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Suppose we achieve super-Planckian axion scale
through alignment mechanism

V(o) :A‘f[l—cos ffﬁ] | Ag‘[l—cos (?4—5)]

Ao < Ay
f < fcff

What would be the observational consequences of this model?

Choi, HK, Shin, in preparation



Natural Inflation

V(g) = A* 1 — cos ?

The amplitude can determined by observed temperature fluctuation

The axion scale is required to be super-Planckian



AXIOn scale

Especially in string theory,

92
f~ ==Mp~10"°GeV

ST

Axion scale is normally sub-Planckian in weak coupling limit

Choi, Kim ’85
Banks et. al '03
Svrcek, Witten 06



Proposals

| et's Introduce extra axions!

Axion alignment

N-flation

Other variations

Kim, Nilles, Peloso '04

Dimopolous '05
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Axion alignment
V = Ate [1 — cos (Eqbl + @d)z)] + Ate™"2 {1 — cos (ﬂd)l + @aﬁz)]

f1 fo J1 fo

P2

Kim, Nilles, Peloso 04
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Axion alignment

V = Ale !1 — COS (%% + %%)] + Ate™ {1 — COS (%% + %052)]

$2

Kim, Nilles, Peloso 04



Axion alignment
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Weak gravity conjecture on axions

Consider a theory of U(1) gauge boson + gravity

axion scale is bounded from above!

Arkani-Hamed et. al. '06



Weak gravity conjecture on axions

How about N axions?

Convex Hull condition

V = Ade™S [1 — COS <E¢1 + @9/)2)] + Ate= 2 [1 — COS (
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Weak gravity conjecture on axions

How about N axions?

Convex Hull condition

V = Ate ™ [1 — CO8 (E% + @@)] + Ate™2 [1 — COS (m% + %Cﬁz)]
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Weak gravity conjecture on axions

One way of circumventing this is to add extra instanton!

f < f eff
S < Slarge

V(o) = Ate=? [1 — COS ¢ ] - Ade Slarge [1 — COS (é + 5)]
feff f

Brown et. al. ’15



Back to the original question

It the modulation is natural conseguence
of alignment mechanism,

V(qﬁ):A‘ll[l—cos ffﬂ] | A%[l—cos (?—I—&)]

f < feff

How do they change the shape of primordial power spectrum?

How could they be constrained by the recent observational data”



Former study: Axion monodromy

Axion monodromy potenial with cosine modulation

V(p) = u’p + A% cos (é -+

f

)

induces oscillations in primordial power spectrum

k

Pr(k) = Ax, (k—

)ns—l -
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R. Flauger et. al. 09

R. Flauger et. al. 14



Natural inflation with modulations

Natural inflation with cosine modulation

V(¢) = A} -1—cos ¢ - A5 -l—cos <?+5>-
i feff_ L f 1

also induces oscillations in primordial power spectrum

ns—1 -
Pr(k) = Agr. <kﬁ> 1 + ong cos (% + a>

Choi, HK, Shin, work in progress



Natural inflation with modulations

4 )
I ( AL fog 3\/ 27y coth %
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V= feffftan 2 fost

ns—1 r -
Pr(k) = AR (%) 1 + 0ng cos (% + a)




Oscillations in power spectrum

For ordinary slow-roll inflation, power spectrum

Nng .znq
k (ns—1)+3 ddln 7 In(k/ka)+5 m In?(k/k. )4

IS described by a set of parameters

dn d?n,
Ax Ns dlnk  dlnk?



Oscillations in power spectrum

For ordinary slow-roll inflation, power spectrum

ng ,2nq
p\ (ns=D+3 755 In(k/k)+§ 0% In (k/k )+
A (1)

IS described by a set of parameters

dn . d?n,
Ax Ns dlnk  dlnk?



Oscillations in power spectrum

In this scenario, power spectrum looks like

ns—1 r -
Pr(k) = Ar. <kﬁ) 1 + dng cos (% + oz)

the standard template (Ag., ns)

does not capture characteristic features of this scenario.



0N

Constraints on oscillations
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tensor-to-scalar ratio”?

tensor-to-scalar ratio can change, but only by

Py o

" Pr 1+ 0nscos(or/f)

r

as the amplitude of oscillation is constrained by observation,
only ~10% change is possible



Tensor to scalar ratio (r)
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Summary

V(qﬁ):A‘ll[l—cos ffﬁ] | A%[l—cos (?-1—5)]

Observational signature?

Oscillations!

Any contraints?

Amplitude of oscillation leads to (Ay/A1)* <5 x 107°

tensor-to-scalar ratio can change by ~ 10%



