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Collisional vs. Collisionless Processes

(an astrophysical perspective)
Zdenka Kuncic, School of Physics, University of Sydney
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e solar wind
e shocks
® reconnection

e application to astrophysical accretion flows?




MSSL Workshop — 19/09/07 Collision-al/less Processes

The solar wind

e highly collisionless

® /. in fast solar wind increases outwards, with halo distbn of hi gher- E electrons

— heating/acceleration

® ion cyclotron waves? lower hybrid waves?

—> electron-ion coupling via wave-particle energy exchange
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Planetary/interplanetary bow shocks

(c.f. Burgess session on Tues)

e also collisionless

e electron heating/acceleration observed

electron beams,
L waves, |
radio emission Bow

{
Solar Wind

Flow

Collision-al/less Processes
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Supernova shocks
e collisionless, high- M

e evidence for electron heating
and acceleration from X-ray
bremsstrahlung and radio syn-

chrotron spectra

CHANDRA X-RAY CHANDRA X-RAY HUBBLE OPTICAL SPITZER INFRARED
(HIGH ENERGY) (Low ENERGY)
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a
Reconnection
' GSEy
(c.f. Owen session on Tues)
In situ evidence of magnetic reconnection
' 06:00
In turbU|ent plasma Solar wind Magnetosphere
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Jet

Relativistic plasma
described by poweraw
model

Accretion disks

Accretion Disk

Thermal emission
described by multi-
color disk (MCD) model

Standard model:

e constant mass inflow: M, = 27wr(—v,) [ pdz
e Keplerian rotation: 2 = (G M /r3)'/?
e collisional, but viscosity inefficient at angular momentum transport

e turbulent MHD stresses generated by magnetorotational ins tability —
W, = (B,Bg)/4m can transport angular momentum: ~ M, ~ —(21/Q) [ W,gdz

e radiatively efficient: gravitational binding energy radia ted locally = geometrically
thin (h < 1)
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e internal energy conservation:  F(r) ~ 3GM M, /8mr?

e X-rays generated in a diffuse, magnetized corona <= solar corona

e relativistic jets probably accretion powered, Poynting-fl ux dominated
30273 TOTAL SPECTRUM
F ;‘ :_L;iﬁll Cbs l | |
WV Blue Mesa
& ¥ LaSila 13
g-lo"q[}__“_vﬁﬂsemay 110
5 il
QO —
— a1l | (disk)™ o {102
é 10 H}fnu'[n'-ﬁlr:ﬁ]l mverse Compton A 10 :5
e (jet) (jet) 9,
L z ' »
> 10 1< | \ 4 <> Ginga - = 1011 =
(D ~ E gmflﬂ; [ ] §;:TSE a
(0t ‘ * o M;EnaeKea = E-gf:ES‘TEL GRD
Ll -13 . @ Effelsberg @ EGRET Awnippie 10
1010 1015 1020 1025
FREQUENCY [HZ] Lichti et al. (1994)




MSSL Workshop — 19/09/07 Collision-al/less Processes

Low- M 5 Systems:
e collisionless ( te; > tinfiow = 7/Vr)
e turbulent

e geometrically thick, 2-temperature plasma: 7; ~ 102 K, T, ~ 101K

black hole
accration disk

Critical assumption : electron-ion thermal coupling via wave-particle process es
negligible = ion pressure supports a “fat torus” geometry and internal en ergy is

advected into the black hole rather than radiated away by ele ctrons

Unresolved issue : to what extent can wave-particle processes couple the elec trons and

lons and which are the most relevant microprocesses?




