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+ There's something new:

*x Bounds got tighter than previous talks
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Picture from web
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+

1iggs ever more SM-
ike:

* All particles
massless in SM

* Gets mass from
coupling to Higgs
VEV

Not only with gauge
bosons, but also with
quarks and leptons.
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+ SM may well valid up to very large
scales.

+ Where is new physics?

* We know for sure that there must be
DM and neutrino masses.

+ Can we say something on them?



Mlzir)

1. SM criticality
2. Higgs inflation

3. Constraints on DM and neutrino
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+ Triple criticality at Planck scale 1018 GeV:

* Higgs coupling - scale dependence - bare mass ~0

2.0 N = 95% CL from Tevatron (darker) / Alekhin, Djouadi, Moch (lighter)
1 0.10f ' ' ' ]
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Hamada, Kawai, KO
Phys.Rev. D87 (2013) 053009

PTEP 2014 (2014) 023B02
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+ and low (compared to p*~1072GeV*?)
f—— Meomzicey ) )
IXx107r M,=171.39281 GeV Smaller m;
: M;=171.39301 GeV More Stable

— 5x10°7F} M,=171.39321 GeY,
> .
g vacuum
> Larger m;

5y 1067:_ More unstable

0 1x10% 2x10% 3x10% 4x10!8

¢ [GeV] Hamada, Kawai, KO, Park
Phys.Rev. D91 (2015) 053008
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+ Multiple point criticality principle [Froggatt,
Nielsen] Indeed requires this situation

*x PREdicted Higgs mass in 1995: 135+9GeV
(Cf. observed: 125.094+0.24GeV)

Hamada, Kawai, KO

+ Criticality in string theory PTEP 2014 (2014) 023802
Phys.Rev. D92 (2015) 045009

+ Higgs in asymptotically safe gravity «o,vamada
Class.Quant.Grav. 33 (2016) 125011
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+ Multiple point critical®——=== "'~ -
Nielsen] Indeed requires

News and views brought to you by
the journal Classical and Quantum Gravity
Horr

- " Why is our universe about
*x PREdicted Higgs m Why is ou
. It has been revealed that we are
(Cf observed: 125 T " L

particle at the Large Hadron
Collider since 2012. The
: ? determination of Higgs mass finally
" > " 3 provides the last-missed parameter,
~ "\-:,, _‘ the Higgs serlf coupling, to be 0.12
X in the Standard Model of particle
C - - - - u ] P physics after nearly half century of
* rI t I Ca | I ty I n St r I n g t h e ) ; its foundation. This value completes
—  DrKin-ya Oda (left, Osaka university) and Dr the initial conditions for a set of
L R A L differential equations, called
renormalization group (RG)
equations ich govern how
particles interact at very high energy scales. It t t that the self coupling ¢

+ Higgs in asymptotically safe gravity KO, Yamada
Class.Quant.Grav. 33 (2016) 125011
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+ Higgs mass only mass parameter in SM

+ Planck mass only mass parameter in
Einstein gravity

+ No wonder if they are related in
quantum gravity.
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2. Higgs inflation
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+ Hundreds of data points
beautifully fit by just T

6 parameters - Nl NN,

* TO d ayl S t O p I C : Qp?. 0022222 0.00023

QN . o 01197 £0.0022
10000e .+ o o oo 1.04085 = 0.00047
o 0.078 + 0.019

*x Inflation

Hy ............ 67.31 +£0.96
QA oo oo 0.685 +0.013
Qo oo oo 0.315+0.013

* DM & neutrinos Planck (2016)
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+ Cosmic graviton background:

* Indirectly from r
<+ CMB B-mode immediately (Recall BICEP2 festival)

* Even direct observation e e Bprore
<+ by (Ultimate) DECIGO

+ Handle on quantum gravity

from DECIGO website
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Salopek, Bond, Bardeen (1989); Bezrukov, Shaposhnikov (2008)

S = /d4a7\/——g

_MfQ)

2

R+§|H‘2R‘|‘LSM

+ Non-minimal coupling & between Higgs and

gravity

+ Effective Planck scale changed at <H> ~M,

M.° = M,> +E<H>"

+ Flatter potential realized — inflation
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+ Large €~10° required to yield small
107> CMB fluctuation

* Unnatural?
* Unitarity? (Though inflation itself OK)

+ Implicitly assumes form of all higher
dlmenSIOnal ((P/MP)n terms Hamada, Kawai, Nakanishi, KO

Phys.Rev. D95 (2017) 103524
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+ Critica

from ¢

*

(compared to cp4~1072GeV4)

ity seems requirement
uantum gravity

and low potential

* &~10 suffices for viable
inflation

* Tensor-to scalar ratio r
observable!

Hamada, Kawai, KO, Park
Phys.Rev.Lett. 112 (2014) 241301

Also, [Bezrukov, Shaposhnikov, 2014 ]

llllllllllllllllllllllll

e M,=171.39261 GeV

68 [ _‘
Ix 107 M,=171.39281 GeV :
[ M,=171.39301 GeV 4
— 5x10% F———  M=171.39321 Gey :
3
> 0

111111111111111111111111

0 Ix10% 2x10'® 3x10!® 4x10!8
¢ [GeV]

Hamada, Kawai, KO, Park
Phys.Rev. D91 (2015) 053008
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+ Hi"'CIimbing HiggS inﬂatiOI'l [Jinno, Kaneta, KO, 2017]

S = /d4:13\/—g F(p)R + Lsm)

+ Instead of F(p) — Ecpz, F(¢p) — 0 can cause
inflation.

*x F(p)=0 at V(¢p) = 0 point.

*x Better match with Nielsen’s MPP?
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+ Both critical and Hill-climbing Higgs inflations
are almost SM slightly below Planck scale.

+ “Slightly below” here means roughly 10*'GeV
* This is also good old string scale.
+ “Almost”?

*x We put Higgs-portal scalar DM and right-
handed neutrinos.
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3. Constraints on DM and neutrino
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Effective Higgs potential

|
i Slow-roll
|
| &
‘/inf ............................ = — P et e e = = = = — O_ — Vlnf
1,7
/
V(p</\ "

I
|
|

— 1 — — — >

A Higgs field value ¢

+ From low energy potential V<A, we get lower bound:
Vinf > ch</\max-

+ In slow-roll, A = 0.068 Vi/r (=2.2x107°, fixed)

+ So we have lower bound: r > V, 2™/(3.2x10*GeV)".
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Do it for your model.
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+ This analysis does not assume the form of
inflaton potential.

+ Can be derived only from low energy data.

+ Can be critical Higgs inflation; but even if not,
any deformation of Higgs potential should
obey our constraint, if the modified Higgs
potential at high scales inflates universe.
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mpnm >~ Kk X 3.2 TeV

o<1 ~ 1074 cm?, fixed

Mpm

Cline, Kainulainen, Scott, Weniger (2013)
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.

Spin-independent cross section
between DM and nucleon

|

WIMP-nucleon cross section (cm?)
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A
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[PandaX-Il, arXiv:1708.06917]
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95% CL frqm Tevqtron (da;ker) / Alekhin, Djouadi,' chh (lighter)
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0.05:- A
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3 |
< —005| -
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| 10X 8,
~0.10| _
—0.15}
s 10 15
| 17
OgIOGeV

Hamada, Kawai, KO (2014)
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+ Larger k (¢ mpy) Mmakes Planck-scale
potential V higher.

* Gives larger (severer) lower bound on r.
+ Larger top mass m; gives smaller V.

* Potential gets negative without k
contribution.
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+ Vertical line from potential positivity.
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XENON1T n,=0

0 i + We get
L = - mow<1.1TeV.
ey @ soon observable!
RV
g | A4 + Also PandaX-II
N i Grrrrn bound reads
-4N [l E r > 4X 10_3,
. | PandaX-II - detectable in

600 800 1000 1200 1400 1600
DM Mass [GeV] near fUtu e



log o

\zr1re) srki

—_—
—
e

Mgy CHERR

4

-5

\

N
————————————\\

Excluded

(819 001 aJe s3uljdnod atuos)

600 0 1000
DM Mass

XENONIT
> 870 GeV

00 1400 1600
Vi

PandaX-lI
> 1TeV

renormalization error

J - — = = : Wave function ]

my=178 GeV
W T — VB EE

my=169 GeV /

53 LT=1m 5 DR

174 GeV 5 my <

mpM S 1.

175 GeV

r >4 x 1077

1 TeV

) |

B



rlgrri=riziriclacd riauirinos



")) 2l o -
el=1CD
+ Right-handed neutrinos reduces V.

* Contributes like top-quark above Mk.

*x Makes lower bound on r smaller
(milder).

* V/ gets negative if kK (¢cmpy) too small.
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Hamada, Kawai, Nakanishi, KO (2017)
+ MR=10*1>GeV widen

allowed region. 171 GEV<m <176 GeV
=0, n,=1
0
+ Still l‘>~10_3 without Mr=10"48 Gev
fine-tuning.
_ -2
+ Absolute bound g .
r>10"">. VRN
4 0™'GeV Mgr=1013- GeV
: : ~! Excluded
* Even when we e et
_ 600 800 1qoo 1200 1400 1600
allow maximum DN Mass [GeV]

fine-tuning. XENONlT PandaX-II
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Hamada, Kawai, Nakanishi, KO (2017)

] A =O n,=1
+ My =10"1°Gev 0 SO v
widen allowed | E
region. A R ¢ S R e
: —3 l
+ -2 —
Stll r>~10 7 Y =
without fine-tuning. 9 =" 1
e :
+ Absolute bound E
r>107">. 4 5 l
: m=169 GeV
x Even allowing 55500 800 | 1000 1200 1400 1600

maximum fine- DY Mass [GeV]
tuning. XENON1T PandaX
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+ Possible mass patters.

my [eV] my [eV] ms [eV] Pattern

1. Normal Hierarchy 0 (set) 86 x1073 51x1072 my < mo <m3
2. Inverted Hierarchy | 5.0 x 1072 5.0 x 1072 0 (set) my ~ mg > ms
3. Degenerate (NO) 0.1 (set) 1.0x107!' 1.1x107' mq ~mo~ms3

3. Degenerate (10) 1.1x107t 1.1x107Y 0.1 (set) my ~mg~ms

+ Our assumption. (Mr oc unit matrix)

Number of effective v Common mass m,, [eV]

1. Normal Hierarchy n, =1 5.1 x 1072

2. Inverted Hierarchy N, = 2 5.0 x 1072

3. Degenerate ny, =3 1.1 x 1071
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+ For 2 and 3 degenerate generations

< <
171 GeV=m;=176 GeV 171 GeV<m,<176 GeV
As=0, n,=2 Ag=0, n,=3
' 0
_1n14
Mgp=10""GeV - Mie104 Gov
-1
_ 2
2 5
3 >
-3
-4 Mg=10"3" Gev
7600 800 1000 1200 1400 1600 55500 800 1000 1200 1400 1600
DM Mass [GeV] DM Mass [GeV]
As=0, n,=2
0 AS=0’ nv=3
-1
me=178 GeV
= __/_——/:,: ”””” 2
-3 =
-4 ?
'.‘I,‘ Imt=169GeV
| f -
=" do———=—- L _—1”'ILEchuded
600 800 1000 1200 1400 1600 55500 800 1000 1200 1400 1600

DM Mass [GeV] DM Mass [GeV]
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1. SM criticality
2. Higgs inflation

3. Constraints on DM and neutrino






