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Fig. 6 (right). Sample sequence of VLBA images of the
quasar 3C 279. The size of the restoring beam is 0.15 X
0.36 mas? at a position angle of -10°. Contours decrease
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Abstract Jet Structure & Knoft Identification

Details of the observations made with the VLBA can be found in
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We analyze the parsec-scale jet kinematics .from 2013 M jorstad et al. (2017). We follow the fraditional approach to across all epochs, 8386 mJy beam-! on 2015 February 14. @E& IIIIIIIIIIIIII
January 1o 2017 December of the gamma-ray bright blazars lyy,oqel the total infensity visibility files (e.g., Homan et al. 2001, |3 b Straight lines across the images show the positions of the K@
4C +21.35 (PKS 1222+216), 3C 279, and PKS 1510-087, M jorstad et al. 2001, Jorstad et al. 2017). We represent the total JlIE . . AR core A0 and moving knofs. i% o
monITored roughly monThly WlTh The very Long Bgse“ne ArrOy STrUCTure Of eOCh source OT eOCh epOCh WITh d Sel'leS Of 2D é + ’ ] Table 5: 2007-2013 Physical Parameters of Jets (from Jorstad et al. 2017) /§
(VLBA) at 43 GHz. In a total of 158 images, we measure B Gaussian components that best fit the visibility data determined [ll§ ) .
apparent speeds of 19 emission knots, of which 4 are quasi- By, iterations with the MODELFIT task in Difmap. The component [l : P, 10T e TG i e
stationary. Using the apparent speeds of the components By rameters are flux density, S, distance with respect to the core, 2 ..o 12224216 2879 TAL21A39LRLSOLLO 4600 1510 S

1510-089 1919 353+46 225+33 12+£0.3

Past Behavior Comparison

The physical parameters of the jets for the
time period mid-2007 to mid-2012 are
given in Table 5 (above). The parsec-scale
jets of 1222+216 and 1510-08? did not
change dramatically between the two
analyzed time periods, even though the
quasi-stationary features do not line up
between periods for 1510-089. The jet of
3C 279, however, appears to have shiffed
such that the angle between the jet axis
and the line of sight is larger. This has
correspondingly lowered the apparent
speeds of knots moving down the jet.
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onq the Timesc.oles of variablility from their light curves, we MR relative position angle (measured north through east), O,
derive the physical parameters of the 15 superluminal knots, |l 4nd angular size, a. The brightness temperature, Ty gps. is then

Including variability Doppler factors, Lorentz factors, and M qerived through the method describes in Jorstad et al. 2005.

viewing angles. We estimate the half-opening angle of each Bee ytures are then correlated across epochs by searching for
jet based on the projected opening angle and viewing continuity ~ in  the fitted

angle. We calculate the intrinsic brightness temperatures of Table 1: Jet Structure oarameters. Polynomials of
. . 1 1 Source  Knot (S) (R) ©) (a) Type
the cores at all epochs. We finally discuss the changes in jeft mas deg =  Wldegree £=0,1,0or2 are then

Jy
1222+216 A0 0.63 £ 0.39 0.0 0.0 0.10+0.08 Core

behavior of these jets compared to their behavior during the AL 46 0324017 0185005 IB1XIS1 0055002

A2 0.15£0.08 045+0.07 11.75+15.1 0.18+0.13

fime period 2007 June to 2013 January, as described in B 10 0I04006 L0400 2304007 0304006

B5 0.21£0.08 1.10£0.24 15.07+4.63 0.39+0.17

JorS.I.Od e.l. Ol (20 ‘| 7) B6 0.20£0.10 217+£0.78 —-1.03+1.10 1.04+0.44
. . B7 0.10£0.04 1.72+0.33 4.96 + 2.35 0.45£0.12

B8 0.06 £0.02 094+0.20 21.20£1.50 0.17+0.04

7.76 £ 1.64 0.0 0.0 0.13 £0.04

C33 "=

- -0-0-0-000-——-0000-——0-00-——-0--000-0.-00000-0-——-000-0-0--000-0-0-0000-0000000--—0-0--00-00-0—————

Epoch [Decimal Year]

Fig. 4 (above). Separation of jet features from
the core of 3C 279 from 2013 Jan. to mid-2018.
The solid lines or curves represent polynomial fits
to the motion, while the dotted line marks the
position of the core. Error bars show the approx-
imate 1o positional uncertainties based on Ty, gps.
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fit fo the X and Y coordinate
of each knot, and the best fit
is determined by a y? ftest.
Average parameters for the
structure features of the knots
for each source are in Table 1
(left), and seen in Fig. 1-3 for
1222+216, Fig. 4-6 for 3C 279,
and Fig. /-9 for 1510-089.
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1.844+1.09 0.04+0.08 —-158.35+4.72 0.28+0.16
3 311+276 0.86+0.15 —-152.28£3.00 0.23£0.07

045+£0.22 1.28+0.31 -—-12837+3.35 0.53+0.20
0.59+0.41 1.64+045 —146.26+2.26 0.48+0.23
0.23£0.08 1.72+0.14 —147.40+1.72

Fig. 5 (left). The separation of jet features from
the core of 3C 279 from mid-2007 to mid-2012
(from Jorstad et al. 2017). The vectors show the
P.A. of each knot with respect to the core at the
corresponding epoch. The vertical black line
segments show the approximate 1o positional
uncertainties based on Ty, ops-

0.27 £0.12
1510-089 2.05+0.80 0.0 0.0 0.10 £0.07
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0.184+0.09 0.76 £0.13 —22.32+4.66 0.42+0.24
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099+099 0.53+0.18 -—-33.09+6.52 0.32+0.19
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56250 56500 56750 57000 EE’%%% [M)D] 57500 c7750 55000 S6250 F.|g. 1 (above). Somple sequence of VLBA images of the quasar 1222+216. The Table 2: Velocities in Jets 56250 56500 56750 Eg%csf(\) [M)D] @‘& a° = o, .
4.0r — T 1 71— 71— 1 — 11 @l size of the restoring beam is 0.16 x 0.36 mas? at a position angle of -10°. Source  Knot £, L, m @) By i . . r T \§§D
1222 + 2 16 - | ] Confours decrease by a factor of v2 w.rt. the peak flux density across all mas yr~! deg c 15 10 089 i§ )
t 551 coochs, 1592 mly beam! on 2014 November 15. Siraight lines across the [l 2226 Bf 1 1 0@i£00006 090002 167+001 wiisszoor ) iy
[ images show the positions of the core A0 & moving or quasi-stationary knots. B6 2 1 0658+£0.0002 —14£0002 17474001 2012.55+0.01 Z D\§
7 >Ur B7 1 1 0.938 £+ 0.009 —2.64+0.2 2490 £0.24 2015.57 4+ 0.02 iy i d
g i = = B8 2 2 0.751+0.004 —18.44+0.2 19.94 £0.11 2016.71 £ 0.02 g 2.0 I \§
— - 3C 279 C33 1 2 0.046£0.0001 —135.24+0.1 1.46=£0.003 2010.55=0.01 — -
o 2.5} Kn O-|- KI n e I I .O -|-I CS C34 2 2 0.08 +0.00001 -134.3+0.01 2.7140.0003 2010.89+ 0.1 v I / !
8 I - - - C3s 1 1 0.406 £ 0.001 —1493+0.1 129240.03 2010.95+0.01 8 s &(@ %
= 2.0f The name of each knot is a continuation from Jorstad et al. C3 1 1 0500001 10601 1814£003 21206001 Y = 15} \%
i . . . . — . . . . . . i N
s (2017), where “A” knots are quasi-stationary features, “B” [l wsoom B85 1 1 omssooe —miir oiozoor misszoor S I 0
Ol . . . BT 1 1 1.674 £+ 0.011 —23.3+04 37.594+0.25 2014.66 £ 0.06 o £
= ! knots are moving features, and for 3C 279 the designations BS 2 2 015940112 —13+05 3574252 2015074011 [l & O] &@h\?
z [ h _I_ d f _I_ | B d _I_h B9 2 2 1.070+£0.003 —2714+03 24.03+0.07 2016.66 &+ 0.06 'z p k%@@ .
A 1.0f ave conftfnue rom pPast dndalyses. ase on e BI0 1 1 11164002  —349+1  2506+0.58 2018.07+0.02 [l O I& 50 0
I . . 0. 9
o polynomials that best fit the data, we calculate proper ° M L
3 motion, p, direction of motion, ®, and apparent speed Bapy, Feble 3 Physical Parameters of Jot Features @g GGGGGGGGGGGG
: 3 3 ource no Tvar var o \\
0.0 for each knot, following the method in Jorstad et al. (2005). i et ’ i bt

12224216 B4 1.92 £ 0.02 6.87 == 1.25 23.9+0.9 5.9+0.3
B5 247 +0.14 6.31 = 2.77 13.9+ 0.3 7.6 1.5
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We then calculate the epoch of gjection T, for each knot

. s 1 . o o . B6 2.09 £0.01 19.88+8.41 17.6 4.7 294+14 i &
Fig. 2 (above). Separation of jet features from with S,TOT,ISTICOHY mgmﬂcorﬁ proper moftion. The degreg of be el O TN S st Fig. 7 (above). Separation of jet features from i@ .
1222+216 the core of 1222+216 from 2013 Jan. to 2017 the fit in each coordinate, average proper motion, 30270 C33 1374070 104£059 20%001 520+ 154 fhe core of 1510-087 from 2013 Jan. fo 2018 bec. ﬂ' P e
Dec. The solid lines or curves represent direction of motion, opparen’r speed, and epoch of ggg ;:g;ig:g; 153'?320115(?4 13;;?0112-?6 Z:giig The solid lines or curves represent polynomial fits &@W& mmmmmmmmmmm
7 polynomial fits to the motion, while the dofted ejec’rion are provided in Table 2 (Upper I’IghT) C36 1.42+0.02 17.14+821 182439 33+1.5 = 0.8 fo the motion, while the dofted line marks the \§§®
; 4 i . C37 4.26 £0.45 3.21 4= 1.47 8.5+0.5 14.1 +2.4 & 1t I- i 5
i Ilne.morks the position of the core and quasi- 1510-089 B6 0.40 £0.11 37.45+22.15 249+ 148 1.3+1.2 £ position of the core and quas STOT'.OHOW I c37<® ,
5 0.6 stationary features.. Error-bars show the approx- . B8 0.51+0.01 22.38+13.29 11.5+9.9 08=1.1 5 06 feafures.. Emor-bars show the approximate /ﬁ\
e [ imate 1o positional uncertainties based on Ty gps. P hys |ICJ ‘ P aram eTe I'S Of Je'l's B9 0524001 432141991 2834134 1.1+£08 B 1o positional uncertainties based on Ty ops- §§§
g £ N
o B . . . o o =K\ )
c Fig. 3 (left). The separation of jet features from EUSING The kinematics of each knot, we compute physical Table 4: Physical Parameters of Jets ¢ o Fig. 8 (left). The separation of jet features from [l | b 9
= the core of 1222+216 from mid-2007 to mid-2012 @parameters in the parsec-scale jets of the sources. The S—p 5 W ) o 7 N z the core of 1510-089 from mid-2007 to mid-2012 %\§ °°°°°°°°°°
. oo . 0 b,int 0 .
rom Jorstad et ol 2O17). The vectors snow I M average Doppler factor of variability, 8yar. is calculated (Gpo) (deg) (I0DK)  (deg) o (from Jorstad et al. 2017). The vectors show the QL
A Of each Knot With Tespect 1o The core. Ine usina the formalism developed in Jorstad et al (2005) 1222+216 2379 6.6+58 242+210 47+16 1815 24410 5 P.A. of each knotf with respect to the core. The i Lavs
vertical black line segments show the approx- : d . D e dl ' 3C279  3.080 3.7+6.1 49+6 66+186 7441 248+7.7 5 vertical black line segments show the approx- @?\ uuuuuuuuuu
imate 1o positional uncertainties based on Ty, ops- using the angular size and timescale of variability, 7y, Of 1510-089 1.919 325+88 185472 10+0.2 2053L 0.3+0.7 imate 1o positional uncertainties based on Ty, gps. g§;@ 0
each knot and the luminosity distance and redshift of the ) ) 7
References source. To derive 1y, We make use of the fact that the majority of AGN flares at milimeter wavelengths can be modeled by @ Fig. 9 (below). Sample sequence of VLBA @\ .
- - - _E - - : — images of the quasar 1510-089. The size of the 0
omon. D.C.. Olha, R, Wardle, JF.C.. of Ol 2001, ApJ, 549, 840 efponen’nol .proﬂles (Terosron’rq & Valtaojo 19?4, Lister 2001). Thus, we fit a line to the In(S) vs time graph of egch knot, and take 7y, esiring boam i 0.19 X 04 mas? of & sosition &@@
Jorstad, $.G., Marscher, A.P., Mattox, J.R., et al. 2001, ApJS, 134, 181 |~ where k is the slope of the line. For knots with o, < 7y,./2, we then calculate the Lorentz factor, I', and viewing angle, 8,, of each l angle of -10°. Contours decrease by a factor B %0
Jorstad, S.G., Marscher, A.P., Lister, M.L., et al. 2005, AJ, 130, 1418 : : : : : ' ' Lol | | e
knot using the relations in Jorstad et al. (2017). Values for these parameters can be found in Table 3 (upper right). For each source, we [l ©f Y2 with respect fo the peak flux density i .
Jorstad, S.G., Marscher, A.P., Morozova, D.A., et al. 2017, ApJ, 846, 98 . . . . across all epochs, 4277 mJy beam on 2016 k§§r
Lister, M.L. 2001, ApJ, 561, 676 then compute the total average Doppler factor, Lorentz factor, and viewing angle. These are shown in Table 4 (above), along with the @ jan 01. Straight lines across the images show o

Terasranta, H., & Valtaoja, E. 1994, A&A, 283, 51

maximum intrinsic brightness temperature of the core, Tygy,¢. iINtrinsic viewing angle 8, = (max(0,) — min(0y))/2, and number of knots N. the positions of the core A0.
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