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Using the Blandford-Konigl jet model and five observables, one can

determine a number of properties of blazar jets

Observables:

1. Redshift

2. core flux density
3. extended flux

Results (jet
parameters):
1. Lorentz factor

(')

density. 2. angle to line of
4. core shift sight (6)
5. apparent
opening angle l
Nuisance
parameters: Other parameters:
1. electron 1. Doppler factor
distribution _(6) |
parameters (y;, 2. Jet opening
Y2, P) angle (c)
2. equipartition 3. Magnetic field
parameters (&, B(1 pc)
&)
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Gives distance to source, determines luminosities from fluxes
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Shaw et al. (2012)
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Core radio spectra seen in VLBl images are flat. BK model explains this as the
superposition of several self-absorbed components. F (T, 6, o, P;) . Also
depends on electron distribution N (y) = Ny, P .

. d VLBA 15 GHz Image of Jet in 3C 454.3 Self-similar relativistic jet

Synchrotron spectrum

log flux density

Relative R.A. {mas)

log frequency

MOJAVE website Marscher (1995)

http://www.physics.purdue.edu/astro/MOJAVE/
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VLBI core position is dependent on frequency. Core’s position “shifts” when
viewed at different frequencies. A(T, 6, a, Pj). Also depends on electron
distribution N (y) = N, yP .

superluminal

jet origin VLBI core observed at different frequencies feature
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Kovalev et al. (2008)
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The Power needed to inflate cavities in hot ICM is well-correlated with extended
radio luminosity. So measuring extended radio flux gives jet power.
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Jet opening angle projected on the sky can be measured by analyzing

transverse jet profiles from VLBl images. a=a
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Using observables, we can get
two equations:

FAT, 0, a,P;) 2 F/(T, 6, a
Lext)

Ao(T, 0, a, Pj) - A@(T, 6, a

Lext)

app’

app’

Two equations, two unknowns,
can be solved for I" and 6.

Once these are known, one
can find:
Op = [[(1-Bcos 0)]
a =da,,, sin 0
Bapp = (26Dr' 6D2 — 1)1/2
B(1 pc) ~ P2
[ B ~r'in BK model]
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Nuisance parameters drawn from 10— —
flat priors: g
1. electron distribution
parameters
1. log(y,): between 0 and 4.
2. log(y,): between 3 and 7.
3. p:between 1 and 5.
2. equipartition parameters
1. log( & ) = log(ug/ug):
between -1 and 1.
2. log(§g,) = log(u,/ug):
between -4 and 1.
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Observables taken from literature:

1. core flux density > MOJAVE website (e.g. Lister et al. 2009)
2. extended flux density - Meyer et al. (2011)

3. core shift > Pushkarev et al. (2012)

4. apparent opening angle - Pushkarev et al. (2009).

64 sources: 11 BL Lacs, 52 FSRQs, 1 NLSy1

TABLE 1
BrLAZAR RADIO MEASUREMENTS

Source Alias Type® z logig Lrge;ilw Fy(core) [Jy] 2aapp [°] A¢ [mas]
01334476 DA 55 Q 0.859 41.93 1.781 21.7 0.099
0202+149 4C +15.05 Q 0.405 41.39 0.921 16.4 0.113
0212+735 S5 0212473 Q 2.367 42.30 3.281 16.4 0.143
0215+015 OD 026 Q 1.715 43.52 1.170 36.7 0.111
0234+285 4C 28.07 Q 1.207 43.21 2.944 19.8 0.239
03334321 NRAO 140 Q 1.259 42.98 1.343 8.0 0.276
0336—019 4C 28.07 Q 0.852 42.36 2.311 26.8 0.105
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TABLE 2
BLAZAR JET PARAMETER RESULTS
Source Alias r 0 [°] a ] B(1 pc) [G] dop Bapp

+36.6 +12.6 +2.4 +3.1 +25.7 +28.5
01334476 DA 55 751355 3.673%%  o7tii 07td) g.2+2% 4.612%
0202+149 4C +15.05 5472%2 911252 1330l 04109 4.2730.6  3.8t1Ls
02124735 S5 0212+73 897343 1512 02108 25tIST 1277287 381300
0215+015 OD 026 581221 g3t2dd 3073 o7tl 3 4.003%" 4.0ty
0234+285 4C 28.07 40759 1407232 24737 12129 2.9178 2.8753
0333+321 NRAO 140 547340 14672%% 10703 17t2S 2.7118 3.9777

+35.1 +13.7 +3.2 +2.4 22.8 +27.2
0336—019 4C 28.07 TR 43TRT Lo0fpf 06757 7.672% 5.115T

Results for all 64 sources.

Errors are quite large. Dominated by errors on core shift and unknown
electron spectral index.
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TABLE 2
BLAZAR JET PARAMETER RESULTS
Source Alias r 0 [°] a ] B(1 pc) [G] dop Bapp
+36.6 +12.6 +2.4 +3.1 +25.7 +28.5
01334476 DA 55 7.5135% 3.613%°5  o7te o7t g.2+2% 4.612%
0202+149 4C +15.05 5472%2 911252 1330l 04109 4.2730.6  3.8t1Ls
02124735 S5 0212473 897343 1512 02108 25tIST 1277287 381300
0215+015 OD 026 581321 ggf2dd  got?d  o7tid 4.073%7  4.013%°
0234+285 4C 28.07 40759 1407232 24737 12129 2.9178 2.8753
03334321 NRAO 140 541221 14672%% 10703 17f2S 2.7+18 3.977 2
+35.1 +13.7 +3.2 +2.4 +22.8 +27.2
0336—019 4C 28.07 TR 43TRT Lo0fpf 06757 7.672% 5.115T
LOLHSSE Mica2l L4 SLOTED 6Thp 0L LUy 08igr
34" +50.1 +38 +13 +07 +10”
1652+398  Mrk 501 L5105 424759, 6375 0177 11755 0.8T0s

For Mrk 421, Mrk 501 and other TeV blazars, T', 65 and
Bapp are low, consistent with observations of jet
components.
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I' [Cavagnolo power]
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0 [Cavagnolo power]
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10° & C C = R C
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I" [Ineson power] 0 [Ineson power]

Relation between jet power and extended radio luminosity is controversial (e.g.,
Godfrey & Shabala 2016). Different expressions for jet power don’t have strong
effect on results.

Cavagnolo et al. (2010) versus Ineson et al. (2017).
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Core dominance: ratio of core to
extended radio flux.

Not significantly correlated with
observing angle (< 40).
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Core Shift

Significantly correlated
observing angle. (>50)

with
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—— ——T—— —
N 'l/ 1 Some expectation
| / | that®andv, are
¢ T correlated for BL Lacs
10E o 3 (Meyer et al. 2011).
= / 1 Did not find significant
L F evidence for this (but
> | large errors and few
k1 | sources).
I e FSRQs
- = BL Lacs
ole— o oY N v
12 13 14 15 16 17

log, O[Vpk/HZ]
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101:'| I
) 1 My magnetic field
g ' 4 values are consistent
2 ¢ | with values found by
S ” Pushk tal
S 10k ¢ . ushkarev et al.
) ¢ 1 (2012) using a
o 1 different method.
Q. ¢ -
ol

-1 —
10 '_?T + ! ! T | 1 1 PR T T T A
10" 10" 10"

B(1 pc) [G] (Pushkarev et al. 2012)
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| | o | |
1015_ -
o 1005- l Ml m. ik E Of all the parameters |
2 ] lr Tl l]'[ " ﬂf ; determine, magnetic field is
| T T ] best-correlated with y-ray
10" He ¢ - luminosity (> 50).
E But is this a selection effect?
| P. ~ al'B2
10_2 52 = IIIIIII53 = IIIIIII54 = II”“ISS = IIIIIII56 e 57 J
10 10 10 10 10 10
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My results are consistent with a
constantal, i.e., a~ 1/T.
Similar results found by others
(e.g., Jorstad et al. 2005, 2017,

{ %l “’A }, 'H l l wl tH  Clausen-Brown et al. 2013:
Ul 1tleatlromtlon 1 91 Tatlone TLLl TIMtl8lTl  Pushkarev et al. 2009, 2017) .
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» S Following Zamaninasab et al.
(2014)
_ Parsec-scale magnetic flux
= 341 4 can be computed from:
> l M B
. o % 1034 T BH (1 pc) em?
ol e e o
5 33k T Iﬁ III Wﬂ“ ‘F T | Expectation from jets
~ | launched from MADs:
T J 1 loglo [(I)jet/MBH] =0.5 logw Lacc + 34.4
Y . R A

This is not consistent with my results. May be due expression above
assuming a~1 and n=0.4 for all sources.
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* | describe a method to determine parameters of parsec-scale blazar jets
from observable quantities.

* | compute properties for 64 sources.

« Errors are large. Errors dominated by error in core shift measurement
and uncertainty in electron spectral index (p). Variability is another issue.

* Properties are consistent with previous results. Results are consistent
with slow ,,, for many TeV BL Lacs.

* Find little evidence for MAD-launched jets, or scenario of Meyer et al.
(2011) (6 and v, correlation for BL Lacs).

« A promising method for studying jets, especially if ways can be found to
reduce errors!

U.S. Naval Research Laboratory Parsec-Scale Blazar Jets | 20



