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Abstract. The Fermi LAT detected an increasejifray activity of the quasar 083610 (z=2.17) in Spring

2011 that culminated in a shagpray flare at the end of 2011 when the source reached a flux afl2:9

phot stcm™ at 0.1-200 GeV. We monitor the quasar at optical wavelengths in photometric and polarimetric
modes, at millimeter and centimeter wavelengths, and with the VLBA at 43 GHz. The optical brightness of
the quasar increased BY).5 mag inR band and the degree of polarization oscillated betwekyb and~6%
during the highesy-ray state, while the position angle of polarization rotated-Bp0. We have identified

in the VLBA images a strong, highly polarized component that moves with an apparent spe2d®fThe
component emerged from the core in the beginning ofythay event and reached a flux maximum at the peak
of they-ray outburst. We present the results of a correlative analysis of variatiorfBeaédt wavelengths along

with the kinematic parameters of the parsec scale jet. We discuss the location of therhigemission in the
relativistic jet, as well as the emission mechanisms responsibierfay production.

1 Introduction tivity lasted for a year, culminating on November 1st,
2011 when they-ray flux reached a maximum @&, =
The quasar 083671 (4G+71.7) is the most distant source (2.9 + 0.4) x 10°® phot s'cm2 at E>100 MeV, which
at z=2.172 [1] among the-ray blazars which Boston Uni- corresponds to a luminosity of (L= 0.2) x 10°° erg s*
versity group monitors with the Very Long Baseline Array (H.=71 km sMpc?, Q,=0.27,Q,=0.73). The multi-
(VLBA) at 43 GHz". Kaspi et al. [2] have measured a ten- frequency behavior of 083&1 during they-ray-outburst
tative rest-frame delay 0f188 days between variations of has been discussed by Akyuz et al. [7]. These authors find
theUV continuum andClV emission line of 083671 and 5 significant change of the shape of theay spectrum
estimated the black hole mass (?H)@-?Xlog Mo. The  from straight to curved in the log,S- logv plane, evidence
bolometric luminosity of 3.810° erg s— then suggests  for a positive correlation betweenray and optical flaring
that the BH is accreting close to its Eddington luminos- emission, and no clear correlation betweeray and ra-
ity. The quasar has a highly relativistic jet with apparent gi variations. Since 2007 June we have been observing
speeds up to 21[3]. It was identified as g-ray source  0836+71 with the VLBA at 43 GHz roughly monthly and
by the Energetic Gamma-Ray Experiment Telescope [4].  performing optical measurements in photometric and po-
Although the quasar is listed in the First and Second Catyarimetric modes as frequently as the telescopes’ schedule
alogs (J0841.67052) produced by theermi Large Area  and weather allow. Here we present analysis of both the
Telescope (LAT) team [3, 6], it was fairly quiet during the  myti-frequency light curves of 0831 and parsec-scale
first two years of thé=ermi LAT operations with an av- jet behavior during and after the promineatay event.
eragey-ray flux of S = (1.8 + 0.7) x 1078 phot stcm™

at E5100 MeV. However, in March 2011 the blazar un- . )
derwent an increase ip-ray emission. The-ray ac- 2 Observations and Data Reduction

3e-mail: jorstad@bu.edu We have constructed theray light curve at energies from
Lhttpy/www.bu.edyblazargVLBAproject.htm| 100 MeV to 200 GeV with a bin size of one week from
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the beginning of thd=ermi mission up to 2013 May us-
ing Pass 7 photon and spacecraft data, versig®r23pl tor

of the Fermi Science Tools, and the instrument responses os |
for the gal_2yearp7v6_vO andiso_p7veclean.txt diffuse '
source models. We have also computed the fluxes with & oof A

a bin size of 3 days over the period from 2011 February
25 to 2012 March 25 and with a bin size of 1 day for the 057
brightesty-ray state from 2011 October 25 to 2012 Jan-
uary 5. We have used a power-law model with the photon
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indexa, = 2.95 as listed in the 2FGL catalog [6] during Detay (days)
quiescent periods, and allawy to vary in calculations dur-
ing the active state. Figure 3. Discrete cross-correlation function (DCF) between the

We observed 083671 withRXTE at 2.4-10 KeV twice Y&y and optical light curves (the red curve). The gray curves
per week from 2009 February 6 to 2010 February 10 ana?emu_3 a Ie\(el of significance 99'7% based on DCF computa-
with the Suzaku XIS at 0.2-15 KeV on 2012 October 0" INvolving 3000 simulated light curves.

13. We have downloaded the data from Sréft archive, "

which contains sporadic measurements withSht XRT R } oz

at 0.2-10 KeV from 2006 April 1 to 2012 April 3. The X- {

ray data were reduced using the standdEAsoft pack-
age (version 6.11). We fit the spectragpec using a
power-law model with the hydrogen column density N
=2.9x10°%cm2[8].

The optical photometric data were obtained at vari-
ous telescopes: 1) the 1.83 m Perkins telescope of Low-
ell Observatory (Flagstg AZ), 2) the 70 cm AZT-8 tele-
scope of the Crimean Astrophysical Observatory (Nauch-
nij, Ukraine); 3) the 40-cm LX-200 telescope of St. Peters-
burg State University (St. Petersburg, Russia); 4) the 2.2 m
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telescope of Calar Alto Observatory (Almeria, Spain); 5) 2_5:, l ﬂ ,
the 2 m Liverpool telescope of the Observatorio del Roque Ly e
de Los Muchachos (Canary Island, Spain); and 6tiét o600 T 2ee0000 700 oo

UVOT. At telescopes 1-3 measurements were performed

In BVR_I bands, at telescopes 4'5_’ in R band, a_nd at theFigure 4. Top: vy-ray light curve during the high-ray state,
UVOT in BV bands plus four UV filters. The optical po-  the yellow horizontal line marks a quiescent flux levBbttom:
|arizati0n Observations were Carried out at '[e|ESCOpeS 1'4}/.ray photon index vs. time, the ye”ow area shows a typ|ca|
in R band, except the LX-200 telescope, where the lineatphoton index of 083671, the blue area shows the most probable
polarization were measured without a filter, with a central «, values during the brightestray state.

wavelength afleg ~ 670 nm.

We use radio measurements obtained at 1) the Sub-
Millimeter Array (SMA, Mauna Kea, Hawaii) at 1.3 mm  yajyes within an area equal to that of the size established
(230 GHz), 2) the 30-meter IRAM telescope (Pico Veleta, py the model fit.
Spain) at 1.3 mm, 2 mm (142 GHz), and 3 mm (86 GHz);
3) the 13.7 m telescope at Metsdhovi Radio Observatory
(Aalto University, Finland) at 8 mm (37 GHz), and 4) the 3 Variability at Different Wavelengths

40 m telescope at the Owens Valley Radio Observatory
(OVRO) at 2 cm (15 GHz). Figure 1 shows that the-ray outburst has a counterpart

at the optical wavelengths with similar structure and du-

The multi-wavelength light curves of the quasar are 5ii0n, The cross-correlation analysis between the light
presented in Figure 1. The curves of optical polarization,res (Figure 3), performed in the same manner as de-

parameters along with theray and optical light curves  gcripeq in [10], suggests that there is a statistically signif-
are given in Figure 2. icant positive correlation betweenray and optical varia-

We have obtained total and polarized intensity imagestions without any delay 1 day. Figure 4 shows variations
of 0836+71 at 19 epochs with the VLBA at 43 GHz from of the photon index during the highray state. In the be-
2011 March to 2013 January. The VLBA data were cali- ginning of the event, did not deviate significantly from
brated and imaged in a manner identical to that describedhat given in the 2FGL catalog, while during the brightest
in [9]. We modelled the images in terms of a small num- y-ray state a flattening of the photon index is apparent at
ber of components with circular Gaussian brightness disthe 2.5 significance level.
tributions and determine polarization parameters of com-  Figure 5 shows measurements at X-rays energies along
ponents using an IDL program that calculates the mearwith the photon indexgx. Although the X-ray light curve
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Figure 1. Light curves of the quasar 08881. From the top:y-ray light curve, red arrows designate upper limits, blue points
correspond to the flux densities calculated with a bin size of three days; optical light curve, and radio light curves at 15 GHz (red),
37 GHz (green), and 86 GHz (blue); the vertical dotted red line marks the time of pasdagt tfrough the core.
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Figure 2. From the top:y-ray light curve (blue points correspond to the flux densities calculated with a bin size of one day), optical
light curve, degree of optical polarization, and position angle of optical polarization ford838he vertical dotted red line marks the
time of passage df11 through the core.
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Figure 5. Top: y-ray light curve during of 083671. Middle: Figure6. Relative flux aty-ray (blue), X-ray (green), and optical
X-ray light curve.Bottom: X-ray photon index vs. time. (black) wavelengths vs. time with respectTgay of the y-ray
outburst.

Table 1. Parameters of Variability

Frequency 7w T o Srrax f light curves. On the other hand, theay outburst has sev-
day MJD erg stcm2Hz? eral peaks (marked in Figure 6 as A, B, C, and D), relative

1GeV 0.4 55866.547 (7.53.21)x10%* ~40 amplitudes of which seem to vary across wavelengths in a

1 keV 0.8 55922.986 (2.58.20)x102° ~2 5 different manner while the structure of the outburst is per-

670 nm 2.3 55884.065 (1.28.01x1026  ~2 haps roughly similar. Such behavior could be connected
with an interplay between the synchrotron self-Compton
(SSC) and external inverse Compton (EC) mechanisms for

is sparse, an increase of the flux in Autumn 2011 is clearlyni9h energy production caused by variations in the density
visible and, perhaps, simultaneous with theay event. of the seed photon field and strength of the magnetic field

The X-ray photon index is significantly flatter thar. (€.9., [12]). The latter would imply that theray flares A,
Despite large uncertanties ok, especially during a qui- B+ & and D originate in dierent places or in a moving
escent period, a tentative flatteningaf from ~1.6 dur- ~ €MISSIon region.

ing the quiescent period to1.5 during the outburst is in- The radio light curves at short wavelengtts(mm)
dicated. We have analyzed the timescale and amplitug&nOW an outburst that started.5 yr earlier than the-ray

of flux variability fromy-rays to optical wavelengths dur- €vent (Figure 1). Although there is activity at mm wave-
ing the highy-ray state. We have determined a minimum '€ngths during the-ray outburst and the flux at 15 GHz
time scale of the variabilityr,y . the epoch of the peak eaches a maximum in the form of a plateau with a dura-
and peak flux density of the outburst at each wavelengthtion of several months that peaks at the maximum ofthe

Trex and Smax, respectively, and the factdr of the flux ray outburst, the connection betweenay and radio light

increase during the peak with respect to the average quiCUrves is notclear, as discussed by Akyuz et al. [7].

escent flux level (Table 1). The value gf; is equal to

the minimum time interval in the light curve required for 4 jet Kinematics

doubling of the flux at a given frequency. Theay flux

shows the shortest timescale and largest amplitude of variThe parsec-scale jet of the quasar 0836is strongly core
ability with respect to longer wavelengths, as observed fordominated at 43 GHz (Figure 7). We have constructed the
other blazars as well [e.g., 11]. However, the amplitude oflight curve of the VLBI core,A0, which shows a good
variability at optical wavelengths is most likely masked by correlation with the mm-wave light curves from the whole

a contribution from the thermal emission of the accretion source (Figure 8). The VLBA images reveal brightening of
disk. This is supported by a reddening of the source whenA0 that started in the second half of 2009 along with an in-
it becomes brighter, and by a low degree of the optical po-crease of the flux in the mm-wave light curves. The global
larization during quiescent states (see below). Akyuz etmaximum at 86 GHz on 2010 March 22 (RJD:5278) ap-
al. [7] have estimated the contribution from the accretionpears to be contemporaneous with the brightest state of
disk in R band to be-0.55 mJy and computed an ampli- the core on 2010 March 6. The second (in amplitude)
tude of variability of the optical synchrotron component maximum of the core flux, reached on 2011 April 21
of ~7. The X-ray light curve of 083671 also suggests the (RJD:5673), coincides with the second maximum of the
presence of a steady component that dominates the X-ra§6 GHz light curve. The radio spectral indexyq, cal-
guiescent emission. Although the glohatay peak coin-  culated using 142, 86, and 37 GHz measurements, steep-
cides neither with the X-ray nor optical maximum, this can ens as the mm-wave outburst evolves (Figure 8). Analysis
be explained by sparser sampling of the X-ray and opticalof the parsec-scale jet behavior indicates that the second
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maximum is associated with the appearance of a new supr-
luminal knot,K11, in the jet (Figure 9)K11 moves with
apparent spegbhpp=19.7+1.2 ¢ (Figure 10). Extrapola-
tion of its motion back in time gives the epoch of the pas-
sage of the knot through the core to be around 2011 April
9, T, = 2011.20.02. The trajectory oK11 is ballistic
in the projection on the plane of sky, which suggests that
an apparent deceleration of the knot by a factor»fteen
beyond~0.2 mas from the core (Figure 10) might be in-
trinsic. We used the method proposed by Jorstad et al. [9] ‘ ‘ ‘ ‘ ‘
to estimate the Dopples, and LorentzI', factors, and 1
viewing angle®,, of the jet. The method yields~21.3,
I' ~19.8, andd, ~2.7° within 0.2 mas from the core. Fig-
ure 10 also shows the light curvel§fL 1, which peaks near
the maximum of the~-ray outburst. At this time a promi-
nent outburst is seen in the 37 GHz light curve, while atP
shorter mm-wavelengths an increase of the flux is negligi-
ble, which yields the steepest value®fy close toT Jux
(Figure 8). The latter favoris 11 being responsible for the
increase of the flux at mm wavelengths at this epoch, since
the knot is most likely optically thin, with the spectral peak
within ~10-50 GHz.

The absence of a disturbance downstream of the core, ~ f, . . . .
which can be associated with the global maximum at mm ]
wavelengths, is puzzling. Neither theray nor optical
light curves show a significant increase of the flux during 3 l l [
this global peak at mm wavelengths, while the appearence C ] ’ ] l
of K11 in the jet manifests the beginning of both theay l l
and optical activity (Figures 1 & 2). o2 ]

The parsec-scale jet of 08881 extends out to 3 mas N S s DURN A
at 43 GHz (1 mas8.39 pc). A compact featur€, is lo- ' 5000 o 8000
cated at the south west end of the jet (Figure 7). The quasar

Is observed also Wlthm the MOJA\?E)rograrT_l at15 GHz. Figure 8. Top: Radio light curves at mm wavelengths and light
One of the observations, on 2011 May 21, is very close g, ryes of the VLBI coreA0, and knotk11 (dotted red and ma-

the epoch of our observations at 43 GHz (2011 May 22).genta curves, respectivelyBottom: Evolution of mm wave radio
This allows us to measure thefidirence between the po- spectral indexy.q. The vertical magenta line shows the time of

sitions of the core at 43 GHz and 15 GHz with respect tothe passage of knd€11 through the core, the vertical blue line
knot C, which is 0.16:0.03 mas. Using the value of the marks the epoch of the maximum of theay flux.

viewing angle derived above, we estimate that the VLBI
core at 43 GHz lies closer to the BH than the 15 GHz
core by~28.5 pc. According to a study by Pushkarev et
al. [13], the core of 083671 at 15 GHz is located42.5 pc
from the BH. This suggests that the 43 GHz core is locate
~14 pc from the BH. If the enhancedray emission is as-
sociated with superluminal kn#t11, as can be inferred
from our analysis, the dissipation zone during the peak o
the y-ray outburst was located at a distancgs pc from
the BH.

0836+71 22 May 2011

Dec (mas)

Figure 7. Total intensity image of 083671 at 43 GHz,

Speak=1.82 Jy beam' with a beam size of 0.2d0.17 mas at
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of the quasar, especially during quiescent periods. Polar-
d’zed emission at 43 GHz higher than a noise level is de-
tected mainly in the core afmt a newly emerging knot
(Figure 9). The degree of the radio polarizatiBys, does
fnot exceed 3% (Figure 11). In general, there is no con-
nection betwee, andPs3. However, some interesting
behavior ofPq can be seen in Figure 2 that might be as-
sociated with the ejection d€11. Just before and several
months after the appearencelkofl in the jet, wherK11
was within 0.2 mas from the core and moved at its highest
apparent speed, the degree of optical polarization oscil-
lated between a very lowoy ~1% andPoy ~6%, dis-
playing a kind of “see-saw” behavior, while outside this

5 Polarization Behavior

The quasar 083671 displays a moderate degree of opti-

cal polarization,Pqy;, for a blazar, usually1-3% (Fig- X : . :
b ot ¥-1-3% (Fig dime intervalPoy varies more smoothly. A tighter con-

ure 2). The highest polarization, which has been observe . . L o
since Summer 2008, is7%. This suggests a significant _nectlon between the optical polarization and polarization

contribution of the accretion disk in the optical emission

2Monitoring Of Jets in Active galactic nuclei with VLBA Experi-
ments, httpg/www.physics.purdue.edastrgmojave

in the jet can be inferred from a comparison of variations
of the position angle of optical polarizatiop,, with that
of polarization ofK11, y43. Figure 2 shows thaggop ro-
tates during the period of “see-saw” behavior by several
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Figure 9. Total (contours) and polarized (color scale) inten-
sity images of 083671 at 43 GHz with §=1.37 Jy beart,
Sgggk:30 mJy beamt, and beam size of 0.24.17 mas at
PA=-10°. Line segments within the image show direction of

linear polarization, the vertical magenta line marks the position
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Figure 10. Separation ofK11 from the core (black filled cir-
cles) as a function of time and the light curveloil (magenta
filled circles connected by the dotted curve). The vertical blue
line indicates the epoch of the peak of theay outburst, while
the yellow area marks a location in the jet of the high energy
dissipation zone during theray peak.
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Figure 11. Top: Degree of optical polarization vs. timBottom:
Degree of radio polarization integrated over the jet at 43 GHz.
The red vertical line shows the time of passag&afl through
the core.

180 cycles. The rotation starts right at the beginning of
they-ray activity, coincident with the ejection #f11. Ro-
tation of y43 is also clearly visible in Figure 9. Although
comparison of the two, displayed in Figure 12, does not
imply that yopt=y43 at the same time, but it does reveal
rotation of both position angles in the same manner. This
favors that knoK11 is responsible for the optical flaring
behavior, and, therefore, theray outburst. Larionov et
al. [14] explain optical photometric and polarimetric be-
havior of the blazar 071671, in particular rotation of the

of the core across epochs, while the green verical line shows th&0Sition angle of optical polarization, within a model of a

evolution of knotK11.

compact emission region moving along a spiral trajectory.
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Lo 45_ *3_1-0(70. o the jet and place the emission region of the highesty
) flux at~35 pc from the BH.

This study, along with many others, demonstrates
that continuation of operation of the VLBA isextremly
important for our understanding of the physics of the
most ener getic objectsin the Universe.

[ Black: Visible Light
[ Red: Radio Knot (43 CHz)
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