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Observed inter-galactic magnetic fields

-

Artists impression of the intergalactic magnetic field in the Virgo Cluster (Science, Vol 311, P788).

Halos around gamma-ray images Ando & Kusenko 2010

TeV blazers Neronov & Vovk 2010 & (using Fermi/LAT) Tavecchino et al. 2010
Magnitude: 10~17 — 10~ G.

Amplified from initial seed fields.



Amplification

/—\m;t)lification of seed field |

e Dynamo Mechanism transfers energy
from kinetic into magnetic.

e Needs a seed field of size
10739 — 10~ 12G.

e Adiabatic compression of magnetised
cloud transfers energy from
gravitational potential into magnetic.

o Needs a seed field of at least 10~2°G.
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Where does the seed field come from?

Options
Inflation
Phase transitions
Preheating or reheating
Exotic Physics

Vorticity & Velcoity
differences
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Using perturbations
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Perturbed metric terms

—a? [1 + 2¢1 + ¢2]

1
a’ |:Bli + —B2i:|

2
a® [0i5 + 2C145 + Caij]
/ hsteer Catlinard

Perturbed components

) ) 1. . 1 ;
p(t,z') = po(t) +dpr(t, ") + 50,02(15,137') + 65/?3(15.» z')...
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Maxwell's Equations

Covariant Maxwell Equations

Constraint Equations
EF A+ T EF — & = p— 20" M,

M¥ T ME =i, MP = —wtE,

Evolution Equations

EM = (W) +o) — gahﬁ)s” + iy My, — (Mo — Th M) — T

) 2 v v - 1
MM = (W) + o) — gahﬁ)./\/l — M, E A N (E — Th L ER)
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Current equations
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Introducing matter

Governing Equations

Momentum conservation

. Q
Vo + [7a<1+ci) - 3Hc§] Va + ¢+
Pa + Pa pPa + Po

2 v2
SPig+ S 5Ma+QaV =3 fag| =0
a
B

Interactions between species

fap = aap(Va — Vp)

2,2 4 42

nce
Qey = ZNCOTP~, Qpy = ——NCOT Py

Ape 3 3

T dwegoe’
Number density of particles

2¢(3)nBo T8

Ne =Ny = >
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Initial results
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Initial results
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Source term for magnetic fields

i Bengk’ |, j ), )
M3 = 5 w2? Dugpeyy;

wiy = Hwij = 5520p, ;0P = Sij . Dvgeysj = 0j(vi(p) = vi(e))
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What's next?

Full power spectrum calculation
s
(M (et ) M2, 1)) = 3800 = ko P ()

9 engn\% m _ym __y o3 o3
(M3z" (e, Mg (. m) = ————— - / 7 dm/ Mo dwz/d k1/d ko
4k ko (27) aé no n0

(8™ (1, 771) Do fpyeyq (k1 — k1. m)S (kg 72) D (peyq (ka — k2, 1)
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