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MOTIVATION
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Fig. 12. Marginalized joint 68 % and 95 % CL regions for ng and r( oy from Planck in combination with other data sets, compared
to the theoretical predictions of selected inflationary models.

Planck Collaboration: arXiv:1502.02114[astro-ph.CO] December 12th 2017 @CosPA2017



MODEL AND FORMALISM

R? inflation +  Higgs inflation
A. A. Starobinsky, Phys. Lett. B 91, 99 (1980) F. L. Bezrukov, M. E. Shaposhnikov, Phys.Lett.B659:703-706,2008
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Y. Ema, arXiv: 1701.07665[hep-ph]
Y-C. Wang, T. Wang, arXiv: 1701.06636v2[gr-qc]
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MODEL AND FORMALISM
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MODEL AND FORMALISM

An example
A=0.01
& =1000
) M=10"°
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MODEL AND FORMALISM

Pure Higgs
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MODEL AND FORMALISM

Rewrite the action in a more compact form as

| M? 1 N .
S = /d4:17\/—g[ “R— 5f‘la,b.(]“’/au(,b(l'f)z/(,bl) = U((f))]

2

where a, b = 1’ 2’ C)l - wj C)Z =y

hi1 =1, hog=c¢ \/;“P, hio = ho1 =0

We will set Mp = 1 below.
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MODEL AND FORMALISM

Equations of motion for (‘,b(x, t) = O (1‘) + (5@(}(, t)

Do“ D ,
0 Fl La , ab[f PR O — ia
D?§¢¢ Doy k2 . 1 D a°
'k ‘ 'k a @& ¢ 1 b a b ¢ 1C
— + 3H — R () () (5(*) + —()(*) +U", 00, = — (*) Oa)hpe0)
dt2 dt bedP0P0 bY ¥k 43 (H(H 06 ()) heV Pk

M. Sasaki, E. Stewart, Prog.Theor.Phys.95:71-78,1996

 Geodesic equation of the field space within an expanding universe
with potential U (Y, x)
* Equations of geodesic deviation.

A. Achucarro et al, Phys.Rev.D84:043502,2011
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MODEL AND FORMALISM

Equations of motion for (,b(x, t) = O (1‘) SR (5@(}(, t)
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M. Sasaki, E. Stewart, Prog.Theor.Phys.95:71-78,1996

 Geodesic equation of the field space within an expanding universe

with Potentlal Uy, X) s * Not rolling in the local minimum
* Equations of geodesic deviation. = , .t rolling along geodesics

A. Achucarro et al, Phys.Rev.D84:043502,2011
December 12t 2017 @CosPA2017



MODEL AND FORMALISM

* Mass hierarchy, slow-roll regime
* Decompositioninto two directions, T¢ and —ON“= D, T*“.
(Also new slow-roll parameters.)

A. Achucarro et al, JCAP 1101:030,2011 December 12t 2017 @CosPA2017



MODEL AND FORMALISM

R x T,00"
F ox Nz00"

1 [ 5.8 05 (VR)Z . =25 (VE) 2y B
SZ 2 / [HzR H2 a? +.F a.2 ﬁf H ]

Effective mass including 8 & Uyy which is much larger than the H?.

* Integrating out the high energy part

* Slow-roll regime where the heavy direction is determined by the light
direction

1 P2 R2 k2R?
Ser =5 [ a Uz[ 2 (I >
s H="¢2(k) a

A. Achucarro et al, Phys. Rev. D 86, 121301(R) (2012)
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MODEL AND FORIVIALISIVI

Mukhanov-Sasaki equation A +( zAz
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Modified speed of sound
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MODEL AND FORMALISM

Second slow-roll parameter
in the tangent direction

Wi | = 2@ — 4e

Scalar index

Correction from speed of

Tensor-to-scalar ratio —
4 1669& sound
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COMPARISON WITH EXPERIMENTS

Fix A = 0.01; (Then we have two free parameters, ¢ and
M. )

Yo = 5.7; x0=0.01; 3y = 0; xo = 0;

c. = 1;

Requiring the amplitude of curvature perturbations to be
2%x107°.
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COMPARISON WITH EXPERIMENTS
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* Confined amplitude
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COMPARISON WITH EXPERIMENTS

M/Mp

* Relation between the
two paremeters
given by confined
amplitude
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COMPARISON WITH EXPERIMENTS

MMp * Relation between the

two paremeters
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COMPARISON WITH EXPERIMENTS

e ¢ & effective mass of
Higgs field & shape
of potential
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COMPARISON WITH EXPERIMENTS

* One possible way to understand this: Large 1 suppresses
2

those terms with higher order of e \3
. | S 5 . P
Approximately H o< U(v,x) = L—lj\lz(i— Ex‘e \/?l'“)2

* Competition between unity and the second term
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COMPARISON WITH EXPERIMENTS

* Another possible way to understand this: thanks to
Prof. Starobinsky’s useful comment

M? .  M? 11 . X
— —l L P P 2 Ls2 _ Lo Ay
S /d LA/ > R+ 12]\[23 + 25)( R 59 V.xVux X

* Ricciscalar R, second derivatives of the metric

* Derivatives on y through integration by parts

* Extra contributions to the kinetic term of y, much larger
than the original one for large y

* Non-dynamical Higgs field, constraint on y and R
A[Z AJQ £2

—}S /(]41\/ R A | P - )}?2]

1 2[\[2 4)\ December 12th 2017 @CosPA2017




COMPARISON WITH EXPERIMENTS

* Another possible way to understand this: thanks to
Prof. Starobinsky’s useful comment

M? M? 1 . o 5 |
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* Ricciscalar P, second derivatives of the metric

* Derivatives on y through integration by parts

* Extra contributions to the kinetic term of y, much larger
than the original one for large y

* Non-dynamical Higgs field, constraint on y and R
M?

> M2, =
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COMPARISON WITH EXPERIMENTS

e.g. &£ = 1000; M = 10~°.
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COMPARISON WITH EXPERIMENTS
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FUTURE WORK

 This work is on going. Mass hierarchy is considered here so that one
of the fields dominates the inflation. The final goal is to consider the
regime where both fields are of same importance to see whether
there are more interesting features appear on power spectrum and
bispectrum, isocurvature perturbations, etc.

* Find out different behaviors of the fields and predictions in different
regions of parameter space, e.g. the correction from the speed of
sound.

 Also itis worth considering the links with primordial black holes,
reheating, etc.
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