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Abstract. We present results of 4 years of VLBA monitoring along withay and optical R-band photometric
observations of 6 BL Lac objects (3C 66A, S5 0#¥8, PKS 073517, S4 095468, W Com, and OT 081).

We have analyzed total intensity images obtained with the VLBA at 43 GHz and investigated the kinematic
evolution of the parsec scale jets of the sources. For all sources we compare flux variations in the VLBI core
and bright superluminal knots witjrray and optical light curves. The majority gfray flares have optical
counterparts. 67% of the-ray events are coincident with the appearance of new superluminal kngts and
flares in the millimeter-wave core. These results support the conclusion that for many flares in blazars the
region of they-ray and optical emission is located in the vicinity or downstream of the mm-wave VLBI core.

1 Introduction Fermi Gamma-ray Space Telescope with the standard soft-
ware [7]. We have constructeghray light curves with
Blazars dlsplay hlgh variability at flerent timescales over binning from 1 to 7 days (depending on the source’s
a broad range of frequencies. Their extreme properties argrightness), with a detection criterion that the maximum-
thought to be the result of their relativistic jets pointing to- |ikelihood test statistic (TS) should exceed 10.0.
ward us. Although blazars comprise only a few percent of e use total intensity radio images at 43 GHz obtained
the overall AGN population, they represent the most nu-ith the Very Long Baseline Array (VLBA. We have
merous class of objects identified wighray sources. The  modelled the images in terms of a small number of compo-
origin of this high-energy radiation is still not clear, al- nents with circular Gaussian brightness distributions. The
though according to radio-interferometer observatipns core is a stationary feature located at one of the ends of
ray bright blazars have the most relativistic jets [1, 2]. the portion of the jet that is visible at 43 GHz. Identi-
There are a number of studies that have revealed a COlfication of Components in the iet across epochs is based
nection between the-ray emission and jet properties (€.9. on analysis of their flux, position angle, distance from the
[3-5]). core, and size. We have computed kinematic parameters
of knots (the proper motion, velocity, and acceleration) by
fitting the positions of a component over epochs hiedi
ent polynomials of order from 1 to 4 in the same manner

We obtain optical (R-band) flux densities from photo- &S described in [8].

metric observations at the 0.4 m telescope of St. Peters-

burg State University (LX200) and 0.7 m telescope of the3 Observational results and discussion

Crimean Astrophysical Observatory (AZT-8). The data

analysis for these telescopes is described in [6]. We als¢ig 1 presents (from top to bottom) the light curves at

use R-band data carried out with the Perkins and Liverpookggio wavelengths (7mm VLBI-core), the R-band optical

Telescopes (the BU grou, Calar Alto Telescopésand  ignt curves, and the Fermi LAJ-ray light curves (orange

Steward Observatoty circles correspond to upper limits) of 6 blazars during the
We derive 0.1-200 GeVf-ray flux densities by ana- period from MJID 54600 to MJID 56000 (from 2008 August

lyzing data from the Large Area Telescope (LAT) of the tg 2012 August). Fig. 2 shows the VLBA images of the
Thttpy/www.bu edyblazarvLBAproject.html sources at 43 GHz. We have examined VLBA images of
Zhttpy/www.iaa.esiagudgresearctMAPCAT/MAPCAT. html the sources for both variability of the core and appearance
3hitpy/james.as.arizona.etpsmithFermy of superluminal knots ejected during this period. Table 1

2 Observations and data reduction
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Figure 2. VLBA images of the sources with trajectories of the
knots superposed.

Figure 1. From top to bottom: evolution of the flux at ra-

dio wavelengths, R-band optical ageray light curves (orange

points mark upper limits), during 2008-2012. Multicolor vertical

areas correspond to the time of ejection of a knot, with the width

of each area equal telo- uncertainty ofTejec. the core at 43 GHz (7 mm) and the appearance of superlu-
minal knots in the jet.

3C 66A: The light curve shows increasingray flux
of the object during MJB 54700- 55750 (Fig. 1). The
lists the apparent speed of moving kngis,p, accelera- ~ source dislpays a high level of optical flux and an increase
tion, if detected, 4 andyu,, along and perpendicular to of the radio flux during this period. A new superluminal
the jet, respectively), mean position angle with respect toknot K1 passed through the mm-wave core after the sec-

the core< ® >, time of separation from the cor@ejer, ~ ONd y-ray flare (MJD- 54805). In addition, the source
and time of the peak of a-ray flare, Tnay, if the latter ~ Shows an increase of the flux level at optical and radio
occurred within 2- uncertainty ofTgject- wavelengths during MJB 55000- 55800 in the form of

We have detected both moving and stationary Compo_a_plateau. We have identified 3 stationary features at the
nents in all 6 objects (see Fig. 3). We have detected 1§listances of 0.17,~ 0.58 and~ 2.35 mas from the core.
stationary features located within a range of projected dis- S5 0716+71: Persistent activity is apparent across the
tances of 0.5-3.4 pc from the core. According to [3] sta- electromagnetic spectrum (Fig. 1). We have identified 5
tionary hot spots are a common characteristic of compacinoving superluminal knots K1-K5 (Fig. 3), out of which
jets. Sources 3C 66A, S5 074B1 , PKS 073517, S4 3 components emerged into the jet during the high opti-
0954+68, W Com, and OT 081 displayed 1, 5, 2, 10, 3, cal andy-ray state. We have identified 3 stationary fea-
and 4 moving knots, respectively. All sources are brighttures at distances of 0.06, ~ 0.13 and~ 0.5 mas from
enough to be detected routinelyjatay energies, except the core. As we have reported in [9], knot K5 appeared
S4 0954-68, which is marginally detected with 7 day bin- at MJD ~ 55850, which coincides withind uncertainty
ning. with the time of the highest peak in theray light curve.

All sources are variabile from radio to optical wave- This eventis accompanied by a rotation of the position an-
bands. The source S5 0ABL exhibits the highest-ray gle of optical polarization (EVPA) by 180 In addition,
activity during 2008-2012, however all the other sourceswe have found a change in the jet direction frem1° (in
show substantial variability ir-rays as well. They-ray 2008-2010, knots K1 and K2) te 36° (in late 2010-2012,
activity coincides with an increase of the total intensity in knots K3-K5). During they-ray flares at MJD~ 55627
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and ~ 55757 no moving components were detected, but ., . "™

the flux of the 7 mm core increased significantly (Fig.1). = s i B LI i :

PKS 0735+17: We have detected 2 moving knots in . = oun *H,‘ At
PKS 073517 (Fig. 3), which were ejected earlier than g oy . _ M ]
MJD 54600, and two stationary features~a0.1 and~ I TP e St B BRSO et s
1.2 mas from the core. However, the source was quiescent T e S i
over the period of observations atray energies and also s S
at optical and 7 mm wavelengths. F TS A .

$4 0954+68: The light curve in Fig. 1 shows high i L Y, S : el h _.-"..-'
activity of the source in the optical band beginning at £ ,." LR e &0 L
MJID~ 54900, with a number of strong flares. We have .: ol :ﬁ IR B B .,_;-"'_*_’__‘_"_.-'__‘
identified 10 superluminal knots (Fig. 3), out of which 9 Pl s maw s Came wme sw s
(K2-K10) components emerged into the jet during the high o -
optical state. Also, we have detected one stationary fea- 3 ;[ T
ture at the distance 0.2 mas from the core. Although the : et ,
y-ray flux was below the detection limit during most of % T 2
the period of our observations, there are a number of pos- ¢ PR i . ,,L,.

£ ,v-x,_,.“_.,-. faetuge ey

itive detections during the strong optical flares that were S e e Ry
contemporaneous with the passages of knots through the wm M
core. The ejection of knots K7 and K8 coincides within
1o uncertainty with the major flare in the R-band light
curve and detections atray energies. As we have re-
ported in [10], the appearance of knot K7 was accompa-
nied by a significant rotation; 300, of the optical EVPA.
All components lie at nearly the same position angle rela-
tive to the core;~ —20°, except component K3, for which  the passage of a superluminal knot through the core within
<0 >~ -53, the errors off¢jer OF With @ major outburst in the core at 7

W Com: We observe 3 moving knots, K1 - K3 mm. We have detected 14 superluminal knots with no ap-
(Fig. 3), in this blazar. A new superluminal knot, K1, parent connection witl-ray activity. However, 9 of these
passed through the mm-wave core beforeqthray flare  events can be associated with optical flares. These results
(MJD~55442), although the ejection occurred withier 2 support the conclusions thatray and optical flares in
uncertainty ofTejer With respect to the flare peak. We blazars are cospatial, and that many of these flares are lo-
have identified three stationary features at distances otated in the vicinity or downstream of the mm-wave VLBI
~ 0.14~ 0.29 and~ 0.93 mas from the core. core. However, the data do not exclude that some events

OT+081: The light curve (Fig.1) shows high activity can be produced closer to the central engine.
of the source at optical and radio wavelengths. Although
the source is usually quite faint atray energies, there
are a number of-ray flares that appear to be associated
with flares at optical and radio wavelengths. We detectACknowledgements
4 moving knots, K1-K4, which were ejected during the
period of our observations. We have found a stationary
component at a distance of0.1 mas from the core. The We thank M.Aller for access to the U.MRAO data. We also
trajectory of knot K2 is significantly curved (Fig.2). The acknovx_/ledge The Owens Valley Ra_d'_o Observatory (OV_R_O)
time of the passage of knots K1, K2, and K3 through thefor online-data access. The Submillimeter Array is a joint

mm-wave core coincides with theray and optical events project betwgen .th.e Smlthsonlan Astrophysical Observatory_and
(Table ). the Academia Sinica Institute of Astronomy and Astrophysics,

and is funded by the Smithsonian Institution and the Academia
Sinica.The research at St.Petersburg State University was partly
4 Summary funded by RFBR grant 12-02-31193 and 12-02-00452. The
VLBA is operated by the National Radio Astronomy Observa-
Over the period from August 2008 to August 2012 we de-tory. The National Radio Astronomy Observatory is a facility
tected superluminal motion in the parsec scale jets of all 6of the National Science Foundation, operated under cooperative
objects, with apparent speeds ranging from 4 ¢ to 30 c. Weagreement by Associated Universities, Inc. The Boston Univer-
have found that a high level of theray activity in 5 out  sity group was partly funded by NASA Fermi Guest Investiga-
of the 6 blazars studied coincides with the appearance ofor grants NNX08AV65G, NNX11AQ03G, and NNX11A037G.
a new superluminal knot ayat a flare in the millimeter-  Paul Smith acknowledges funding support from NASA Fermi
wave core, as well as optical flares. The remaining sourceGuest Investigator grants NNX08AW56G and NNX0SAU93G. I.
PKS 073517, was quiescent atray energies and at mm Agudo acknowledges funding support from the Spanish Ministry
wavelengths during the study. Our preliminary analysis of Economy and Competitiveness and the Regional Government
finds that 10 out of 1%-ray flares were simultaneous with of Andalucia grants AYA2010-14844 and P09-FQM-4784.

Figure 3. Separations of the knots from the core as a function of
time.
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Table 1. Parameters of the knots

ings - eConf C110509 (2011)116. 5861

Knot Bapp <0 > ) Uy Teject v-flare, Tmax
c degrees mas/yr? mas/yr? MJD MJD

3C 66A

K1 307+17 -1715+51 - - 54809+ 15 54749.5 (3)

S5071671

K1 261+05 11+96 071+0.14 153+ 0.02 54869+ 15 -

K2 20+ 015 105+29 - - 55250+ 15 55265.5

K3 228+04 41+20 - - 55310+ 17 55345.5

K4 161+0.9 395+143 023+ 0.02 -0.24+£0.04 55500+ 15

K5 214+21 278+41 - - 55842+ 12 55856.5

0735+178

K1 201+29 781+74 12+001 -0.06+0.01 - -

K2 41+0.2 73+ 6.7 002+0.01 -01+001 - -

S4 0954-68

K1 134+ 03 -289+55 -0.71+003 -04+002 54649+15 -

K2 117+17 -26+6.3 - - 54838+ 20 -

K3 75+05 -529+52 -0.28+0.03 035+0.03 54920+ 17 -

K4 69+04 -20+6.7 -0.39+0.01 -0.18+0.01 55090+15 -

K5 13+14 -137+0.8 - - 55169+ 21 55183.5

K6 136+38 -178+11 - - 55281+ 74 -

K7 193+0.2 -254+64 -095+004 -088+0.03 55671+15 55638.5

K8 172+14 -84+44 - - 55704+ 15 55680.5

K9 266+16 -241+31 - - 55827+ 27 -

K10 202+09 -146+26 - - 55872+ 15 -

W Com

K1 47+05 953+ 106 - - 55362+ 46 55442.5

K2 45+ 0.8 98+ 6.7 - - 55570+ 29 -

K3 59+04 992 + 6.6 - - 55920+ 15 -

OT 081

K1 17+ 0.6 -6.7+ 157 051+0.18 -0.26+0.02 55604+79 55617.5

K2 81+01 -25+15 -0.38+0.03 053+001 55654+ 15 55617.5

K3 75+02 -226+29 - - 55727+ 15 -

K4 144+10 -263+27 - - 55917+ 15 -
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