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§ Introduction

 Standard Big Bang cosmology
— Cosmic Expansion
— Light elements
-~ CMB

— Problems
* Horizon problem, ...

* Inflationary cosmology



§ Inflationary cosmology

e |nflation [Guth (1981), sato (1981)]

— Solving problems
* Horizon problem, ...

« Generating density perturbation from

gquantum fluctuation [cuth and Pi (1982), Hawking
(1982)]

« Generating tensor perturbations



§ § Tensor perturbation

« Generating tensor perturbations from
guantum fluctuation [starobinsky (1979)]

« Generating tensor perturbations sourced by
other fields (sourced GW)

— In variants of chromo natural inflation [Adshead
and Wyman (2012)]

— Pseudo scalar (*axion™) and hidden SU(2)
gauge theory [Dimastrogiovanni et al (2012)]

— Fluctuations of the vector potential 64 generate
tensor perturbation h; ;[Fuijita et al (2018)]



§ Model

Lag rangian [Dimastrogiovanni et al (2012)]
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Hidden SU(2) gauge field A with the gauge
coupling constant g



Background solutions
e Inflaton domination during inflation

* Non-trivial gauge potential solution in FRW
[Adshead and Wyman (2012)]

Ag = 0,47 = a(t)Q(t)d;"
 Energy and pressure of the gauge field
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* Some “slow roll” parameters

_ PiTDPi __i_
T oMzHz  HT T R2 T LS




Background solutions
« EOM for axion and gauge field

¥+ 3Hy+ UX+3‘;;AQ2(Q + HQ) = 0,
Q +3HQ + (H + 2H?)Q + 2g2Q?3 —97’1 Q2 =0,

 Under the strong coupling condition during
Inflation [Dimastrogiovanni and Peloso (2013)]
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Background solutions

« EOM for axion and gauge field
) . 3914 ..
)(+3H)(+UX+TQ (Q+HQ) =0,
Q +3HQ + (H + 2H?)Q + 2g2Q3 —97’1 /02 =0,

« Gauge field and axion trapped at the min.
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Background solutions

* When the strong coupling condition violates,
axion and hidden gauge start to oscillate and p «
a 3.

3m3 A%
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- Axion decays Into gauge boson H = I, =

* When it violates?
1. During inflation
* Rapid dilution
@At the end of inflation

 Possible dark radiation



Evolution

* Energy densities
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Constraints for successful inflation

[Papageorgiou et al (2019)]

Backreaction by tensor pert.
to bkg.
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Constraints from non-Gaussianity

* Non-linear interaction generate scalar

perturbation from enhanced tensor perturbation.
[Papageorgiou et al (2019)]

enhanced GW linear order negligible Nonlinear scalar sourced by ¢;
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Constraints from non-Gaussianity

» The constraint f; el = 0(100) is converted as

[Papageorgiou et al (2019)]
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Dark radiation

* The energy densities at the recombination
7N eff 7T2T1j1‘

4 307
7 TTy
= py + (Neff + ANegs _7;071

przpy‘l' + Pd

« Constraints on model parameters from N.¢s



Decay rate
+ Forg =10" ZmQ_ZSH = 2.4 x 103 GeV
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DR abundance
* A benchmark point
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testable.



§ Summary

* Hidden SU(2) gauge field and *“axion”
— Generation of tensor perturbations

— “axion” decays into massless hidden gauge boson
(DR)

* Non-negligible dark radiation can be produced.
— Constraining the energy density and the decay rate
— Future experiments will constrains more or detect DR.



