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-  A brief review on what we know about cosmic B 

-  A model for cosmic magnetic fields  

-  Possibility of detecting of cosmic B through RM   

     with SKA  
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Star  

     Magnetar    ~ 1013 - 1015 G 

     Neutron star   ~ 1011 - 1013 G 

     White dwarf   ~ 106 G 

     Ap/ Bp star   ~ 103 G 

     Normal star   ~ 1 G 

Molecular cloud   ~ 10-3 G 

Interstellar medium   ~ several x10 -6 G 

Cluster of galaxies   ~ a few x 10 -6 G 

Filament of galaxies   ~ 10-10 G (?) 

Void    ~ 10-16 G (?) 

 

Early universe   ~ 10-20 G (?) 

Planck mass monopole ~ 1055 G 

larger 
scale 

stronger 
field  

Magnetic field is ubiquitous in the Universe!  

cosmic magnetic fields  
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clusters of  
 galaxies: 

B ~ a few mG 

filaments of  
 galaxies: 

B ~ 10 nG (?) 

void regions:  
B >~ 10-16 ð 10-19G 

(?) 100 h-1 
Mpc 

distribution of cosmological shocks  

Cosmic magnetic fields  
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Clusters of galaxies - magnetic fields  
Faraday rotation measure of a few x 100 rad/m 2  

         -> B ~ a few mG 

Clarke et al (2004 ) 

through 
clusters  

Hydra North  

Vogt & Ensslin (2005)  
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Clusters of galaxies ð numbers and energetics  

density of baryonic matter  32cm10~ --n

gas temperature  K10~ 8T

magnetic fields  G few a~ mB

f low velocity  km/s 10several~ 2³u

gas kinetic energy  

gas thermal energy  

cosmic-ray energy  

310

thermal erg/cm10~ -E

311

kinetic erg/cm10~ -E

311

ray-cosmic erg/cm10-~E

magnetic fields  
   <- t urbulence dynamo + feedbacks from galaxies  

magnetic energy  
312

magnetic erg/cm10 few a -³~E
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Filaments of galaxies - magnetic fields  
Faraday rotation measure of several rad/m 2  

         -> B ~ 10 nG 
Mao et al (2010), Stil  et al (2011)  

-> extragalactic contribution of ~6 rad/m 2 

north galactic pole  south galactic pole  

Schnitzeler  et al (2010)  
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Filaments of galaxies ð numbers and energetics  

density of baryonic matter  35cm10~ --n

gas temperature  K10~ 6T

magnetic fields  (?)nG  10~B

f low velocity ð divergent comp.  km/s 10 few a~ 2

div ³u

gas kinetic energy ð turb . motion 

gas thermal energy  

cosmic-ray energy  

315

thermal erg/cm10~ -E

315

turb erg/cm10~ -E

(?)erg/cm10~ 315

ray-cosmic

-E

magnetic fields < - t urbulence dynamo ? 

f low velocity ð curl comp. km/s 10~ 2

curlu

gas kinetic energy ð divergent motion  
314

div erg/cm10~ -E

magnetic energy  (?)erg/cm10~ 317

magnetic

-E
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Void regions - magnetic fields  
Lack of extended GeV g-ray emission around AGNs  

         -> B >~ 10-16 G 

strong g-ray 
source such 

as AGNs 

CMB 
photon 

g 

pair 
production  

e+ 

e- 

g secondary 
g-ray  

photon from 
extra -galactic 

source 
inverse-
Compton 

extended  
g-ray around 
the source  

no observation of extended g-ray around sources  
-> evidence of magnetic defection along the path  
   from the source to the observer  

        B >~ 10-16 or 10 -19G in void regions!  

Neronov & Vovk (2010)  
Aleksic et al. ( 2010) 
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Void regions ð numbers and energetics  

density of baryonic matter  38cm10~ --n

gas temperature  K10~ 4T

magnetic fields  (?)G  10 16-~B

f low velocity ð divergent comp.  km/s 10~ 2

divu

f low velocity ð curl comp. (?)  km/s 1~curlu

gas kinetic energy ð turb . motion 

gas thermal energy  

cosmic-ray energy  

320

thermal erg/cm10~ -E

(?)  erg/cm10~ 322

turb

-E

(?)  erg/cm10~ 322

ray-cosmic

-E

gas kinetic energy ð divergent motion  318

div erg/cm10~ -E

magnetic energy  (?)erg/cm10 333

magnetic

-~E

origin and nature of magnetic fields < - not yet known !!  
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Star  

     Magnetar    ~ 1013 - 1015 G 

     Neutron star   ~ 1011 - 1013 G 

     White dwarf   ~ 106 G 

     Ap/ Bp star   ~ 103 G 

     Normal star   ~ 1 G 

Molecular cloud   ~ 10-3 G 

Interstellar medium   ~ several x10 -6 G 

Cluster of galaxies   ~ a few x 10 -6 G 

Filament of galaxies   ~ 10-10 G (?) 

Void    ~ 10-16 G (?) 

 

Early universe   ~ 10-20 G (?) 

Planck mass monopole ~ 1055 G 

larger 
scale 

stronger 
field  

Magnetic field is ubiquitous in the Universe!  

main foucs  
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Origin of cosmic magnetic fields  

- turbulence induced at shocks in the LSS of the universe  

  + turbulence dynamo with weak seed fields  (Ryu et al 2008)  

 Ą probably energetically most important  

- AGN outflows, galactic winds, é (Kronberg  et al 2001) 

 Ą <B> ~ 10 - 100 nG in the cosmic web (?)  

- microscopic instabilities such as mirror instab , fire -hose instab , 

    macroscpic instabilities such cosmic -ray induced instab , 
    cosmic-ray flux,  
    and etc  

 Ą not yet clear!  
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large - scale structure formation  

  cosmological shocks   

gravitational 
collapse 

& flow motions 
shock 

dissipation  
generation of heat  

fresh acc. & re -acc. of CRs 
genera. of magnetic fields  

generation of vorticity  
the main channel to flow the 
gravitational energy to the 

intergalactic medium  shock   cascade into turbulence  

turbulent amp. of mag. fields  
turbulent acceleration of CRs  

A model for B in clusters and filaments:     
B from the large -scale structure formation  

(gravity is the ultimate 
source of energy in 
astrophysics!)  
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Mach 
number 
distribution 
of shocks 
around the 
cluster 
complex 

Ryu et  al (2003)  
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0=Ðȸ

0̧Ðȸ

curved shock  

different jump of  B 

(Bernoulli function)   

preshock  density  
postshock  density  
preshock  flow speed  
unit normal to shock surf.  
curvature radius of surf.  

Vorticity  generated at cosmological shocks  
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at postshock  
directly at curved shocks  

by the baroclinic  term  

pÐ³Ð=
CC

# r
r

v
2bc

1

constant r 

constant p 

baroclinity  

due to entropy variation 
induced at shocks  
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(25 h -1Mpc)2 2D slice  

shocks 

r 

X-ray  

curl(v)| x |curl(v)|  

Vorticity  in a cluster complex  

-1500 kms-1 

/ 300 kpc 

1500 kms-1 

/ 300 kpc 

6 kms-1 

/ 300 kpc 

2000 kms -1 

/ 300 kpc 

velocity field  

Ryu et al (2008 ) 
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