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Who am I

• Theoretial particle physicist: 

• PhD in Helsinki Finland, 2008

• ETH Zurich, 2008-2010

• McGill Montreal, 2010-2013

• CERN, 2013-2020

• Stavanger, 2015 –

• Research: particle physics, nuclear physics, astrophysics,…











Periodic table of 
particle physics:

Higgs 125 GeV





The standard model is incomplete!

• Why the “periodic table”?

• How do the elementary particle behave?

• Why universe has a lot of matter and no anti-matter?

• How does gravity fit in all this?

• Something is missing! 
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What does it mean to discover a 
particle?
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EKinetci

The energy of the particles 

in collision is converted 

into new particles.

A billion collisions per second

𝐸 = 𝑚 𝑐2

13TeV = 2 𝜇J

2 𝜇J/ 𝑐2 = 2.3·10−23kg

mℎ𝑖𝑔𝑔𝑠 = 2·10−25kg
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𝐸1
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How to find a particle?

mH = 125 GeV



How to find a particle?

E1 + E2 = 125 GeV



Forces of Nature

Gravity Electromagnetism Strong nuclear force Weak nuclear force





Fields are particles too:

Light is oscillations in electric and magnetic fields

The smallest possible vibration: Photon



Fields are particles too:

Electric and 
Magnetic fields

Chromoelectric and
Chromomagnetic field

SU(2) fields
+ gravitational field
and graviton?
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Strong force: Quantum Chromodynamics
Three colors of quarks

Chromoelectric and –magnetic fields like electric and magnetic 
fields but see color instead of electric charge

Chromo fields change not only momentum but also color

Chromo fields have colors too -> Self interaction!
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Strong force: Quantum Chromodynamics

Inverse square law for 
electric charges

Constant string force between quarks

𝐹 = 400 𝑀𝑒𝑉 2



F=(400MeV)2

  ~ 130 kN 

Strong force: Quantum Chromodynamics

𝐹 = 400 𝑀𝑒𝑉 2 = 130 kN

Color confinement
Millennium Prize 1M$



Quarks are confined into hadrons:



𝐹 = 400 𝑀𝑒𝑉 2 = 130 kN

𝑊 = 𝐹. 𝑑𝑥
= 130 𝑘𝑁 × 10−15m

= 1.3 ⋅ 10−10𝐽

𝑚 = 𝐸/𝑐2

= 1.5 ⋅ 10−27𝑘𝑔
= mass of a pion

Quarks and gluons are confined into hadrons
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Nuclear substructure

s

𝑊 = 𝐹. 𝑑𝑥
= 130 𝑘𝑁 × 10−15m

= 1.3 ⋅ 10−10𝐽

𝑚 = 𝐸/𝑐2

= 1.5 ⋅ 10−27𝑘𝑔
= mass of a pion

Quarks are confined into hadrons:



Nuclear substructure:



Quark matter:



Heavy-ion collisions
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