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1. Kinds of particles


2. What is inside the proton?


3. The birth of QCD


4. The way to access the hadrons structure


5. The mass of the hadrons


6. COMPASS experiment


7. AMBER experiment

OUTLOOK:
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How did we realise that some particles


 have internal structure?
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Discovery of the nucleus (1911)

Hydrogen nucleus also present in another nuclei

Ernest Rutherford

"Discovery" of the proton (1920)

PROTON
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Stanford Linear Accelerator Center (SLAC) in 1968

Hydrogen targets bombarded


 with high energy electron beams

Jerome

 Friedman

Henry

 Kendall

Richard

 Taylor

1990 Nobel Prize
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Quark model (1964) Parton model (1969)
classification system

Murray Gell-Mann

George Zweig

James Bjorken

Richard Feynman
point-like scattering centers


 inside the proton 

Results from SLAC experiments

partons
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THEORETICAL OBJECTION TO QUARK MODEL (1964)

u
u

u
Δ++

u
u

u
Δ++

Pauli exclusion principle

quarks have three

 "colours"

hadrons are colourless

baryons
m

esons

Δ++ discovered experimentally in 50s
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observed partons
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theory of asymptotic freedom (1973)

David
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2004 
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theoretical quarks
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neutrino and anti-neutrino 

scattering experiments (started in 70s)

1. evidence for anti-quarks

2. quark + anti-quarks carry ~50% of proton energy

first hint of gluons

DESY's PETRA collider

three jet event at

 TASSO experiment (1979)

DISCOVERY OF GLUONS

beginning of intensive tests of QCD
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probability functions

momentum fraction

Deep Inelastic Scattering (DIS)

Drell-Yan

σDIS = ∑
j

∫ dx fj(x, Q2) ̂σγ*j(x, Q2, . . . )

σDY = ∑
ab

∫ dxa ∫ dxb fa(xa, Q2) fb(xb, Q2) ̂σab→ll̄(xa, xb, . . . )

PDF

PDF PDF
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good level of precision

still not enough for 

new physics predictions


for LHC precision era
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PION VERSUS PROTON

PHYSICAL REVIEW D 102, 014040 (2020)
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VALENCE SEA
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Mp ∼ 940 MeV/c2Mπ ∼ 140 MeV/c2 MK ∼ 490 MeV/c2

π+ K+

u
p

Mud̄ ∼ 7 MeV/c2 Mus̄ ∼ 97 MeV/c2 Muud ∼ 9 MeV/c2

HIGGS MECHANISM

5 % Mπ 20 % MK 1 % Mp

95 % Mπ 80 % MK 99 % Mp

HIGGS MECHANISM

DYNAMICS OF GLUONS
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THE UNDERSTANDING OF THE HADRONS STRUCTURE HAS JUST BEGUN

THANK YOU!


