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Break in jet shapes

* Found in a dozen of sources (radio

alaxies, blazars, narrow line Seyferts)

FRI, FRII)

* All of the are nearby: red shift < 0.1

* All of them with large enough
observational angle

Jet axial distance (de-projected): z (pc)
. 10 103 10 10t 1 10! 102 103 10*
107 grrey T T LA B B A B i i
& VLBA 22 GHz (H13)
0 LT ( ® VLBA 43 GHz (AN12,H13)

L O VLBA Core 43 & 86 GHz (NA13)

104 L ® VIBA Core 5,8, 15, 24, 43, & 86 GHz (H13), HSA Core 86 GHz (H16)

# EHT Core 230 GHz (D12, Al5)
[ = (Area) FFE parabolic jet (NMFO7,

::.b
=103 L @=0.5 (upperedge) - 0.99 (lower
¥ E
E
5]
=o10?

101 &

1

edge)

TMNOB)

%23
:
E
5
&
s3]
U

IVI87 Nakam |a+ 2018

Jets 2021

10 10‘ 104 105

Jet axial distance (de-projected): z (r,)

106

107

109

Jet width (mas)

2 0.1 1 10 100
107 L T o A
o 4 VLBA1.4GHz | © b7
B ¢ VLBA 1.7GHz : ]
- | ¥ VLBA2.3GHz . i
1otL.| ¥ VLBAS.0GH: s _
E 1 3
- | # VLBA12.5GHz ! “
- | § VLBA15.5GHz : ]
i | _
10°L | ¥ VLBA43.3GHz A _
107 -
- A L .
102 11 11 III' L1 Iflllli 1 1 IIIIIIi 11 IIIIIIi |
107 10" 10° 10° 10?

Projected distance from core (pc)

Angular distance from core (mas)

1H 0321+342, Hada+ 2018

Elena Nokhrina

[ 04304052

fet width (mas)

[ 11334704

Core separation {mas)

Jot width {pc)

Jot width {pc)

F 16374826

fot width ipc)

F 22004420

Jet width {pc)

18074608

Kovalev+ 2020

June 18, 2021



Break due to change in ambient Break due to inner jet conditions:
medium pressure profile:

Poexz?
Pxzk
_ Pxz? _
LA '1.,'-'..-3"\ g
= o® =
. -
7} 17}
AC7

Ebrleak | E_I:rreak ;

Distance along jet z Distance along jet z
Asada & Nakamura 2012, Levinson & Globus 2017, Boccardi+ 2021 Lyubarsky 2009, Beskin+ 2017, Kovalev+ 2020

Break is an instrument for learning about

* ambient medium

* jet acceleration / magnetization / collimation

Is a break universal or a feature of nearby sources?

While direct measurements of more distant sources are limited by the resolution, we may employ the implicit method
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Method _
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Figure 8. Lorentz factors on various de-projected jet scales.
The shaded area shows 95% of posterior samples obtained with
MCMC. The horizontal bars denote Ri5 — Rg distance.
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M Et h O d Effective acceleration regime

Theory:

Analytical, semi-analytical, numerical
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models for acceleration: O
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Method

Universal MHD acceleration(centrifugal)

— linear with jet radius
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Results
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The data is fully consistent with core being in parabolic region in effective acceleration regime
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Results

Conical + effective acceleration Conical or parabolic + saturation
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Results

N Conical + effective acceleration Conical or parabolic + saturation /
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Results

Assumptions:

e parabolic jet shape

 effective acceleration

* pressure is consistent with Bondi accretion

‘ The cores must occupy one “strap”
. 0.63( Bi )1/4
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In figure:

e Y =103 —-1033 G - cm?
*R, =8x107*—4x103pc
e P, =22x%x107° —2.2x 1073 dyn/cm?

Jets 2021 Elena Nokhrina

107 1

10! -

=400
=200

= [100

=|50

June 18, 2021



Possible applications

It would affect the core shift dependence on The distance to a jet apex may be
frequency Az o« v~ 1/kr, overestimated

If all physical parameter (magnetic field, 7 = 0.07(z — 0.00153)°°¢ (Hada+ 2011,
particle number density) depend on jet Hada+2013)
radius, then for r « z* and the accelerating
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Conclusions

6.

New implicit method of determining jet shape in cores for distant sources

If cores are in parabolic + effective acceleration domain, they must occupy “strap” in
[' — z plane. May be (and should be) tested on bigger sample

11 sources sample — fully consistent with parabola + effective acceleration
Cone and saturation of acceleration are unlikely

We expect higher velocities than measured by kinematics due to de-boosting (hollow
jets)

Possible biases in core shifts and BH position measurements
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