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A COSMOLOGICAL CONSTANT A=(103 eV )

is the simplest candidate
for the current phase of cosmic acceleration

(and even in excellent agreement with data!)

..but Quintessence
remains as a logical possibility




QUINTESSENCE

A couple of problems..

- Radiative stability of the potential?

- Long Range forces!
Same problem as for the cosmological constant, just much worse:
- for the c.c., need to justify one small number

- for quintessence, many parameters must be small

(e.g.: not only the height of the potential, but also its
slope + couplings to matter)




A “good” model of quintessence
Quantum corrections are the enemy:

To protect ourselves against them, we invoke
symmetries
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A field  has a shift symmetry if the theory that describes it is
invariant under the transformation

P—>¢TcC

If this symmetry is exact, the only possible
potential for  is V((p)=constant

(i.e. a cosmological constant...)




now let us break the shift symmetry a little bit...
the potential for ¢p changes to

Frieman et al 1995
(<1998!)




twWo parameters:

- f associated to normalization of ¢

<

flat potential in limit f—o0

- u related to breaking of global U(/) symmetry

instanton action




Because of its radiative stability,

A PNGB is an extremely well motivated (the best?)
model of quintessence
from the point of view of effective field theory




What about long range forces!?
Usually dangerous operators of the form

h)z/)\k
Higgs vev

o« mass of particle

F%Nﬁéﬁﬁjﬁ%‘{'\ﬁ'ﬁ %/mmé’tatyealﬁdctp pseudoscalar!

Allowed term

With no serious constraints (because of y°) on f’




...but parity is broken by the vev of ¢...
...and shift symmetry is broken by the potential of ¢!

Possible new operators of the form

0L ~ e cos (¢/v) Y(h)y

can be dangerous unless S’ is large enough.

..but, since S has to be very large,
we can expect also S’ to be large enough




How many parameters do we need to describe

PNGB quintessence!

In principle three parameters: i, f and ¢¢ (initial value of @)

&

Only two independent parameters left when
we require that today the energy of the pNGB is ~70%
of the total (as required by observations)

NG




String Theory appears to require 0<t<Mp
Banks, Dine, Fox and Gorbatov 03
since also 0<@o<2nf |

the parameter
space of the model
IS compact:

We can hope to exclude the whole model!




Analysis of the parameter space of the model
(K. Dutta, LS 2007)

Previous literature: Frieman and VWaga (2000)
Ng and Wiltshire (2000)

Analysis using type la SNe and gravitationally lensed quasary? |

Both impose the constraint po=1.06 Mp

f(10'°GeV)
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(From Ng and Wiltshire ‘00)
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More previous literature: Kawasaki, Moroi, Takahashi (2001):

Constraints from CMB only
(pre-WMAP data):
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Our results

constraints from the
|82 supernovae of
the gold sample of
Riess et al, 2006
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(cont’d)
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Our results
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assumption
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variable (Q¢)

(cont’d)
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(cont’d)
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Let us go back to the (f, u) plane
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For f<Mp/3,
the parameter
space is
very narrow

If we require f<Mp
the model is under
some pressure by data

Future measurements
will constrain
even more strongly

this parameter space.
HOW MUCH?




Currently allowed area

20 allowed area if -1 <w<-.965
(DETF best case scenario)




Current constraint: /' > Mp/3
Future constraint: /' > Mp/2

What about theory!?

@ s it possible to obtain f ~ Mp in String Theory!?

® Phenomenological problems if scalar moduli get

same mass as pseudoscalars
Kallosh talk

©® Conjectured stronger constraint ' <Mp/S=Mp/300

Arkani-Hamed et al 06, Svrcek 06




What if f~ Mp is impossible in String Theory?

Kaloper and LS 05

We consider many pNGBs: qui/Ntessence

N
a low-scale version

of N-flation
Dimopoulos et al 05

pNGB version of
assisted inflation |

Start from N pNGB:s:

= —/—g ; {% (0¢:)* + AF[1+ cos(¢z'/fi)]}

Liddle et al 98
Assume that all the ¢;, all the f; and all the A;j are equal:
L=—V—g { (06)? + N A* [1 +cos(9/f)] }
Canonically normalized field ®=VN ¢
Can be >Mp

_\/_{ (B2)" + NA* [HCOS( even if f<Mp!




A couple of (semi-phenomenological)
comments about N-flation




Comment #




How large can the N of N-flation be!?

N<200 if we want to trust
loop corrections to Mp induced by the pNGBs

Dimopoulos et al 05

How large do we need it to be?

Dimopoulos et al 05

cos(x)=1-x"/2 Assuming f'= Mp, @;distributed between 0 and f N=600

Liddle, Kim 06

Assuming f = Mp, ¢;distributed on [0, 2nf/ N=60 enough!

NOTEI: More realistic to assume a spectrum of fs and us
Easther, McAllister 05

NOTE2: If /< Mp/S, then N=(}*is needed!

Olsson 07




Comment #7




M. Anber, LS 2006

PNGBs will in general be coupled to Uy1) gauge fields via

can be produced
by the rolling pNGBs
at inflation




Cosmological magnetic fields

® Observed with intensities of order pGauss
® Coherence lengths of 10s of kpcs

e Unknown origin

Can be amplified by a dynamo mechanism:

Seed field required ~ 10-3° G

Davis, Lilley and Tornkvist 1999




Garretson, Field and Carroll 92

studied magnetic field produced by coupling to pNGB:

If the energy in magnetic field during inflation < energy in
inflaton condensate

AND

If after inflationthe-magnetic field-doesnot evolve
(apart from effectseiated to expansion-ef-the Universe)

THEN

The resulting magnetic field today is too weak
to be the one we observe

[ —
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Background
violates parity,

he magnetic field produced has maximal helicity

—_—

Magnetohydrodynamic processes (inverse cascade)
transfer power to large scales
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rom Jedamzik and Banerjee 2004




(before the dynamo)

B~ 1073 et ( o )11/36 Lphys o G
10°GeV 10 kpc

£17/12

[S=0(1) o]

a>10

is sufficient to initiate the dynamo




® Some models of quintessence more motivated
than others

® The pNGB quintessence parameter space has
shrunk in the last 6 years

® pNGBs emerge naturally when we want to do
cosmology with scalar fields - and with String
Theory




