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Relavant action

V' In the first day, Soda-san has introduced
the “relevant action” in this field/conference

L=R-(V¢) - V(e)
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- see Peter’s talk

Inflation

V' inflation is the accelerated expansion...



- see Peter’s talk

predictions of inflation

Vv’ due to the quasi-exponential expansion of the universe..

— gquantum fluctuations generate tensor perturbations = GWs

whose amplitude is O(H) and hence nearly scale-invariant
hij ~ O(H)
v’ the Friedmann equation relates H with p :

@ observing hij ~ H will determine the energy scale of inflation ??
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Spectator axion-SU(2)

ABSTRACT

We show that a detectable tensor-to-scalar ratio (r > 10~3) on the CMB scale can be generated even
during extremely low energy inflation which saturates the BBN bound pis = (30 MeV)?. The source of the
graltatmnal waves is not quantum fluctuations of graviton but those of SU(2) gauge fields, energetically
supported by coupled axion fields. The curvature perturbation, the backreaction effect and the validity
of perturbative treatment are carefully checked. Our result indicates that measuring r alone does not
immediately fix the inflationai S N - N N -
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> O(H)
1, VEV at BG 2, chirality in SU(2) 3, (sourced) chiral GWs
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& isotropy of BG & axion-SU(2) term & GW source at 1st order



more simple model ??

V' OK.. the result is great..

but we have to assume
1, SU(2) fields have to couple with axion [parity-violation]
2, SU(2) fields have specific BG VEVs

3, and then SU(2) fields source GWs

| parity-violation |
in gravity |

chiral GWs 'f




The model

v/ model : GR + GCS + axion (spectator) + inflation
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5 R A 16ARR+P[(VX) | + inflaton

) generic term
RR =P Ros" Ros w/ shift-symmetry



Sato, Kanno & Soda

v’ Soda-san is great
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We start with the action motivated from string theory
. .
given by [9] op =1 |
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The model

v/ model : GR + GCS + axion (spectator) + inflation

M? 1 X -
L="PR1 R R+ P[(Vx)?] +inflaton
2 6 A R PV +
3 generic term
RR =P Ros" Ros w/ shift-symmetry

v BG evolution :
3M5H? = pin



v/ GWs propagating in z-direction = helicity decomposition
h-l— hy 0 QhL — h_|_ -+ th
0Gij = a’* | hy h_ 0O = {
0 0 O 2hr = hy — thy
v’ quadratic action for GWs :

Scw = /dt A’z a’ (MEI‘CGR + [,chs)
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origin of chirality




nature of GWs

~

Vv’ action for the canonically normalised GW, / =z. h:
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preliminary result
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theoretical subtleties

v UV-behaviour of GWs :

— since the GCS includes more spatial derivatives,
It can
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v’ By tuning the functional form of P [(VX)2], GWSs can be
amplified (as much as you want).

— but... instabilities in scalar perturbations can show up

2 = Fx >0
> Px+2XPxx




conclusion

v We have considered a model with the gravitational Chern-
Simons term keeping the shift-symmetry of axion.

Vv With the nice form of axion’s kinetic term, the amplitude of
sourced GWSs can be larger than that from vacuum fluct.

Vv’ Despite this interesting results, there are several theoretical
subtleties which should be overcome..

-- UV behaviour of GWs
-- stability of axion



Thank you very much



