(ICHIKI Kiyotomo)

Research Center for the Early Universe, University of Tokyo, JAPAN

K. Takahashi, K.Ichiki, H. Ohno, H. Hanayama, PRL95, 2005
K. Ichiki, K. Takahashi, H. Ohno, H. Hanayama, N. Sugiyama, Science 311, 2006
D. G. Yamazaki, K. Ichiki, T. Kajino, G.J. Mathews, ApJ646, 2006

K. Ichiki, S. Inoue, K. Takahashi, in preparation

—p.1/34



Magnetic Fields in the Universe

—p.2/34



NGCE24E Gem VILA+Effelsberg Polarized Int. + B-Vectors HPBW=15"

DECLINATION (J2000)

00 34 45
RIGHT ASCENSION (J2000)

NGC 6946:. optical image

Beck and Hoernes, Nature, (1996
o synchrotron (1996)

— G »

1-10kpc

—p.3/34



le-11
Magnetic Power Spectrum of

k Eg(k) Hydra A Cluster

[erg’em® 1 | Kolmogoroff
1e-12 SpPectrum

le-13F

B=(73+02+2)uG
5= (2.8 +0.2+0.5) kpc

1e-148 ' '

Vogt and Ensslin, A&A, (2005)
Rotation Measure

X Hydra A

— p.4/34



—

B In super clusters(?)

— Reversal Scale = 200 kpc — Reversal Scale = 400 kpc
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Log, (B, /1 Gauss)
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.0 Battery (Biermann 1950) +
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(Okabe & Hattori (2003), Fujita and Kato (2005))
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: B ~ 107 1°G (Hanayama et al, 2005)
: B ~ 1072'G (Kulsrud et al., 1997)
: B ~ 10~ 1'8G (Gnedin et al, 2000)
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PY conformal invariance
9? 2\ (12B) — 3 —2
e (a—w—V)(aB)—O%Boca

s couplings to gravity: R, A*AY, RF*E,,
B ~ 1079G (Turner, 1988)
s coupling to the other fields: e? F**F,,,
1079 < B < 10719G (Ratra (1992), Bamba& Yokoyama (2003))
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The big barng
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recombination
(neutralization)

higher density regions
—> stronger gravity
— collect matters
—> higher density
—> form objects

first object

stars — galaxy
galaxies — cluster

temperature anisotropy: temperature
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Recipe for the magnetic field equation
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Evolution equation for Magnetic Fields
Vorticity difference:
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Evolution equation for Magnetic Fields
Vorticity difference:
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et us Calculate B in A CDM cosmology
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Magnetic Field from
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hybrid inflation model with running index within 16 of WMAP 3yr
(M. Kawasaki et al., hep-ph/0605271, )
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hybrid inflation model with running index within 16 of WMAP 3yr
(M. Kawasaki et al., hep-ph/0605271, )
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Constraints on Cosmological Magnetic Fields from CMB

(
® U+ Hvpy=-—2 {%aneaT(Ub —Uy) + ﬁé x (V x B))}
—
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o AT (0o, kyh) &~ —i(nace) - 2+ [0 dyV -

TMdec

(¢ > 1000)
. (Lewis, PRD 2004, Yamazaki,K.I.,Kajino,
ApJL, 2004)
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CMB anisotroplies (vamazaki, k.1, Kajino, 2006)
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CMB anisotroplies (vamazaki, k.1, Kajino, 2006)
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CMB

log(|B;| [G])

(Yamazaki, K.I, Kajino, 2006)
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void

(Bertone, MNRAS 370, 2006)

Magnetic field seeding by galactic winds

Serena Bertone,"'?* Corina Vogt>** and Torsten EnBlin**

]A.s'rmnom}' Centre, University of Sussex, Falmer, Brighton BENI 90H
2 Max- Planck-Institut fuir Astrophysik, Karl Schwarzschild Strasse 1, 85741 Garching bei Miinchen, Germany
3S!r'c'!:r£frg ASTRON, PO Box 2, NL-7990 AA Dwingeloo, the Netherlands

Accepted 2006 April 21. Received 2006 April 21; in original form 2005 February 28

ABSTRACT

The origin of intergalactic magnetic fields is still a mystery and several scenarios have been
proposed so far: among them, primordial phase transitions, structure-formation shocks and
galactic outflows. In this work, we investigate how efficiently galactic winds can provide
an intense and widespread ‘seed’ magnetization. This may be used to explain the magnetic
fields observed today in clusters of galaxies and in the intergalactic medium (IGM). We use
semi-analytic simulations of magnetized galactic winds coupled to high-resolution N-body
simulations of structure formation to estimate lower and upper limits for the fraction of the
IGM which can be magnetized up to a specified level. We find that galactic winds are able to
seed a substantial fraction of the cosmic volume with magnetic fields. Most regions affected
by winds have magnetic fields in the range 10-'2 < B < 10~% G, while higher seed fields can
be obtained only rarely and in close proximity to wind-blowing galaxies. These seed fields
are sufficiently intense for a moderately efficient turbulent dynamo to amplify them to the
observed values. The volume-filling factor of the magnetized regions strongly depends on the
efficiency of winds to load mass from the ambient medium. However, winds never completely
fill the whole Universe and pristine gas can be found in cosmic voids and regions unaffected
by feedback even at z = 0. This means that, in principle, there might be the possibility to probe
the existence of primordial magnetic fields in such regions.

Key words: intergalactic medium — galaxies: magnetic fields — cosmology: theory.
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y (R. Plaga, Nature 1995)
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Our model to predict delayed emission

improved version of Razzaque et al., ApJ (2004)
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K. Ichiki et al., in progress
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K. Ichiki et al., in progress
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summary

o G
o
. predictable (but model dependent)
. (well known physics, but highly uncertain)
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$
o
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