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Abstract: The discovery of the Higgs boson has revealed that the quartic Higgs self-coupling becomes small at very high energy scales. Guided by
this observation, | introduce Higgs Parity, which is a spontaneously broken symmetry exchanging the standard model Higgs with its parity partner.
In addition to explaining the small Higgs quartic coupling, Higgs Parity can provide a dark matter candidate, solve the strong CP problem, and arise
from an SO(10) grand unified gauge symmetry. | will show that the Higgs Parity symmetry breaking scale is determined by standard model
parameters and predicts experimental signals such as the proton decay rate and the warmness of dark matter. As a result, Higgs Parity provides a
tight correlation between future precision measurements of standard model parameters and these experimental signals.
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Particle physics
1S trying to answer questions such as

* What are of physics?

Particles, interactions among them, ...

* How did our begin and evolve?

Inflation, cosmic perturbations,
baryon asymmetry, dark matter, ...
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Standard Model

(of particle physics)
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Precise measurements

* Higgs mass my, = 125.18 £0.16 GeV
* Top quark mass m, = 173.1 £0.4 GeV
* Strong coupling constant  a,(m;) = 0.1184 = 0.0011

* L N

nature of dark matter, mass of new particles, rare decays, etc.
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Precise measurement
and new physics

Hall and KH (2018, 2019)
Dunsky, Hall and KH (2019)

* gives a dark matter candidate
New symmetry _ . . .
/ 7 * is part of a grand unified gauge symmetry

* solves the strong CP problem
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Precise measurement
and new physics

Hall and KH (2018, 2019)

Dunsky, Hall and KH (2019)
top quark mass

Higgs mass

strong coupling constant

Symmetry
breaking scale
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Outhne

* Introduction (continued)

* Higgs Parity

* Left-Right Higgs Parity and the strong CP problem
* Grand unification and proton decay

* Warm right-handed neutrino dark matter

* Summary and outlook
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CERN, 2013

Picture from Recondito.org
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*

e

*

*.

We are tar away from the goal

What is dark matter?

How did cosmic inflation occur?

How was the baryon asymmetry of the universe created?
Why does QCD preserve CP symmetry?

What sets the Higgs potential parameters?
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We are far away from the goal
* What is dark matter?
* How did cosmic inflation occur?
* How was the baryon asymmetry of the universe created?

V(H)

* Why does QCD preserve CP symmetry?

: H

.

V(H) = Agy, ( |H|* - v?’)
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Higgs potential
V(H)

=

H

:
A question of few decades:

What sets the mass scale of Higgs?
v = 173 GeV <« (Planck scale, GUT scale)
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Higgs potential
What sets the small mass scale of Higgs?

Ex. Supersymmetry

SUPERSYMMETRY Higgs mass scale is naturally
D much smaller than the Planck scale
a' . g s ! o T o : %
o 2DD G 0 Maiani (1979), Veltman (1979), Witten (1981)
-~ @G @
Quarks @ oo @ roceparicns - 5
Standard particles SUSY particles

predict new particles with

CERN & IES de SAR =
masses around 100 GeV
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100 GeV scale new physics

Searches for new particles at colliders

P T P

#

New particle ,”

/
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100 GeV scale new physics

New particles have not been found so far

Ex. Constraints on the masses of new particles
in supersymmetric theories
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What to do?
V(H) = dgy ( 1HI? = 1?)

We should keep trying to explain the small Higgs mass
and seek experimental signatures of the explanation.

Recent effort includes, for example,
* “lwin Higgs

Chacko, Goh and Harnik (2006), Falkowski, Pokorski and Schmaltz (2006),
Chang, Hall and Weiner (2006), and Badziak (2017,2018), Barbieri, Hall and (2017,2018),
* Relaxion

Graham, Kaplan and Rajendran (2015), Espinosa et.al. (2015), Hook and Marques-Tavares (2016),
Evans, Gherghetta, Nagata and Thomas (2016), Ibe, Shoji and Suzuki (2019), ...
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Fine-tuned Higgs mass?
: N

We are not sure if the small Higgs mass is
a guiding principle to look for new physics

The small Higgs mass may be explained by theoretical ideas
which are difficult to probe experimentally

Ex.

Weinberg (1987), Susskind (2003), Agrawal, Barr, Donoghue and Seckel (1998),
Clavelli and White (2006), Hall, Pinner and Ruderman (2014), ...
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]3

Higgs self-interaction:

0 V(H)

m2l(4v?) =~ 0.13

Let us examine the quartic coupling,
assuming that the standard model is valid up to high energy scales,
including quantum corrections
H W top H H

\\\ \\\ "/
¥ H ——» - ,\’\
/( ’I \\

H W top H H
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Energy-dependent quartic coupling
perturbation theory V(H)

l . .
sum over intermediate states

H / H L |

b top quark -~
> T A
s
BRlcieY 2 Intermediate states
H . . depend on energy [
=y A
7 .
H : H
scattering

#
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Small quartic coupling
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Small quartic coupling
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08 L Possible new guiding principle

 revealed by Higgs discovery by LHC?
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New physics?

Conjecture : some new physics which couples to Higgs
sets Agy = 0 at a high energy scale
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Parity and the strong CP-

on and proton decay
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mass is large:

Migp=173.1 GeV
as{mz)=0.1184
my=125.18 GeV
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e top quark mass is lar

Migp=173.1 GeV
a{mz)=0.1184
my=125.18 GeV
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