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Part I:

Observations



Galaxy Clusters
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Cluster Accretion Shocks (?)
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Beyond Clusters.... (777)
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Part IT:

Origin of Extra-Galactic
Magnetic Fields



Numerical simulations

Ryu et al. 2005
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Cosmic Energy Flow
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Part III:

Astrophysical Jet Modeling
and Interaction with ICM
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Hydra A .

Diehl, L1, et al. 2007
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Part IV:

Magnetic Fields Injected
from SMBHs



Growing "cherries” on cosmic trees ..
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Part V:

Cosmological MHD
Simulation of Cluster

formation with Magnetic
Fields



AMR MHD Cluster Formation Stmulations

ACMD model, Q=1, Q0,=0.7, Q, =0.04, h=0.7,and box size = 256 Mpc. Root grid is
1283,refined by 2 to level 8, simulation is from z=30 to z=0.

Same simulation with radiactive cooling, star formation and star formation feedback,
uniform initial magnetic fields of 1e-9 G in y direction.
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Projected logarithmic
baryon density, refined
to level 2,4,6 and 8.
Each plot has a
resolution of 512x512
zones. Best spatial
resolution is 7.8125kpc/h
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Magnetic Energy Density Evolution




SZ. Effect: y-parameter




AMR MHD Cluster Formation Stmulations

Imagines of cluster center(1Mpc/h)
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rottMR MHD Cluster Formation Simulations.

1283,refined by 2 to level 8, simulation is from z=30 to z=0. No initial magnetic fields
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Imagines of projected baryon density of inner 4 Mpc/h at z=0, left is from
MHD solver and right is from ppm solver



rottMR MHD Clusger Formation Sjmulations.

1283,refined by 2 to level 8, simulation is from z=30 to z=0. No initial magnetic fields
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rovd IMRNMHD, Clyster Formation Simulations,

1283,refined by 2 to level 8, simulation is from z=30 to z=0. No initial magnetic fields
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X-ray luminosity of of inner 4 Mpc/h at z=0, left is from MHD solver and right is
—from ppm solver



Some Key Problems

. Diffused Radio Emission: Distribution and strength of

cosmic magnetic fields, seeding from first stars, dwarf
galaxies, AGN feedbacks, or (turbulent) dynamo.

. Differential FRM of jet pc-kpc scale: 1s there current?
. Clusters as magnetic field laboratories: Structure

formation, AGNs, heating, mixing, etc.

. Physical state of IGM: impact on galaxy formation?
. UHECR transport?

Does magnetic energy flow destroy the statistics of
Lyman-alpha forests?



