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The Standard Model
THE STANDARD MODEL: THE STATUS REPORT AND OPEN QUESTIONS

Extraordinary agreement between measurements and SM predictions



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 STANDARD MODEL: THE STATUS REPORT AND OPEN QUESTIONS

THE PRINCIPLES
Three gauged symmetries SU(3)xSU(2)xU(1)

Three families of quarks and leptons  (3x2, 3x1, 1x2, 1x1)

 Brout-Englert-Higgs mechanism of spontaneous EW symmetry 
breaking -> Higgs boson

 CKM and PMNS mixing of flavours

 CP violation via phase factors

 Confinement of quarks and gluons inside hadrons

 Baryon and lepton number conservation

 CPT invariance -> existence of antimatter
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THE PRINCIPLES
Three gauged symmetries SU(3)xSU(2)xU(1)

Three families of quarks and leptons  (3x2, 3x1, 1x2, 1x1)

 Brout-Englert-Higgs mechanism of spontaneous EW symmetry 
breaking -> Higgs boson

 CKM and PMNS mixing of flavours

 CP violation via phase factors

 Confinement of quarks and gluons inside hadrons

 Baryon and lepton number conservation

 CPT invariance -> existence of antimatter

The ST principles allow:

Extra families of quarks and leptons 

Presence or absence of right-handed neutrino

Majorana or Dirac nature of neutrino

Extra Higgs bosons
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 why the SU(3)xSU(2)xU(1) ?

 why 3 generations ?

 why quark-lepton symmetry?

 why V-A weak interaction? 

 why L-R asymmetry?

 why B & L conservation?

 etc

Why’s?
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 why 3 generations ?

 why quark-lepton symmetry?

 why V-A weak interaction? 

 why L-R asymmetry?

 why B & L conservation?

 etc

Why’s?

 how confinement actually works ?

 how the quark-hadron phase transition 
happens?

 how neutrinos get a mass?

 how CP violation occurs in the Universe? 

 how to protect the SM from would be 
heavy scale  physics?

How’s?

Is it self consistent ?

 Does it describe all experimental data?

 Are there any indications for physics beyond the SM?

 Is there another scale except for EW and Planck?

 Is it compatible with Cosmology? Where is dark matter?

THE OPEN QUESTIONS
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THE LAGRANGIAN

possible  right handed neutrino ?
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АCTUAL QUESTIONS

 What the dark matter is made of?

 Nature of neutrino: Dirac or Majorana ?

 The Higgs sector: one or many?

 СР violation and baryon asymmetry of the Universe?

 Is there and what kind of confinenent-deconfinement 
phrase transition? 

 Lepton nonuniversality: fiction or real?

 How are hadrons build: spin, multi quark states, gluebols?

 (Non)stability of electroweak vacuum?

 Is there any deviations from the Standard model ?



Is there another scale except for EW and Planck?

G. Tonelli, CERN/INFN/UNIPI                                              ITEP_MOSCOW                                               February 12-19 2013           
48


A light boson, could in principle rule its self-interaction and the Yukawa interactions 

with fermions in such a way that the theory could remain weakly coupled up to the 

Planck scale without any dynamics appearing beyond the EWK scale. 


This would be in itself an outstanding discovery: for the first time we would 
have seen a phenomenon that could be described by the same theory over 15 
orders of magnitude in energy. 


A 125GeV boson is a very special object 

EW

Planck
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aμ(E821) = (116 592 089 ± 63)×10−11.FermiLab April 2021

The problem remained May be not!

Conclusion: it is important to take into account the strong 
interactions contribution correctly!

Old
New

New
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LEPTON (NON) UNIVERSALITY (?!)

<latexit sha1_base64="d1c6Xwk+bGrl5bgoo+Nq7yGOE/E=">AAACCHicbVDLSgMxFM34rPVVdenCYBHqpszUonYhFHXhRqiPPqAdSibNtKGZzJBkhDLM0o2/4saFIm79BHf+jZl2Ftp64HIP59xLco8TMCqVaX4bc/MLi0vLmZXs6tr6xmZua7sh/VBgUsc+80XLQZIwykldUcVIKxAEeQ4jTWd4kfjNByIk9fm9GgXE9lCfU5dipLTUze3BqIMRg7dx4fKwG91dx2dmsVSpdALPLJrmUTeXT3oCOEuslORBilo399Xp+Tj0CFeYISnblhkoO0JCUcxInO2EkgQID1GftDXlyCPSjsaHxPBAKz3o+kIXV3Cs/t6IkCflyHP0pIfUQE57ifif1w6Ve2pHlAehIhxPHnJDBpUPk1RgjwqCFRtpgrCg+q8QD5BAWOnssjoEa/rkWdIoFa3jYvmmnK+ep3FkwC7YBwVggRNQBVegBuoAg0fwDF7Bm/FkvBjvxsdkdM5Id3bAHxifP0m5lvU=</latexit>

R(D)SM = 0.299± 0.003

<latexit sha1_base64="mHj9lyBByJq8UoiPp+9LSkiqpek=">AAACCnicbVC7TsMwFHV4lvIqMLIYKqTCUCVVC12QKmBgQSqPPqQ2RI7rtFYdJ7IdpCrqzMKvsDCAECtfwMbf4LQdoOVIV/fonHtl3+OGjEplmt/G3PzC4tJyaiW9ura+sZnZ2q7LIBKY1HDAAtF0kSSMclJTVDHSDAVBvstIw+2fJ37jgQhJA36nBiGxfdTl1KMYKS05mT0YtzFi8GaYu7g/OnTi26vhqZkvlMrt0DfzpllyMtmkJ4CzxJqQLJig6mS+2p0ARz7hCjMkZcsyQ2XHSCiKGRmm25EkIcJ91CUtTTnyibTj0SlDeKCVDvQCoYsrOFJ/b8TIl3Lgu3rSR6onp71E/M9rRcor2zHlYaQIx+OHvIhBFcAkF9ihgmDFBpogLKj+K8Q9JBBWOr20DsGaPnmW1At56zhfvC5mK2eTOFJgF+yDHLDACaiAS1AFNYDBI3gGr+DNeDJejHfjYzw6Z0x2dsAfGJ8/b7KXjg==</latexit>

R(D⇤)SM = 0.258± 0.005

<latexit sha1_base64="XU+2m0lJtrZdSC2VTUDmYSL+CkE=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxCdVESKepGKLoRRKiPPqCNYTKdtEMnkzAzEUrMwl9x40IRt/6GO//GaZuFth64cDjnXu69x4sYlcqyvo2Z2bn5hcXcUn55ZXVt3dzYrMswFpjUcMhC0fSQJIxyUlNUMdKMBEGBx0jD658P/cYDEZKG/E4NIuIEqMupTzFSWnLN7aSNEYM3afHy/mDfTW6v0lO7ZLlmwSpZI8BpYmekADJUXfOr3QlxHBCuMENStmwrUk6ChKKYkTTfjiWJEO6jLmlpylFApJOM7k/hnlY60A+FLq7gSP09kaBAykHg6c4AqZ6c9Ibif14rVv6Jk1AexYpwPF7kxwyqEA7DgB0qCFZsoAnCgupbIe4hgbDSkeV1CPbky9Okfliyj0rl63KhcpbFkQM7YBcUgQ2OQQVcgCqoAQwewTN4BW/Gk/FivBsf49YZI5vZAn9gfP4AaeOUbQ==</latexit>

R(K⇤)SM = 1.0

Charged currents ot tree level Neutral currents at one-loop level
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Anomalies in B-meson decays: experiment = the SM predictions/
D-mesons К-mesons
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Anomalies in B-meson decays: experiment = the SM predictions/
D-mesons К-mesons

Discrepancy may increase but may decrease ….
Uncertainty of baryon contribution might be crucial!

THE STANDARD MODEL: THE  STATUS AND OPEN QUESTIONS
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BEYOND THE STANDARD MODEL: DARK MATTER SEARCHES

Direct W
IMP

Colliders WIMP

Axion-likes

Y. Semertzidis 
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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



Which way to choose?
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THE WAYS BEYOND
 Extension of symmetry group of the SM : SUSY, GUT, new U(1)’s


  ->   may solve the problem of Landau pole, the problem of stability, 

      the hierarchy problem, may give the DM particle
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THE WAYS BEYOND

 New paradigm beyond local QFT: string theory,  brane world, etc
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How Will We Make Progress? 



 The energy frontier
  The intensity frontier
  The precision frontier
 Underground and neutrino
 Cosmology and astrophysics
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