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INTRODUCTION

BICEP2 has reported

Tensor to scalar ratio: r=rin /Pi¢ ~0.16

If the observed B-mode polarizations are from inflation,
It can be translated info

Inflation Hubble prameter: #linf ~10714 Gevv7,0.1

But, How robust is this relation ?



— ANOTHER POSSIBILITY

The production of GWs with =8Pz (2m)z

Is the essential prediction of inflation.

Nevertheless, in principle, it is a lower bound.
Are there any other GW productions ?

- It GWs produced by another mechanism are
dominant, the estimate of #inf must be revised.




INDUCED GW

GWs can be induced by 2" order pert.

SN Other pert
< L

2nd order
induced GWs
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PREVIOUS WORKS

[Ananda+(2007),
Scalar pert. can induce GWs Baumann+(2007),
hen it re-enters the horizon Bartolo+(2007),
" ' Saito+(2010),
Kawasaki+(2013)]

‘ Dominant on large scale only for <1076
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—=— DURING INFLATION

Scalar pert. also induce GW when it exits the horizon.
) [ orge scale GWs (B-mode observable)

Mechanism:
Scalar pert. «ip provides 2"9 order source for GWs;

EOM: Wi T +2F hift — V12 hlif =—AMIPIT=2 T LijTim Slim

Source:

where 7uj1im 1s the T.1. projection tensor.



BIAGETTI'S PAPER

“Enhancing Inflationary Tensor Modes through Spectator Fields”
Biagetti, Fasiello & Riotto. PRD88, 103518 (2013)

« Numerically calculate induced Pi4.
« Obtain analytic eq. by fittfing the numerical result.

« 4p lefter. No UV cutoff or constraints on cis are mentioned.




—— SMALL SOUND SPEED

To enhance scalar pert., small cls is intfroduced. [Biagefti+(2013)]
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small cis has 2 effects. - Power Spec. Plo=MH/27 )12 xclsT-3

glp=1/V2cisp (1—iaH/clsp ))el—icls py

Increase Hasten the

BD amplitude horizon crossing

To eliminate vacuum confribution, we approximate
aglp =HInf /vV2 (cls p)13/2 O(A+cispy) [alp + a l—pTt ]
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o INnduces #

BT +2H LT — 12 hlif




4-P FUNCTION

Solving the EoM with Green'’s function, we obtain
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RESULT

The main contribution comes from cis p~#,
namely same wave-number as the GW's.

The induced GW power spectrum is

_ o

If it iIs dominant, the tensor-to-scalar ratio is

_3 o

‘ Thus for ass107-3, #uinf Can be lower than 10714 Gev.
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CONSTRAINT-1

cls cannot be arbitrarily small:
1. Curvature Pert. (curvaton)
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CONSTRAINT-2

3. Validity of Perturbbation

sokalx requires large oux
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Since we derive the lower bound on cis,
we can find the maximum »4z, or

R=Plhtc /PLhfinf



CONSTRAINT-3

Constraint on #

R<AX107=5 MIPIT2 Joix 12 To /Tig

1. putio):

R=1x107-5 AINLT—1 MIPIl /olx Tio /T )13 /4
2. JJINL:

RS2.60x12 /MIPIT2
3. do/alx :

) o iS independent of s



CONSTRAINT-3

dominant

subdominant




CONSTRAINT-3

dollliha{lt

subdomitinant




CONSTRAINT-3

dominant

subdominant




RESULT-2

We can maximize Tensoron’'s GWs by

alx ~MIPL, ['Vo>10T6 T'ig@

However, it cannot be dominant

R<3

Thus xinf doesn’t significantly change.



Discussions




K-ESSENCE

[Armendariz-Picon+(1999),Appignani+(2012)]

New parameter naturally appears.
Constraint may be relaxed.



LARGE Jdo

IS so<ox MANAaAtory??

m) No! But su»oi= l0Oks a bit unnatural.

solip produced at a>s0 should be absorbbed in gux.

If Pus IS scale invariant, at least soup ~aix .

However, if %70

Pis is Not scale invariant. m® 5.4 reqlized

The constraint from £z should be reconsidered.



/ﬁ‘
Summary

* We study Tensoron - with small s
and obtain analytic solution.

o For su~miri, ric>10m6149, iNduced GWs
are comparable to intrinsic GWSs
but cannot be far bigger within so<g-.

» If a more generalized theory is considered,
Induced GWs may be dominant.
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S INTERACTION TERM

Original Action:

12 V—g gluv du $dlv ¢

Perturb it w.r.t. graviton aduv

gluv=at2 (puv+hluv), gluv=al-2 (pTuv —~Tuv+0 (4712 ))

Substituting them, we rewrite the action as

1/2 al2 [nTuv+AaTuv +0(AT2 )]0y pdlv @



T
QUICK REVIEW

Let us briefly review the derivation of inflationary GWs.
* Introduce the metric pert. dsT2 =a'l2 (y) [dypT2 — (0if +Ali) )dxTi dxT; |
« Adopt the T.T. gauge hlii=0 (Traceless), dliAlij =0 (Transverse)

At 2nd order pert., Einstein-Hilbert action is reduced to

where eli/TA (k) is the polarization basis tensor. Thus the power spectrum
of each GW polarization is x#iPl /2 of the scalar PS, Plg=(H/2x)T12 .

PIh=8/MIPIT2 (H/27)12 & PI{Tobgs22x10/flol ~10714 GeVv7/0.1



