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Axion—inflation

* Axion : fields having shift symmetry
o~d+0o
e Axion is a good candidate of the inflaton.

1. V(¢p) =V(¢p + ) --> flatness of the potential.
2. String compactifications provide many axions.

Moduli fields T; = t; + i¢g;

Axion

e.g. natural inflation

V=r, (cos (?) + 1 ) -> We need modulation terms.

e.g. Aligned inflation, Monodromy inflation ....
E. Silverstein and A..Westphal, [2008]
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Before talking about poly-instanton, I'd like
to talk about D-brane instanton



D—brane instanton effect

* Consider IIB orientifold on CY 3—fold X5, —> SUGRA

 Dp—brane instanton : instanton like Dp—brane configuration,
non-perturbatively correct the EFT.
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D—brane instanton effect

* Consider IIB orientifold on CY 3—fold X5, —> SUGRA

 Dp—brane instanton : instanton like Dp—brane configuration,
non-perturbatively correct the EFT.

& N

Single instanton effect another instanton effect

e Poly-instanton : instanton corrected by another (D-brane) instanton.
R.Blumenhagen and M.Schmidt-Sommerfeld, [2008]

D-br

X3

Another D-brane instanton
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This potential is highly suppressed...
-> flat potential?

-> Inflation



Poly—instanton potential

* Divide superpotential to two parts,

W = Wpert+single + Wpoly

 Suppose, there is a one moduli T?, which appears only in poly—
instanton superpotential, i.e.

W =W (T})|ixo + Agexp[—a(T; + Ce™%0)]|; .,

* Ay =0, =) ImT, is massless, although Re Ty can be massive.

v ReTy, € K=—-2logV =K(T+T)
* When Ay <K W((T;))|;20, mass of Im T, can be the lightest scalar.

Q Is the axion potential flat enough to satisfy the slow roll conditions?




Poly—-instanton axion potential

* All heavier modes are integrated out, we obtain the superpotential
W = Wy + Ayexp[—aCe~%lo]

* Assuming 4y < 1 Vr = eK(Zi,j=m0duliKijDiW D;W — 3|W|?)

—3eK|W|? = —3eX(|W§|? + Wy Ay exp[—a Ce~%T] + h.c.) + 0(4y°

eX KT | Dy, W|? = eXKoTo{|Kr, |*(IWg|? + Wy A exp[—a Ce~™] + h.c.)
+Kr, Wy ApagaCe™ %" exp[—aCe~ %] + h.c.} + 0(4}°

-

Ve = ZeK|W0’A(,|2 exp[—6 cos(aydy)] {(1’(T<>T_OI{T0|2 — 3) cos[6 sin(aggy) + 0]

+1’(T0T_01’{T0 a6 cos[—aypy + 6 sin(agpy) + 0]} + (const)

d = aC exp[—ay(Ty)] : magnitude of a Poly instanton effect
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~

[ V =A(e %¢5@? cos[6 sin(ap) — ap + 0] + V) J

\_

 Sinusoidal function of a sinusoidal function [> Flat potential!

¢ : canonically normalized field

J

* Whenayd < 1,

1
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* Slow roll parameters,

2

1

%4
£ = ¢

Numerical analysis

vV

 And the observed values are given by

Pg

~ 24m?e

2 14 VeV
) N = %,E = % « 1 during inflation.

=2.204+0.10 x 1079, ng=1+42n—6e = 0.9655 1+ 0.0062,
r=16€ < 0.12,

V =A(e %5@®) cos[5 sin(ad) — ap + 0] + V)

|

D 0 A N r N, a mg

8.0 | 4.13]13.29x 107 10.953 [ 6.02 x 10~ | 61.9 | —3.66 x 10~* | 6.70 x 10~1
9.0 | 3.16 | 3.46 x 107 10.959 [ 9.30 x 10~7 | 58.6 | —4.66 x 10~* | 1.27 x 10~10
10.0 | 2.11 | 2,18 x 107" 1 0.963 | 7.65 x 10~7 | 56.8 | —4.70 x 10~* | 1.26 x 10~
11.0 | 7.25 | 1.08 x 107 | 0.966 | 4.24 x 1077 | 61.7 [ —3.98 x 107" | 8.31 x 10~
12.0 [ 6.28 | 889 x 10717 |1 0.966 | 4.89 x 10~7 | 55.7 | —4.61 x 10~* | 1.12 x 10710

Table 1: Examples of parameters and observables.
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qure 1: The inflation potential with 0 = 8.0. The red and blue curves correspond to]
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8.0 | 4.13]1329%x 1071 10.953[6.02x 107" |{61.9| —3.66 x 107* | 6.70 x 10~
9.0 (316346 x 107110959 [930x 1077 [ 58.6 | —4.66 x 107* | 1.27 x 10710
10.0 | 2.11 | 218 x 107 [ 0.963 | 7.65 x 10~7 | 56.8 | —4.70 x 10~* | 1.26 x 10~V
11.0 1725 | 1.08 x 107 [ 0.966 | 4.24 x 1077 | 61.7 | —=3.98 x 10~* | 8.31 x 10!
12.0 1 628 [ .89 x 10717 [ 0.966 | 489 x 1077 | 55.7 | —4.61 x 10~* | 1.12 x 10710

Table 1: Examples of parameters and observables.



Analytical analysis

e Derivations of the potential

1
Ve = Abae—dcosad l— sin(é sina¢g — 2a¢ + 6) + Esin(5 sina¢p —a¢p + 6)

~A8ae =008 a®[_sin(§ sinagp — 2a¢p + 0)]
Vpp~AS2a%e™0 05 a®[— cos(§ sinap — 3agp + 6)]

Vppp~Ad3ade 005 a®[—sin(§ sinagp — 4ag + 0)]

|:> E~e—6 cos a¢g
n

Vopo|Ap  AS3ace8 0 2P[—sin(8 sinag — 4a¢p + 0)]
|74 AV,

+ Lyth relation : r~1072(A¢)?
10-27? 1077
|:> r~ T 7o realize n~—0.1, 2 o e.g.§ =10,a = 2m
5*ate = 4 44 /
0*a* >e=10"7, r~107°

Without fine tunings, large da realize the inflation!
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~A8ae =008 a®[_sin(§ sinagp — 2a¢p + 0)]
Vpp~AS2a%e™0 05 a®[— cos(§ sinap — 3ap + 6)]

3,3,-6 : :
Vopp~Ad~a“e™° °° ¢ [— sin(6 sin agp — 4¢ m3~ Vgp~AVy62a?~10~10
€ dlog n
= _p,—6cosag — S v — 28~ —-1073
— _— “ = dogk T X
V A A53a36_6 cos a¢ - Silx U i w 1w 1 v
|n|~| ¢¢¢| ¢~ | N v v J1 ~52a2\/EAc/>

|74 AV,
+ Lyth relation : r~1072(A¢)?
10-27? 1077
|:> r~— 477 Torealizen~—0.1, g2~ eg. 6 =10,a =2n
a-e d%a* o= 1077, r ~107°

Without fine tunings, large da realize the inflation!




Summery of my talk

* Here, we introduce new type of axion inflation model, poly—
instanton axion inflation.

* Poly—-instanton is a non—perturbative effect in string theory, which
induce superpotential like,

—2T T])

SW = Ae—a(Ti+Be

* And it can realize a small field inflation.



Thank you!



Test : cosmological history

* Inflaton may decay to photon as,

Y fvis — fO T Bvise_bmSTO-

3
———————— D (come ) GeV
T \10BGeV oY

Y where 7y — B’U“isbvise_bmsm-
when this is dominant decay mode,

g, —1/4 ) My 3/2
1, = ( ) VI1I'Mp; ~ 103’\/ ( : ) GeV,

90 1013GeV

Reheating temperature is rather low.



