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INFLATION

Accelerating expansion of the universe o -

Predicts primordial scalar & tensor fluctuations
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Planck&BICEP2
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If »~ 0.1, direct detection of GWs may be possible

at f = 2wk ~ 1Hz by space interferometers

(BBO, DECIGO etc.)

Both the information on inflationary

parameters and reheating may be

imprinted
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|. Introduction
2. Properties of inflationary GWVs
3. X’ analysis & result

4. Summary
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Definition

ds® = —dt® + a*(6;; + hy;)dz'dx’
EOM

EH action = h+3Hh+ a—zh — 0

Production by quantum fluctuation during inflation

2

21 Proportional to the height of }

i the inflaton potential ,";

Prornd k) = binG (

(<hij(x)2> = / dlnk PT,prim(k)>
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PRGOS QY S

Present GW amplitude

GW amplitude per logarithmic wavenumber

Qaw(k) = pG;V“C) Qcw (k)

(PGW = /dlﬂk PGW(k)>
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PRGOS QY S

Present GW amplitude
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Present GW amplitude
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Present GW amplitude
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Present GW amplitude
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PRGOS QY S

Present GW amplitude

i = irag
h+3Hh+ —h=0
a

o (R L)
el
{ g (H - ka

stay longer ‘
tinside the horizon §

i GWs with large k 1

X a

small &

/" outside

\the horizon large k

‘, inside ™
\the horizon/

inflation inflaton RD
OSCi”atiOn 7/17



PRGOS QY S

Present GW amplitude

GW amplitude per logarithmic wavenumber

Qaw(k) = pG;V“C) Qcw (k)

(PGW = /dlﬂk PGW(k)>
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FROFER] IES OGS

Present GW amplitude

GW amplitude per logarithmic wavenumber
[K.Nakayama et al.

Phys. Rev. D 77, 124001 (2008)]

_ PGW (k) () k [K.Nakayama et al.
Qaw (k) = e cw (k) JCAP 0806, 020(2008)]

[S.Kuroyanagi et al. (2008)]
(PGW = /dlﬂk PGW(k)>

{ GWs with large k §
§ get suppressed

g
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Numerically-calculated spectrum
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X*ANALYSIS

Noise G. M. Harry et al.(2006)]
'N. Seto et al.(201 )]

BBO standard / BBO grand / ultimate DECIGO  [ES.Phinney et al.
The Big Bang Observer,

Si gnal NASA Mission Concept Study (2003)]
Fundamental parameters 107
S A 10715
Fiducial values = 16
. predictions of ¢°chaotic inflation & :
(7 >~ 0.15 at CMB scale) 1077 ¢
Expression for x* [HKudoh et al(2006)] w0 Y N N
5 (QGW,postulated—QGW,true)2 10° 10 107 10° 10° 10* 10° 10*
o Ef: A fTHz]
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RESULT

T 10 Gy (contours felid i — i 99)
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RESULT

Tr = 10°GeV (contours for 6% = 5.99)

BBO std | T is only bounded below] BBO grand
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RESULT

Upper/lower bounds on 1'r

Both upper & lower bounds are obtained for

e = W ey
(BBO standard)

T =10 ' GeV
(BBO grand)
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PRGOS QY S

Definition

t Information on inflaton potential ¢
§ & its slow-roll i

ds® = —dt® + a*(8;; + hy;)dz'dx’

EOM
; i 2
EH action =@ A+ 3HA+ gh: 0

ring inflation
nr+arIn(k/k.)/2

Production by quantum fluctuation
Hoi Lo Bne
PT,prim(k) il ( 2 f) = PT,prim(k*) <k_> o

(<hz’j($)2> G /dlﬂ’f 7’T,pmum(’f)> {Zz z :iZ(QG )
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FROFER] IES OGS

Numerically-calculated spectrum
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RESULT

Sensitivities to nr&ar (1o, Tops = 10yrs)

r ~ 0.15 (at CMB scale)

predictions of)

Fiducial values : el 2y —2 (
L S ¢2 inflation

e Tl

{ nr&ar can be determined §
fwith O(107°) error

BBOstd _ BBO-grand
nT (W/ In Qlcw,a"r) 9.6 x 1072 1.2 x 1072
QT (W/ lnﬂlcw,n'r) 0.28 3.5 x 1072
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SUMPIARY

If tensor-to-scalar ratio is sizable (r ~ 0.1),

IGWs may be observed by future experiments

When 1} is relatively low, determination of its value is expected :

Both upper & lower bounds are obtained for

Tr = 10°°~"2GeV (BBO standard), T = 10°~"*GeV (BBO grand)

If r is sizable, space-interferometers are strongly suggested
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Configuration of LISA & BBO/DECIGO

LISA BBO/DECIGO
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DECIGO roadmap
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[M.Ando, DEIGO workshop(2010)]



X*ANALYSIS

of independent Detector
v Z Z data x| geometry

independent frequency in each bin factor
channels bins

2

Z/ 1/T VII’ (f) <Sh’p08tmated(f) 5 Sh,ﬁducial(f) > e

B NII’
[H.Kudoh et al.(2006)]

S (f) = ﬁf B0l Fundamental parameters

47T QGW) nr, ar, TR |nS|de



X*ANALYSIS

Expression for chi2

x“({p}: {p}) = —2In L({p}; {$}) = —T > / df%; ) 154045 0) — Sulf (BN

(1,1') oI

1 1 1

H() = |5510)+ guiDNSD] | 3500 + un (NSO + e (NSO,

[H.Kudoh et al.(2006)]

2
S(f) = 228 1w (),



X*ANALYSIS

Noise function for each channel [CHECK]
Sa(f) = 8sin®*(f/2fL) (24 cos(f/fL)) Sshot + 2 (3 + 2cos(f/fr) +cos(2f/fL)) Saccel](, )
3.9
Se(f) = Sa(f), (3.10)
Sr(f) =2(1 +2cos(f/fr))? [Ssnot + 45in?(f/2fL)Saccel] ; (3.11)
Experiments | L[m]  Sgot[(L/m)™*Hz™"] Saccal[(27f/Hz)™*(L/m) *Hz ']
BBO-std 5x 107 7.3 x 10734 0.9 x 10733
BBO-grand | 2 x 107 8.9 x 107%° 9.9 x 107%
ult-DECIGO | 5 x 107 1.1 x 10735 0

{ Shot noise : noise in the laser power

Acceleration noise : noise in the mirror position



X*ANALYSIS

Overlap reduction function for each channel
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E.E.Flanagan(1993)]

[B.Allen et al.(1999)]
'N.J.Cornish et al.(2001)]

N.Seto(2006)]

V. Corbin et al.(2006)]



X*ANALYSIS

Standard quantum limit
{ Shot noise : noise in the laser power « Nl

Acceleration noise : noise in the mirror position N2

— We cannot improve both at the same time



