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When are accretion disks considered collisionless?

If the accretion time is much shorter than the collision time between
particles (T, ..., <<T ), the disk can be considered collisionless This is
expected to occur when L <<Lpg. o

collision

Most supermassive black holes at the center of nearby galaxies (e.g. Ho 2009)

Some states of galactic X-ray binaries (low-hard state), and in some accreting

neutron stars.

And in Sgr A*, at the center of our galaxy



Physical characterization

Particles tend to stay out of thermal equilibrium: T, << T, (electrons cool faster
and ions are main carriers of gravitational potentiaf energy).

Thus understanding heating (energy dissipation) and heat transport is crucial
(e.g., for the Event Horizon Telescope).

But kinetic plasma effects (that depend on the velocity distribution of particles)
are expected to play a role in regulating these properties (somehow mimicking
the effect of collisions).

In particular, a key role is played by kinetic instabilities, caused by pressure
anisotropies in the plasma.

Pressure anisotropies are naturally expected due to the conservation of the
magnetic moment of particles:

p=vi/B

Thus, if the magnetic field B grows, there will be a trend for

p1 > pj (with respect to E)



Physical characterization

Examples of kinetic instabilities: =~ The mirror instability (for ions and Pi.. > P )
The firehose instability (for ions and =~ Pi.l <Pij| )
The whistler instability (for electrons and ~ Pe.L > Pe,|| )
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Instabilities produce pitch-angle scattering that mimic the role of collisions. Therefore, they
regulate processes like energy dissipation (heating) and the heat transport (mean free path) of
particles.

However, most previous stud1es apply to the hnear reg1me —> a nonhnear study (usmg
simulations) is needed.



Nonlinear study using PIC

o We will use particle-in-cell (PIC) plasma simulations to study the nonlinear
behavior of the kinetic instabilities, and to understand how they regulate
particle heating and heat transport in the plasma.

B amplification is achieved
by mimicking a shear

motion in the plasma —
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Nonlinear study using PIC
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Nonlinear study using PIC
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Importance for heating and heat transport

Checking anisotropic viscosity directly from the simulations:
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Importance for heating and heat transport

Measuring the mean free path, A, of the particles:
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Conclusions

Collisionless accretion disks are common (e.g., Sgr A*)

The temperature ratio between electrons and ions is an open question (T, << T)).

We explored the role of electron- and ion-scale instabilities driven by pressure
anisotropies in the heating of electrons and on heat transport using PIC simulations.

We found that electron heating by the anisotropic viscosity is quite robust, and it is
determined by the combined actions of the whistler and the mirror instabilities.

The heat transport was quantified by the mean free path of the electrons, which also
depends on the electron anisotropy (regulated by the whistler and mirror instabilities)



