Why do we need dr < 0.001
-- Lyth bound etc.--
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Messages to the LiteBIRD

collaboration

A detection of r ~ O(10-°) tests the
(trans-)Planck-scale physics of the field
values in large-field inflation models

By LiteBIRD, we will be able to test the
Starobinsky model, and check a variety of
Starobinsky-type models with combining
21cm line observation by SKA

By LiteBIRD, we can measure n, within a
sensitivity of 0.2




Lyth bound (rough estimation)

Boubekeur and Lyth (2005)
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Observations

(

Planck2015 satellite reported; ,=az¥" -2 (X
EQ =V Vm! /v
Power spectrum of curvature per"rur'ba’rion M =M /8x
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Spectral index

dInP
n = ° +1=—1+2n-6¢ =0.9639 +0.0047
dink
n-1~-0.04

Running of n(k)

IMN_ _ 2467 _16en—26@ = 0.009 +0.010 (1o)
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Tensor to scalar ratio
Planck and BICEP/Keck + BAO

Planck 2015 results. XX. Constraints on inflation

Planck TT+lowP
B Planck TT+lowP+BKP
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Primordial tilt (ns)

1/2m2gp?2 Chaotic inflation model was excluded at 95%

(February, 2015)




Planck T T+lowP+lensing+ext.
+Bicep2/Keck Array 150Hz+95Hz

T T T
Planck TT+lowP+lensing+ext ]
+BK14

r < 0.07 at 95%
at 0.05Mpc-1

Keck Array and BICEP2 Collaborations: P. A. R. Ade, et al, arXiv:1510.09217 [astro-ph.CO]



Tensor to scalar ratio r
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Specification of LiteBIRD
(1) JAXA baseline
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LiteBIRD + Simons Array

LiteBIRD single: without lensing for
ell<=1500 for TT, TE, EE, BB

LiteBIRD + Simons Array: with lensing for
ell<=3000, + Temp.-fluctuation




Forecast of rv.s. n, by LiteBIRD

Oyama, Kohri, Hazumi et al, in preparation



Forecast of rv.s. n, by LiteBIRD

Oyama, Kohri, Hazumi et al, in preparation



Starobinsky Inflation Model

Action

See also K. Maeda, Phys. Rev. D 37, 858 (1988).

M2
12m?2

~ 5 x 10® is a big number




Transformation from Jordan to
Einstein frame




Transformation from Jordan to
Einstein frame

Conformal transformation
E
Iuv = PYuv




Starobinsky Inflation in Einstein

frame
Action

Potential

3 . 2
Vstarobinsky = 7m” M3 (1 _ e—z/w/Mp)




General potential shapes

R )\, R"
f(R) =R+ +

6M2  2n (3M2)n—1

runaway potential

/

Q.-6. Huang, 2013



Starobinsky-like model from
extra dimensions

. _ _ Asaka, Iso, Kawai, Kohri, Noumi, Terada, 2015
Action in D-dimension




Starobinsky-like Inflation

Asaka, Iso, Kawai, Kohri, Noumi, Terada, 2015

Einstein term




Starobinsky-like Inflation

POtentiaI Asaka, Iso, Kawai, Kohri, Noumi, Terada, 2015

b 57 /o 72
V= VStarobinsky X (1 - 58 2/39 (1 —e 2/3¢>> + O(bz)

Predictions

o, =dn_/dInk

B.=do. /dlnk




Tensor to scalar ratio
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Starobinsky Inflation

Running will be observed by future 21cm line with the precison of 3.E-4
(Kohri, Oyama, T.Takahashi, Sekiguchi
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Cut-off scale of this model

Asaka, Iso, Kawai, Kohri, Noumi, Terada, 2015

Upper bounds on b,

by <2 x 1074

Lower bounds on the cutoff scale

A=m% > 5 x 101°GeV
1




Conclusion

A detection of r ~ O(10-3) tests the
(trans-)Planck-scale physics of the field
values In large-field inflation models

By LiteBIRD, we will test the Starobinsky
model, and check a variety of Starobinsky-
type models with combining 21cm line
observation by SKA

By LiteBIRD, we can measure n, within a
sensitivity of 0.2




