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Welnel Instability

« The Welbel instabllity is driven in a
collisionless plasma by the
anisotropy of the particle velocity e
distribution function (PDF) of the
plasma

= Shocks
= Strong temperature gradient / Uy
« Magnetic fields are generated so

that the PDF becomes isotropic

« Particle orbits are deflected by the
magnetic fields

* No seed Is required




Magnetic Eieldl Generated: by the
Weilbell lnstanility’ at Shocks

« \/elocity anisetropy creates current filaments
= [[he currents create magnetic fields

Medvedev (2005)
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B Currents
* The evoelution can be described by that of
currents (Kato 2005)
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The Generation of
Magnetic Fields in
Galaxies and Clusters of
Galaxies



Standard Scenario ofi Galactic

Magnetic Fields  wiow ooz

* Dynamo TFheory

= Magnetic fields in spiral
galaxies are amplified and
maintained by a dynamo
throughi the rotation of the
galaxies

« However

= What about Elliptical Galaxies
and Clusters?

« Slow rotation
= Relatively strong seed fields

are required to explain the:
current galactic magnetic fields.

« Generally, seed fields are very
weak (Ichiki et al. 2006)
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Galactic Shocks

« Shocks should be created at the time of
galaxy fermation

S \ e
Q — - (1) —> =
/ N s

Cosmological Turn around Virialization
(LSS) shocks



LSS shocks

(Cen & Ostriker 1999, Kang et al. 2005)
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Shoeck Mach Number

Temperature of the shocked gas

« LSS shocks

v=H (z)Rp Virial Shock
(Furlanetto & Loeb 2004)

= |Infall gas Is cold
= Mach number >>1

« \/irial shocks
v=.GM /r,

| Tvir /TS ~8
= Mach number =4



Magnetic Eields Generated by the
Weibel Instability

« [fithe Mach number Is =2

= Anisotropy of the particle velocity distribution
function (PDF) is large enough

B, = )(PV\/Zﬂ' n,m,

«v: shock velocity, n,: proton density, m,: proton
mass (Kato2005)
« Correction factor, y, ~0.5
= From simulations (Kato 2005)

« We assume that the final magnetic field is
B: ~ 0.1 B, (Silva et al. 2003)



Magnetic Eields Generated by the
Weibell Instability

We are here

« Miagnetic field strength |
« B~107-10%G
« Comparable to the current value
« Strong amplification IS not
ieguired
« Almost no evelution
= In contrast with the dynamo
theory
« Strong magnetic fields in the

early Universe
= May affect the formation of

early generation of stars and The Universe is young
proto-galaxies

Virial Shock

LSS Shock
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