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The course «New technologies to search for 
new phenomena in particle physics» 
has been getting around a few main topics:

• Introduction into particle physics
• Interaction of particles and radiation with matter
• Physics and technology of particle detectors
• Modern methods of data analysis

Fundamental 
science 

breakthroughs

Emergence of 
new 

technologies

19 lectures by Andrey Golutvin, Richard Jacobsson, Olaf Steinkamp, 
Giovanni De Lellis, Andrey Ustyuzhanin, Nico Serra, Natalia Polukhina,
Mitesh Patel, Lesya Schutska, Mikhail Dubinin, Kostas Petridis and VS.

Most of my slides have been borrowed from their presentations
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The phenomenon of radioactivity was discovered
by Antoine Henri Becquerel in 1896. 

Image of Becquerel photographic plate, which was illuminated by the
radiation of uranium salts. Clearly visible is the shadow of a metallic
Maltese cross placed between the plate and the uranium salt. 

A.H. Becquerel
(1852-1908)

1896 – …
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… – 2020
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Main quantities of interest in particle physics are 
probabilities:

• Decays

• Scattering

Probabilities are 
measured in units 

of inverse time

Probabilities are 
measured in units 

of area
Elastic Inelastic

Fixed target Collider

Particles do not age
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Probabilities are complex amplitudes squared:

Interference

Final result = QFT part × detector part 

SM
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The SM has many built in small parameters
Each one gives a chance to construct perturbation theory

Some are related to symmetry breaking. 

1. Dimensionless interaction constants

2. Rank of color gauge group SU(3)

3. Quark masses in strong interaction scale units

4. Strong to weak scales ratio

5. Yukawa constants

6. Quark mixing parameters

7. … Some important small parameters are beyond the SM:
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We have compelling evidence (not from LHC)
that there is physics beyond the SM:

• Neutrino masses and oscillations

• Dark matter

• Baryon asymmetry of the Universe

• ...

Besides that, there are many «why» and «how» in the SM:

• How is EW scale so smaller than UV scale? 

• Why hierarchy between SM scales?

• Why are lefts doublets and rights singlets?

• Why 3 generations? Why CKM hierarchy & CP?

• ...
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So, SM is definitely not a closed theory.
But is it a consistent theory?

Generally, NO
• Landau pole
• Anomalies
• Naturalness

but the things are arranged in such a
tricky way, that (almost) all is cured…

Example: cancellation of anomalies.

Links quarks and leptons!
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Muons produced by protons coming 
from space in the upper layers of 
atmosphere 

Muons flux is well studied and 
quite stable in time at the 
energies exceeding  1 GeV

Them are dominating ionizing 
particles at sea level

Muons are highly penetrating 
and cross thick layers of 
material if have enough initial 
energy: 2TeV -> 3 km w.e.

Atmospheric muons

Can be used for radiography 
of bulky objects
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Hadron therapy for oncology treatment
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Modern methods of data analysis: references

1. G.Carleo et al, Machine learning and the physical sciences,

Reviews of Modern Physics, 91 (2019) 045002 

2. Lectures and demonstrations on

https://machine-learning-for-physicists.org/

3. Lectures on The Machine Learning in High Energy Physics schools

6th in 2020, https://indico.cern.ch/event/838377/

4. Lectures by Andrey Ustyuzhanin and Nico Serra, 2018-2020

http://research.misis.ru/megascience

https://machine-learning-for-physicists.org/
https://indico.cern.ch/event/838377/
http://research.misis.ru/megascience
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