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The problem of c.osmlc magnetlc flelds
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ngnetlc flelds with Iargeggherence lengths
"A~10 kpc and strenghts B ~10°G observed i in .
galﬁ'xues and'galaxy clusters erqm IS unknown o
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‘Lwo scenarlos .
. Prnﬂord‘ualflel | ,} esis: homogeneehs flelds

presenf before gal f6rmat|on with B~ 1'0 10.G
' ampllfled m‘lhe cvcllapse of the protogalactlc cloud

Dvnamo mechanism: weak seeds B~ 10 25.1030 G .

at decoupling amplﬂed by the gqactlc rotatlon
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Several rﬂechanlsms p:oposed to generate seer?s
~ but: dynamo unable to explain fields in young ./
- objects and pﬂmord/a/ fields dlfflcult to create
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General electromagnetism in curved space
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Non-minimal couplings

S=/d4w\/——g [—
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Weak-field limit I i H _

Background Ag ~ 0.3My,

Modified Maxwell’s aVFpJV _I_ A@H(VVAV)(U — Jg'

equations:

Jg‘ = 2(o D prr 4 (1)R77W/)Ay
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General electromagnetism in curved space

Current
conservation:

Lorenz condition

PPN parameters

I eMBS23x107 5 g0
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General electromagnetism in curved space

Classical stability

P — g4yt

ap —_— S+V Cg

: 2

Real propagation Cy

speeds for scalar, 2

vector and tensor Ct
perturbations

Light cones for
vectors and tensors

g'uyk’uky — O

Vut is timelike everywhere with respect to (g—l)w/

Hawking, Ellis, (1973)

. o] < 1
~ 1 —I— 167TGO'2A2 —  “Faster than light”
~ 1 —|— 1670 AQ photons?
=~ T O 0
167rGa? A% 16mGo? _ _
|
T = Kl+ Py )ny’y—l——oA?A” ]

Gy = |(1+ 167GKA?) nuy — 167GRALAY|

Stable causality:

no inconsistencies
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General electromagnetism in curved space

Quantum stability

ps = O <«— Lorenzcondition
Positive energies for py 2k2(1 — 167TGO'3/_18-)|C_;|2
vector and tensor > ) ) o)
perturbations. pr ~ k(11— SWGUAO) (|O€B| + |O®| )

Cosmological evolution
ds? = dt? — a(t)2dz? A, = (Ap(+),0,0, AL(t))

Ao+ 3HAg + 3 (H _ 2;H2) Ag = 0 Ag(t) o 1O
A, +HA, +0(4H +6H?)A, =0

Matter/radiation eras
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Dark energy and cosmic magnetic fields

Effective electromagnetic current

JH =20GHAg = 167GoTH0 Ay
t

Einstein’s equations

J'u ]_67TGO'PMAO
I I

Electromagnetic Energy-momentum
current density <:| density
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Dark energy and cosmic magnetic fields

TH = (p + p)ut'u” — pnt”

Electric charge density pg — JQ(,) — 1 67TGO'pzZlO

vl <1
Current density J_fg o 167‘(‘G0‘(p —|— p)”ﬁ/_lo

Particle at rest with Aq — ]_671-G0'm/_10 ~ 150‘(m/MP)

mass /m

Modifies the active electric charge, but
not the passive charge
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Gravitational magnetism conjecture

Schuster (1912), Einstein (1924), Blackett (1947)

“The earth and sun have magnetic fields, the orientation and sense of which stand
in approximate relationship with the axes of rotation . . . But it is hard to imagine
that electrical conduction or convection currents of sufficient magnitudes are really
present . . . It rather looks as if cyclic motions of neutral matter are producing
magnetic fields”. A. Einstein (1924)

dH = —Cdmv x 7/r3 — q~m/Mp

“The constant C has the dimension (gravitational constant)'?/(speed of light).
From this, one can estimate the order of magnitude of C: If one puts this
numerical magnitude into the above formula, it will, applied to the rotating earth,
give the right order of magnitude for the magnetic field. These relationships
deserve consideration, but could be accidental.”
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Dark energy and cosmic magnetic fields

Electron-proton charge ~ ~ —18
e on Aq ~ 150mn /My >~ 4010 e

Neutron charge

Experimental limit: Aq < 10_216

PDG (2008)
Rotating compact / . Schuster-BIackef[t law
objects = L (planets, galaxies,
m — ﬂ neutron stars...)
2c
‘ ‘ B =16mVGoAy <1074
Magnetic moment Angular momentum

Observations B ~ 10-1 —10-3
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Dark energy and cosmic magnetic fields

Neutral sphere
Blackett’'s experiment (1952) Mass: 500 kg
Radius: 0.5 m

Rot. Freq: 100 Hz

B~ol010 T <1015 T  JustbelowsQuiD,

SERF sensitivity

Typical spiral galaxy . .
(without any amplification) BO ~ 010 * G 5 10 9 G

“Primordial” field or dynamo
seed
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Conclusions

ectromagnetic theories in curved space-time

) ) kk' .
Non-minimal ;
dark energy, e‘\ergy-momentum g

electromagnetic curre

T

e.Le\ctric cha

t.c—ﬂeld of 10 G




