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✦ Status

✦ New Physics Extensions: general remarks

✦ Specific New Physics extensions: guidelines, constraints

✦ The 2-Higgs Doublet Model: the Higgs sector

✦ Coming back to the constraints: detailed discussion

✦ A little bit of Higgs phenomenology: Higgs production and decay channels

✦ Supersymmetry: Basics
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SM weakly interacting


up to high energies


 


1964: Higgs mechanism
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1964: Higgs mechanismNot in Standard Model
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Higgs Mechanism

✦ Higgs potential: non-vanishing vacuum expectation value

✦ Generation of particle masses: particles couple with Higgs boson in the ground state

✦ Spontaneous symmetry breaking: SM symmetry broken by the ground state

mass ～ g∗v

✦ Existence of Higgs particle H
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Fundamental Physics

The Standard Model is Structurally Complete

M. Mühlleitner (KIT), VSOP-28, 2022                             Quy Nhon, Vietnam                                                                       4



Higgs Discovery: 4.7.2012



Higgs Discovery: 4.7.2012



Higgs Discovery: 4.7.2012



Higgs Discovery: 4.7.2012



Higgs Discovery: 4.7.2012



Higgs Discovery: 4.7.2012



Discovered Particle is the Higgs Boson



1964

Brout-Englert-Higgs-Mechanismus

The Higgs Mechanism



1964

Brout-Englert-Higgs-Mechanismus

Physik Nobelpreis 2013

The Higgs Mechanism



Higgs 10th Birthday!



Higgs 10th Birthday!



Sy
m

m
et

ri
es

Fu
nd

am
en

ta
l 

Fo
rc

es

Pa
rt

ic
le

 C
on

te
nt

H
ig

gs
 S

ec
to

r

The Standard Model is Structurally Complete - But

Fundamental Physics

!!! O
pen Questio

ns !!!

M. Mühlleitner (KIT), VSOP-28, 2022                             Quy Nhon, Vietnam                                                                       5



 

 Open

Questions 

  

Dark 

Matter

Matter

Anti-Matter

Asymmetry

CP 

Violation

Unification 

Of


Fundamental

Forces

Neutrino

Mass

How

include

gravity?

Why

3 genera-


tions?

…

Hierarchy

Problem



Hierarchy Problem
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Hierarchy Problem
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Dark Matter
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Dark Matter
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Relic Abundance

Relic abundance:

 

Measure for the present quantity of the DM particle remaining from the Big Bang

How much DM do we have?

 

Dark Matter makes up for 27% of the energy density of the universe, 
usual baryonic matter makes up for only 5%!
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Matter-Antimatter Asymmetry

Matter-Antimatter asymmetry:

 

Observation: Dominance of matter over antimatter

=> baryon asymmetry of the Universe (BAU)

Tiny asymmetry: 1 particle more per   
1 billion matter-antimatter particles

What is the reason?

 


- Accidental initial condition of the universe?  
Improbable


- More probable:  
Same amount of matter and antimatter at the beginning of the universe; 
asymmetry was generated dynamically during the evolution of the universe 
Theory models for this: Baryogenesis

XXXX✓X
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 Why must there obviously be an asymmetry?  
  



Unification of Fundamental Forces!
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Unification of Fundamental Forces!
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 How can we change this behavior?  
  



Unification of Fundamental Forces!
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Status

Discovered Higgs Boson

behaves very SM-like

Consistency Test

of the SM


at the quantum level

No direct discovery of

New Physics so far
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 What does this mean for New Physics?  
  



Where is New Physics?

New physics is heavy, with new 


particles at a large mass scale


New physics may be light, but with 


small couplings


=> New physics is subtle: 


              
          small cross sections 


              
          novel signatures

M. Mühlleitner (KIT), VSOP-28, 2022                             Quy Nhon, Vietnam                                                                       18



New Physics

Extensions



Physics beyond the Standard Model

Guidelines for model selection


* simplicity 


* compatibility with relevant experimental  
and theoretical constraints


* solve (some of the) flaws of the SM


* testable in experiment 

New Physics extensions:


* weakly interacting (extended Higgs sectors, supersymmetry)  


* strongly interacting (composite Higgs)
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Implications:


* new non-SM particles (search for them; can modify electroweak precision observables 
(EWPO), B-physics observables, low-energy observables; break symmetries,  
 be DM candidate, …) 


* modify properties of discovered Higgs boson, which behaves very SM-like



Intermezzo: Higgs as UV regulator
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Higgs ensures unitarity of longitudinally polarized W boson scattering  
provided coupling g(HWW) ~ mW2
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Higgs ensures unitarity of longitudinally polarized W boson scattering  
provided coupling g(HWW) ~ mW2

A theory of massive gauge bosons and fermions, that are weakly interacting up to very  
high energies, demands - for unitarity reasons - the existence of a Higgs particles. The 
Higgs particle is a scalar 0+ (electrically neutral, CP-even) particle, that couples  
proportional to the mass/mass squared of the particle  
=> non-Abelian gauge theories with spontaneous symmetry breaking.
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Implications:


* new non-SM particles (search for them; can modify electroweak precision observables 
(EWPO), B-physics observables, low-energy observables; break symmetries,  
 be DM candidate, …) 


* modify properties of discovered Higgs boson, which behaves very SM-like


