How jets are formed?
How are they accelerated up to Lorentz factors of
tens, remaining highly collimated till far distances?
Blandford and Znajek, 1977

Fundamental unit is Schwarzschild radius RS = 2GMBH/c2

Blandford and Payne, 1982

Boccardi B., et al., 2017, review

Jets shape changes with magnetization
d ∝ rk
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Parabola - the jet is accelerated

K = 0.5

Cylinder- the jet is accelerated (higher collimation)

Cone- the jet expands freely

K=1
…. and the external medium?

The radiogalaxy M87

Asada & Nakamura 2012

Transition from parabolic to conical shape at ∼105 RS, in the proximity of HST-1 and the Bondi radius.
Change in the External Pressure Profile

The Unified Model

(Antonucci, Urry and Padovani, 90’s)

RADIO QUIET AGN : Seyfert galaxies, Radio quiet quasars
RADIO LOUD AGN : Radiogalaxies, Blazars

Radiogalaxies
Different radio power and morphology
(Fanaroff & Riley, 1974)
FRII

FRI

P1.4GHz > 10 24,5 Watt / Hz

P1.4GHz < 10 24,5 Watt / Hz

Blazars
BL LAC
FSRQ
- less luminous
- more luminous
- at smaller redshift (z <~ 0.1) - at higher redshift (z >~ 0.5)
- weak or no lines
- strong broad emission lines
in their optical spectra
in their optical spectra

Sample: 367 AGN
Data: 15 GHz VLBA stacked images (MOJAVE)
+ single epoch 1.4 GHz VLBA obs.

Resolution ~ 1mas
At z=1 —> 1 mas ~ 8 pc

STEPS
1. Automated search of candidates
with a change in the jet geometry
They divided jets lengths into two parts in
proportion 1:1, 1:2, and 1:3 in logarithmic scale, to
perform a double power law fit of the jet width as a
function of distance:
k
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RESULTS:
They drop 36 AGN from the original 367 analyzed
because of:
i)
jet bending (non optimal ridge line)
ii)
Large gaps in the emission
iii)
Too short jet length
iv)
Low intensity region not captured properly
10 jets out of 331 show a transition from K ~ 0.5 to k~ 1
All of them at z < 0.07 (better than 1pc resolution)
10 out of 29 nearby ( z< 0.07) jets observed in MOJAVE
For the rest: k~ 1 (conical shape)

2. More rigorous fitting of the jet shape for the 10 AGN

Geometry transition in AGN jets
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d = a1(r + r0)k1
d = a2(r + r1)
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They fit these dependencies using
Bayesian modelling using the NUTS
MCMC sampler based on the
gradient of the log posterior density
Figure 1. Jet profiles with an indication of transition from parabolic to conical shape in ten well resolved nearby active galaxies. The
dependence of the jet width on projected distance from the apparent jet base is shown. The cyan and orange dots show measurements at
15 GHz and 1.4 GHz, respectively. The red and black stripes represent Monte Carlo fits for jet regions before and beyond the jet shape
transition region, respectively. The projected distance is shown in pc for targets with known redshift and in mas for 0815 094 which has
no redshift information. General properties of these AGN are presented in Table 1, parameters of the fits — in Table 2, parameters of
the shape transition region — in Table 4.
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From the core From the BH

Analysis and comparison for possible biases
d = a1(r + r0)k1

For r=0 we obtain the apparent size of the 15 GHz core (dc_MC)
to compare with the core size obtained from modelfit
components (dc_uv, Lister et al., 2019)

Possible causes:
- unresolved jets near the core (radiogalaxies less affected)
- uncertainties in core position —> imperfect alignment of images while performing the
sacking
They excluded jet width measurements at r < 0.5 mas for the 321 sources
+ r < 0.9 mas for BLLAC from

Analysis and comparison for possible biases
d = a1(r + r0)k1

For r=0 we obtain the apparent size of the 15 GHz core (dc_MC)
to compare with the core size obtained from modelfit
components (dc_uv, Lister et al., 2019)

From core-shift measurements between 15 and 8 GHz,
assuming r ∝ ν −1 (Pushkarev+2012)

Deprojected position of the jet break

Uncertainties coming from
BH Mass estimation and Viewing Angles

Using reverberation mapping and BLR motion + stellar and gas
kinematics for closest sources (data taken from other papers)

Semi-Analytical model
Equations from Beskin et al. (2017) : Bernulli equation + Grad-Shafranov equation
Knowing 5 integrals of motion ( Energy and Angular Momentum flux, electric potential which connects
with angular velocity, entropy, and particle-to-magnetic flux ration)
To determine the internal structure of axisymmetric stationary jets
After some assumptions (e.g. cylindrical jet), the considered system of the equations is valid for both
magnetically and particle dominated flows with the solution depending only on external Pressure

For magnetisation = 50

Pressure profile consistent with Bondi flow

With b=2, solving eq. 8, 9, 10:

Change of the jet shape without changing external Pressure profile (Bondi pressure profile)
Different to what we have in M87 (Asada & Nakamura 2012)

Magnetization

Conclusions
They performed an automated search for jet shape transition in 367 AGN from
MOJAVE sample using 15 and 1.4 GHz VLBA data
10 out of 331 show such a transition, from parabolic to conical shape; the rest have
conical shape. All 10 are at z< 0.07, except for 0815-094 whose redshift is unknown.
6 Radiogalaxies and 6 BLLAC objects: A transition from parabolic to conical shape
may be a general property of AGN jets.
The deprojected distance of the breaking point from the nucleus is typically 10 pc
( 10^5 - 10^6 Rg, which corresponds to the typical Bondi Radius).
The transition occurs when the plasma kinetic energy flux becomes equal to the
Poynting energy flux, IF the ambient medium pressure is assumed to be governed by
Bondi accretion
The well know effect of apparent core-shift with frequency due to synchrotron selfabsorption does not follow
r ∝ ν −1 all the way up to the jet apex since -1 is
expected in case of conical shape

