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Axion-inflation

• Axion : fields having shift symmetry

• Axion is a good candidate of the inflaton.

𝜙 ∼ 𝜙 + 𝛿

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

e.g. natural inflation

𝑉 = 𝑉0 cos
𝜙

𝑓
+ 1 -> We need modulation terms.

Moduli fields 𝑇𝑖 = 𝜏𝑖 + 𝑖𝜙𝑖

X3

e.g. Aligned inflation, Monodromy inflation ....
E. Silverstein and A..Westphal, [2008]
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Poly-instanton axion inflation 



Before talking about poly-instanton, I’d like 
to talk about D-brane instanton



𝑊 = 𝑊0 + 𝐴1𝑒
−𝑆 +𝐶 𝑒−𝑎0𝑇0

• Consider IIB orientifold on CY 3-fold 𝑋3, -> SUGRA

• Dp-brane instanton : instanton like Dp-brane configuration, 

D-brane instanton effect

X3

non-perturbatively correct the EFT.
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D-brane instanton effect

• Consider IIB orientifold on CY 3-fold 𝑋3, -> SUGRA

• Dp-brane instanton : instanton like Dp-brane configuration, 

𝑊 = 𝑊0 + 𝐴1𝑒
−𝑎𝑖𝑇𝑖+𝐴2 𝑒

−𝑏𝑖𝑇𝑖

Single instanton effect

D-brane instanton

Another D-brane instanton

X3

• Poly-instanton : instanton corrected by another (D-brane) instanton.

another instanton effect

R.Blumenhagen and M.Schmidt-Sommerfeld, [2008]

non-perturbatively correct the EFT.
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Poly-instanton potential

• Divide superpotential to two parts,

• Suppose, there is a one moduli 𝑇0, which appears only in poly-
instanton superpotential, i.e. 

• 𝐴0 = 0, Im 𝑇0 is massless, although Re 𝑇0 can be massive.

• When 𝐴0 ≪𝑊 𝑇𝑖 |𝑖≠0, mass of Im 𝑇0 can be the lightest scalar. 
∵ Re 𝑇0 ∈ 𝐾 = −2 log𝑉 = 𝐾(𝑇 + ത𝑇)

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

𝑊 = 𝑊 𝑇𝑖 |𝑖≠0 + 𝐴0exp[−𝑎(𝑇𝑖 + 𝐶𝑒−𝑎0𝑇0)]|𝑖≠0

𝑊 = 𝑊𝑝𝑒𝑟𝑡+𝑠𝑖𝑛𝑔𝑙𝑒 +𝑊𝑝𝑜𝑙𝑦



Poly-instanton axion potential

• All heavier modes are integrated out, we obtain the superpotential

• Assuming 𝐴0
′ ≪ 1, 

𝑊 = 𝑊0
′ + 𝐴0

′ exp[−𝑎𝐶𝑒−𝑎0𝑇0]

−3𝑒𝐾|𝑊|2 = −3𝑒𝐾 |𝑊0
′|2 +𝑊0

′𝐴0
′ exp −𝑎 𝐶𝑒−𝑎0𝑇0 + ℎ. 𝑐. + 𝒪(𝐴0

′ 2)

𝑒𝐾𝐾𝑇0𝑇0|𝐷𝑇0𝑊|2 = 𝑒𝐾𝐾𝑇0𝑇0{|𝐾𝑇0|
2 |𝑊0

′|2 +𝑊0
′𝐴0

′ exp −𝑎 𝐶𝑒−𝑎0𝑇0 + ℎ. 𝑐.

+𝐾𝑇0𝑊0
′𝐴0

′ 𝑎0𝑎𝐶𝑒
−𝑎0𝑇0 exp −𝑎𝐶𝑒−𝑎0𝑇0 + ℎ. 𝑐. } + 𝒪(𝐴0

′ 2)

𝛿 = 𝑎𝐶 exp[−𝑎0 𝜏0 ] : magnitude of a Poly instanton effect

𝑉𝐹 = 2𝑒𝐾 𝑊0
′𝐴0

′ 2
exp −𝛿 cos 𝑎0𝜙0 {(𝐾𝑇0𝑇0𝐾𝑇0|

2 − 3) cos 𝛿 sin 𝑎0𝜙0 + 𝜃

+𝐾𝑇0𝑇0𝐾𝑇0 𝑎0𝛿 cos[−𝑎0𝜙0 + 𝛿 sin 𝑎0𝜙0 + 𝜃]} + (𝑐𝑜𝑛𝑠𝑡)

𝑉𝐹 = 𝑒𝐾 Σ𝑖,𝑗=moduli𝐾
𝑖 ҧ𝑗𝐷𝑖𝑊 𝐷 ҧ𝑗

ഥ𝑊 − 3 𝑊 2
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𝜙 : canonically normalized field

• When 𝑎0𝛿 ≪ 1,

Natural inflation + modulation terms

𝑉𝐹 = 2𝑒𝐾 𝑊0
′𝐴0

′ 2
exp −𝛿 cos 𝑎0𝜙0 {(|𝐾𝑇0𝑇0𝐾𝑇0|

2 − 3) cos 𝛿 sin 𝑎0𝜙0 + 𝜃

+𝐾𝑇0𝑇0𝐾𝑇0 𝑎0𝛿 cos[−𝑎0𝜙0 + 𝛿 sin 𝑎0𝜙0 + 𝜃]} + (𝑐𝑜𝑛𝑠𝑡)

Flat potential!• Sinusoidal function of a sinusoidal function



Numerical analysis

• Slow roll parameters,

• And the observed values are given by

𝜀 =
1

2

𝑉𝜙

𝑉

2
, 𝜂 =

𝑉𝜙𝜙

𝑉
, 𝜉 =

𝑉𝜙𝑉𝜙𝜙

𝑉2
≪ 1 during inflation.

𝑃𝜉 =
𝑉

24𝜋2𝜖
= 2.20 ± 0.10 × 10−9, 𝑛𝑠 = 1 + 2𝜂 − 6𝜖 = 0.9655 ± 0.0062,

𝑟 = 16𝜖 < 0.12,

𝑽 = 𝑨(𝒆−𝜹 𝒄𝒐𝒔 𝒂 𝝓 𝒄𝒐𝒔 𝜹 𝒔𝒊𝒏 𝒂𝝓 − 𝒂𝝓+ 𝜽 + 𝑽𝟎)
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Δ𝜙 ≪ 1 small field inflation

𝜖

𝜂



Analytical analysis

• Derivations of the potential

𝑉𝜙 = 𝐴𝛿𝑎𝑒−𝛿 cos 𝑎𝜙 −sin 𝛿 sin 𝑎𝜙 − 2𝑎𝜙 + 𝜃 +
1

𝛿
sin 𝛿 sin 𝑎𝜙 − 𝑎𝜙 + 𝜃

~𝐴𝛿𝑎𝑒−𝛿 cos 𝑎𝜙 −sin 𝛿 sin 𝑎𝜙 − 2𝑎𝜙 + 𝜃

𝑉𝜙𝜙~𝐴𝛿
2𝑎2𝑒−𝛿 cos 𝑎𝜙 −cos 𝛿 sin 𝑎𝜙 − 3𝑎𝜙 + 𝜃

𝑉𝜙𝜙𝜙~𝐴𝛿
3𝑎3𝑒−𝛿 cos 𝑎𝜙 −sin 𝛿 sin 𝑎𝜙 − 4𝑎𝜙 + 𝜃

𝜖

𝜂
~𝑒−𝛿 cos 𝑎𝜙

𝜂 ~
𝑉𝜙𝜙𝜙 Δ𝜙

𝑉
~
𝐴𝛿3𝑎3𝑒−𝛿 cos 𝑎𝜙 −sin 𝛿 sin 𝑎𝜙 − 4𝑎𝜙 + 𝜃

𝐴 𝑉0
~𝛿2𝑎2 𝜖 Δ𝜙

+ Lyth relation : 𝑟~10−2 Δ𝜙 2

𝑟 ~
10−2𝜂2

𝛿4𝑎4𝜖
To realize 𝜂~ − 0.1, 𝜖2~

10−7

𝛿4𝑎4
e.g. 𝛿 = 10, 𝑎 = 2𝜋
-> 𝜖 = 10−7, 𝑟 ~10−6

Without fine tunings, large 𝛿𝑎 realize the inflation!
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𝑉𝜙𝜙~𝐴𝛿
2𝑎2𝑒−𝛿 cos 𝑎𝜙 −cos 𝛿 sin 𝑎𝜙 − 3𝑎𝜙 + 𝜃

𝑉𝜙𝜙𝜙~𝐴𝛿
3𝑎3𝑒−𝛿 cos 𝑎𝜙 −sin 𝛿 sin 𝑎𝜙 − 4𝑎𝜙 + 𝜃

𝜖

𝜂
~𝑒−𝛿 cos 𝑎𝜙

𝜂 ~
𝑉𝜙𝜙𝜙 Δ𝜙

𝑉
~
𝐴𝛿3𝑎3𝑒−𝛿 cos 𝑎𝜙 −sin 𝛿 sin 𝑎𝜙 − 4𝑎𝜙 + 𝜃

𝐴 𝑉0
~𝛿2𝑎2 𝜖 Δ𝜙

+ Lyth relation : 𝑟~10−2 Δ𝜙 2

𝑟 ~
10−2𝜂2

𝛿4𝑎4𝜖
To realize 𝜂~ − 0.1, 𝜖2~

10−7

𝛿4𝑎4
e.g. 𝛿 = 10, 𝑎 = 2𝜋
-> 𝜖 = 10−7, 𝑟 ~10−6

𝑚𝜙
2~ 𝑉𝜙𝜙~𝐴𝑉0𝛿

2𝑎2~10−10

𝛼𝑠 =
dlog 𝑛𝑠
dlog 𝑘

~ − 2𝜉~ − 10−3



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,

• And it can realize a small field inflation.

𝛿𝑊 = 𝐴𝑒
−𝑎 𝑇𝑖+𝐵𝑒

−2𝜋 𝑇𝑗



Thank you!



Test : cosmological history

• Inflaton may decay to photon as,

when this is dominant decay mode,

Reheating temperature is rather low.  

𝛾

axion

𝛾 where 


