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Theoretical constraintsTheoretical constraints

••
 

In absence of decays, for quadratic potentials, In absence of decays, for quadratic potentials, 
the scalar field behaves asthe scalar field behaves as

••
 

Within the context of the string landscape, a Within the context of the string landscape, a 
nonnon--zero vacuum energy of the zero vacuum energy of the inflatoninflaton

 
field field 

explains Dark Energyexplains Dark Energy
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Observational constraintsObservational constraints

••
 

The scalar field dark matter mass per photon The scalar field dark matter mass per photon ξξdm dm ≡≡
 

ρρφφ
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γγ
is observed to beis observed to be
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••
 

The quantity The quantity ξξdmdm
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. This implies. This implies

••
 

Obtaining the correct amplitude of scalar perturbations Obtaining the correct amplitude of scalar perturbations 
requires requires m/mm/m
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Between Inflation and Hot BBBetween Inflation and Hot BB

••
 

In the In the usual beliefusual belief, the , the inflatoninflaton
 

decays away completely decays away completely 
after inflation ends, during the first oscillations, through after inflation ends, during the first oscillations, through 
preheating and reheating, which may happen in sequence.preheating and reheating, which may happen in sequence.

••
 

PreheatingPreheating
 

offers a rapid but incomplete decay, with a offers a rapid but incomplete decay, with a 
quadraticquadratic interaction ginteraction g22φφ22χχ22, which ends once, which ends once

••
 

So preheating usually comprises a So preheating usually comprises a trilineartrilinear interaction as interaction as 
well, or is followed by a well, or is followed by a reheatingreheating

 
period, allowing a period, allowing a 

complete decay:complete decay:
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Can a residual oscillation survive as Can a residual oscillation survive as 
Dark Matter?Dark Matter?

••
 

Suppose we have a preheating period only, with a Suppose we have a preheating period only, with a 
quadratic interaction, this must satisfyquadratic interaction, this must satisfy

••
 

An alternative is to exploit An alternative is to exploit annihilationsannihilations
 

via via perturbativeperturbative
 interactions during the reheating process, instead of the interactions during the reheating process, instead of the 

usual decay (usual decay (AL & LUL):):

••
 

More attractive and natural is to consider a brief period of More attractive and natural is to consider a brief period of 
inflation at lower energy densities, called inflation at lower energy densities, called thermal inflation thermal inflation 
[Lyth

 
& Stewart (1995 & 1996) and

 
Barreiro et al. 1996], , 

driven by another scalar field (driven by another scalar field (AL, CP & LUL):):
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Universe history schematicUniverse history schematic



A detailed scenarioA detailed scenario

••
 

End of slowEnd of slow--roll inflation roll inflation φφend end ≅≅
 

0.28 0.28 mmPlPl

••
 

Allowing a fourAllowing a four--legs interaction only, preheating legs interaction only, preheating 
ends once ends once φφprpr

 

≅≅
 

m / gm / g, where, where
 

1010--10 10 < g< g2 2 < 10< 10--55,,
and and ρρrr

 

/ / ρρφφ
 

≅≅
 

a few a few ((PodolskyPodolsky
 

et al. 2006).et al. 2006).

••
 

tt**
 

being the beginning of the HBB, it is being the beginning of the HBB, it is 
straightforward to show that for any time t > tstraightforward to show that for any time t > t**



From preheating to thermal From preheating to thermal 
inflationinflation

••
 

After preheating, the After preheating, the inflatoninflaton
 

redshiftsredshifts
 

as CDM, as CDM, φφ
 

∝∝
 

aa--3/23/2

••
 

Once thermal equilibrium is attained at the end of Once thermal equilibrium is attained at the end of 
preheating (Bassett et al. 2006 and preheating (Bassett et al. 2006 and PodolskyPodolsky

 
et al. 2006), et al. 2006), 
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••
 

And so the dilution is mainly determined by the And so the dilution is mainly determined by the 
inflationary massesinflationary masses



From thermal inflation to reheatingFrom thermal inflation to reheating

••
 

We assume that each We assume that each flatonflaton
 

particle decays at a singleparticle decays at a single--
 particle decay rate particle decay rate ΓΓ, and so the Universe is reheated when , and so the Universe is reheated when 

ΓΓ
 

≅≅
 

HH
 

**

 

..

••
 

During the reheating process, the Universe is dominated by During the reheating process, the Universe is dominated by 
the oscillating the oscillating flatonflaton

 
fieldfield

••
 

The The inflatoninflaton
 

field is further affected by this expansionfield is further affected by this expansion

••
 

Finally, the reheating temperature is Finally, the reheating temperature is TT
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From preheating to reheatingFrom preheating to reheating

••
 

Our dark matter constraint now looksOur dark matter constraint now looks

••
 

From WMAP5 From WMAP5 ξξdm,0dm,0
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EE--foldingsfoldings

••
 

LetLet’’s define s define and                            , ourand                            , our

observational constraint thus becomesobservational constraint thus becomes

••
 

Thermal inflationary theory predicts Thermal inflationary theory predicts NN
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1111
 

((LythLyth
 

& & 
Stewart 1995)Stewart 1995), as , as m m ≅≅
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GeVGeV, and on general , and on general 

grounds we expect grounds we expect VV1/41/4
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GeVGeV..

••
 

The decay width is sandwiched by two limits:The decay width is sandwiched by two limits:
––

 
Reheating after TI => Reheating after TI => Γ Γ < H< H
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Reheating before HBB => Reheating before HBB => Γ >Γ >
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Decay rate windowDecay rate window

Barreiro et al. (1996) showed
 

that
 

Γ

 
≅≅

 
10-2

 

m5/V,                             
and

 
so

 
m ≅≅

 
103

 

GeV
 

and
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ConclusionsConclusions

••
 

The residual of an incomplete decay of the The residual of an incomplete decay of the 
inflatoninflaton

 
field may play the role of Dark Matter.field may play the role of Dark Matter.

••
 

Considering a second, brief, period of inflation Considering a second, brief, period of inflation 
the residual density is in good accordance with the residual density is in good accordance with 
observations.observations.

••
 

In an In an anthropicanthropic
 

string landscape sense, the string landscape sense, the 
inflatoninflaton

 
field can act as Dark Energy as well.field can act as Dark Energy as well.
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