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WHAT MAKES US THINK THAT 

PHYSICS BEYOND THE 

STANDARD MODEL EXISTS?



THE STANDARD MODEL: THE WAYS BEYOND

The Standard Model of Fundamental Interactions

Higgs  Sector Neutrino Sector

Dark Matter

New particles and Interactions

Flavour Sector
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THE LAGRANGIAN
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THE STANDARD MODEL: THE STATUS REPORT AND OPEN QUESTIONS

Run-2 analyses with 80 fb-1 for the first time – higher precision is coming! 

Higgs bosons – entering precision era 

ttH observation 

D. Charlton 

LHCp2018



THE STANDARD MODEL: THE STATUS REPORT AND OPEN QUESTIONS

Precision EW mass measurements 

Precision spectroscopy! 

10.60 ± 0.64(stat) ± 0.17 (syst) MeV 

m(χ
b2

(3P)) – m(χ
b2

(3P)) =

D. Charlton 

LHCp2018



THE STANDARD MODEL: THE STATUS REPORT AND OPEN QUESTIONS

The electroweak vacuum is unstable under radiative corrections

The whole construction of the SM may be in trouble being metastable or even unstable

the situation crucially depends on the top and Higgs mass values and 
requires severe fine-tuning and high accuracy of calculations (3 loops)
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Neutrino Physics 
 Absolute value of neutrino masses ?
 Mass hierarchy? 
 Dirac or Majorana?
 Fourth sterile neutrino?
 Neutrino dark matter? 

0.06 eV <
X

m⌫ < 0.12 eV

 -osc  CMB⌫

de Salas et al, 1708.01186

Normal hierarchy favoured at 3.1 𝜎
Nonzero CP phase favoured
Upper octant favoured 

PMNS-matrix parameters are measured 
with high accuracy of few %



BEYOND THE STANDARD MODEL: NEUTRINO

Three Types of Seesaw Mechanisms 
Require the existence of new degrees of freedom (particles) beyond those 
present in the SM 
Type I seesaw mechanism: νlR - RH νs’ (heavy).  
Type II seesaw mechanism: H(x) - a triplet of  H0,H−,H−− Higgs fields. 
Type III seesaw mechanism: T(x) - a triplet of fermion fields. 

Is it just the SM or requires New physics?
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Is it just the SM or requires New physics?

M. Weber ICHEP2018



BEYOND THE STANDARD MODEL: DARK MATTER

H. Baer et al., Phy. Rep. 555, 1(2015) 

Major problem: 85% of matter is dark and remains invisible!

Is this compatible with the SM? 
Does it requires modification of the SM or addition of gravity?

Many candidates in many orders of magnitude of mass:



BEYOND THE STANDARD MODEL: THE MASS SPECTRUM AND MIXINGS

CKM vs. PMNS 

ICHEP, Melbourne, July 9, 2012 � 4 

Why these values? Are the two related? Are they related to masses? 
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Why these values? Are the two related? Are they related to masses? 
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BEYOND THE STANDARD MODEL: QUEST FOR SYMMETRY

Follows the attempts in quark sector with 30 years delay: so far unsuccessful

Symmetry might be tricky E8 roots
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3. Violation of CP invariance CP

In the SM achieved via phase factors in 
the CKM and PMNS mixing matrices

CPT is exact symmetry of Nature

The presence of new phase factors in 
extended models (2HDM, SUSY, etc)

1. Violation of a thermal equilibrium
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WHAT MAKES US THINK THAT THERE IS PHYSICS BEYOND THE STANDARD MODEL?

• Small discrepancy with experimental data

• Possible new ingredients in neutrino sector (majorana neutrino)

• Instability of electroweak vacuum

• Inability to describe the Dark matter (unless it has pure 
gravitational nature)

• Baryon asymmetry of the Universe is a fundamental problem  
(Baryon and Lepton genesis might require new ingredients)

• Lack of understanding of flavor structure of the SM calls for 
explanation at higher level

• New era in gravity due to discovery of gravitational waves and black 
holes might change the landscape
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