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' 'Mhat is‘the qature of dgrk_‘épergw ;

The standard cosmologlcal constant explanation

suffers from an important naturalness problem

-~ 1’4~(103eV)<<TVI -
/_‘ ' r—— .:;+ - _—
Alternatlve models'baqed on new physucs plagued by:

. cIassucaI or quantum mstabllltles
e fine tunlng problems,

o mconsustencnes with Iocal gravuty cdnstramts
: - - a - .. ’ - ;
Large- dlitance modlflcatlons of gravuty suggested s
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-




1 Ay — Ay + A
5= [d" (——F FHY 4 A J“) u= A+ O
T\ gt T A o Jh = 0

Gauge invariance

o, FH = JH Maxwell’s equations

BUT .... Coulomb’s gauge
* Photon propagator?
* Negative energies

* “Unphysical” temporal and Covariant quantization
longitudinal photons
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EM quantization in Minkowski space-time

Coulomb’s gauge

8,,,A“ =0 Lorenz condition
AM — A,U + a,ue Residual gauge
00 = 0O symmetry
- Maxwell’s
DAN — J,U equations
— —

AO = 0 Residual gauge

ﬁ A = 0 (free fields)
v

2 physical states
Positive energies

g Quantize

Covariant quantization

1 A

Modified action: only residual symmetry

Free field + boundary
conditions= Lorenz
condition

v
Oy FHY 4+ \OH(9,AY) = JH
v
D(@VAV) =0
v
O, AV (F|g) =0

g

il
no(k) = n) (k)

(ag(k) + a||(E))|q§> —1o)|] 2physical

states.

Positive
energies
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EM quantization in an expanding universe

Covariant quantization

1 A
S = / d*z.\/g (—ZF,WFW + E(VMA“)Q L AMJ“)

Vo PR 4 AT, 4Y) = gk | —| O(VAY) = 0| Cincdtogravit

I

(zn)(k) 3 [a/\/\,(k)a;ﬁ (k)-l-ﬁ)\)\/(k)a(m)f( E)]
N=0,]|

U
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A toy model

Mode equations

2.5

ng w3 (k) 7 nf! (k) sub-Hubble OK
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What if EM is not a gauge invariant theory?

Assume the fundamental 1

theory of electromagnetism is =/ 4 (__ [N i 42 M)
not gauge invariant S d a;\/g 4FWF + Q(VMA ) + AMJ

(no need for Lorenz condition):

General solution AN = éi_(l) —|— Ai_(zl—k A'S —|— 6Iu9
- —— ——
Photon New Pure
The pure gauge mode can be scalar residual
eliminated so that all the physical state gauge

states have positive norm and
canonical positive energy (A=1/3)

Flat Robertson-Walker metric e :
—1kn kn>1 1 » Negligible:

a(n) € Maxwell’s eq. OK
VAL =
O(V,AY) =0 | v |

t. k 1 DARK
| st <t g
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A consistent gauge non-invariant EM theory

1 1
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Cosmological electromagnetic fields

Ag + 3HAg+3HAy=0
A 4+ HA=0

H=p/t

—

Ap(t)
A(t)

Adt 4+ Agt=3P

— AT¢lr 4 A-

d d .
—(V, ,AF) = —(A IHAN) =0
dt( pAf) dt( 0+ 0)

l

Au = (Ap(t), A(t))

A/ 2
PA;, = 5(A0+3HA0> = const.
1 /2\2 _
oi = g (A) = —

-

Isotropy OK
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The absolute cosmic electric potential

Ag
GeV

1018

lOlZ

10°

What is the field )
amplitude
generated \
during inflation? 10

107121

VAP = Ag + 3H Ag

|

|

|

107'®

107"
\ ) \—

Inflation

1078 0.1 10° 10"
Y
Radiation Matter

o

EM Dark Energy

What is the
predicted dark
energy density?

t

S
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De Sitter inflation a(n) = ~Ho

Ap=[&F X [a®@AR +al @A |

A=1,2.s
Scalar
mode
A(s) = - 1 ! kne_“m + S F(l -+ ikn)e_ikm — anzeiknEl (Qikn)} eiﬁf
Sk (27)3/2/2k kn (2
A = 1 {(1 4 ke Fe—“ﬂ? 4(1— ikn)eik”El(Qikn)] } etk
1% (27)3/2\/2k 2
Power spectrum on H?2
_ 3 2
super-Hubble scales Pag(k) = 4mk= |Agy|” = 1672
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Initial conditions from inflation

Initial conditions from vacuum
fluctuations during inflation

(A3) ~ H?

4
pAONHQA%N const. || pag ~ Hy

Friedmann equation
(M, scale of inflation)

The cosmological constant scale
can be explained by physics at the
electroweak scale

Natural solution to
the coincidence
problem

M2\® |
PAg Mp Predicted

dark energy
density
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PPN parameters

All parameters agree with v = 6 — 1] ] = p = gz = O
GR for arbitrary A,

Classical and quantum stability

v = ¢ for scalar, vector and tensor perturbations. No ghosts.

Metric I ] — ACDM
perturbations He « /
: N
3x10° EM /\
Discriminating signal from '

ACDM in the ISW 10 - ' ' '
1+2 1
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' The new scalar state generates an effective cosmological
constant
Al e AR Mgy M\ L WY T DL SR N e
Compatible with local gravity tests and free from classical

or quantum instabilities
Fhy 3 EEESISTEAEINEE TS VIR TadS A NS Kau2 Tk

¢ Cosmological constant value naturally explained in-the
:’m context of mflatlonary cosmology

R i T T T R DERFTIN (A S\ 2
& No free parameters (sumpler theory than ACDM)

; _Jf AIVRE S E N kel ST

' - Nature of dark energy is established without resorting to
new physncs

I;b
_.;3 . ) 5 ’ , Vault of t»he old Salamanca Umvgisny Library
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Consistent EM quantlzatlon wnth three physucal states
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