Relativistic Jets from black hole (BH) accretion disc
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Jets are ubiquitous YSO

Jets from Young Stars HST - WFPC2
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Jets around black hole is potentially relativistic.
J_Properties of jet:

(i) Terminal speeds are inferred to be relativistic.

(ii) Jets are collimated (few less than others though)

dThings not known about jets

(i) How jets are formed? BZ process or plasma effects!

(i) Composition of the jet.



d There is enough indirect evidence that large scale jet is
matter dominated. (Reynolds et al 1996, Romero et al 2016)

d And that jet states are correlated with the accretion states.
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d Moreover, jets appears to be launched from a region close
to the central BH.
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In addition, the low frequency QPO is also correlated with the jet
states.

We have performed some HD simulations which showed general
broad agreement with the observations mentioned above.

(Lee, IC et.
al. 2016)
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However, in this talk, we focus mainly on driving mechanism and
composition of jets




Since the observed jet is most certainly matter dominated, we
assume the jet originating from a region close to the BH, is also
matter dominated at the launch site.

As jet is launched from the accretion disc, it should start with
negligible velocity.

If E is the Bernoulli parameter of the jet, then the terminal speed is
: or

E=—hu,=—hyli;n = yoo = (1 - vl )71/
[\ /2 ..e., to get Lorentz factor of 10, E has
Voo = (1 — E3) to be 10, i.e., at the base vy, ~ 1, g,~0.8

1.e, hp > 10 so T , ~1013K, such high

temperatures are not obtained in
realistic accretion discs.

Th ﬁewfore, jets cannot be sofe[y tﬁerma[[y driven
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Intense radiation field near the accretion disc, may also drive outflowing matter as
relativistic jets.

However, in presence of high thermal energy, radiation driving tends not to be
important, and

additionally optically thin jets are subjected to radiation drag.

What about collimation?

Magnetic field on the other hand, ticks almost all the boxes.

Although, the temperature at the jet base are generally too high.

It is also intriguing, how the magnetic field configuration change with the spectral state
change, to enable the jet states to be correlated to the accretion disc spectral states.
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We investigate whether (i) outflows can be accelerated to relativistic speed and
whether (ii) if magnetic field do the same. Moreover, does composition have any
effect on the solutions of the outflows.

|. Radiatively Driven Jets:

Inner disc is like a torus (may be due tc
shock or radiation pressure supported or

both).

Outer disc also has advection term
(moments from Kep disc is much smaller)
Both are source of radiation.
Curvature effects are considered.
Relativistic eq. of state is
considered.




Governing equations
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Fig. 12. Panel a: v as a function of r for jets acted on by disc radiation
marked by & = 1.0 (solid black line); & = 0.6 (long-dashed blue line),
& = 0.15 (dashed red line) and & = 0.05 (dotted magenta line). The disc
radiation is for £ = 2.85. Panel b: variation of vy with & for “f -type
jets, driven by radiation quantified by £ = 2.85 (solid line) and £ = 0.8
(dashed line).
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Figure 6. Nature of B-type solutions. Varnation of (a) v and (b) T with r
for E=0.83 and £ = 1.0 (solid) and £ = 0 (dashed).




Figure 10. (a) Velocity profiles for various luminosities for C-type solutions
for e~ —p™ composition. Corresponding terminal speeds (v,) are plotted in
(b). (c) Vanation of T with r for various luminosities. (d) Lorentz factor (y)
as a function of £ (solid). In panels (a) and (c), different curves are for £ =
3.0 (solid), £ = 1.0 (dotted) and £ = 0.5 (dashed), keeping E = 0.63.




Figure 11. (a) v and (b) T profiles as a function of r for £ = 0.05 (dotted)
and £ = 1.00 (solid). (c) vy and (d) y as a function of £. For all curves, E =
0.63 and £ = 1.0.
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b) v, versus r or actual outflow solutions. The solid (red) curve with arrow heads represents the transonic wind solution passing through slow, Alfv’e
and fast points, marked as S, A, and F, respectively. The dashed (red) curves are the transonic outflow solutions with wrong boundary condition. Long-dashed
curve (black) is a trans-slow solution. Dash—dotted curve is the trans-slow. trans-Alfven solutions and long-dash—dotted curve is a trans-Alfv’enic flow. E =
1.042 57 (dotted, horizontal line), L = 1.75 for all the curves.




Field Lines
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E=1.03075and L = 1.0. (Singh, IC 2019)
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FIG. 2.—Sketch of r self-similar field lines in the meridional plane. For
any two field lines 4, and A4,, the ratio of cylindrical distances for points
corresponding to a given value of # is the same for all the cones # = const:
@ [wy = (g [az)'/2.

% +V.(vyp) =0.
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Figure 2. Solid lines represent the stream lines of outflow solution for x4 = 0.75,0,4 = 50,¢ 4, = 35, F = 0.75,9 = 500,{ = 1.
(a) Sideview and (b) top view. There are two dashed circles, one near to the center at z ~ 0.73 represents the Aflvén point
location and second at = ~ 3500 represents the fast pomnt location. Here, = is vertical height and x,y are in terms of Light
cylinder. Inset: Region close to the base s zoomed to show the location of the Alfvén point (dashed circle).
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Conclusion:

(i)Sufficiently luminous discs can accelerate jets to relativistic
speed. Pair dominated flow can be accelerated to ultra-relativistic
speed.

(ii) To correct the temperature profile one need to consider
Compton scattering.

(iif) Magnetically driven outflows can achieve relativistic speed for
both electron-proton, as well as, pair dominated flow.

(iv) However, flows passing through the three critical points are
always over collimated, while the one passing through only Alfven
point, extends up to large distance.

(v) Radial self similarity needs to be re-looked, inclusion of gravity
causes streamlines to cross.






