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MOJAVE VLBA Program

» Archive consists of several 1000
milliarcsec-resolution 15 GHz
images of over 400 AGN jets.

» continuous time baselines on
many jets back to 1994

» MOJAVE is currently monitoring
~100 AGN jets

» Linear polarization images probe
the degree of B field order and its
orientation in the jet.

www.physics.purdue.edu/astro/MOJAVE

Ipeak = 1585.5, Ppeak = 13.4, | RMS = 0.089 (mJy/bm)
lbase = 0.40, steps: x2; Pbase = 0.50, steps: x 2
Beam: 0.66x0.59 mas at 66.2 deg., Nat.Wgt.(no taper)
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0836+710, Epoch: 2016-03-05, 15.4 GHz
w - MOJAVE Program
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Blazar 0836+710 at 15 GHz
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Compact Radio AGN Jet Cores

= We reduced and analyzed a set of 5181 VLBA 15 GHz

polarization images dating back to 1996, comprising:

» Three complete AGN samples:
» radio flux-limited sample (MOJAVE 1.5 Jy: Lister et al. 2015,Ap] 810, L9)
» gamma-ray flux-limited sample (LAT-1FM: Lister et al. 201 |,Ap] 742,27)
» MOJAVE-LAT hard spectrum gamma-ray sample (I' > 2.1)

» Representative samples of:
= lower luminosity AGN (VLBA 15 GHz < 1026 W Hz")
= gamma-ray-flaring AGN

= All 389 AGNs have at least five VLBA epochs and = 100 mJy
of compact radio flux density at 15 GHz.



Core Polarization vs. SED Peak

—> Single-epoch VLBA studies:

» Kharb et al. 2008: VLBI sample of 18 BL Lacs at 5 GHz
» Linford et al. 2012: VIPS sample of 232 Fermi AGN at 5 GHz
> Lister et al. 2011: MOJAVE 1.5 Jy sample of 181 AGN at 15 GHz

= All these studies found o
HSPs to have low core
fractional polarizations.

= Kharb et al. study also
found HSP cores to have
EVPAs more aligned with
the jet direction

Log vi{v) (arbitrary units)

Log frequency v (Hz)



Core Polarization Properties

> AGN cores typically have < jg
linear pol. levels of only a few 520
per cent, with only 22 of 5181
measurements exceeding 10 <
per cent. =
=
y
» Low-synchrotron-peaked BL =
Lacs have the most highly o
polarized cores. 5
Z
I
» Radio galaxy cores have {51
P

typically < 0.5% polarization.
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Core Polarization vs. SED Peak
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Median Total | Luminosity [W/Hz]
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Core Polarization vs. Luminosity
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Core Median Fractional Linear Polarization

Core Polarlzahon Vs. Je’r Speed
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Stability of Core EVPASs

> Roughly 47% of the AGN jet 5 30f Quasars ;
. 3 20f
cores have at least half their z 185
electric vector position angle - — HEP Bl llass
(EVPA) measurements 5 10f 5
within = 10° of a preferred > 5
direction. < 15 ISP BL Lacs
5 10 '
> 5
» LSP BL Lacs have more — - e ———
stable EVPAs than quasars. 5 HSFEL Lacs §
=
E ] b
> Quasars and HSPs tend to £ 15 Radio Galaxies
have no preferred EVPA g 125 '
= F
orientation. 5 =
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Standard Deviation of Core EVPA [deg.]
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Electric Vector Direction and the Jet

< 40 I e QL;asarlsé
> BL Lac core EVPAs % oF
are better aligned with = HiBE —
the pc-scale jet. < 20} LSP BL Lacs ]
> Particularly true for 2 1op :
LSP and ISP BL Lacs E 20; I—S!F?Lm-
> No such trend is seen B 1ok
for the quasar cores. = — L
» Confirms findings of é_fz ASPBL Lacs -
many earlier studies. z _ | —
£ 20f Radio Galaxies ]
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median EVPA offset w.r.t. jet direction [deg.]



Electric Vector Direction and the Jet
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Core Polarization and y-Ray Emission

= 305 MQOJAVE 1.5 Jy (LAT-associated)

5 E Ib>10°

5 20f 1>

R

Z 10

o 305 MOJAVE 1.5 Jy (non-LAT-associated)

o E  |b| > 10°

o 20

o [ :

Z 10 :
S Sy B |

0 0.2 0.4 0.6 0.8 1

Core Fractional Polarization Variability Index

» Fermi LAT y-ray detections favor higher synchrotron peaked and
higher speed jets (Lister et al. 2015)

» y-ray detected blazars have higher fractional polarization variability
(agrees with Hovatta 2010).

» No differences seen in median core polarization levels or EVPA
stability of y-ray vs. non- y-ray radio-selected AGNSs.



Summary

» MOJAVE is the most comprehensive multi-epoch study of
polarization in pc-scale AGN jets undertaken to date.

» Spans 20 years and nearly 400 AGN.

» More highly polarized AGN cores have stable EVPAs that
tend to be well-aligned with the jet direction.

» expected in helical/toroidal field models (Gabuzda et al. )
and transverse shock models (Aller et al. )

» circular polarization measurements (underway) may help
differentiate between these possibilities.



Summary (continued)

» High synchrotron peaked (HSP) BL Lac jet cores:

» have low polarizations and variable EVPA directions
(similar to quasars)

» lie at the faint end of the blazar radio luminosity function
» have low apparent speeds

» Low synchrotron peaked BL Lac jet cores have
distinct polarization properties:

» Higher fractional polarization levels
» More stable electric vector position angles (EVPAS)
» EVPAs more aligned with the jet direction



Backup Slides
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EVPA Measurements

« Absolute electric vector position angles (EVPAs) cannot be
directly measured with the VLBA.

* Near-simultaneous single dish polarimetry on compact
calibrators is required (e.g., OVRO, Effelsberg, JVLA).

* Antenna leakage term phases are no longer stable with the
new VLBA digital back-end electronics.

 Downstream pc-scale jet features in some AGN are stable
enough to provide external calibration good to < 5°, using an
ensemble average.

« Faraday rotation measures are variable, and can lead to
unknown rotations of up to 20 deg. at 15 GHz (mainly near
the base of the jet).



Number of AGNs Per Bin

Temporal Coverage

* The VLBA sampling intervals of individual MOJAVE AGN
jets are optimized to their angular jet expansion speeds.

« sampling interval varies from every month to years.

 total time coverage on each AGN varies from 1 to 23 years.
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Measurement Upper Limits

 Difficult to establish exact detection limit in the P images due
to non-Gaussian noise errors associated with imperfect
antenna leakage term calibration (Roberts et al. 1994).

« Adopted a conservative approach based on level at which
spurious P signal appeared in blank sky regions of the image
(roughly 3 times rms level, but occasionally much higher)

« Core features typically have the highest levels of polarized
flux density in the jet.
* 12% of the core polarization measurements were upper limits.

* 40% of the upper limits were in radio galaxy jet cores



