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Holy Grail: Theory of Everything… 

Source The Open University 
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the same laws should apply to infinitesimally big and infinitesimally small

https://www.open.edu/openlearn/mod/oucontent/view.php?id=77557&section=2


In search for laws of nature
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Form theoretical 
models to explain 

observations

Models make 
predictions of 
unobserved 
phenomena, 

which need to be 
observed

Experiment

Theory



In search for laws of nature 
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Form hypothesis 
to explain 

observations

Models make 
predictions of 
unobserved 
phenomena, 

which need to be 
observed

Experiment

Theory

With time as our 
detectors become more 
precise and we observe  

what we did not see 
before.



What are elementary blocks of nature?
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In late 1700s 
Lavoisiers defined 

“chemical 
element” as a 
substance that 

cannot be broken 
down further and 

laid the foundation 
for modern 
chemistry.

Identification of new types of 
atoms, or rather chemical 
elements made of only one type of 
atom, accelerated after 1700s.



Periodic table of elements by era of discovery (from Wiki)
By 1869 about 
63 elements 
were known.

 Mendeleev, 
organized them in 

a periodic table 
based on atomic 

weight and 
chemical 

properties, 
leaving gaps for 

undiscovered 
elements.
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https://en.wikipedia.org/wiki/Timeline_of_chemical_element_discoveries


Evolution of the concept of atom => Quantum Mechanics

1900 
concept of 
quantum of 
energy 
(Planck)

1905 
photons 
behave as 
particles 
(Einstein)

1924 
electrons 
have wave 
properties 
(de 
Broglie) 
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At high speeds
Einstein developed special relativity in 
1905 to resolve contradictions between 
classical mechanics and 
electromagnetism, ensuring consistent 
physics at high speeds and explaining the 
constancy of the speed of light.

His general relativity (1915) extended 
special relativity to include acceleration and 
gravity, describing gravity as the curvature of 
spacetime rather than a force.

Quantum Field Theory combines quantum 
mechanics and special relativity by 
treating particles as quantized excitations of 
fields that obey relativistic laws. In 1927 first 
full manifestation - Quantum 
Electrodynamics - by P. Dirac.
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speed of light

gravitational 
constant 

Planck 
constant

Image by CMG Lee.

https://en.wikipedia.org/wiki/Speed_of_light
https://en.wikipedia.org/wiki/Gravitational_constant
https://en.wikipedia.org/wiki/Gravitational_constant
https://en.wikipedia.org/wiki/Planck_constant
https://en.wikipedia.org/wiki/Planck_constant
https://en.wikipedia.org/wiki/Quantum_gravity#/media/File:Venn_diagram_of_theoretical_physics.svg


cGh physics
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speed of light

gravitational 
constant 

Planck 
constant

Matvei Bronstein
(b. 1906 Vinnytsia - d. 1938)
worked to unify relativity, gravitation 
and quantum mechanics (quantum 
gravity - theory of eveything),  PhD 
“The Quantization of Gravitational 
Waves” (1935), concept cGh “cube”.

Image by CMG Lee.

It is 
Mr C.G.H. Tompkins.

https://en.wikipedia.org/wiki/Speed_of_light
https://en.wikipedia.org/wiki/Gravitational_constant
https://en.wikipedia.org/wiki/Gravitational_constant
https://en.wikipedia.org/wiki/Planck_constant
https://en.wikipedia.org/wiki/Planck_constant
https://en.wikipedia.org/wiki/Quantum_gravity#/media/File:Venn_diagram_of_theoretical_physics.svg


What does matter consist of? 
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Known before 1900 Electron discovered in 1897 

Nuclei discovered in 1911 

Proton
discovered 
in 1917 

Neutron
discovered 
in 1932 

1900-1932



Particle zoo (1950s-60s) Quarks proposed by 
Gell-Mann and Zweig 

in 1964 to explain 
structure of hadrons 

(baryons and mesons)

Quarks carry “color” 
charges and are subject 

to strong interactions 
which binds them inside 

nuclei.

First anti-particle:  
positron, positive 

electron - discovered in 
1932. 

11From Particle Adventure

https://www.particleadventure.org/other/history/index.html


Towards Standard Model of Particle Physics

Formulation 
of the quark 
model in 
1964 marks 
the split 
between 
“nuclear” and 
“particle” 
physics.
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Interactions in 
nature as known
today
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Quantum Chromodynamics 
proposed in 1972–1973 by 
Gell-Mann, Fritzsch, and Leutwyler:  
the strong interaction between 
quarks using color charge.

The Electroweak theory proposed in 
1967 by Glashow to unify the 
electromagnetic and weak 
nuclear forces.

Together they constitute current 
Standard Model of Particle 
physics, which still does not include 
gravity. 



Particle Accelerators
Most of the particle zoo was 
discovered in cosmic rays. 

First accelerator proposed in 1932 by 
Lawrence: precise control over 
particle energy, collision conditions, 
and particle types, allowing for 
reproducible experiments.

Major contributions of physicists from 
Ukraine all over the world: V. Veksler 
(Dubna & Serpukhov), G. Budker 
(Novosibirsk), E. Ginzton (Stanford). 
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A “Livingston 
plot” showing 
the evolution of 
accelerator 
energy over 
the years. 
Credit M.Tigner

https://portal.slac.stanford.edu/sites/ad_public/rfared/PublishingImages/Man_Made_Accelerators_080408_RonRuth.pdf
https://physicstoday.aip.org/features/does-accelerator-based-particle-physics-have-a-future


Particle Accelerators
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A “Livingston 
plot” showing 
the evolution of 
accelerator 
energy over 
the years. 
Credit M.Tigner

Accelerated subatomic 
particles are collided and 

their kinetic energy is used 
to produce new particles 
according to Einstein's 

E=mc².

https://portal.slac.stanford.edu/sites/ad_public/rfared/PublishingImages/Man_Made_Accelerators_080408_RonRuth.pdf
https://physicstoday.aip.org/features/does-accelerator-based-particle-physics-have-a-future


Particle Accelerators
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A “Livingston 
plot” showing 
the evolution of 
accelerator 
energy over 
the years. 
Credit M.Tigner

In 1950/60s multiple
national and international 

particle physics laboratories are 
created including BNL (USA 

1947), CERN (1954), Frascati 
(Italy 1954), LAL-Orsay (France 
1955), DESY (Germany 1959), 
Budker Institute (1959), SLAC 
(USA 1962), Fermilab (USA 
1969), KEK (Japan 1971)    

https://portal.slac.stanford.edu/sites/ad_public/rfared/PublishingImages/Man_Made_Accelerators_080408_RonRuth.pdf
https://physicstoday.aip.org/features/does-accelerator-based-particle-physics-have-a-future


Towards modern fast detectors

In 1968 George Charpak (b. Sarny 1924 - d Paris 2010, Nobel Prize 1992) replaced liquid with gas 
in multi-wire proportional chamber and used arrays of wires to detect particles electronically.
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1950-60s Images in bubble/spark chambers… Now: electronics readout



Last missing particles of Standard Model
1973 Neutral currents observed by 
Gargamelle bubble chamber at 
CERN

1974 November Revolution - 
discovery of J/psi at BNL/SLAC (4th 
quark - charm)

1975 tau-lepton discovery at SLAC

1977 Y meson (b-quark) discovery 
at Fermilab 

1983 W and Z discovery at CERN

1995 top quark discovery at 
Fermilab

2012 Higgs boson discovery at 
CERN  

18From Particle Adventure

H

https://www.particleadventure.org/other/history/index.html


Великий адронний колайдер (LHC, CERN)
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Higgs boson 
discovery 

Discovered by the ATLAS 
and CMS collaborations in 
2012, with participation of  
Ukrainian scientists. 

Idea of CMS PbWO4 
crystal calorimeter, crucial 
for this discovery was 
proposed by L. Nagorna 
(see talk by I. Tupitsyna).
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Elementary particles
(+ anti-particles)

Building blocks of matter: 
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Gamow's work 
led the 

development of 
the hot "big 

bang" theory of 
the expanding 

universe.
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From the universe’s 
earliest moments the 

fundamental 
particles—quarks, 
leptons, and gauge 
bosons—interacted 
according to particle 

physics laws, shaping 
the formation of 

matter, forces, and 
evolution of the 

universe.



Einstein's General Theory of Relativity 
(1915)

Hubble discovered galaxies (1923) and the 
expansion of the universe (1929)

Big Bang Theory of Gamow (1948)

Discovery of the Cosmic Microwave 
Background (CMB), predicted by Gamow

Dark Matter and Dark Energy

Precise Cosmology Using Satellites (COBE, 
WMAP, Planck)

Discovery of the atom (late 1800s - early 
1900s), electron (J.J. Thomson, 1897), 
nucleus (Rutherford, 1911)

Emergence of quantum mechanics (1900s - 
1930s)

Discovery of subatomic particles (1930s - 
1950s)

Quark model and fundamental forces 
(1960s - 1970s)

Standard model of particle physics (1970s - 
present)

The development of new detection 
methods has been crucial for better 

understanding our Universe.
23

1989 2001 2009



Disclaimer instead of conclusion

Only very edited highlights have been presented

Every slide of this talk can be made into a separate talk

Many names and important contributions are missing

This week we will try to reconstruct what we know about the Ukrainian 
contributions to the field of particle physics 

THANK YOU for YOUR ATTENTION! ДЯКУЮ ЗА ВАШУ УВАГУ!
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Backups
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Studying matter around us
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5000 BC: Chalcolithic 
Age (copper and 
stone)

3300 BC Cu+Sn = 
Bronze age 

1500-500 BC Iron Age

Humans always studied the 
world around themselves, 
looking for materials to use as 
tools or ornaments

The discovery of copper (Cu), then bronze 
(mix of copper and tin) and then iron allowed 
humans at each time to make stronger, more 

durable tools and weapons, enabling 
improved farming, hunting, and civilization 

development.

https://www.metmuseum.org/art/collection/search/315605
https://www.metmuseum.org/art/collection/search/315605
https://www.worldhistory.org/image/13805/bronze--gold-mycenaean-sword/

