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THEORY PROBLEMS AND PHENO PUZZLES

e Quantum gravity

e Cosmological constant hierarchy problems
* Unification of forces

* Higgs mass hierarchy problems

* Vacuum stability

* Origin of electroweak symmetry breaking

* Origin of parity violation

e CP-violation

e QCD vacuum

* Fermion mass hierarchy

e FCNC

 Matter-antimatter asymmetry, baryogenesis
 Dark energy

e Dark matter

 Neutrino mass and oscillation

e Muon g-2 anomaly



NEW PHYSICS MODELS BEYOND

THE STANDARD MODEL



THEORY ORIENTED VS PHENO ORIENTED

e Superstring e Seesaw Models
e Grand Unification Theory > Type-LILII
> SU(5), SO(10), ... > Tree level, one-loop, two-loop, ...
e SUSY Models * Multi-Higgs Models
> MSSM, NMSSM, nMSSM, ... > Singlet: real, complex
e Extra Dimensions > Doublet: 2HDM, Type-1,I1, 111,V

>

» UED, ADD, RS, ...

e Composite Higgs Model * Dark Force

e Little Higgs Model * Flavor Symmetry Models

e AXiOn

e Effective XXX Models

e Left-right Symmetry Model
* Twin Higgs Model



EXAMPLES OF THEORY ORIENTED MODELS

HIERARCHY PROBLEM, Mu<<Mcurorr |:>
IS IT A PROBLEM?? "R

ADD CUTOFF CLOSED TO MEW. lS MCUTOFF MPLANCK?

X< Vv

STABILIZE Mcutorrs PROTECT My LARGE EXTRA DIMENSIONS
WARPED
TEV SUPER- GOLDSTONE FLAT EXTRA EXTRA
SYMMETRY THEOREM DIMENSION B ——

COMPOSITE
HicGs MODEL, ARKANI-HAMED- RANDALL-
LITTLE HIGGS DIMOUPOLOS- SUNDRUM

MODEL, TWIN DVALI MODEL, MODEL: RS1,
HicGs MODEL,




EXAMPLES OF PHENO ORIENTED MODELS

NEUTRALINO, GRAVITINO,
SUPERWIMPS

LKP, LTP, RIGHT-HANDED AXION
, NEUTRALINO ASYMMETRIC

NEUTRINO, DARK FORCE, DARK
IN GMSB, DARK MATTER,

HiGGs PORTAL, SIDM, MATTER,

WITH QCD OR
ANNIHILATION DM )N BARYOGENES NON-QCD oo
DM IS AXION
WIMPSsS NON-WIMP

{rv x4}

NEW PARTICLES AS DM. ARE THEY THERMAL RELIC?

OV

DARK MATTER(S) :>
IS IT (ARE THEY) PARTICLES?? "EE

— —
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NEW PHYSICS BEFORE AND IN THE LHC ERA
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WHERE IS THE NEW PHYSICS?
VWHICH MODEL IS BETTER?
ANY SUGGESTION?Y



NEwW PHYSICS MODELS:
VWHICH ONE IS BETTER?

.';_ P (Mi)posterior =P (M’L‘D) — s (D) b :
xp (D‘MZ) P (M’i)prior

M GENERATOR — THEORISTS
p(D) MEASURER — EXPERIMENTALISTS

p(D|M;) CALCULATOR — PHENOMENOLOGISTS
(AND EXPERIMENTALISTS)

P(M;), .ioc — THEORETICAL MOTIVATIONS, EXPERIENCES,



WHAT IS OUR MISSION?

(DM P (M) |
P (Mi)posterior =P (M@‘D) — D (D) £ :
X p (D‘MZ) P (M’i)prior

INCREASE P("M;)posterior AND DECREASE P(‘Msus)posterior

LooK FOR ‘M; AND ‘D; s.T.

p(D;IM:) _ p(D;| Msar)
p(D;) ~ p(Dy




HOW TO FIND IT?

EXPLORER: PROPOSE AN ‘M; WITH LARGE P(‘M;)prior AND

SEARCH IT WITH ‘D; wHicH MAXIMIZES p(‘D; |'M,)/p(‘D; | Msu)



p(Dj|Msnm)

HOW TO FIND IT?
p(Dj)

MODEL-INDEPENDENT: SIMULATE p(D;) AND FIND OUT

THE D; wHIcH MINIMIZES p(‘D;|Msu)/p(‘Dj)

How TO SAMPLE?

USE Zzp(@] |Mi)p((.]\/li)prior




PHYSICS BEYOND
THE STANDARD MODEL
WE HAVE KNOWN




SOME EXAMPLES

* The Yukawa couplings
» Absolute values
> (relative) Arguments
e The gauge group
» TGC
* The unitarity
» Gauge boson scatterings at high energy scale
e The EWSB
» VV, hVV and hhVVV, are they consistent?
> Mw, Mz, Mt
* The Higgs
> [ts CP property (any tiny non-zero CP-odd component? )
> di-Higgs, tri-Higgs, ...



SOME EXAMPLES

* The Yukawa coupling
> Absolute values
> (relative) Argume

* The gauge group JREMENTS! T
» TGC PHYSICS SEARCHI
* The unitarity
» Gauge boson sce OU ARE FREQUENTIS
e The EWSB E REJECTING THE BKG
> VV, hVV and hh LY MODEL.
> Mw, Mz, Mt
* The Higgs

SAMPLING WITH 1
ACCORDIN

> |lts CP property
> di-Higgs, tri-Higg

A~
Q



GO BEYOND
THE STANDARD MODEL
WITH DATA







UPDATING OUR POSTERIOR KNOWLEDGE
WITH DATA




REMAIN TRUE TO OUR ORIGINAL ASPIRATION
AND KEEP OUR MISSION FIRMLY IN MIND

Mro
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