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Measured magnetic fields in the Universe

. 1C342-East 20cm Total Int. + B-Vectors (VLA)
* In galaxies

* Zeeman splitting

* Synchrotron emission

» Faraday Rotation Measure

B~1-10uG

Copyright: MPIfR. Bonn (R.Beck)

Note : large B in galaxies even at high redshift

(84uG@z~0.7, Wolfe et al. 2008 // ~10 uG up to z = 3, Kronberg et al. 2008)
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Measured magnetic fields in the Universe

 In galaxy clusters

» Faraday Rotation Measure
of background radio
sources

* Clear excess up to 500 kpc

 B~5uGatL~10kpc
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Measured magnetic fields in the Universe

* On larger scales

* Cross-correlation of [RM| l
and galaxy density field S

« Significant excess detected | l l )
at large distances " }

0.1 — "‘“-..___. —

e B~30nG e | N
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L - 1 MpC r [h—kpc]

(Lee et al. 2009)
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Where do those fields come from?
Most likely scenario in two steps :

* Amplification and organisation (build-up of coherence)

« Adiabatic compression (frozen-in flux)
* Galactic a — Q dynamo

e Turbulent dynamo (small scales, Intra-Cluster Medium)

* Exnihilo generation of non-zero fields
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The need of weak seeds

Linearised fluid equations

p(t‘.?\:+iv+v-vv) _ _E_p‘?g‘"_}_[vXB)}CB
gt  a a a a
73} a Velpv)
Vi = 47Ga®(p - poft)) -
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The need of weak seeds

Linearised fluid equations

5 ﬁ_l_iv_}_v.‘?"v _ _E_pv¢+(v}iB)>{B
gt  a a a a dma
dd a V-(pv) _
Vi = 47Ga®(p - poft)) -

* B as asource of density fluctuations (Rees & Reinhardt 1975,
Wasserman 1978, Kim et al. 1996, ---)

—

* In particular, B~ 1 nG, on L < 10 ckpc, — additional power on
scales M ~ 10° M_ — enhances Pop III star formation

—

(Sethi & Subramanian 2003 ; Tashiro & Sugiyama 2006)
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Seed field generation mechanisms

 Primordial Universe

 Inflation

 Phase transitions

e Recombination

e Second order perturbations

e Post-recombination Universe

« Plasma instabilities (e.g. Weibel)
* Biermann Battery

» Photon drag of charged particles
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Seed field generation mechanisms

 Primordial Universe

 Inflation

 Phase transitions

e Recombination

e Second order perturbations

e Post-recombination Universe

« Plasma instabilities (e.g. Weibel)
* Biermann Battery

» Photon drag of charged particles
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Biermann battery at reionisation

Subramanian et al. 1994, Gnedin et al. 2000
Induction : source term
@__ckB §T><§ne
dt q, n

4

Electron density gradient

Neutral

Neutral

5. —~Jonization™ *
— - front g

B~10" —10®" G @ L ~ a few kpc
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B fields from radiation drag at reionisation

Langer, Aghanim, Puget 2005

« Maxwell equations

e Generalised Ohm's law
uXnB de - - - -

- 2
d] wp —— " .

— E + XB—v j+v_1
dt 4T c e / o TV

« Radiation drag source term

 Photon-electron interaction : photoionisation Yy =0 j,, ¢

 Source current : momentum transferred to bound electrons

hv 8 V=V,
I=f,, 4.y C where f =—
m c 5 A%

e
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B fields from radiation drag at reionisation

Langer, Aghanim, Puget 2005

* Jonising source : quasar

D4 CV., >
* Amplitude of the generated field B=4T ZyVXI t
wP
nin L7 1 )
BN1.6X10_15F(V)C12(;3 g e 12 > I+2 Gauss
10* R, 10°yrs| 16

* Mean free path of ionising photons outside Stromgren sphere
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B fields from radiation drag at reionisation

Langer, Aghanim, Puget 2005
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B fields from radiation drag at reionisation
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B fields from radiation drag at reionisation

Langer, Aghanim, Puget 2005
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Distance between 3.9 g sources :
880 kpc @ z ~ 15

B~4x10? G
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Eventual statistics of the produced seeds?

Langer, Puget, Aghanim 2003

* Bfield power spectrum::

PB(k) ~ k™* on cluster scales

P (k) ~k™*’ on galactic scales

e But there's not enough time :

t,~4X 1085;1 VIS | i
to~t,~4x10°yrs IR |
Non-linear effects 1 e 10
k Mpc™) 3

(turbulence) set in!
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Subsequent evolution

(Ryu et al. 2008)
e Turbulence from structure . |
formation Y
 Vorticity generation § ENEA
« Magnetic field amplification S| |« =* & g ®
- :
e Results@z=0 of
initial conditions ! T
+ Seed field strength IS
[
« Coherence 010G 104G

Memory of generation mechanism is lost !

(cf. also Dolag et al. 2002)
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Summary
 Origin of cosmological magnetic fields still unsettled

« Radiation drag at reionisation : promising mechanism

B generation inherent to reionisation, IGM pre-magnetisation

Turbulent amplification efficient on large scales

Loss of memory of B seed production mechanism

Need for detailed observations, esp. in low density regions
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