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 We assume SM is valid up to high scale such as
string scale~1017-18GeV.

$

» SM potential is flat around 101/-18GeV.
e propose Higgs inflation scenario where A~(3,~0
plays crucial role.

e discuss implications of our scenario on Higgs portal
DM.
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1. Higgs inflation from SM criticality

2. Z, scalar DM mass prediction
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1. Higgs inflation from SM criticality
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« We can realize saddle point by tuning M,

 For sufficiently expansion N«~60,
(P« Needs to be close to saddle p0|nt(s<<<1)

e As a result, too large
density perturbatlon.

(A.>>1 in this case)

v -9
247T2M§16 As(exp) =~ 2 x 10

U"l i
0 1x10!7

2 % 1017

3x 1017 4x10'7 5%10'7 6x10'7

cp/GeV mH = 125.6 GeV

7 % 1017



1. conservative approach
We trust effective potential only below SM cutoff scale A,
and try to make bound on parameters, A and M..
[YH,Kawai,Oda ‘13]

2. Radical approach
We introduce non-minimal coupling between scalar

curvature and Higgs.
We trust flat potential at high field value.

[Bezrukov, Shaposhnikov ‘08]
[YH,Kawai,Oda,Park 14,
Bezrukov, Shaposhnikov ‘14 ]
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 We assume for field value p>A,
potential is flat and inflation occurs above A.
 New physics would make potential flat.

- Though it is ad-hoc Y /.
assumption, o
we obtain useful constraint -z
on M; and A /’_-;;;ffi:::::
(necessary conditions). |



e Scalar perturbation and observation of
tensor mode give upper bound on potential.

Vawu (A) < 1.3 X 1065G6V4
V

~ — —9 ~
~ e~ 10 r o 16¢ ~ 0.1

As

 Potential should be monotonically increasing
function to avoid graceful exit problem.
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Enlarged view

e A<5x10/GeV VL 17105 1711 17L1S

» String scale appears.
e Situation In which
NA~1017GeV _
and inflation above A S 107} =102 {107
IS OK. ) _ —10-3
0T 7105 1 ng

Mt = 173.3 + 2.8GeV  MIGeV]




e Jordan frame
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» Potential becomes flat at high @ v=" %=



 Where is renormalization scale p ?

e Usually, u~(effective mass of top/gauge boson).

* Prescriptionl(effective mass in Einstein frame)
P

K= >
\/1 T gwg/j\fjpﬂ

* U becomes constant at high field value.
* Prescription2(effective mass in Jordan frame)

p=
 We don’t know which prescription is correct.
 Let’s see Higgs inflation in both descriptions.



«If A is not small at high scale (~0(0.1)),
small r is predicted.

; T2
3¢2p* 3Ep?
r~3x 10°° ns ~ 0.97 [Bezrukov, Shaposhnikov ‘08]
e But, taking into account A~0 at high scale (SM
critica | |ty) . [YH,Kawai,Oda,Park ‘14,

e . Bezrukov, Shaposhnikov ‘14]
prediction drastically changes. o



« By tuning top mass, we can make saddle point
without &.
« By adding &, potential becomes flat above saddle

point. -
« e-folding is earned in .
passing the saddle point.

» Observational density
perturbation corresponds to o

¢« above saddle point. %
M:
\/1 + Ep? /M

V [GeV?]
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e Around minimum

A(p) = Amin P2\ (ln s )2 Ju:(pd@,\
e 2 Hmin 52)\ —

e Using canonical field in Einstein frame

S5 f @A’fpl ~ 1.2
X \/Eﬂ[pg In \/E}Li]in 52/\;81\*’1 — (16’}T2)2

dln p
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« Potential becomes A(p) 4 AminMy; Bo
19262 X

¥
V = ~ +
4 (14 &p?/M2)? 47

e Putting into SM value, if €~100,
quadratic chaotic inflation and n.~0.96,r~0.15
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2. Z, scalar DM mass prediction




* Add gauge singlet real scalar DM S.
«Z, charge: SM particle is even. S is odd.

1 1
L= Lsui + 5(0,8)° — 5m3s? - Lot g2ty

2 4! 2
S modifies ,. At one-loop level,
1 1 . L
Br = Basm + ——==Kk>  Positive contribution
1672 2

A is larger than Ay at high scale.



[YH,Kawai,Oda ‘14 ]
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*Mpy and M, are 175 F g ek et M
correlated.

174 monotonicity

*Mpy<1000GeV ;_

o If we further impose = U8, N
Saddle pOInt at § 172;_. value of potential
1017GeV, :‘

DM mass is 400~470GeV. 1
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* We consider scenario where SM is valid up to
string scale~1017-18GeV.

find SM potential is flat around 1017-18GeV.

e propose Higgs inflation scenario where
A~[3,~0 plays crucial role.

o In this scenario, Z, scalar DM mass is
constrained depending on M.






 Inflation solves several problems.

 Flatness problem
e Horizon problem

 Inflation can generate density perturbation.
* Generate by quantum fluctuation of inflaton
 Predictive and good agreement with observation



 Flat potential realize exponential expansion.

N\ 2
1 1
ds® = —dt? + a%(dr? + r2d6? + r? sin® 0d?) H? = (E) = 307 (290 +V)

e Flatness of potential is characterized by slow roll
parameters.

2172 2 [Picture from web]
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« EXpansion is given by e-foldings.

end ¥end 1
N, / dlnam—/ dp——= = 50 ~ 60
0. V 2€ for successful inflation




scalar perturbation tensor perturbation
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tensor to scalar ratio r = ~ 106¢
Pr

Knowing A.(Planck) and r(BICEP2) ‘ Inflation scale!!
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Ag(exp) ~ 2 x 1077

l 1
/ 04 L Planck+WP—+highL |
s (eXp) ~ .96 [Planck 13] | Planck+WP+highL +BICEP2

r(exp) = 0.2700f [BICEP 14]

r0.002

Vint =~ (2 x 101°GeV)* ((]T_l)

1.00




log,o(os1/cm?)

.E:i‘-
L.
=
a
[ -]
2
b
'z
4=
=
Iv.
1P
:
:

2.0 2.5 3.0
log,o(mg/GeV)

[Cline et. al. ‘13]

Prediction can be tested
by XENON.
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