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Our whole universe was in a hot and dense state, then nearly 14

billion years ago expansion started, ... ..., That all stated with the
Big Bang!
- The Big Bang Theory

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.

1st Stars
about 400 million yrs.

Big Bang Expansion

]
Y

13.77 billion years
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Can Higgs be the inflaton?

| F )

' Potential unstable against
8 radiative corrections

' Inflaton as a known particle § | Non-minimal coupling

. ~ ]OOOO '
B Small tensor-to-scalar ratio |
 [disfavoured by BICEP2 (??)]

[ Small tensor-to-scalar ratio

[favoured by Planck+BKP (?7)]

|

1

The Standard Model Higgs is at EW scale.
For inflationary physics, quantum correction (i.e., RGE) is needed.

Jinsu Kim @ SKKU ~ [12015 Wonju Spring Sehool



Can be the inflaton?

/d%\ﬁ[ (M3 + £¢*)R — %g“”@u¢3u¢ V(qb)]

In the Einstein frame,

Assumption:
SM is valid up to the
~Planck scale
(i.e., no new physics)
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Can be the inflaton?

Large tensor-to-scalar ratio is possible.
Small non-minimal coupling is possible.

But........

Assumption: 0.00
SM is valid up to the L esi0 2,
~Planck scale ~ 090
(i.e., no new physics
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Primordial Power Spectrum
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Power Spectrum: Constraint

Allowed resions
= Ultracompact minihalos (gamma rays, Fermi-LAT)

Ultracompact minihalos (reionisation, WMAPS 7.)

R A N T S Tl T M Mt el . S L T M M ety

== Primordial black holes

e

et A i e et e e Et o St St

— CMB, Lyman-a. LSS and other cosmological probes

W'

k (Mpc—1)
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Numerical Analysis: Method

1. Background
o - convenient fo use :

dN = H dt
¢ instead of y

| 426 L dH 1 dx do gb 11 adu |
| =~ i3+ ="+ T |
HdN " dy/dpde? dN ) dN * HZ (dy/d$)? do |
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Numerical Analysis: Method

2. Perturbation

/!
up + <k2 - Z—) ur, =0  : Mukhanov-Sasaki equation

<

Cay  dy KB 2
= " Y%N Pr(k) =53

Uk

<

3. Initial condition

Bunch-Davies vacuum

1 —ikT o o :
Uu > (&
T well inside the horizon

[Special thanks to Dr. Hazra, Dr. Choi and Dr. Kawai]



Numerical Ama(ysis: Results

1. Benchmark points

Amin = 1.5185 x 107% »=0.1126
Amin = 1.524 x 107%  r = 0.056
Amin = 1.57 x 107° r = 0.01
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Numerical Ama(ysis: Results

PBH constraint : Pr s 1072

Amin = 1.57 x 107°%  (r =0.01)

Need to check the code
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Numerical Awa(ysis: Results

Amin = 1.524 x 107%  (r = 0.056)

PBH constraint : Pgr s 1072

Need to check the code
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Numerical Awa(ysis: Results

Amin = 1.5185 x 107°  (r = 0.1126)

PBH constraint : Pg s 102

Need to check the code
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Numerical Awa(ysis: Results

stringent bound on tensor-to-scalar ratio?

PBH constraint : Pr s 1072
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Supersymmetric Extension
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Can Higgs be the inflaton?

39" 0,60,0 ~ V()]

/4

| Potential unstable against
' radiative corrections

" Inflaton as a known particle - Non-minimal coupling

| ~ 10000 |
~ Small tensor-to-scalar ratio |
 [disfavoured by BICEP2 (??)]

[ Small tensor-to-scalar ratio

[favoured by Planck+BKP (?7)]

S

The Standard Model is not the end of the story.
We need to account for

and
—p SUSY -seesaw
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SUSY -seesaw : MSSM+Ng

Superpotential

1
W =Wpyrssnm + 5 rRNpN;p +ypNpLH,
D-flat direction

-5(5) mes ()

Kahler potential

EH_'I-"T-?I )M

Seesaw relation

_ yp(Hu)? yp = Mg 2 giiiiiane,,
Mg P \6.14 x 1014 GeV o

my

0 =h/V?2
N& = s5/V?2



tnflation in SUSY -seesaw
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Higgs inflation
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Riggs-lepton (nflation

g

/

MSSM

Based on a well-motivated particle theory |

lllll

! ) I, Ly S LI
o i = N R R S [ )
R S N SR L
| o . o TR T L § o
AL W L LA - LA W W W Wl
1 ol gt 0 1 g [ ot gl

Radiative corrections under control

Small non-zero neutrino masses>%25aW

Falsifiability and predictabilityP(““Ck/B’CEP/LHC |

| to investigate how the non-Gaussianity
' restricts noncanonical terms of the Kahler potential of
Lthe underlying supergravity theory.
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tnflation

= Multi-field inflation !
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Nounlinearity parameter

-3
0060 0062 0064 0066 0068 0070 0072 0074

b

sl offect of the change of the transfer function ATes ~ Ngyp
> most stringent bound v > 0.06925
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Higer-dimensional Extension
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Higher-order dim [ operator?
f(R) gravity?

4 = p2 1 2 _1 pv _é 4
S = /d X/ — [ <R+M2R>+2§hR 59 0,h0,h 4h
Why just RA2 ?
M2
S = = /d4:1; V=g (R+ aR* + bR, R" + cRy,,0 R*"7)

In 4-dim. FRW universe,
Chape C1P7 = 0
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Higher-order dim [ operator?

A f(R) gravity is equivalent to scalar-tensor theories by
introducing a new scalar. Let ¢ be the new scalar:

BYE 1

g / dz V=g | LF($h)R - 5¢" 0hd,h ~V(6,h)] |

where

F(¢,h) = 1”(1\%) +€(Mip)2 ,

C2M4 ¢ p
iy v

Thus, this action can be interpreted as a two-field inflationary
model with non-minimal coupling terms.



Higher-order dim [ operator?

One can go to the Einstein frame via Weyl transformation,
v — gfu = )? () g -
The resultant Einstein action is given by
2
SE = /d T\ — [A[p R— —gu Y0,  Bup’ — U] :

where

1 2 _ Gi1 G2
p=0, ¢ =h, g”_(gzl 922)’

3¢ 1 66 [ h \° _ 3¢ ([ h
gnzﬁ, 922=F(1+ = (Mp)>’ 912=gz1=F2 (Mp)’

(i) ey T



Summary
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Summary

Can Higgs be the inflaton?
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A bit of Advertisement !

Developed numerical codes:

Mathematica D .
non-Gaussianity (delta N formalism)

- - |
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A bit of Advertisement !

Developed numerical codes:

— S

€ Single-field inflation s- [ v=3|" Y- Lz 0000 -vi0)| |

Fortran / Mathematica !
scale dependency of power spectrum

- |
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A bit of Advertisement !

Developed numerical codes:

e ]
€ Multi-field inflation 1 s- [aov= M55 r- Juga,00.07 - vien) |
Mathematica o . !
non-Gaussianity (delta N formalism)
S — - 1
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A bit of Advertisement !

Developed numerical codes:

— e —— E—

i S I ]
& Multi-field inflation 2 s= /v | =50 ghsg~awas —vin| |

Mathematica

—

isocurvature fraction (covariant formalism) |

e e e e e S e e —— e e e v;_Ilv;J
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Thank you

Jinsu Kim

Sungkyunkwan University
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Back-up slides



Can Higgs be the inflaton?

R

/
' Potential unstable against

8 radiative corrections

i Non-minimal coupling |
il ~ 10000
B Small tensor-to-scalar ratio |

 [disfavoured by BICEP2 (??)]

' Inflaton as a known particle

| Small tensor-to-scalar ratio  [EeEE—-
[favoured by Planck+BKP (?7?)]

|

1
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Backward formalism

In the Einstein frame, the action takes :

1 1
L= V=g |5k~ QN Pus' e’ - V]

spacetime metric field-space metric

There are many formalisms which enable us to study multi-field inflation.

A particularly convenient description of curvature perturbation is due to
the

=> a powerful tool to compute cosmological observables for the super-
horizon evolution of the nonlinear curvature perturbation.
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Backward formalism

Delta N formalism:

Friedmann Friedmann

i _ tF
final uniform energy
density hypersurface

[ =1,
Initial flat
! / I
¢* ¢* + §¢*’ hypersurface

[figure from

Super hI'lZOIl 2010]

Tanaka Suyama Yokoyama

| (Ri, Ric,) = 0(ky + ko) Pr (k1)

| <Rk1 7?’k272k3> = 6(k1 + ko + kS)BR(kla k27 kS)

| (4) |
Br(k1, bz, k3) = o -INL_[Po (1) P (k) + Pr(kz) Pr(ks) + Pr(ks) Pr(k1)] |

5 (27)3/2
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(V)
H(p*(Np +0N(NF))) = H(¢"(NF))

N¥ & N

D
d—NNa(N) — —Nb(N)Pc[Z(N)
(4) S AYCAXNIN;N;,
fNL — =~

6 (AP NZNy)?
(local-type) non-linearity
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Experimental windows:
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0.10 0.15 0.20

0.05

0.9603 £ 0.0073 (68% C.L.),
0.12 (95% C.L.),

2.7+ 5.8

Primordial Tilt (ns)
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(68% C.L.).

Planck+WP
Planck+WP+highL
Planck+WP+BAO
Natural Inflation
Power law inflation

Low Scale SSB SUSY
R? Inflation

V x ¢2/3

V x ¢

V x ¢?

V x ¢*

N.=50

N.=60
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Experimental windows:

0.9603 & 0.0073  (68% C.L.),
0.12 (95% C.L.),
2.7+5.8 (68% C.L.).

. i |
0.25 Planck TT+lowP
T h ¢ TT+lowP+BKP

T T oo
ACDM-+running-+tensors ; lenging-Lesct
[ ACDM-tensors 2 O 1 5q -.;;:_'.
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