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The Problems of dark energy and cosmic

magnetic belds

* Cosmological constant: simple ancJ accurate

c:lescription for cosmic acceleration) but...

o .. amore fundamental explanation of its tin9 value

woulcl be more satisgactorg.
* Large»-distance moditications of gravitg suggeste
o What about electromagnetism on |arge scales?

« |ts behaviour on astrophgsical and cosmological
scales is far from clear: unknown origin of magnetic

fields observed in galaxies and clusters.
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EM quantization in Hat space
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2 P Hsica states
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EM quantization N an exPanding universe

We consider an expanding universe with two asgmptotica”g Minkowski

regions: a(iy) =2+ tanh(17/170)
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EM quantization N an exPanding universe

' We consider an expanding universe with two asgmptotica”g Minkowski

- regjons: a(n) = 2 + tanh(r /1)
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EM quantization N an exPanding universe

' We consider an expanding universe with two asgmptotica”g Minkowski

' regjons: a(n) = 2+ tanh(r /1)
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Mixing of Positive

and negati\/e
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. EM quantization in an expancling universe

' We consider an expancling universe with two asgmptotica”g Minkowski

| regions: a(17) =2+ tanh(1/ o)

IN

J Agut |(P> 7é0
out( )#nout( )

...................

Mixing of Positi\/e Breakdown of | orenz condition

and negative | orenz condition on restored on sub-

Frequencg modes suPer~Hubb|e scales Hubble scales
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Extended EM without the L orenz condition
| Fundamental action for EM
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Extended EM without the L orenz condition
| Fundamental action for EM |

: :
55 /d4x\/—g — 3 Fu P + %(WA#)%ijﬂ

: 1 2 () :
General solution .Ay == ~/k»/<//, ) T \/(E[ ) i ﬂy/ﬁ/ +2..c Resxclualgauge mode

Photon New scalar state

Potential Problems
Modified Maxwell equations
Unobserved extra Polarizations

Negative energy states

Q7.0 el Ne

Conflicts with QED Phenomenolog9




Extended EM without the L orenz condition
| Fundamental action for EM

1

S = /d‘lx\/fg — 3 Fu P + %(VyA”)ZJrAy]”

: 1 2 () :
General solution .Ay == ~/k»/<//, ) ¥ \/(E[ ) i ﬂvli,/) + 0,6 Resxclualgauge mode

Photon New scalar state
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Cosmological evolution
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Co-smological evolution
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A Ep A
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Initial conditions cluring inHation

FPower sPec‘crum generatecl cluring imqation From quantum Huc’cuations
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Initial conditions during inHation

FPower sPec‘crum generatecl cluring imqation From quantum Jrﬂluc’cua’cions

o |
PAO = 47tk ‘A0k| — 167‘(2

2 s
Initial ampli‘cude set bg Hubble constant Auring infHlation AOI ¥ HI '
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Dark energy hysi t the EW | M2 :
gy from physics at the scale S W
Arkani-Hamed et al. PRL 85 (2000) 4434 '
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Vial

| ocal gravit9 tests

PN Parameters exac’clg

the same as GR for any

value of Ag, so it has the

same small scales behavior.

) ity and consistencg

-

speecl of light.

Stability
Classical Quantum
All the modes The three Phgsical
Propagatc—: at the states carry

Positive energy.

1 Increasing 8 5

CMDB and LSS

P(k) Mpc®]

IIII]

10?2
multipole ¢

Increasing ¢4

Compatible as Iong
as the initial
Perturbation is not
too Iarge) implging a
reduction in the
inflation scale bg a
factor of o
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Cosmic magnetic belds
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'Astrophgsical mechanisms:
Difficulties to cxplain intergalactic

magnctic fields.

'lnﬂatiombased mociels: generate
suPer~Hubble modes that are
scverelg constrained bg BBN.

Phase transitions: stronglg
constrained ]39 causalitg. Verg blue
Power sPectrum leaciing | 7©) weak

magnetic fields on large scales.

*Second order Pcrturbations: very

weak magnetic fields.



Etfective electromagnetic current
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Etfective electromagnetic current

i) [ ey

Jp=J¢—EVH(V,A")

Even if the Primorclial Plasma IS electricauy neutral, the

universe acquires an effective stochastic distribution of

charge clensitg gi\/en ]:)5
s —EGO(VVA”)




Spec’tru m of eftective electric charge

Py 4 (k) oH, (£>4€ (V,AY) =0

~ 1672 \ kg
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Cosmic magnetic belds

Ohm’s law i e AR Al Ty E, =0
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Cosmic magnetic belds

Ampli’cucle of G
the magnetic
f field at a scale A

S 47Tp%G(A,n)G(A,m).
k w5S(A, n,m)




Cosmic magnetic belds

Ampli’cucle of e ;
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Cosmic magnetic belds

Ampli’cucle of r >

the magnetic B% ~ 47‘(‘0)\(;()\,11)(;()\,171).
B w5S(A, n,m)
_ field ata scale A

-

- CMD constraints
on the Vorticit9

Zrec G(A, m)

2 = —10
30 T Sm i PR m)

Y

UPPer limits on Vorticitg imPose “Jower” limits on B
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Cosmic magnetic belds

[ ey S O e i e i 10-11 , ey 3 ,
s ~ = A=3000/A"Mpe |  L______ o A=0.1h"!
[ ‘\ ] \

. Y === f; 16> 8 A{‘ ‘/\
e ep— -‘.‘ _______ e 3 m = —D> X
' \\ m = —5 b4 1
l QD _15 -------- -~ ‘
\ !‘ E 1@ P O \‘ \‘
1 T
\ \ m \ \
E ) 1 = ) \
\ \ X
k ’ g k 3
\ \ @R \ \
= 'y \ = . | |
: \ \ : Y \
\ - \ \
' \
I L L ., I I . 10—19 3 | ! 0 e .
-4 -2 0 2 = -2
n n

- [ ——— e I _ -, i



Cosmic magnetlc fields
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Magnetic diffusion
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Conclusions

EM field can be consistontlg quantize& with three Phgsical

states without the need of Lorenz condition.

Quantum Huc:tuations o1C the new state cluring an
imqationarg el:)och at the electroweak scale give rise to an
etfective cosmological constant on large scales with the

correct value.

The model satisties all the Viabilitg conditions and it is in
agreement with CMB and LSS measurements.

The true nature of dark energy can be established without

rosorting to new Phgsics.

Strong Cosmic magnotic fields can be gonoratocl on largo

SCBICS.



EM quantization without Lorenz condition

Fundamental action for EM
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The gauge~1ci><ecl QED effective action in the Path~integra| formalism in Hat

sPace’cime 1S:

W = [[dA)dc](ac)dy][dle! #h (4R +5 0,449, e L

« [1dA]ldy)idgle”’ (LR P +5 (0 AR 4L )

which coincides with the considered action for Hat space’cime.
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Unobserved extra Polarizations v
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