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Excursion
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Not Suppressed

—> Ap ~ O(10)m,, x (r/0.1)*/?

Os((¢/myp)?), Os((¢/myp)*), ... @'

([ No §¢ Fluctuations!

| 7> 1= Inflation Stops (Eta-Problewm)

' Serious problem

( Single field slow-roll models: Vv (¢) x 4"

— > Super-Planckian Excursion !

Pad !

for High-Scale
Inflationary |

models 77 {*
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Axion-Inflation

Freese, Frieman, Olinto '90; ...

Shift symmetry ¢ — ¢ + C' on couplings to other fields

L= 5 (0u0)" + Vot (8) + £ u0 D" 5 6 + = ol P

fermions gauge fields
breaks . : = 0, K"
shif t-symm (derivative couplings) topological
term

(00, K* = K"0,,¢]

With shift symmetry, AV oc Vet I:{> Protected against radiative corrections !
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Axion-Inflation snift symmetry ¢ > ¢+ C

[J. Cook, L. Sorbo (arXiv:1109.0022)] [N. Barnaby, E. Pajer, M. Peloso (arXiv:1110.3327)]

V(SO) inflaton ¥ = pseudo-scalar axion
pr — 1

2 EWQBF o

The rolling inflaton excites the gauge field(s)

V_(‘?A -0, A,

Gauge field excitation creates chiral GWs !

hl 4+ 2HRL, — V2h;; = 16nGILY o« {EE; + BB}

GW left-chirality only G V

~J A, Chiral
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Bartolo et al ‘16 _ Oé—qb
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What if there are arbitrary _, large excitation of
fields coupled to the inflaton ? these fields 17
(i.e. no need of extra symwmetry)  will they create GWs?
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—L, = (0x)%/2 + ¢*(¢ — d0)*x2/2 Scalar Fid

—Ly = Y000 + g(¢ — o)t Fermion Fld
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(Only k < p long-wave modes excited)
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fields coupled to the inflaton 7 = 1arge excitation
(i.e. no need of extra symmetry) GW generation !?

‘ nie = Exp{—n(k/pn)*} ‘ Non-adiabatic field excitation (particle creation !)
(spin-independent)

In all three cases (scalars, fermions, and vectors)

GWs power spectrum: P, (k) = P (k) (P (k) ) om peer
GW Source(s): ( SCALARS , VECTOR . FERMIONS )

Hg;T X {8%'Xa an}TTa {EZEj BiBj}TTv {&%DJZ?}TT
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fields coupled to the inflaton 7 = 1arge excitation v/
(i.e. no need of extra symmetry) GW generation !?

‘ nie = Exp{—n(k/pn)*} ‘ Non-adiabatic field excitation (particle creation !)
(spin-independent)

In all three cases (scalars, fermions, and vectors)

from particle
production

AP, PV _plee)  plr) 2 HNB .
= = ~ 1075 W (k7o) (4 ) In*(p/ H
P, praa = ptag e < OUOTILZ WD) (7)) i/ HD)
(W < 0.5)

N. Barnaby et al., Phys. Rev. D86, 103508 (2012), [1206.6117]
J. L. Cook and L. Sorbo, Phys. Rev. D85, 023534 (2012), [1109.0022].
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for every model !
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INFLATION w5 () + @D

V(®)

2.0 T T T T

0.0 L

1.5+
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What if the potential

is hot monotonic ?

A% greatly enhanced!
(at small scales)

Garcia-Bellido, Morales, 2017
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INFLATION ==

What if it is
multi-field inflation ?

also possible to
greatly enhance A7,
(at small scales)

Linde 1992, Barnaby et al 2006
Clesse, Garcia-Bellido 2015/16
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non-wmonotonic

, possible to enhance A7
IF { multi-field } = (at small scales) "
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non-monotonic possible to
INFLATION == IF { multi-field } = enhance A%

(at small scales)

Observational !: ™ o -
constraints - Primordial Black Hole (PBH)
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non-monotonic possible to
INFLATION == IF { multi-field } = enhance A%

(at small scales)

~ 3-107?[ @ small scales

Let us suppose | A% > A3z|cMB

ds? = a®(n)[—(1 4 2®)dn® + [(1 — 20)6;; + 2F; sy + hij|da’da’]

2nd Order Pert.

(5 =) 200,0;% — 200;0;® + 4V0,0; ¥ + 9;90;® — 'O,V — 'V, + 30"V,

4 / /
- 3(1 + w)H? 0i(W + H®)0; (W + HEP) Phys.Rev. D81 (2010) 023527
5,2 : Phys.Rev. D75 (2007) 123518
— BH(H® — V') + VU] 0;0;(® — V) D. Wands et al, 2006-2010

- 3wH
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(at small scales)

~ 3-107?[ @ small scales

Let us suppose | A% > A%\CMB
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2nd Order Pert.
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non-monotonic possible to
INFLATION == IF { multi-field } —=> enhance A%

(at small scales)

~ 3-107?[ @ small scales

Let us suppose | A% > A%\CMB

ds? = a®(n)[—(1 4 2®)dn® + [(1 — 20)6;; + 2F; sy + hij|da’da’]

2nd Order Pert.

(k) Frad — g (2162> 8.3 X 10_3fns ~ 30

3
~ 1

Phys.Rev. D81 (2010) 023527 Phys.Rev. D75 (2007) 123518 D. Wands et al, 2006-2010
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(at small scales)

Frag
BBN Q,,0<1.5x107° . AL <0l (3—()d>

Phys.Rev. D81 (2010) 023527
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non-monotonic possible to
INFLATION == IF { multi-field } —=> enhance A%

(at small scales)

Frag
BBN Qgu0<15x107° > AR <Ol (3—od>

Fraa) *
LIGO Qw0 <6.9x107° , DR <007 (3—0d>

Phys.Rev. D81 (2010) 023527
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non-monotonic possible to
INFLATION == IF { multi-field } —=> enhance A%

(at small scales)

Frag
BBN Qgu0<1.5x107° » LR <01 (s—od)
Frag\ ?
LIGO Qw0 <6.9x107° , DR <007 (3—()d>
o (Fraa\ " ®
PTA Quuo0<4x107° > AR <HX 107 (:Tod)

Phys.Rev. D81 (2010) 023527
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non-monotonic possible to
INFLATION == IF { multi-field } —=> enhance A%

(at small scales)

BBN Q.0 < 1.5x107° . 0% <0 (%)
LIGO Q.0 < 6.9 x 107 . 0% <007 (%)
PTA Qywo < 4 X 1078 , A% <5x107° (%)%
LISA Q.0 <1075 - AR <1x1077 (%)_

Phys.Rev. D81 (2010) 023527
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