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Outline

M Extragalactic sources... find Wally,

M Galaxy cluster and the intra-cluster medium (ICM),

M Cooling flows in the ICM,

M Active Galactic Nuclei... as powerful as it gets,

M Magnetic fields in the galaxy clusters (movie!.... get popcorn),

M Feedback models,

M Summary and discussion.
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The ICM
X-ray Bremsstrahlung

T ∼ 108 K
ρ ∼ 10−2 cm−3

∼2 Mpc long
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Cool core clusters

Nulsen & Böhringer 1995
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Cool core clusters

← Cooling flows
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Radio galaxies and Quasars 3C 219

9



Carilli & Barthel 1996
5 GHz
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Formation and evolution

Blandford-Znajek/Payne ’77/’82
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Formation and evolution

Sam Falle 1991

Self-similar model

Kaiser & Alexander ’97
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The accretion disk
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Does it happen often?
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The magnetic fields in galaxy clusters

Hα filaments in NGC 1275 Fabian et al. ’08
MOVIE TIME!

(http://hubblesite.org/newscenter/archive/releases/2008/28/video/b/)
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Faraday rotation

β = RM λ2

RM ≈ 0.81
∫ d
0
neBds
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RM maps
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Good ’ol Cygnus A
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RM against background radio sources

B ∼ 1−10 µG and coherence lenghts of ∼ 5−10 kpc
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RM against embedded radio sources
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RM against embedded radio sources
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How important are the magnetic fields?

β ≡ P
~B2/2

Anisotropic heat conduction: Q = −χb̂(b̂ · ∇T )

They can lead to instabilities.

Paper... don’t be scared (http://adsabs.harvard.edu/abs/2009ApJ...704..211B)
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Feedback models

Fabian et al. 2003
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Relic (fossil) buoyant bubbles
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Large scale convective flows
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Modeling the AGN feedback on the cluster magnetic fields

We use the random magnetic cubes to do 3DMHD simulations with FLASH3.1.

The grid:

M A cubic domain, Cartesian geometry |x| ≤ L, |y| ≤ L, |z| ≤ L,
M A fixed grid with 2003 cells, getting a maximum resolution of 5× 10−3.

The initial conditions (the ICM):

M An ideal gas equation of state with γ= 5/3,
M Constant initial temperature,
M A King-like density profile (β=2/3): ρICM (r) = ρ0

1+(r/rc)2
and

M Hydrostatic equilibrium between dark matter & ICM pressure.
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The Jets

We add source terms to the mass and energy equations:

M ρn+1
cent = ρncent + ρj

M V n+1
Xcent = V nXcent + VXj

The jets have the following properties:

M Low density: (ρICM/ρjet = 10−3),
M Pressure equilibrium with the central ICM,
M A velocity of ≈ 0.4c, ≈ 60 Mach,
M Collimated and,
M A power ≈ 5×1045 erg/s for 10 Myrs.

MOVIE!
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The topology of the magnetic fields lines at 16.2 Myr:
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The fossil bubble phase

M A cubic domain, Cartesian geometry |x| ≤ L, |y| ≤ L, |z| ≤ L,

M Initial grid with 643 cells,

M 3 adaptive refinements, getting a maximum resolution of 1.95× 10−3 and

M The same jets parameters.

MOVIE!
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The topology of the magnetic fields lines:
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Summary and discussion

M The ICM is a huge plasma physics lab. Many questions are still open.

M The ICM cooling problem has not been solved. AGN jets are the obvious
heating mechanism.

M Anisotropic heat conduction instabilities are likely to develop in the ICM.

M AGN jets play an important role in the ICM energetics and, viceversa.

Find this talk @ http://www.pas.rochester.edu/∼martinhe/.
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