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Probing early Universe by GWs!
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Research interest

v' Seeking a novel feature of primordial GWs predicted by
high energy physics.




Large PGWSs from Axionic inflation?

(string) axion is...

< (pseudo) NG boson & posessing a shift symmetry!

© — © + const.  (protects against UV corrections)

<> Shift symmetry is broken by non-perturbative effects: ,u4e_SE e/

V(p) D A*cos(¢/f) —— Natural inflation!

Freese et al 1990, ...

<> Axion couples to gauge fields through Chern-Simons terms:

¥ F ﬁ’ _, Parity-violated phenomenology!
f (CMB. GWs. Magnetic fields. ..) .



Axionic inflation with SU(2) gauge field
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Chromo-natural inflation | pAdshead & m.wyman 2012
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space-time (flat FLRW) : ds? = —dt? + a(t)25ijd:£idajj

inflaton + SU(2) gauge field : (70 — gp(t)
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Solving background equations for not only ¢(t) but Q(t) !




Background dynamics

Equations of motions for &(t) and Q(t)
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Analysis of tensor modes

S = SeH + Saxion + Sgauge + SCS
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Considering perturbations...
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Parity-violating interaction
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Analysis of tensor modes

Quantization of “tensor type” of fluctuations of SU(2) gauge field
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EOM for free gauge particle (x = —k7 : dimensionless time variable)
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One helicity mode is enhanced due to a tachyonic instability!

—> producing parity-violated gravitational tensor modes!



Generation of chiral GWs

Power spectrum of GWs in this model
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Today’s work

Exploring Axionic inflation

L.McAliister, E.Silverstein & A.Westphal 2008,...
A. de la Fuente et al 2015, ...

V(p) = Vo(¢) + Vinoa(®)

Anoa c08(¢/ )

V(o) < This modulation affects both
scalar and tensor modes:

& R — R(O) -+ 5R(mod)
hij = Nij(0) + 0Nij(mod)
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Scalar spectrum ... has been explored by CMB observations (no evidence so far)

R.Easther & R.Flauger 2013

Tensor spectrum ... will be explored by not only CMB observations but GW experiments!



Single field inflation with modulation

Potential : V() = ,u4 " 4 Amod [1 — COS (f%p — 5)]
mod

Amplitude of modulation: p = A* mod/ Voo fmod (Vg, = Voo [1 + bsin <

e t9))

Upper boundonb: ) S 1 (inflaton does not get trapped)
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Tensor spectrum with modulation {hichiv) = (@m)°0(k + K >*Ai<k) Anlk) = AL + Ay (1) = S|

Ap(k) = Apo(k) |1 +

V2€v0 Mipib (1 — COS (g}k + 5)) o

<1 hard to detect...




Inflaton + gauge field with modulation

IO and J. Soda 2016

Ex: Chromo-natural inflation

S = SEH =+ Saxion =+ Sgauge + SCS
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< Vev of gauge field has an attractor solution (supports slow-roll motion of inflaton!)
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Inflaton + gauge field with modulation

Chiral tensor spectrum with modulation (H = 10'3GeV , b =0.1)
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Sizable oscillation!
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Enhancement!
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Detectable size of modulation
by BBO and DECIGO (star-like detector)

Deta stream of I-th detector:

K.Yagi & N.Seto 2011
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Detectable size of modulation
by BBO and DECIGO (star-like detector)

Estimation error (evaluated by Fisher information quantity) Detectable condition
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Summary and Outlook

We explored an axionic inflation with modulation and examined if
primordial tensor power spectrum exhibits an oscillatory feature.

We found that in the case of the axionic inflation coupled to gauge
fields the sizable oscillation can occur due to an enhancement of
chiral gravitational waves sourced by gauge fields, which is testable
by future gravitational wave experiments.

We need to numerically explore that oscillating chiral GWs actually
appear in a frequency range higher than nHz and CMB constraints

can be also satisfied.

Thank you so much!



