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CosmicMagnetic Fields (what is the origin?)

6d2O$+$i 6d2OCD$N%9%1!<%k$GB7$C$?<' >l $NB8:_ !J 5/ 8; $OL$$@L$3NDj!K

Beck and Hoernes, Nature, (1996)

NGC 6946

B � � G may be associated with density spiral

structure.

Kim et al., Nature, (1989)

1.5Mpc “bridge” between clusters from Coma

to Abell 1367

0:2 � 0:6� G (derived by minimum energy)
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Latest Observations— magnetic�elds in galaxycluster

images of Hydra A in X and radio wavelength
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Rotation Measure $K$h$k4QB,
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Beyond the cluster scales!' ~B in superclusters(?)

Xu et al., ApJ 673, (2006)
Conservative upper limit on B
in Hercules supercluster (I)
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6d2O<' >l $N<o$KI, MW$J<' >l $N6/ $5
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5/ 8; $O$J$K$+? – E7BNJ*M}5/ 8;

� 8=:_ $^$G$N$5$^$6$^$JE7BN3hF0$rDL$7$F<' >l $r@8@.!J !\ A}I} !K
– %S%"%%̂sBattery (Biermann 1950) + %@%$%J%bA}I}

� ;O86D6?7@1: B � 10� 16G (Hanayama et al, 2005)

� 6d2O7A@.: B � 10� 21G (Kulsrud et al., 1997)

� :F%$%*%s2=: B � 10� 18G (Gnedin et al, 2000)

– %o%$%Y%kIT0BDj: B � 10� 8G
(Okabe & Hattori (2003), Fujita and Kato (2005))

� J*M}$OJ, $+$C$F$$$k

� 6/ EY$b==J,

� <' >l $N%9%Z%/%H%k$O!)
– Aj4XD9$O==J, $+!)

� DjNLE*$K3N$+$J$3$H$r$$$&$N$OFq
$7$$
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5/ 8; $O$J$K$+? – 1' ChO@5/ 8;

� %$%s%U%l!<%7%g%sCf$G$N<' >l @8@.
– EE<' >l $Nconformal invariance $rGK$kI, MW$"$j !#

�
�

@2

@� 2 � r 2
�

(a2 ~B ) = 0 ! ~B / a� 2

� couplings to gravity: R�� A� A� , RF �� F��

B � 10� 9G (Turner, 1988)

� coupling to the other �elds: e� F �� F��

10� 65 <� B <� 10� 10G (Ratra (1992), Bamba& Yokoyama (2003))

� <' >l $N6/ EY!&%9%Z%/%H%k$OM=8@2DG=

� 7k2L$O%b%G%k$K6/ $/ 0MB8
(which is correct?)
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L)EYMI$i $. 5/ 8; – Cosmo-Physicalapproach
� 1' Ch@2$l >e$, $j $^$G$N<' >l @8@.

– 8w;R$OEE;R$N$_$rA*BrE*$K%3%s%W%H%s;6 Mp(me � mp)
� 8w;RN.BN$H%P%j%*%sN.BN$KB.EY:9 (v
 � vb) $, $"$k$H!" M[;R$HEE

;R$KB.EY:9 $, @8$^$l $k!# (Harrison (1970), Gopal&Sethi(2004))

� 8w;R$NHsEyJ} 05NO(� 
 ) $, EE;R$rM[;R$H0c$&J} 8~$X;6 Mp(new!!)
! M[;R$HEE;R$K$: $l ! <' >l @8@.

� (v
 � vb), � 
 $OL)EYMI$i $. 5/ 8;

� ! B8:_ $O3N<B

� 3NN)$7$?1' ChO@E*@]F0O@($H4QB,) $K4p$E$/ !#

� $5$^$6$^$JAj4XD9$r ;} $D<' >l $, @8@.$5$l $k!#

� <' >l $N6/ $5$O<e$$ (10� 30G � 10� 20G)

=i Be@1!&=i Be6d2O7A@.@E7J8Bf – p.9/36



L)EYMI$i $. : A4$F$N9=B$$N!V<o!W

1' Ch$O$[ $\ 0l MM$GEyJ} $@$, !" $=$N>e$K$o$: $+$JMI$i $. $, >h$C$F$$$k!#

ÀÖ¡§higher temp (higher density)
ÀÄ¡§lower temp  (lower density)

higher density regions
stronger gravity

collect matters
higher density

form objects

£²²¯Ç¯
first object

stars
galaxies

present universe
£±£³£·²¯Ç¯

£³£¸ËüÇ¯
recombination
(neutralization)

temperature anisotropy: temperature
inhomogeneity at 380,000 yr after
the big-bang

cluster
galaxy
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magnetic�elds generationfr om density �uctuations

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

photon!Vwind!W primordial plasma
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magnetic�elds generationfr om density �uctuations

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

photons push only electrons
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magnetic�elds generationfr om density �uctuations

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

photon!Vwind!W electric current ±> mag �elds
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An Essenceto GenerateMag Fields

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

photon!Vwind!W homogenious matter distribution

� No magnetic �elds can be generated
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An Essenceto GenerateMag Fields

If you consider second order couplings into account!D

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
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Evolution equation for Magnetic Fields

Vorticity difference: =c?h$K#2<!$N9`

_B i = � � ij k Cj ;k
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; K. Takahashi et al., PRL, (2005)

: B.EY:9 $K$h$k4sM?

: HsEyJ} 05NO$K4s$k4sM?

(1st order) � (1st order) $N9`$O!" @~7A@]F0$G7W;; $7$?J*M}NL$N>v$_9~$_$G@5
3N$K7W;; $G$-$k!*

ALL TERMS are at SECOND ORDER!!
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Evolution equation for Magnetic Fields

Vorticity difference: =c?h$K#2<!$N9`
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; K. Takahashi et al., PRL, (2005)

: B.EY:9 $K$h$k4sM?

: HsEyJ} 05NO$K4s$k4sM?

(1st order) � (1st order) $N9`$O!" @~7A@]F0$G7W;; $7$?J*M}NL$N>v$_9~$_$G@5
3N$K7W;; $G$-$k!*

ALL TERMS are at SECOND ORDER!!
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<o!9 $NMI$i $. $NH/E8
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CosmologicalMagnetic Fields fr om DensityPerturbations
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!J =i 4| 1' Ch$rC5$kF;6q$H$7$F$N!KL)EYMI$i $. 5/ 8; $N<' >l
hybrid in�ation model with running index within 1� of WMAP 3yr
(M. Kawasaki et al., hep-ph/0605271)

J*<A$NL)EYMI$i $. $O;D$i $J$$$, <' >l $O;D$k
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1' ChO@E*5/ 8; $N<' >l $r8! >Z$9$k$K$O!)
� 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 Fields fr om CMB

%m!<%l%s%DNO$K$h$C$F!" %Y%/%H%k7? (2sE>7?!K$NB.EY>l $, !" %P%j%*%sN.BN$K
M65/ $5$l $k!#

� _~vb + H ~vb = � � 


� b

h
4
3 ane� T (~vb � ~v
 ) + 1

2� 

~B � (r � ~B )

i

! %3%s%W%H%s;6 Mp$rDL$8$FMI$i $. $O8w;R$X

! %I%C%W%i!<8z2L$G29EYMI$i $. $NHsEyJ} @-$X

– � T
T (� 0;~k; n̂) � � ~v(� dec) � n̂ +

R� 0

� dec
d� _~V � n̂

$3$N$h$&$K$7$F@8@.$5$l $?29EYMI$i $. $, !" >.3QEY%9%1!<%k(` >� 1000) $G4QB,
$5$l $k29EYMI$i $. $N5/ 8; $+$b$7$l $J$$. (Lewis, PRD 2004, Yamazaki,K.I.,Kajino,

ApJL, 2004)

� 
 B � 10� 5
 

�

B
10� 8 G

� 2
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CMB anisotropiesdue to magnetic�elds (Yamazaki,K.I, Kajino, 2006)
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CMB anisotropiesdue to magnetic�elds (Yamazaki,K.I, Kajino, 2006)
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CMB $K$h$k@)8B(2) (Yamazaki,K.I, Kajino, 2006)

B (k) � B� (k=k� )n B B1Mp c <� 10� 8G
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primordial �elds in void regions(Bertone,MNRAS 370,2006)

z=1

z=0

z=3

z=0.5

simulated region: 52h� 1 Mpc
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primordial �elds in void regions(Bertone,MNRAS 370,2006)

z=1

z=0

z=3

z=0.5

simulated region: 52h� 1 Mpc
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Detectability (R. Plaga,Nature 1995)
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� <' >l $, B8:_ $7$F$$$k$H!" CY$l $F$d$C$F$/ $k&C@~$, B8:_ $9$k!#
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Our model to predict delayedemission
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Our model to predict delayedemission
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random $J<' >l $, Bn1[ $9$k>l 9g

l IC

l IR

delayed emission

line of sight

pair plasma

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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%i%s%@%<̀' >l Cf$G$NE~C#;~9o$NJ, I[ 4X?t
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coherent$J<' >l $, Bn1[ $9$k>l 9g (0l 2s;6 Mp)
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important scalesinvolved

Can we probe magnetic �elds in void regions?

� energy of electrons produced by 
 -rays with E
 = 20TeV:

– Ee = 10:0TeV
�

E 


20TeV

�
, 
 e = 2 � 107

�
E 


20TeV

�

– � 
 
 � 1
� T n I R

= 10Mpc ( Kneiske et al., A&A, 386, 1, (2002))

– e� creation in void

� How long distance can this e� propagate?

– � I C = 3m e
4
 e � T ucm b

= 100kpc
�

E 


20TeV

� � 1

– cool down in void
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Delayedspectrum(Random; B=10� 17 G; z=0.1(left), z=0.5(right) )
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prompt

� IRB absorption will be important E
 > 100GeV, but not signi�cant for

 -ray bust at z = 0:1.
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Delayedspectrum(Random; B=10� 17 G; z=1.0(left), z=3.0(right) )
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� IRB absorption will be important E
 > 100GeV.
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Delayedspectrum(coherent; B=10� 20 G; z=0.1(left), 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.

� (Time-dependent) spectrum should have a different shape from that
by random mangetic �elds .
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Delayedspectrum(coherent; B=10� 20 G; z=1.0(left), z=3.0(right) )
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� IRB absorption will be important E
 > 100GeV.
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Sensitivities

� all sensitivities are at 5�
(50 hour)

� B � 10� 20G (coherent)
B � 10� 17G (random)
are within reach.

http://people.roma2.infn.it/ glast/welcome.html
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Summary

� 1' ChO@E*<' >l $N5/ 8; $O:# $@L$2r7h
– 1' ChO@5/ 8; !) !J predictable (but model dependent)!K
– E7BNJ*M}5/ 8; !) (well known physics, but highly uncertain)

– 1' ChO@E*L)EYMI$i $. $O<+A3$K<' >l $r@8@.$9$k (alghough very weak)

� 1' ChO@E*=i 4| <' >l $OCMB MI$i $. and/or void NN0h$G4QB,$5$l $k
– tangled magnetic �elds( nB >� � 0:5) are severely constrained to

(B� <� 10� 20G) by GW+BBN.

– 1' ChO@E*%9%1!<%k$N<' >l (nB � � 3) $OCMB $+$i @)8B
(B� <� 5 � 10� 9G)

� void NN0h$N<' >l $O&C@~%P!<%9%H$+$i $NGeV-TeV 8w;R$NCY1d$K$h$C$FB,
$l $k

– 10� 20 <� B <� 10� 18G DxEY$G$"$l $P4QB,2DG=
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