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CosmicMagnetic Fields (what is the origin?)

6d2CGh+$i 6d2CCINA%01< %@ HCH?<' > SNB8_1J 5/ 8; $AFS@S3NDj K

NGCBO46 Bom VLA«Effelsberg Polarized Int. + B-Vectors HPBW=15" COML A 3264 2
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DECLINATION (J:2000)

Beck and Hoernes, Nature, (1996) Kim et al., Nature, (1989)

NGC 6946 1.5Mpc “bridge” between clusters from Coma
B G may be associated with density spiral to Abell 1367

structure. 0:2 0:6 G (derived by minimum energy)
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Latest Observations— magnetic elds in galaxy cluster

Magnetic Power Spectrum of
k Eg(K) Hydra A Cluster
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B=(7.3+02+2Mm G
lg= (2.8 + 0.2+ 0.5) kpc

le-148 '

0.1 1 K [kpc':l] 10 10C

Vogt and Ensslin, A&A, (2005)

images of Hydra A in X and radio wavelength _
Rotation Measure $kK$h$k4@B,
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Beyond the cluster scale$ B in super clusters(?)

Reversal Scale = 200 kpc

— — Reversal Scale = 400 kpc
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Log,,(B,/1 Gauss)
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%$086%l< % FoGoCISBN > @ 8.
— EK'>I$Nconformal invariance $rGIskl, MW $j !#

% r2 (a®B)=0! B/ a?

couplingstogravity: R A A ,RF F
B 10 °G (Turner, 1988)
coupling to the other elds: e F F

10 % < B < 10 19G (Ratra (1992), Bamba& Yokoyama (2003))

<'>| $N6/ EY& %% ZoLoPhibOM8@D5G=

7k2LSOB0 S0 B K6/ $/ OMBS
(which is correct?)
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L) EWI$I $.5/8; — Cosmo-Plysicalapproach
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'RSKB.EY9 F, @8"Fl $k!# (Harrison (1970), Gopal&Sethi(2004))
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£3£ EUC
recombination
~ (neutralization)

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

first object
£22_(;_

stars — galaxy

. galaxies — cluster
temperature anisotropy: temperature

inhomogeneity at 380,000 yr after
the big-bang

present universe
AQighigher temp ﬁhlgher densng/) E+£3£2C

AAjSlower temp (lower density
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magnetic elds generationfrom density uctuations

Density uctuation of photons
+> 'photon wind' blows from high density regions

0-0- O °©
0-O- ° Q
0-O- O -
00O ° Q

photon!'vVwind!W primordial plasma
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magnetic elds generationfrom density uctuations

Density uctuation of photons
+> 'photon wind' blows from high density regions

O@ ©
&2

¢ O

photons push only electrons

0000
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magnetic elds generationfrom density uctuations

Density uctuation of photons
+> 'photon wind' blows from high density regions

O

o2
-0

photon!Vwind!W electric current > mag elds

0000
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An Essencdo GenerateMag Fields

If you work in the standard 'linear' perturbation theory!D

0_,0 ‘o
O-O- oo

O-0O- © o ©
O_'O_' o O

e’
i h &
_a =1

-
-
.

< <
ALY

‘ Tﬁf?ﬁ\ﬂF > )b‘ -

——

l‘ I'
A _ -~
’ . y ‘

O O O O

\* \)

photon!Vwind!'W homogenious matter distribution

No magnetic elds can be generated
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An Essencdo GenerateMag Fields

If you consider second order couplings into account!D

O-O-
O-O-
O-O-
O-O-

photon!Vwind!W Inhomogeneous matter distribution

magnetic eld should be generated
— In particular, aniostropic distribution of photons is important

coupling between photon wind and inhomogeneous matter

distribution !J second order effect!K
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Recipefor the magnetic eld equation

EER! dVv e — I Pe € E + Ve B ; + C coulom b + C compton (1)
dt e Me C NeMe NeMe
dv r e V B C
M[R! Bl Pp + — E + P r Coulom b )
where, C =(Vp Ve)ne? e?me” |
» ~Coulom b p e , (kg Te)3=2 ,

(2)-(1) $78F(me=mp  1,pp Ppe) generalized Ohm's law:

e @ n €Ne C Ne€
rotation $r$H$GR" Maxwell eq. (r  E = %%) $r;HS&BH
}@ =r r Pe 4+ r Ve B r J r C Compton
c @ / K nee
battery term dynamo term diffusion term
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Evolution equationfor Magnetic Fields

Vorticity difference: =c?h$k#2<! $ND°

B—i — ij Kk CJ ” R
©)

— 4 T ij K @ 1) (1) @) 2)
= %6 k Ve it ej :k ik
1 @ 1) I 1) 1) I _
t 7 Velk j + Vg ik , K. Takahashi et al., PRL, (2005)

. B.EY9 $K$h$kdsM?

: HEYJ} 05N @KAS$kasM?

(1st order) (1st order) $N0"$Q" @FAQFBGEW $7321* MNISN-VS 9-8 $GA5
SNBK7W, $Gb- SK!*
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Evolution equationfor Magnetic Fields

Vorticity difference: =c?h$k#2<! $ND°

B = U Cix
©)
Vei Vi Veik V

. K. Takahashi et al., PRL, (2005)

COND ORDER!!

. B.EY9 $K$h$kdsM?

: HEYJ} 05N @KAS$kasM?

(1st order) (1st order) $N0"$Q" @FAQFBGEW $7321* MNISN-VS 9-8 $GA5
SNBK7W, $Gb- SK!*
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CosmologicalMagnetic Fields from Density Perturbations
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1J =i 4] 1' Cl$r CBkF; 60BHE7$SFSNKL) EYISi $. 5/ 8; $N<' >

hybrid in ation model with running index within 1 of WMAP 3yr
(M. Kawasaki et al., hep-ph/0605271)
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1' CIO@*5/ 8; SN’ >| $r 8! >ZB9SkSKSQ)

The origin of cosmological magnetic elds can be categorized into
two: 'astrophysical one' and '‘cosmological one'. The origin can be
cosmological if:

— there existed magnetic elds before any astrophysical activities
took place. (Look for signatures in CMB anisotropies)

— we nd magnetic elds in regions far away from any astrophysical
activities. (Look for signatures in void regions)
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Constraints on CosmologicalMagnetic Fieldsfrom CMB

Yo %86 N CBEKENSCER" %Yo loPbk ? (2SE7?2KSNB.EY>1 $, 1" %Poo®oN.BNK
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$3INEhSLBKE 7S B F55I $729EWMISI $. 6, 1" >. 3EY6%01< %k = 1000 $GI@B,

$551 FK29EYMIISI $. SNb/ 8; $+5bS 7Sl $I$S$. (Lewis, PRD 2004, Yamazaki,K.1.,Kajino,
ApJL, 2004)
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CMB anisotropiesdue to magnetic elds (vamazaki k.1, kajino, 2006)

: : CBI
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CMB anisotropiesdue to magnetic elds (vamazaki k.1, kajino, 2006)
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log(|B;| [G])

B (k)

CMB $|<Bh$k@§38(2) (Yamazaki, K.I, Kajino, 2006)

WMAP + ACBAR + CBI (10) se—
WMAP + ACBAR + CBI (20) ===
Clusters of galaxis ==

Nucleosynthesis =
Electroweak transition ===~
inflation = -

25 2 1.5 -1 0.5
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primordial elds In void regionSertone, MNRAS 370,2006)

Magnetic field seeding by galactic winds

4 * = 9
Serena Bertone."?* Corina Vogtz's* and Torsten EnBlin~*

JA.rrmnom}' Centre, University of Sussex, Falmer, Brighton BNI 90H
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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~'> < 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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primordial elds In VOid_re%iOnSﬁertone,MNRAS 370,2006)
simulated region:52h * Mpc
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Detectability (r. piaga,natre 1995)
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Our modelto predict delayed emission
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Our modelto predict delayed emission
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random $J<' > $, Bril[ $9%k>1 9g

delayed emission

~ -~ -
-~ -
i ——

line of sight———

the problem of the propagation of
a pulse of radiation (e ), containing
small-angle scatterings. (ref. Alcock &
Hatchett, ApJ 222, 1978)
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coherent$J<' > $, Bril[ $9%k>1 9g (0l 2s;6 Mp

delayed emission
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constant time delay surface
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Important scalesnvolved

Can we probe magnetic elds in void regions?
= 20TeV:

energy of electrons produced by -rays with E
_ E
e = 2 10’ 20T eV

E

— Ee = 100TeV 5oy
— —— = 10Mpc ( Kneiske etal., A&A, 386, 1, (2002))
— e creation in void 10* p——— S
103 -
How long distance can this e propagate? \
B _ 3me g ) -
I1C 4 ¢ TUcmb =, 107
- 1
_ E I Zf Q)
= 100kpe zorey B = -
: : 10 £ IR (z=1.0)
— cool down in void : IR (224.0) wwreee
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Spectrum [GeV cm? s'l]

Delayed spectrum (Random; =10 17G; z=0.1(eft), z=0.5(right) )
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IRB absorption will be important E > 100GeV, but not signi cant for
-ray bust at z = 0:1.
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Spectrum [GeV cm? s'l]

Delayed spectrum (Random; s=10 17G; z=1.0(eft), z=3.0(right) )
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IRB absorption will be important E > 100GeV.
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Spectrum [GeV cm? s'l]

Delayed spectrum (coherent; s=10 20G; z=0.1(eft), z=0.5(right) )

10° " Eu=100 TeV t,,=5x10Ls —— 10° C T T EL =100TeV t,=5x10t s ——
| = e =5x10% s | | = eV tops=5X s
°ﬂ‘—1oo TeV tbs—5x1o§s Eﬂt—loo TeV 19 s—5x10§s
Eoi=100 TeV tope=5x10 - - ECI=100 TeV tpo=5x10 1
prompt --------- ] ! prompt --------- ]
10°

=
o
(=4

Ay
]
ol

Spectrum [GeV cm? s'l]
=
o,
[5;]

[y

<
=
o

10-15

| L M | L M | L PR
10 100 1000
Ey[(1+2) GeV]

| L M | L MRS | | L W
10 100 1000
Ey[(1+2) GeV]

IRB absorption will be important E > 100GeV, but not signi cant for
-ray bust at z = 0:1.

(Time-dependent) spectrum should have a different shape from that
by random mangetic elds.
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Spectrum [GeV cm? s'l]

Delayed spectrum (coherent; s=10 20G; z=1.0(eft), z=3.0(right) )
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IRB absorption will be important E > 100GeV.
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Sensitvities
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Summary

1' CrO@*<' >l $N\o/ 8; $O# $@P2r 7h

— 1'ChO@® 8;!) !J predictable (but model dependent)!K

— EBN*ME/8;!) (well known physics, but highly uncertain)

— 1' CIO@*L) EWMIBI $. $CHABK' > $r @ 80$I$k (alghough very weak)

1' CrO@*=i 4| <' > $OCMB MI$i $. and/or void NNOh$GI@B, $5%1 $k

— tangled magnetic elds(ng = 0:5) are severely constrained to
(B < 10 °°G) by GW+BBN.

— 1' CrO@%961< %N’ > (ng 3) $OCMB $+$i @3B
(B <5 10 °G)

void NNh$N' >1 $ER@% K %90H+$i SNGeV-TeV SWRSNCYLASKSh$CHFB,
$l $k
— 10 < B < 10 °G DWVG"$ $MUB,206=
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