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Observatxon may decide between the
inflaton and curvaton paradigms

CMB amsotropy (WMAP, CBI etc.)
Galaxy surveys (SDSS, 2dF etc. )
Weak gravitational lensing, Lyman—-alpha forest, ..

Parameters to be fitted

‘Parameter Observed | Inflaton | Curvaton

Value | Paradigm | Paradigm
1/2(111 k) 2 x 107° yes yes
n—1=[In(P.)] ~ 0 yes C—
n’ ~ 0 yes —-
Tensor fraction r ~ () yes —
Non-gaussianity fxr. ~ 0 — yes
Scdm = S(:dml_c/(k ~ 0 - YEs
5 = Spr /(e ~ ( — - yes
Sy = S /(i ~ () — ves

February 10, 2004
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Flat potential: e < 1, |n| <1
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The predictions (sing!e-ﬁ-eld inflation) ¢ zfi platon fudgﬂ)

L
L - V./€1%
P = 2.0><1o"3( (Ve/e.) )

6.6 x 1016 GeV

n—1 = 2n, —06ef> o) Fopieadly)
4

l

1
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" B : 16
3.3 % 1010 GeV |
= 16€.~0
) 5 - i
R I &‘v/' o0,

Note: to get measurable ¢, would need
(s — Pena) ~ Mp. [DHL 1997]
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General comments about inflation
model-building

Supersymmetry makes it possible but not easy.

Usually inflate near a maxzmum NOT DIFFICULT
~ for inflaton to get there. ‘

| We DON’T need ﬁne tuning.

,We CAN use extensions of the MSS\/I WhiCh ah‘eady
exist for other purposes.

We DON’T need fancy ideas like branes.

Many models give 1 —n > 0.01, allowing observation
to rule them out.

‘In this talk, we just have time for one paradigm,
‘Modular Inflation’.

February 16, 2004 0-7



Modular Inflation

Working definition of modulus:
A field whose potential has width ~ Mp,

V(¢) = A*f(¢/Mp)

The simplest model
[Binetruy & Gaillard 1986]

V(cé) = M'4 - —m 2 4. |
- MS ~ 1010 GeV (vacuum SUSY breaking scale)
m2 ~ Mg /M3 (soft mass) so |n| ~ 1.

Optimistically |n| ~ 1072 giving [n — 1| ~ 1072

BUT inflaton perturbation gives only
1 1 -
P2 ~ 107" (cf. observation: PZ ~ 1077).

What to do?

| EITHER'invoké a curvaton (bui the low scale mfght
make this tricky; work in progress K. Dlmopoulos Y.
Rodriguez-Garcia, DHL) -

OR fix modular inflation so that inflaton gives‘ correct
P, three possibilities.

Februarv 10. 2004 0-8



a) Raise Ms to 10*° GeV

Eg. (Banks 1999) use a ‘bulk modulus’ of
Horava-Witten M -theory.

(See also Adams, Ross & Sarkar 1997)

b) Go to 2-field inflaton

[Kodata & Stewart 2003]

(1) Remember ﬁhat ¢ 1s complex'.

(i) Assume unsuppressed couplings at ¢ = 0 (‘point
of enhanced symmetry’). Assume running mass gives
crater potential.

- (iii) Use both magnitude and phase of ¢.

" Result: a two-field inflation model which gives
- correct P if we live in the right part of the Universe.

Fehruare 10 2004 0-9



¢) Go to Hybrid Modular Inflation

[Linde 1991; Randall, Soljacic & Guth, 1996]

1 1
= M+ im?ﬁgbz + Apx® — §mix2 + e

v
MS ~ '1010G€V

m; ~ 107°Mg/Mg
m2  ~ 10ME/M3
A o~ 107%

These ‘natural’ parameters give correct Pg.

Running mass variant [Stewart, 1997]
Just m7 ~ Mg /M3 at Planck scale.
Running generates mé ~ 0 during inflation.
Insensitive to A, Gives correct P .-

- BUT gives running spectral index; dangerous?
- [L. Covi, A. Melchiorri & DHL in progress]

February 10. 2004 0-10



Summary

The primordial density perturbation
originates as the quantum fluctuation of
some scalar field. An astonishing extension
of quantum physics. (Cf. white dwarf)

' This field might be the INFLATON or
- some CURVATON. | |

Observation can rule out models.

In 2008 (?7) PLANCK and LHC might
make or break our subject.

February 10, 2004 0-11



Inflation problems

1. Going back in time, for as long as the energy density of the Universe is dominated by
particles, the ratio r = (aH)/(aoH,) increases.

a) Explain why this gives rise to the horizon and flatness problems.

b) Estimate r at the beginning of the matter—dominated epoch, using the approximation
ax i3

¢) Estimate r at the epoch kT ~ 10 MeV using the approximation 7" ox 1/a together with
the radiation—-domination expression a o ti.

2. The horizon and flatness problems can both be solved if there is an era of cosmological
inflation during which the energy density is constant. Assuming that reheating after inflation
is instantaneous with reheat temperature given by kgT ~ 10MeV, estimate the minimum
mumber of Hubble times of inflation that is needed to solve the horizon problem. Do the
same with kgT ~ 10 GeV.

3. Use the definition of the spectrum P,(k,t) (of a generic perturbation g) to show that
{Jg(x,t)]?) is actually independent of the comoving position X.

4. Show that the conditions € < 1 and |n| < 1 are necessary for the slow-roll approximation
o=—V'/3H.

5. Work out the most general potential V(@) which gives exactly n = 1 in the slow-roll
approximation. In which regime of ¢ does this potential in fact lead to slow-roll?
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