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What are Gravitational Waves?

Phenomenon of space-time distortion propagates as waves.

ex)

o Binary black hole merger

o Binary neutron star merger
o etc

LIGO: https://www.ligo.caltech.edu/system/avm_image_sqls/binaries/154/page/GravWave.jpg?1637016727



What are Primordial Gravitational
Waves?

GWs from Inflation

- The size of the primordial
Gravitational wave Is
decided by the energy scale.




What is Inflation?

Inflation <

’7 Dark ages ﬂ |* eionized umverse—l
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fluctuations

Cosmic microwave
background



https://www.science.org/doi/10.1126/science.1151476#con1
https://www.science.org/doi/10.1126/science.1151476#con2
https://www.science.org/doi/10.1126/science.1151476#con3

Why do we consider inflation?

Problems of the standard Big bang cosmology

1. Horizon problem

2. Flatness problem

3. (The origin of density perturbations in the Universe)

> Inflation

solution




1.Horizon problem

time dependence of the scale factor

a(t) xt 0<a<1 decelated expansion
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‘ Why do different regions of the universe have the same density? ‘
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2. Flatness problem

Curvature radius of comoving coordinate

R=K? a(t) oc t*
Hubble radius of co-moving coordinate

1
Dg =1/aH < t'™° @ = /
the ratio between curvature radius and Hubble radius

R/Dp = aH/K'Y?  t—(1=9)

we need the fine-tuning of the curvature




Inflation
Mechanism of Inflation
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Inflation

Mechanism of Inflation

meation slow-roll conditions
reheating $? < 2V(4), |¢| < 3H|J|
‘slow-rcﬁ
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Purpose

H\\Ve investigate whether the Taylor expansion of
the power spectrum gives a good description of
the scale dependence.

H\We study tensor power spectra for some
Inflation models.




Method

The equation of motion for inflaton ¢

b+ 3H)+ V() =0




Slow-roll conditions

Slow-roll parameters Inflation lasts as long as
M2, (V’)2 ev, [nv] < 1
€y = —
2 %
Vel # Inflation end
ny = Mp,—

Pl V mam{EV (qbend)a |77V|(qbend)} =1




Hubble parameter

v
Hz(t) ~ e
Pl

where reduced Planck mass

Mp = 1/V81G

e-folding number

N = In(aenqg/a)

VA(CP) Inflation

M

/

reheating

Po



The primordial power spectra of tensor
perturbations

Within the slow-roll approximation

Pr ~[1—(C+1)eg)’

FVE H?|i—an

PI
eq = 2M3,(H' /H)?
Consider the leading order in the slow-roll parameters




Taylor expansion calculation

By the Taylor expansion in terms of the logarithm of the wave number

Kuroyanagi and Takahasi 2011
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Inflation models — chaotic inflation

V(o) VvV — 1 m2 g2

‘slow-roll ‘ Y

/.

After inflation, inflaton decays

| Into radiation and the Universe Is
reheating T reheated.

> ¢




Inflation models — hybrid inflation

Lyth Liddle M



Chaotic model — results&discussion

Primordial tensor power spectrum
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Hybrid model — results&discussion

Frimordial tensor power spectrum Primordial tensor power spectrum
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Conclusion

®\Ve have investigated the validity of the description of
the Taylor expansion for the tensor power spectrum by
comparing it with numerical calculations using some
inflation model.

HIn some models, the truncation at low order in the
expansion does not give a good description, but when
we include higher order terms, the Taylor expansion
formula works.



Future Plan

HValidate with other models
B Mixed inflation and curvaton model

B Another description method




Thank you for your attention!







Numerical calculation

We calculate power spectra by the below formula

Low of conservation of energy The energy density of the field

— 1.
or +4Hp, = qub Py = EgbZ + V(¢)

py +3Hpy = —Lpy

The equation of motion

O+ 3Hdp+V'(¢) =0




coefficient

din Pr(k
nr(k) = dlnTk( = 2
dinnr(k
ar(k) = - l?fjk(: ) ~ —4dey|2ey — Ny
dinar(k
Br(k) = 7 () ~ —4€V[16€12/ + 2?712/ — ldeyny + 512/]

2023/1 o




Hybrid model — 6 order
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There is a deviation from
numerical at higher orders.
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