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Key observation for searching Inflation models

* r-ns plane PC ~ ks~ /7DT
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BICEP2 Detection signal for GW from Inflation
May. 2014, LV CD#ERILEFLETEL ]

@ A Joint Analysis of Planck and BICEP2 B modes including dust
polarization uncertainty

M.Mortonson & U. Seljak JCAP(2014)



BICEP2 RESULT ( May.2014 )

CMBDREBEAFICE>TEERENRDOFIRA DL
* B-mode Polarization of CMB by detected on sky from South Pole
(Radio telescope)

* designed to search for the signal of inflationary GW 1in the power
spectrum around £ ~ 30

They reported we found the
evidence of GW from Inflation,
HOWEVER,,



BICEP2 RESULT ( May.2014 )

HMPELDOLBRNATIL—230DRTUIvILA
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Potential of Inflaton V() = ¢*, &> favored ??




PLANCK RESULT ( Feb. 2015)

BICEP2 result&(ZFELTLVS

V(¢) = ¢*

Disfavored



® FIEDRAIL. Dust Polarized Emission

* Flauger and Spergel (2014) Synchrotron signal
* Mortonson and Saljak (2014) and dust emission:
around 60 GHz

All down to Dust emission

* BICEP2 at 150 GHz is same patch of
sky by PLANCK at 353 GHz

* Almost all the polarized light comes
from Dust

! Now officially GW discovery from Inflation was i

! DEAD Nature(2015) !



Constraints on 2D plane in parameter space

* PLANCK 353 GHz= Same patch for BICEP2 150 GHz
* C(Can exclude quadratic inflation at more than 2 ¢
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BICEP2 PLANCK+ WMAP pol+BICEP2
A slight improvement PLANCK +WMAP pol
EmrHEIRIENSNT] !

' » Main reason for mis-estimation: BICEP2 team just used
the first 5 bandpowers

» Two different spectral colors (dust & synchro) can
combine 1nto a close to pure CMB spectral color
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1. Smallness
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~ HORNDESKI THEORY (1974)

Quintessence, Brans-Dicke, f(R), DGP,K-essence, —iRICE B%]%OME"—T'_'ié
Kinetic Gravity Braiding, GalileonZEED Z<LDETIL  EI®IZIE, I —ARAH =7
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> Massive Gravity | mamgiciz. AAS—8o |

> f(R) gravity | HEBE’E L. Horndeskie
> DGP brane \ EDRA S —T VY VR
» Horava gravity :
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Massive Gravity

Graviton(E
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..Ghost free massive gravity



Horava-Lifshitz gravity (2009)
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» YT, arXiv:180407516
[ Gradient expansion formalism for nonlinear

superhorizon perturbations J
» YT and T.Kobayashi(3Z#), in prep

Gradient expansionz ALNT, FEHDMFRZEZ S
RERIEST DR ELEZHRO>— M EXE
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n* (normal)

@® ADM decomposition

Lapse Shift

Gauge degree of freedom
EOM: Two constraint equations (DHamiltonian & Momentum constraint eqs

EOM for Yij - dynamical equations
In order to express as a set of first-order diff egs,

Introduce the extrinsic curvature @ Evolution egs for K 17> 9ij
1
K;j = 2—(31597;3' — VB — V;iB;)
o
Further decompose, ,_ @ Four Evolution egs
O Spatial metric .
"X det(v;;) =1
O Extrinsic N

curvature N Traceless part



® Nonlinear perturbations on superhorizon scales

Spatial gradient approach : ¢ = 1 / (H L)‘ Salopek & Bond (90)

> Spatial derivatives are small compared to time derivative

» Expand Einstein eqs in terms of small parameter €, and
can solve them for nonlinear perturbations iteratively

(Starobinsky 85,

1 . Nambu & Taruya 96 ,
’ O N formalism (Separated universe ) Sasaki & Stewart 96)

(LX) = IN=N(.x) - Ny(l] 1O(2)

Curvature perturbation = Fluctuations of
the local e-folding number

o Powerful tool for the estimation of NG



® Temporary violating of slow—roll condition

> e.g. Double inflation, False vacuum inflation

(Multi—field inflation always shows)

® JON formalism

O(°)

.
‘e
4
‘e

0..
.
.
.O
‘A

((t,x) = const

» Ignore the decaying mode of curvature perturbation

® Beyond SN formalism

0 (2) [E(t,x) = const

> Decaying modes cannot be neglected in this case

» Enhancement of curvature perturbation in the linear theory
[Seto et al (01), Leach et al (01) ]
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& Beyond ON-formalism for general vyt 2018
scalar-tensor (Horndeski ) theory

Single scalar field as Generalized Galileon
the most general ensuring second-order EOM
Beyond GR (Modified gravity)

@® ADM decomposition & Gradient expansion

Spatial gauge H

Comoving (Uniform ¢ ) gauge  Make the system Simple
> BERFELT. BF2RA—5—TO—REZEH,
> BEARBDDUES—FDHEBRFERICFEzLD D,
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@ Nonlinear theory in ‘O(e 2 )|

Nonlinear interaction via

@ Linear theory in GR

GR limit
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SUMMARY
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o A5 MIEENIE D YRR (K-inflation, KGB,Galileon )IZH X4 it o
« FRAIIIEIEE HEEH(Massive , f(R), DGP,Horava)Z B MMIZE L B
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* Our formalism DT KERECT(FE. ENRDIEHRELLEL
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