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Introduction



Primordial GWs from an early Universe
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How are GWs generated?

Simple scenario (inflaton + graviton)
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High energy physics (many scalar fields + gauge fields)
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Today'’s talk...

Primordial GWs souced by gauge field coupled to axion

(Abelian case)
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(non-Abelian (SU(2)) case)
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Parity-violated GWs !



Today'’s talk...

Primordial GWs souced by gauge field coupled to axion

v We focus on the mechanism of providing chiral
tensor spectrum sourced by non-Abelian gauge
field coupled to axion.

v We construct the model which generates
testable chiral GWs with space-based GW
experiments and pulsar timing array, which
satisfy CMB constraints.



Background of our study



Axionic inflation with SU(2) gauge field

Chromo-natural inflation | PAdshead & M. wyman2012 | Fji, = 9,A5 — 0,A5 + g€ AL A
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Axionic inflation with SU(2) gauge field

Considering perturbaitons...
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couples through Q (t)

EOM for free gauge particle (tensor modes) (z : dimensionless time variable)
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One hericity mode is enhanced

‘ P.Adshead, E. Martinec & M. Wyman 2013 ‘




Axionic inflation with SU(2) gauge field

Observational constraint on CMB

Gauge field also produces scalar part. g

0.002 h/Mpc
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affect C
Ng , T (CMB observation)
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P.Adshead, E. Martinec & M. Wyman 2013

In conflict with CMB observation...



Our study



Reconsidering conventional model...

Chromo-natural inflation
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(large amount of chiral GWs)

Considering from the point of high energy physics...
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A gauge-kinetic function of scalar field “dilaton”

Chiral GWs generation should depend on time!



Dilaton and Axion with SU(2) fields

Model building 10andJ. soda 2016

Action

S = SEn + S ditaton + S axion Sgauge +Scs
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The scalar fields and SU(2) gauge field

4 ©(t) : dilaton A

Q() : VEV of the gauge fields A7 = A0S = a() Q1)

o(t) : axion
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Dilaton and Axion with SU(2) fields

Friedmann equation and EOM for a(t)
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Dilaton and Axion with SU(2) fields

Initial conditions of the background motion

Kdilaton is energy dominant (playing a role of an inflaton) : \

3H2 ~ Y (go(t) : inﬂaton) - Producing CMB fluctuations!

» weak gauge kinetic coupling function :

A
I(go) X a(t)n < =2 (W < 1> (Suppressing axion-gauge interactions)

» The vev of gauge field is near the origin of its effective potential:
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Dilaton and Axion with SU(2) fields

The dynamics of the vev of gauge field
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Chromo-natural inflation

(Providing chiral GWs!) (>nHz)



Our results

Power spectrum of chiral GWs in late time periods (f>nHz) :
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Summary & Outlook

*  We study the mechanism of generating chiral primordial gravitational wav
es from particle production of SU(2) gauge field, which are consistent with
CMB observations.

*  We introduce a dilatonic field in the conventional model , chromo-natural i
nflation, and generalize an axion-gauge interaction dynamically based on t
he fundamental theory.

* We discover the parameter region where chiral GWs consistent with CMB
data are produced, which might be detectable in future GW experiments
(DECIGO, eLISA, SKA...).

* We must check the reheating age in this model and consider the dynamics
of anisotropic background.
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