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Short Comings of Inflationary Models

e Old Inflation: Fails- No Grace Full Exit

Except through a time dependent 3 (Double Field)

. Adams And K. Freese. 1991
o New Inflation: Fine-Tunged

Natural Inflation- avoids fine-tun#ing with a shift symmetry

K. Freese, J Frieman AND A Olinto, 1990

Chain Inllation




Short Comings of Inflationary Maodels

e Old Inflation: Fails- No Grace full Exit

Except through a time dependent 3 (Double

(L Y R e na . I [ ——

e New Inflation: Fine-Tunged

Natural Inflation- avoids fine-tun#ing with a shift sy




Short Comings of Inflationary Maodels

Inflation: Fails- No Grace full Exit

cept through a time dependent 3 (Double Field)
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Inflation: Fine-Tunged
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Over Coming Short Comings
Ut—ﬂ\ Chan IHF’rﬁ A

No Fine Tunging
Large Range of Endgy Scales

1016GeV to 10MeV

e Saves Old Inflation

Graceful Exit- phase transition occurs very quickly
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Tunneling Rates, Graceful and not
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QCD Axion: Tilted Cosine

Igure 5: The soft-breakin

€ Potential is 3 tilted cosine as in ¢
tential. Here we have t

aken N = 2¢ and n =V,




L

_ln_ﬂatin_g with the QCD Axian

A P

hile the axion is a priori a Goldstone boson of th

taneously broken Peccei-Quinn symmetry U(1)pg, QCD
nton effects induce an axion potential with resi
metry. The

ntial.



Inflating with the QCD Axion

While the axion is « priori a Goldstone boson of the

spontaneously broken Peccer-Quinn symmetry {'(1);.,, QCD

instanton effects induce an axion potential with residual 7

symmetry 'he model we consider includes an additional
exphicait soft-breaking term, which tilts the instanton induced
potential. While the complete form of the axion potential is
dependent on non-perturbative effects, it is well modeled by a

potential of the form

\.:I;
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Same Criterion and Some More
® Previous Conditions

percolate each stage: v <1/3

Sufficient Inﬂation:-\'_.:_,; > 60
® neutron Electric Dipole Moment
Constrains Soft Breaking ter

m

® Don’t Go Qver the Top




Tilted Cosine QCD Axion:tunneling Rate

In the thin wall limit, the tunneling rate s given

e . We need to calculate S; = [ /20 (a)da, w
S integrated from one minimum to the next, where

mmetric pO]’"IOI’"I of the potential is U_(0) = Vo(1 — co
O 51 — ‘[ f j” V1 —cosfdf = Sf,‘.\.ivg. Hence
uclidean action IS
2772 S £
Sp=""""L— 55 10520




he Neutron Electric Dipole Moment Limit

We must ensure that the soft-breaking term
not destroy the strong CP solution. €.,
the potential

in the potenti
that the minimu
s not shifted away from zero by more than

wed by the electric dipole moment (EDM) of the neutron

Al e <G I (1



Implied constraints

For large N, we find that the shift from g = ¢ S given
- .. ] T
Af N Sy < e— 4§ ———
Dl T2 V| 9 A




Bottom Regime

At the bottom of the potential,

EnE—
sing Eq. (13),
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Inflating With the QCD Axion

® Necessary conditions for Chain

inflation are met in the li
regime.

® Seem to get stuck at the bottom

Too Soon to tell

Some of the " fixes” Just need to be looked at more carefully



More Generally

In this paper we have restricted discussion to axions whi

solve the strong CP problem. Obviously, if we forego a
tact with real QCD, then the allowed ranges for paramete
omes much larger. For example, the constraint fro
neutron EDM vanishes. Then the ranges of potenti
dth, barrier height, and energy difference between vacua 3
mpletely opened up. A tilted cosine may arise due to (no
D) “axions” in many other contexts, such as string theo
d would easily provide an inflaton candidate. Such a gene
e will be investigated in a future paper.



Landscape

Similany in the landscape: a small causually connected pat
(Our Universe) begins at some false vacuum state.

this vacuum state couples to many other vacua
could tunnel to a large number of other vacuum states

Ultimately there is only one single path through the varia
vacuum state in the landscape

¥

ax



The Landscape One More Time

Toy model: a series of coupled asymmetric double wells.
each field provides a fraction of an e-fold

percolate and reheat every stage
provided if:

= <T/3
- Xtot = 60

- need 200 vacuya. Landscape has 1()200 vacuum states.




— Don’t get stuck
many different vacua the universe could tunnel to
avoid slow tunnelers

— Can't go too fast
for this patch will not inflate enough

— There is ultimately only one path

the slowest fast route




Coupled Doubie Wells

nsidering a series of coupled double wells.

The total
tential for the system js

’}a:lOi-Oz- ey Qg ) = I;U:_s — P[:Eﬁ Qi) + 1['—e.:'—l- (23)

ere 0 <17 < g. We take asymmetric double-wel] potentials
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Conclusion

Chain inflation IMposes some

light conditions upon
workable mode]
x<1/3
\.’I.-.‘ i “.U

two workable models

Stringy Lan dscape

QCD Axion




Conclusion

® many more workable models along the

lines of
Axion can be found

e Chain Inflation

s a useful mechanism which can p
necessary infl

ation to solve the standard cosmolog

e |t offers an attractive alternative to other inflationa
Wide Range of Scales
No Fine-Tunging

Graceful Exit




D,EM.'H 3"»2 P&P'{'rr behon s

——————

a4 »») lﬁ (

“' ak burms as l
'Gﬂ-d“:‘m n SLS'N"" P'PL\ (\;:;_uum)

-.'Ii ce\*

| 5 . \\ "
h.-lbkl( __-—_—-A
=

Y M( ?b-mL“u) }
S Prec

"’V"S”q sli wyeriauf




