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THE STANDARD MODEL: THE WAYS BEYOND

The Standard Model of Fundamental Interactions

Higgs  Sector Neutrino Sector

Dark Matter

New particles and Interactions

Flavour Sector



THE STANDARD MODEL: THE STATUS REPORT AND OPEN QUESTIONS

THE LAGRANGIAN
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Extraordinary agreement between measurements and SM predictions

C. Gwenlan 

ICHEP2018



S. Rathatlou 

ICHEP2018

New physics through precision
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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
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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
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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
mν < 0.12 eV

 -osc  CMBν

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?

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: DARK MATTER SEARCHES
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BEYOND THE STANDARD MODEL: THE MASS SPECTRUM AND MIXINGS

CKM vs. PMNS 

ICHEP, Melbourne, July 9, 2012 �

Why these values? Are the two related? Are they related to masses? 
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• Mass spectrum? • Mixing Matrices?

mquark = yquark · v

mlepton = ylepton · v

mW = g/
√

2 · v

mZ =
p

g2 + g02/
√

2 · v

mH =
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λ · v

mγ = 0

mgluon = 0

• Quark-Lepton Symmetry

• Strong difference in parameters

• What are the CKM and PMNS phases? 

• Where lies the source of CP violation: in 
quark or lepton sector?

SM

JCP =
1

8
sin 2θ12 sin 2θ23 sin 2θ13 cos θ13 sin δ



BEYOND THE STANDARD MODEL: QUEST FOR SYMMETRY

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

Symmetry might be tricky E8 roots



THE STANDARD MODEL: CONCEPTUAL  PROBLEMS

• Baryon asymmetry of the Universe

(requires larger CP than in the SM) 

N(B)−N(B̄)

Nγ

∼ (6.19± 0.14)× 10−10

• still not explained   

• three conditions (A.D.Sakharov) 

1. Violation of a thermal equilibrium in 

early Universe

Т

A possible scenario in the early Universe when particles drop from thermal equilibrium 

violations T invariance

2. Violation of baryon number B =
Nq −Nq̄

3B

Baryon number is conserved in the SM with exponential accuracy

Violation of baryon number occurs in Grand Unified Theories 

and in Lepton=fourth color models (Pati-Salam model )

New particles = Leptoquarks, 

Extended Highs sector}

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)
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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



Physics with a single generation

 All the world around us is made of the 1st generation 

 Back to the middle of the XX century 

• Baryon asymmetry of the Universe 

• Description of the Dark Matter

• Muon - heavy electron - 2nd generation ? 

• K-meson - strangeness ?   

• Quark model (OK again?)            

• GIM Mechanism, J/Psi - charm -2nd 

generation 

• CP-violation: where it comes from?
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• Who expected new physics to come? 

• What scale of NP?

Astrophysics & Cosmology challenge

The Structure of Atom 

Electron 

Neutron 

Nucleus 

Atom 

Quark 

Electron 

Proton 

𝛾 W,Z H G
20121983

p

p

n

n

p

n

 21

1932

1919
Proton



BEYOND THE STANDARD MODEL: CONCLUSIONS



BEYOND THE STANDARD MODEL: CONCLUSIONS



BEYOND THE STANDARD MODEL: CONCLUSIONS

How Will We Make Progress? 

• • • 

The energy frontier  

The precision frontier and neutrinos 

Cosmology and astrophysics 

Paul Langacker (IAS) ICHEP 2018, Seoul 


