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FACTS

- The current expansion of the Universe Is accelerated
- The acceleration started OrecentlyO
- General Relativity mathematically can explain why: cosmological const:
-1 Is way too small to make sense in QFT

WAYS OUT
- Acceleration is just a local effect
- Acceleration is due to OexoticO d.o.f. in the matter sector (quintessenc:
- Standard General Relativity does not work at the largest sdéi)s €tc

- There are fundamental, global fields to take in account beyond gravity
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THE PROPOSAL

(Accelerated expansion corresponds to the only stable, asymfietit
point of the Yang-Mills Higgs Einstein equations on a homogeneous &
Isotropic cosmological spacetimeO
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MOTIVATIONS & HISTORY (1)
Cspintessend@ (Boyle et al., PLB 2002).

Complex scalar field (1) potential: thdJ(1) charge, rescaled by
cosmological expansion, acts as a time-dependent cosmological constar

Q2

a®R3

R+ 3HR+ VAR) =

0 depends on the phase: slow spinning gives
guintessence, large spinning gives spintessen

The model isrery unstableand decays into
Q-balls (" la Coleman) except for design
(unnatural) potentials.

It gives an interestindark matteicandidate.
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MOTIVATIONS & HISTORY (2)

(Higgs inflatiorO (Bezrukov et al., PLB 2008).
Jordan frame Lagrangian with non-minimally coupled Higgs doublet

Lot :@R #H HR

including
Yang-Mills
fields!

Einstein frame and unitary gauge: flat potential, good inflationary dynami

( ( ) -2
2 5 0
5 = /d% ﬁg{ Mg & #“%#I%U(%} (% = $i}'42p Lvexp 2P

2 6Mp

Unitary gaugenas been chosen = Yang-Mills fields neglected
Kaiser et al. studied multifield dynamics for the Higgs in this context.

Ilgnoring YM is OK during inflation E but what happens laiv energy
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MOTIVATIONS & HISTORY (3)

Higgs inflation model rewritten:

2
4% —~ (Agp +EH ”H) R" (D,H) (D'H)" iﬁ " V(HH)

SU(N)

At low energyJordan frame= Einstein frame

Le M 1,
—~—R—-(D,H) (D'H) — -F“—-V(H H
75 = 2 - (D) (D"H) = 277 = V(H H)

The guestion is whether In this regime theessical dynamics
Is affected by Gauge Fields + Higgs complex multiplet.
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THE FULL MODEL

Full Einstein Yang-Mills + Higgs + matter fluid action:

1T

_! M2 1 ap! - a 1 a UFHa aF;a
L= [detg] —-R-ZF“Fi - 5(D,@)(D\e") ~V(2°D?) + Ly,
where:
F, = 0,A% — 9, A% + g™ A} A a=1,2,3

D,u#a — | M#a 4+ gnabcAZ#c

V=7 (e

Lm= perfect fluid Lagrangian (cold dark matter + radiation)

We choose &0O(3)representation and wepose isotropy and homogeneity
(" )

AZ=0, AR=f(1)!?

\_ _/
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EQUATIONS OF MOTION
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EQUATIONS OF MOTION

F o i N>
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2 — " "
"= 3wz 222" 28 " 2" @ tVE et
# ¥ 2¢ 4 2% 21 2 $ :
o L2 20T 2977 +..m+ﬂ Note that H < 0
2M 2 a? at 3a° 3  can vanish fora — oo
pm = —3Hpm, pr=—4Hp;
A 2
V="="(9% - 9p)
N ) 2 2 r3 2 2 (I)2 { 4 0 J
Fomfy 9l % 3f =0
“ Not good for slow-roll:
1 dV
a L'ja Zng 2! 2 a 2 n 2 r OO
Ma 4+ 3H I + v +|#! 2(1 16=0}, a=1,23. Vdo,
Note " =" o1s NOT a solution

unlesg=0,f=0,0r"o=0
Late-time acceleration is possible only in theltra slow-roll@egime:
292]02 PHa
2

B = |d] < 1

- AP (B — B2 ~ 0

a
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DYNAMICAL SYSTEM ANALYSIS (1)

Define the newlimensionless variabl¢<O = derivative wN = In a) :

N i _9f” SO S | R S U
VoM YT AaMHa? MHY 3" MHE\ 3
(@)

\/iMCL ) gfq)i i
[ = , W = ., 2= , 1=1,2,3,
f V3MaH V6M
Deceleration parameter and effective equation of state:
H 1 2 2 2 2 2 2 _
=111 = S+ x*+y 4121 3243271 wh) weﬁ—§(2q—1)

Energy densities:

0 'm
ARG VETE
Qr:’l“Q, [ :!de+!r+!m}
Qde = 2 + ¥ + 2° + w? + v?

2 2

=1$ (X°+ y?+ z°+ W2+ v2 + r?)
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System of equations:

g

(Note that the system
depends on the ratlo

DYNAMICAL SYSTEM ANALYSIS (2)

I.
|
!
|
Y
|
!
|
V!
W
Z!

only.In SM! =0.96)

(1! Ix),

(g! 1)x! I(w?+2y?),
y(gq! 1+2xl),

(gq! Dr,

vig+ 1)+ l(wizg + wozp + Waz3),
wi(g+ Ix)+  2yz,

1=1,2,3,

"= (q! 2z! wi( 2y+!lv), i=1,23,

There are 5 classes fofed pointscorresponding to:
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DYNAMICAL SYSTEM ANALYSIS (3)
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DYNAMICAL SYSTEM ANALYSIS (4)
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LINEARISED SYSTEM

We linearise and solvthe system around the stable fixed point:

2 2 2 2 2 2

wer =110 ot @ 3at a6
we impose theonditions
dwe! i _ dee! i _ dgwe! i =0
da a=1 daz ‘a=1 da’ ‘a=1
we find that
2 2£ 2] 2
ao=11 Woo gy 97600
| 27 3M 2H§

therefore this model predictsiantom dark energy at the present time!
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LINEARISED SYSTEM

¥If we compare with data (WiggleZ DE Survey)

o= 1 1.080+ 0.135

¥ assume the Standard Model parametgr= 1/2,
¥assume that the system Is close to the potential minimum

11 1ol 246 GeV

we can fix the values of the current gauge field to

[fo! 7" 10 2° GeV]

work in progressE
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CONCLUSIONS

¥Dark Energy is natural in Yang-Mills Higgs Einstein gravity

¥It IS a mathematical solution and the only stable fixed point

¥ Standard potential and couplings

¥Other fixed points correspond to matter/radiation domination

¥There are trajectories linking Early Universe to DE dominated Universe
¥The model makes a strong prediction: phantom dark energy today

THINGS TO DO

¥ Perturbations

¥ Improve forecasts, including early DE

¥ Connect to Early Universe (Higgs inflation?)
¥ Quantum corrections E
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