity, the reported values for the EVPA rota-
107 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 prio
i e i R to optical flare, while the red open boxes are from the time of
10* 1 10 10° E[Ge\%oa optical flare (starting-MJD 55700). The lines (grey dotted for
pre-flare epoch and red arrows for flare epoch) connect timgoi
Fig_ 3. Comparison ofermi=LAT observations and MAGIC up- in chronological order. The blue vector marks the averag:&:di
per limits for 2011 February-April (top) and 2011 June (botion and magnitude of the polarisation of the source measure
tom) observations. The butterfly represents the SED pldt wiguring the campaign.
a 1o confidence region of the best-fit power-law model ex-
tended up to 300 GeV foFermi-LAT observations (filled cir-
cles, empty circles represent upper limits). The VHE dapee(o 3.3.1. Polarisation

squares) are corrected for EBL absorption (filled squargisigu ) o
Dominguez et al[ (2011). The complete light curves for the polarisation degree anBA&V

are presented in the corresponding panels of Figure 2. Tts pl
show that the optical flare was accompanied by a fourfold in-
crease in the degree of polarisation. The polarisation edegr
reached a maximum ef 20% contemporaneously with the pho-
tometric peak flux, after which it returned to the initial val
of ~ 5%, while the total flux remained persistently high for
the remainder of the monitoring. Throughout the obserwatio
eriod the polarisation was variable, showing high-ampkt
)anges at timescales of a few days. High polarisation ssich a

107

1013

depending on which interval is considered. To correct fetrin
mental polarisation, the averagandu of zero polarisation stan-
dards, monitored throughout the 3C 279 campaign, were s

tracted from thej andu of 3C 279 a_nd the errors propagated int ot reached at the maximum of the flare is typical during-high
oqandoy. The degree of polarisatiqnand the EVPA were then o4y iry states of the source and reflect a high degree of tyea
computed fronp = /q? + U2 and EVPA= 0.5 tarr!(u/q). After  dering of the magnetic field (elg. Larionov effal. 2008). Téra+
this, the unbiased degree of polarisatisywas computed from poral coincidence of the photometric and polarised flargs su
po = vp? — o2 wherea is (oq + 07y)/2. The (asymmetric) 68% gests that the two events are related.

and 95% confidence intervals p§ were then computed using  The EVPA also presents notable evolution. During the ap-
the prescription by Simmons & Stewart (1985) and, if the lowgroximately 30 days spanning the optical high-activitytesta
95% confidence boundary gh was> 0%, we considered that observed with high cadence, the polarisation position engl
significant polarisation had been detected. In this caseraco smoothly rotated~ 140 with a nearly constant rate. The ro-
tion for instrumental depolarisation, determined fromhhfgp- tation showed an inversion of the sense of rotation in the mid
larisation standards, was applied usingr = po/k, wherepeor  point of the event, when the polarisation degree decreasad t
is the corrected polarisation atd= 0.76 + 0.01. In the corre- local minimum. Since the monitoring was discontinued sden a
sponding panels of Figuté Peorr and its 68% confidence limits ter the optical flux started decreasing from its maximuns, itot
are given. Finally, the error of the EVPA was computed fromossible to judge if the rotation reached its end point dytire
oevpa = 286507,/ Peorr- observations. Outside of the epochs of smooth rotationdithe



J. Aleksit et al.: MAGIC observations and multifrequencgperties of the FSRQ 3C 279 in 2011

rection of the EVPA varied erratically, suggesting thar¢heas
no single polarised component dominating the source geolut
at all observed epochs.

Figure[4 shows the Stokes plot for every polarisation mea- 0.5
surement presented here and provides an alternative iggual
tion of the polarisation state of the source. The red points a
arrows mark the chronological evolution of the rotationreave £ 0.0
(from A — B) observed during the optical flare, while the grey &
boxes are from the period prior to optical flare. The blueect &
in the third quadrant is the mean polarisation vector, ayeda
over all values measured during the campaign. We note that t
mean EVPA, whose value is 20°, is nearly perpendicular to
the jet position angl in agreement with what is observed from A0k
the core position in the 43 GHz VLBA images, suggesting that O
the dominant polarised optical emission was co-spatidl¢aa- O
dio core (Figuréby ~ 2°. The EVPA of the source randomly A5 @ |
oscillated around this direction with a varianceaf ~ 20°. ‘

The polarisation variability outside the optical high+aity
state can be described as magnetic turbulence around tire mea
field position. To evaluate whether the rotation event cao al
be described by magnetic turbulence, we have performedévofRig. 5. VLBA total (contours) and polarised (colour scale) im-
Carlo simulations using a random ensemble of polarisatien sages of 3C 279 at 43GHz with the total intensity peak of
gles as a proxy for turbulence. We modelled the emittingaegi 17.0 Jybeam, polarised intensity peak of 0.8¢hlsam, and a
asN cells of equal volume and field intensity. The field is uniGaussian restoring bean®.13x 0.20 mad at PA = -6°; con-
form within the cell, but randomly oriented and acquiresaathe tours represent®5,0.5, ..., 64% of the peak intensity; line seg-
simulation step a new random value. The number of cells warents within the image show direction of linear polarisafi@d
determined from the mean fractional polarisation, assgrtiiat  circles indicate position and size (FWHM) of components ac-
each cell individually emits with the maximum degree of pla cording to model fits. Four bright components are movingwith
sation for incoherent synchrotron radiati®tax ~ 0.7. With an 1 mas from the core (A0), but there is no ejection of new com-
observed varianc.eﬁ, ~ 0.003, we havéN = v< P> Jop ~ 10 ponents related to the flaring episodes reported in this work
cells. The net polarisation was then obtained from the qqsér
tion of the emission of the individual cells. The probabilihat [date]

. . Feb 08 Mar 30 May 19 Jul 08 Aug 27 Oct 16 Dec 05 Jan 24
plasma turbulence generates a continuous rotation of tHeAEV 16 , , , , : , , ,
by 140 after 15 epochsis 1%. It should be noted that the prob-
ability increases if we approximate the turbulence as Nsall
equal volume, where about ten cells leave and around tes cell ., | i A
enter the emission region_ (D’Arcangelo etlal. 2008). While t
random probability is not small enough that it could be gsafel
excluded as a candidate mechanism to explain the EVPA rotas
tion, the smoothness of the rotation showing only small excu 2
sions from the prescribed path during its entire duratiam(€
pared to the 20variance of the rest of the campaign), does not
favour turbulence as the likely explanaflnTherefore we in-
vestigate a geometridiect as the possible cause of the rotation | o« |
(see Sect.4.2.). x| f U —

R =y I
e e o —-= % X
i i L 1 i
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3.4. Radio: VLBA 43 GHz, Metsédhovi 37 GHz, and OVRO
15 GHz observations Fig.6. The fluxes of the single components of the VLBA 43
Hz core between January 2011 and January 2012. The MAGIC

. 0 observation window is marked by vertical lines. Thers wa
servatory, the Owens Valley Radio Observatory (OVRO), a new component ejected from the VLBA core in 2011; the

f[he.Very Long Baseline Array (VLBA) as a part of quasar mor]ﬁrightest components are the core (AO) and the innermost com
itoring programs. ponent (A1),

The 37GHz observations were performed with the
13.7 m diameter Metsahovi radio telescope, a radome-gsedlo
paraboloid antenna situated in Finland. The measuremevrclté%r

The source 3C 279 was monitored by the Metsahovi radio

e made with a 1 GHz-band dual beam receiver centred at
36.8 GHz. The high electron mobility pseudomorphic transis
a change in the EVPA of2; therefore, the 3600f the Stokes plane or front end operates at room temperature. The obsengtion

correspond to only 180of real angley because of the 18@mbiguity are ON-ON observations, alternating the source and thersky i
of the polarisation angle. each feed horn. The flux density scale is set by observatibns o

10 After the submission of this pap&r Kiehimann et al. (2013-pr DR 21 (a huge molecular cloud located in the constellation of

sented larger optical polarization data set from severstriments, Cygnus, the standard candle for radio astronomy). The ssurc
which supports this conclusion. NGC 7027, 3C 274, and 3C 84 are used as secondary calibra-

9 An angular variation of\@ in the Stokes Q-U plane corresponds t
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in 20071, The data were analysed as described in Jorstad et al.

t[date]

separation epochs MJD 55281.4 and 55335.84). The fluxes of
‘ the single components are shown in Figule 6. From February
2011, the core (A0) and the component very close to the core
(A1) were the brightest components. During the optical orgb
(starting at MJD 55700) the core flux increased, while for A1,
A2 and K1 the flux decreased. The polarisation data for the pe-
riod between February 2011 and July 2011 show that the EVPA
of the VLBA core at 43 GHz is constant at 5fetween MJD-~
P pr— prs pr 55700 and-55750, a period which includes the optical rotation,
D] but because of the time resolution a rotation of L8@8nnot be
xcluded between these two epochs.

Feb 08 Mar 30 May 19 aul 08 (2005), extracting the information about the jet kinenmtaad
ol ‘ ‘ kT, ] polarisation in the period from January 2011 to January 2012
el Vo] In this period there were four bright moving components imith
T ol g 20 4 1 mas of the core (see Figure 5), but no new components ejected
ol AT / ] from the core (the latest injections are Al and A2 with zero
2 =

. o . e
Fig.7. VLBA polarisation data of the single components be- N
twgeen Februafy 2011 and July 2011. Th(gJ MAGICp ToO obser; 'N€ polarisation data of the components A0, Al, and A2 are
vation window is marked by vertical lines. The EVPA, of botﬁ??ﬁv nin FlgurE]7t. BAeéwee(;] "ﬁnu?ri’ and m?rgg) Zt())ltlbthtehEVPA
components A0 and Al, rotates with 180° between Januaryq ?hcomri')cinen St ¢ an th rot_a ?St‘é" EVPA l#thy VEBA
and March 2011. However, by the time the rotation startsén tfi™e the rotation starts in the optical, the orthe

optical regime the EVPA of the VLBA core (and the componenf#&r.e (and the components closest to it) has stabilised160".
closest to it) has stabilised to 150, is behaviour resembles the profile and the characterigbe

served in the core at 43 GHz reported.in_Larionov et al. (2008)
with the only diference being the absence of a simultaneous ro-
tation in the optical regime.

tors. A detailed description of the data reduction and aisly

can be found in_Teraesranta et al. (1998). The error estiinate4 Discussion

the flux density includes the contribution from the meas@em

RMS and the uncertainty of the absolute calibration. We now discuss plausible emission scenarios for the two

Regular 15 GHz observations of 3C 279 were carried out U4AGIC observation periods and examine in detail a geometric
ing the OVRO 40 m telescopk (Richards é{ al. 2011). This primerpretation of the observed rotation of the optical EVPA
gram commenced in late 2007 and now includes about 1800
sources, each observed with a nominal biweekly cadence. 'I%p . -

OVRO 40 m usesft-axis dual-beam optics and a cryogenic hig b2 g/(ult(frequency variability and spectral energy

i~ . . i : istributions
electron mobility transistor low-noise amplifier with a Q& Hz
centre frequency and 3 GHz bandwidth. The total system noig@ investigate the multifrequency behaviour during the two
temperature, including receiver, atmosphere, groundG¥iB  MAGIC observing periods to constrain the number and locatio
contributions, is about 52K. The two sky beams are Dicksf the emission regions and then model the spectral enesgy di
switched using the f-source beam as a reference, while thgibutions of these epochs accordingly. We have compiled th
source is alternated between the two beams in an ON-ON medeltivavelength spectral energy distribution for the tvasipds
to remove atmospheric and ground contamination. A noise lewf observations, February-April 2011 (Figlide 8) and Jun&120
of approximately 3—4 mJy in quadrature with about 2% addiFigure[9).
tional uncertainty, mostly due to pointing errors, is agbigin
a 70s integration period. The calibration is performed gigin )
temperature-stable diode noise source to remove receamar ¢*-1.1. February-April 2011: low state

drifts; the flux density scale is derived from observatiois qn he first period the source was in a rather low state in aptic
3C ?86 assuming thg value of _3.44 Jy at 15.0 G_Hz (Baars etl%"y—ray war\)/ebands (see Figurk 2), while some activity Wa{)s re-
1977). The systematic uncertainty of about 5% in the flux deEbrted in the radio bands. The light curves at 15 GHz and 37 GHz
sity scale is not included in the error bars. Complete detallyqed an increasing flux, with the 37 GHz light curve peaking
of the reduction and calibration procedure can be found fytore the 15 GHz light curve. At 43 GHz, the flux density of
Richards et al.(2011). o . the central components increases, while no significanabisi

Both the 37 GHz and 15 GHz radio light curves (Figlle 2jy is observed in the components K1 and K2 (Figtre 6). This
show a smooth increase at the beginning of the observation peay suggest that the variability is related to the centrgiore
riod after which the flux stays constant. The 15 GHz light eur\< 1 mas), but the lack of variability in the other bands does not
shows a gap in coincidence with the optical outburst, witike t allow us to draw strong conclusions on the site of the emissio
flux of the 37 GHz light curve increases from 20 Jy to 24 Jy dur- The multifrequency SED is fitted using leptonic models (for
ing the rising phase of the optical outburst. The flux inceeagietails see Maraschi & Tavecchio 2003). The emission region
resembles a flare, with a sharp rise and a slower decay; tke pggherical blob with radiuR is filled with a homogeneous and
fluxis reached at MJD 55710, i.e. 10 days before the peak of fa@igled magnetic fiel® and a population of relativistic elec-
optical outburst. trons. The spectrum of the electrons extends f§a t0 Ymax

The VLBA observations at 43 GHz have been performed
once a month since the beginning of the monitoring progrant! httpy/www.bu.edyblazargvLBAproject.html
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and is described b\(y) = Ky ™(1 + y/yp)™ ™. The elec-
5 0 10 trons emit synchrotron radiation forming the first peak (ot
T T lines). This low-energy radiation is then inverse ComptpA u
E ] scattered to high energies (dashed lines), contributitiggsec-

: — ] ond peak. In addition to the low-energy photons coming from
-9k Feb-Apr . the synchrotron process, two other populations of low-gper
. 1 photons are considered as targets for the inverse Comptsn pr
f ] cess (dot-dashed lines). The first one (blue curve in theruppe
panel of FiguréB) is photons from the BLR, characterised by
Lgisc = 3x 10* erg s, Rg g = 1.7 x 10Y” cm. The model also
accounts for the internal pair absorption, consideringetkter-
nal BLR photons not only for the inverse Compton scattering,
but also as target foyy pair production. In the other scenario
(red curve in the lower panel of Figdre 8), photons stem frioen t
infrared torus, whose luminosity and distance are, respyt
Liorus = 2% 10 erg s andRyorus = 2 x 10 cm. We assume
an accretion disc as described_in Pian etal. (1999) andhbat t
infrared torus intercepts a fractior 60%) of the disc luminos-
ity and re-radiates it in the form of a black-body spectrurthwi
a temperature of 90K (Calderone et al. 2012).

Figurd8 depicts the resulting SED fits whose parameters are

Log E [eV]
5

-10 3

-11E A

Log vF, [erg ecm-2 s-1]

-12 |

-13 b1

Log v [Hz] listed in Tabléb. Both scenarios can fit reasonably well thie m
tifrequency data, and the obtained parameters have valthéa w
Log E [eV] the typi(_:al ranges L_lsed for this source. Cor)sequen_tly, weata
_5 0 5 10 constrain the location of the emission region in this peligd

e e B L B means of the SED modelling.
3 The radio observations are not included in our SED fits, but
are considered only as upper limits. The observed radiosonis
is assumed to originate from afiirent emission region, with
main contributions from the VLBA core and parsec scale jet.
These emission regions are at greater distances from tiwakcen
engine (e.g. Pushkarev et al. 2012) and suggest that the VLBA
core is located at 7.88 pc from the central engine based on
core shift measurements.
] The modelled emission regions are assumed to be much
3 closer to the central engine. To check this assumption, we ca
derive the maximum size of the emission region that will be-sy
chrotron self-absorbed at radio frequencies. Followirg dp-
proach by Abdo et al. (2010c) and adopting the flux at 43 GHz to
be~ 6 Jy, we calculate that the emitting region must be smaller,
in transverse size, tha® = 3.68- 10’ cm = 0.12 pc for a mag-
netic fieldB = 0.8 G and a Lorentz factor of 10 in order to be
MR MR L N - optically thick at 43 GHz and lower frequencies. This is inesg

10 15 %0 26 ment with the radius derived in the SED fit (see Table 5).

Log v [Hz] The distance of the emission region from the central engine

we derived is either larger than or comparable to previouksvo

Fig.8. Multiwavelength observations between February ardo etal.(2010c), because of the absence in variationiseof t
April 2011: radio from Metsahovi and OVRO (red open triadio data up to 230 GHz, position the emission region ugsire
angles), optical from KVA (red filled triangles), X-ray fromfrom the radio core; Larionov etial. (2008) locate the eroissi
RXTE (red bowtie), and HE-rays fromFermi-LAT (red cir- region within~ 1 pc of the radio core. Given that the VLBA an-
cles) and MAGIC (red arrows: EBL corrected, cyan arrowgular size of the core at 22 GHz islOnas (Wehrle et al. 2001),
observed points). Historical data are also shown (Ale&ssl. the projected linear size for the location of 3C 279-i€.6 pc
2011b): high-activity state from 1991 (grey open triangle$l.8 X 10'8cm). It follows that the active region is a fraction
Hartman et al. 1996), low state from 1993 (green open circld§0%) of the core size or the transversal size of the pc-geale
Maraschi et al._1994; Ballo etldl. 2002), the high-activitgte and the location of the active region is upstream from the.cor
from 1996 (blue bowtie, Wehrle etlal. 1998), and the lowxaisti
state from the end of 1996 to the beginning of 1997 (violesdo s hinhoa et
Hartman et all. 2001a). Only points marked in red are consi%’—l'z' June 2011: high-activity state
ered for the SED fit. The SED is fitted using two leptonic modn June 2011 the multifrequency light curves (Figlle 2) show
els, with diferent populations of external low-energy photons as higher state than during the previous period and significan
target for the inverse Compton process. The individual a@mpvariability in all bands. X-ray and HE-rays show a similar be-
nents are shown: synchrotron (dotted), SSC (dashed), and lE@iour with two minor flares in May. The optical light curvas
(dot-dashed). The black-body radiation from the BLR (dd$heonly one outburst that happens during the descending pHase o
and from the infrared torus (dotted) are also shown. In theeup the second peak when both the X-ray and the HE fluxes are de-
panel, the high-energy emission originates from a regioatkd
inside the BLR. In the lower panel, the high-energy emission
¢Bmes from a region located outside the BLR, considering onl
photons from the infrared torus as targets for inverse Compt
scattering. The parameters are summarised in Table 5.

Log VF, [erg em=2 s!]
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Table 5. Model parameters used for fitting the SEDs witlfelient leptonic scenarios (Fids. 8 ahtl 9). The accretionalisicthe
torus are characterised lhyisc = 3 x 10°° erg s, andRg g = 1.7 x 10Y" cm, Ligrys2 X 10*° erg s, andRyrus = 2 x 10'8 cm,
respectivelys is the Doppler factor antl is the Lorentz factor; see the text for a description of threepparameters.

Ymin Vb Ymax m np B[G] K[em™]  Rlcm] F) T

2011 Feb - Apr inside the BLR 1 610 1100 2 3.7 2.4 5100 4.7x10® 127 10
P outsidethe BLR 2.5 600 >80 2 3.6 0.3 3.210° 1x10Y7 15 12
internal region 25 610 ®10* 2 36 145 310 1.1x10* 10 10
2011 Jun (WO ZONES) o\ ornalregion 35 610 @0 2 3.35 0.8 10810° 15107 10 10
creasing. In the two radio bands there are no clear indicatio
: . : Log E [eV]
of simultaneous flares witly-ray, X-ray, or optical (the gaps 5 0 5 10
present during the-ray and X-ray flares should be noticed). ——T
However, there is a fast flare in the 37 GHz light curve which F
is simultaneous with the third peak (one bin long) in the HAE . — ]
ray light curve. In the two radio bands there are gaps dutieg t oF June 3

vy-ray and X-ray flares.

A previous study of the multifrequency behaviour of 3C 279 1,
(Hayashida et al. 2012) found a correlation between thealpti  «
and HEy-ray bands and an absence of correlation between theg
X-ray and HEy-ray bands between 2008 and 2010. The find-
ing is also in agreement with the tendency of FSRQs to have &
correlated emission between optical and FHeay bands (e.qg.
Abdo et al! 2010b,a). Here a correlation study by selectaig d
pairs from diferent light curves with separation ef 0.5 days
yields no significant correlations. Visual inspection (adosug-
gests a dferent behaviour of 3C 279 in 2011 May and June
compared to 2008-2010. In particular it seems there is n@eor
lation between the optical and Hjf=ray bands. A possible ex- E
planation could be a time lag between the emission in the two  _j3L
energy bands (e.g. Janiak et al. 2012). However, this iskedy|
since the shape of the flux increase (around MJD 55715) in the Log v [He]
HE y-ray light curve is diferent from the one in the optical R-

band. In addition, the optical light curve shows a quiesteat Fig.9. June 2011 multifrequency observations. See Figlre 8 for
haviour before the flare, which isficult to reconcile with the the data description. The SED is fitted using a two-zone tepto
behaviour observed in tHéermi-LAT light curve. It should be model. The high-energy emission is dominated by the region i
mentioned that the optigatray correlation showed inconsistentide the BLR (blue long-dashed line) while the synchrotn i
patterns as far back as the EGRET era (Hartman et al. 200¢Bminated by the external region (red short-dashed ling)fa

and this change of mode (with appearing and disappearing cgitle the BLR and the infrared torus. Thus, only the SSC hypoth
relations) is, for instance, in agreement with the long tetutl-  esis is considered for the high-energy bump. The blackbadiy r
ies of the source in optical and X-rays (Chatterjee et alé208  ation from the BLR (dashed) and from the infrared torus ettt

summary, the behaviour observed in the light curvesfifetBnt  are also shown. The parameters are summarised in[Table 5.
energy ranges suggests the presence of thféerelit emission

regions, one responsible for the radiation in X-ray anch-ay,
a second for the optical, and a third one for the radio emissio
(see discussion in Sects.4.1.1 and 4.2.).

The co-spatiality of HE and VHE emission and the location

inside the BLR of the corresponding emission region is corgore. Consequently, we fitted the SED with a two-zone leptoni
patible with the Fermi spectrum and MAGIC upper limits. Thenodel (FiguréD): the high-energy emission is dominatecy t
EBL corrected MAGICy-ray spectrum of the June observaregion inside the BLR (blue long-dashed line), while the-syn
tions (see Figurel3) shows that the 95% confidence upper lighrotron radiation, responsible for the optical and lovergy
its from MAGIC are barely consistent with the 68% contouremission (red short-dashed line), is produced in a regitside
of the Fermi-LAT spectrum, suggesting the presence of a spegre BLR and infrared torus and therefore only the SSC scenari
tral break. The uncertainties in the used EBL model, whi&h ajs considered for the second bump (for details see Aleksat e
difficult to quantify, are not taken into account. A possible e®011b). However, the size of the external region is fixed by
planation of this feature is that the emission in HE and VHfhe variability timescale in the optical 8 = 1.5 x 10 cm.
y-rays is generated in the same region, in which a populafion®ssumingK = 2 x 10® andB = 0.5G, values of the order of
low-energy photons is also present. These low-energy pBot@he ones derived from the SED fit of the external region, we find
will interact mostly with the more energetic HE or VHEray  that the emission region is opaque to radio frequenciesabelo
photons, causing their absorption. 100 GHz. Thus, the radio data are not included in the fit. The
The features observed in the optical polarisation rotationultifrequency light curves of this epoch do not show eviden
suggest an (optical) emission region at distances of abpat 3correlation between the optical and radio frequencies ekt
(see Sect.4.2.), but closer to the central engine than tiie rafore support this scenario.

_1]

-10 |

-11 F

Log vF, [

-12 |
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4.2. The geometric interpretation of the optical EVPA rotation

The rotation of> 140 of the optical EVPA, which took place
simultaneously with the optical outburst and which was atco
panied by the increased degree of polarisation between MJD

55710-730, can be explained with purely geometric and rela. ine of sight

.-»""--..~. 0
tivistic aberration &ects (Figuré_10). In detail, the EVPA light ;
curve for the 10 days around the optical flare (Fidude 11) show &ot% trajectory
a smooth rotation by 15° in the clockwise direction, followed

by an inversion and a smooth¥BVPA change in the counter- Fig. 10. Sketch of the bent trajectory model. An emission knot

clockwise direction. _moving with the flow enters a region where its trajectory tsend

We propose a scenario (Figurel 10) in which an emissiqqych that the flow direction crosses the line of sight.
knot moving with the flow enters a region where its trajectory

bends. Since the jet is closely aligned to the line of sigbtgl)
by about 2 and the plasma flows relativistically, wilh < 16
(Wehrle et all 2001; Jorstad et al. 2005), small beHdsf only
a few degrees are enough to produce strdiigces both in the

apparent deflected angle and in the observed flux and polarigay change induced by the aberratioffieet is too small to ex-
tion because of relativistic aberration. In partlcylar,tfos range p\ain the nearly doubling of the optical flux registered ia tight

of speeds, a bend df < 10, from —2° to 8, will imply & 10-  ;rve. This is notin contradiction to the neat fit obtainethwiie
tal apparentbending as seen in the projected EVPA directiofy e ration model to the behaviour of the polarisation dtiest

of ~ 60°. Furthermore, if the bend is in a direction such thgf, ¢ j; syggests that more than one process (such as an iedneas
the trajectory axis crosses the |.0.s., two mafie@s will fol- e total synchrotron emissivity of the region without sfignt

low. F_irst, after the trajec;ory_crosses the I_'O'S'.’ th&_aokm will changes irB) is taking place simultaneously with the change in
perceive the EVPA rotating in the opposite direction, wile t o trajectory.

profile shown in Figuré€11. The inversion simply results from ~ ) o )
projection dfects, and the specific profile depends on the speed Finally, we can apply this model to put limits on the location
of the flow. Secondly, once the trajectory axis approaches tf the event. The total bending angleliss 10° and the rotation
l.o.s. direction, the polarisation degree is expected teatmse lasts 14 days. This implies a rotation rate~f0.9° per day,
because a slight angle between the axis and the I.0.s. faaour corresponding to the: 4° per day of apparent EVPA rotation.
apparent symmetry of the field as it is projected on the pldnefrI' = 16, the linear distance travelled by the blob during the
the sky. After the polarisation degree passes through amuimi  €vent can be estimated to be ~ cAtT” ~ 9.25x 10 cm —
coinciding with the crossing of the l.o.s., it increasesiagantil O ~ 3 pc. Since the path of the blob is curved, the de-projected
the observer leaves the radiation cone of the jet. After gl  linear distance travelled by the blob can be related to tisétipa
ing exceeds /I relative to the I.0.s., the polarisation decrease@f the bend bypeng > Ar (Nalewajka 2010).
its maximum being attained when the |.0.s. crosses the bofde There are dferent possib|e exp|anations for the bent tra-
the radiation cone. In this model, we uded 16, corresponding jectories of the moving emission feature (Abdo éf al. 2018c)
to a half-opening angle of the radiation capie 4°. physical bend in the jet caused by, for example, hydrodynam-
As shown in Figurd_11, the observed polarisation degrémal ram pressure equilibrium with the outer medium_(Hardee
closely follows this behaviour. The solid model lines réstdm  [1990), or flow through and helical magnetic field of the jet
the comparison of the data and the predicted model built frofMarscher et al. 2008; Larionov et al. 2008). For singletiota
the characteristics of the EVPA rotation and the jet paramsetit is not possible to identify the origin of the bent trajegto
as measured by VLBA and quoted above, not from a minimHowever, the detection of earlier gradual and smooth mtati
sation fit as it would be dicult because of the degeneracy o0bf the EVPA during high-activity states (Larionov et al. Z00
many of the parameters involved. However, once all values d&bdo et al. 2010c, at opposite directions)lled Abdo et all(R9)
rived from VLBA and MWL observations are put in, the onlyand Nalewajko!(2010) to propose that there might be a bend in
free parameter left to try to reproduce the behaviour of thlarp  the jet of 3C 279 that is responsible for the observed change
isation degree is the ratio of transversal to axial magri@id in the sense of the EVPA rotation. The bend itself would be
componentsb (see Barres de Almeida 2010), which we fountbcated somewhere between the emission region observed by
to imply a dominance of the axial field componemts 0.5, in  the two groups. The longer timescales associated with tiae ro
order to reproduce the observed behaviour. tion observed by Larionov et al. (2008) suggest that thednev
In this scenario we also expect an increase of the photomistlocated farther out in the jet (lower limit 20 pc), whereas
ric flux as the trajectory of the emitting region crosses thes| the event observed by theermi-LAT was estimated to hap-
The fractional change in the observed (aberrated) photignepen within the first 1& cm, corresponding to a scale of 3
flux is given by Urry & Padovah( (1995F0s/Fo ~ (6/50)®*®, pC, and containing the blazar zorRsfzar < 107 cm) associ-
wherea is the radio spectral index definedas ~ v~ (we use ated with the size of the Ge)-ray emitting region as observed
the exponent 3 o because we are dealing with fluxes in a nagt the time. Adapting this interpretation to our resultsgrgis
row energy band, and hence quasi-monochromatic), the Bopghat the bend must happen in the first 3 pc. Using the relation
factors = [['(1 - 8 co)] %, is a function of the viewing angle Ry = 2GMsupn/c? ~ 3 x 10112, with the mass of the super-
6. Using the parameters for the jet derived in TdBle 5 for the emassive black holés ey ~ 10°-° Mg (Nilsson et al! 2009),
ternal region (June), we estimate that the change in fluxdetw the location of the bend can be expressed in units of grawitait
the initial position ¢ ~ 2°) and the flux at the site when the tra+adii: ~ 3 x 10°°Ry. The radio core is estimated to bel(°Ry
jectory crosses the l.o.s. due to the benBiig/Fo ~ 1.1 - 1.2, (Marscher et &l. 2008) consequently, the bend is positioead
for a spectral indexx = —2.5. It can be readily seen that thethe radio core.

jet axis
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We also investigate the feasibility of the geometric interp
tation for the observed rotation of the EVPA. We find that the
¥ k3 observed rotation is in good agreement with a model where the
emission feature follows a bent trajectory. It has been ssiggl
by|Abdo et al. [(2010c) and Nalewajko (2010) that there might
3 be a bend in the jet of 3C 279 and we find that our polarisation
observations are in agreement with their hypothesis. Hewev
turbulence would cause rotations in opposite directiotascam-
not be excluded as a cause of the observed rotation. We also no
that we do not see a signature of the bend in the observations i
other wavelengths, but the signature there could be damped b
the other dominating emission regions. This is in agreenviht
the multiple emission regions that we suggest based on tie va
ability patterns in the other wavelengths (see above).

The MAGIC observations presented in this paper have pro-
" = P ” > ” vided the strongest upper limits on the VhtEay emission from
the source so far. The upper limits are for the first time below
the detected fluxes, confirming that the detections repteden
Fig. 11. Fit of the bent trajectory model to the polarisation quamigh-activity state of the source in VHfzrays. The source was
tities at the dates corresponding to the optical flare. Bb&h tpreviously detected at VHE in 2006 and 2007, and both detec-
observed polarisation degree and the percentage of pedarifons were during high-activity states in the optical anday-
flux closely follow the behaviour predicted by the bent teaje bands. The multiwavelength behaviour observed in June 2011
tory model (Figur¢_T0). The model, as described in the text,dan be compared with those measured during the observations
obtained following the theory of Nalewajko (2010). Aftereth of 2006 and 2007. In February 2006 (first VHEay detection),
epochs reported in the figure, the monitoring is less intemse the optical flux was similar to the one measured in June 2011,
the behaviour of the polarisation degree and EVPA seem \{giile the X-ray flux was lower than in June 2011. No optical
change and no longer follow the simple bent trajectory modelpolarisation data are available for the VHE detection in&00

Compared to January 2007, the optical flux in June 2011 was
lower, but the X-ray level was similar. In 2007, rotationstioé
5. Summary and conclusions optical EVPA and 43 GHz VLBA core were detected, while in
June 2011 the optical EVPA rotation was not accompanied by
The flat spectrum radio quasar 3C 279 was observed in 2ah# rotation of the EVPA in the radio band. There are some sim-
with the MAGIC telescopes in two flerent campaigns: first ilarities regarding the multifrequency behaviour durihg tlune
with regular monitoring from February to April and later ik 2011 flare with respect to that previously observed durind=VH
as follow up observations after high-activity states incgdtand detections. Despite these similarities, the recent VHEeplas
HE y-ray bands. In neither of the periods was a detection fourtthns did not yield a significant signal. Given the known fast
consequently, dierential upper limits were calculated. vy-ray variability, the non-detection of VHE emission could b

Simultaneously with the MAGIC observations, 3C 279 wag result of the unfortunate timing of the MAGIC observations
monitored at lower energies: Hfzrays, X-ray, optical, and ra- (limited by the moon conditions) during the decay phase ef th
dio. We examine the multifrequency light curve obtainedgnerflare detected bffermi-LAT. But it might also mean that VHE
ing all the available information. There are various pesioi emission is rare in 3C 279 (even during flares). Resolving the
enhanced activity in all the examined energy ranges. The-HEOpen question of the origin of the VHEeray emission in 3C 279
ray and X-ray time evolution show similar behaviours, witlot and flat spectrum radio quasars in general requires lomgdbr
flares both occurring before the optical outburst. Simatars servational &ort in VHE y-ray band.
with the outburst, an increase in the optical polarised fiock a
smooth rotation of the EVPA was observed. We compiled broaskknowledgements. We would like to thank the Instituto detréfisica de
band SEDs for the two ffierent MAGIC observations periodS,Canarias for the e)_(cellent working conditions at the Olseno del Roque
and fitted them with leptonic models taking into account tie-v ¢ 12 RGNEC, & L CARE: T 2 Pepe G 08 UL LA N e
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