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Content

>0) Introduction
- What is the Standard Model?
- Coupling constants, masses and charges
- Units and scales

>1) Interactions
- Relativistic kinematics
- Symmetries and conserved quantities
- Feynman diagrams
- Running couplings and masses

>2)Quantum electrodynamics 
- Tests of QED: Magnetic momentum of the leptons
- Tests of QED: High energy colliders
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Content

>3) Strong Interaction: Quantum-Chromodynamics
- A short history of hadrons and quarks
- Deep inelastic scattering and gluons
- QCD and its properties

>4) Electroweak interactions
- Discovery of electroweak bosons
- Tests of angular distributions
- Feynman rules
- Handed-ness of electroweak interactions
- More tests of the electroweak SM

>5) The Higgs 
- Why was it predicted? 
- How was it found?
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 Quantum electrodynamics
QED
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Let’s start from the beginning

Corrections to the g-factor are given by higher order QED contributions as well as hadronic
and weak interactions. There could be additional contributions from physics beyond the
Standard Model (SM):

It was a warm 
summer in ancient 
Greece. Someone, for 
no particular reason, 
approached iron to a 
stone…. 
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And 3000 years later + some very intelligent people

Corrections to the g-factor are given by higher order QED contributions as well as hadronic
and weak interactions. There could be additional contributions from physics beyond the
Standard Model (SM):

Covariant formalism→ Classical 
field theory

Second quantization 
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Quantum electrodynamics in a nutshell

> Gauge theory (lagrangian symmetric under local transformations) including 
the electromagnetic interaction

Treating only electromagnetic field interactions with particles charged under the 
electromagnetic field → electric charge
 

Corrections to the g-factor are given by higher order QED contributions as well as hadronic
and weak interactions. There could be additional contributions from physics beyond the
Standard Model (SM):

Quarks:
Up/charm/top : q = ⅔
Down/Strang/Bottom: q = -⅓

Anti-quarks: 
Exactly opposite sign charge of 
their anti-particle

Leptons:
Electron/muon/tau : q = -1
Neutrinos: q = 0

Anti-leptons:
Exactly opposite sign charge of 
their anti-particle W-bosons: q = +-1 (particle-anti-particle)

Gauge boson mediating interaction: photon (Aμ,γ)
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Quantum electrodynamics in a nutshell

> Gauge theory (lagrangian symmetric under local transformations) including 
the electromagnetic interaction

Treating only electromagnetic field interactions with particles charged under the 
electromagnetic field → electric charge
 

Corrections to the g-factor are given by higher order QED contributions as well as hadronic
and weak interactions. There could be additional contributions from physics beyond the
Standard Model (SM):

Coupling constant

Universal (not different coupling depending on 
the particle)
At low energies, fine structure constant
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Running coupling of QED 

Corrections to the g-factor are given by higher order QED contributions as well as hadronic
and weak interactions. There could be additional contributions from physics beyond the
Standard Model (SM):

Low energy QED interaction

An incident particle would see or would 
be more affected by is the tree level 
diagrams

e-

High energy QED interaction

An incident particle would start to feel 
the effects of  high-energy (short 
wave-lengths) interactions

e-

e-
e- e+

e-

At different interaction energies, the QED 
coupling that a incident electron sees is 

different ! 
e+

e-
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Quantum electrodynamics in a nutshell

>Gauge theory (lagrangian symmetric under local transformations) including 
the electromagnetic interaction

Treating only electromagnetic field interactions with particles charged under the 
electromagnetic field → electric charge
 

Corrections to the g-factor are given by higher order QED contributions as well as hadronic
and weak interactions. There could be additional contributions from physics beyond the
Standard Model (SM):

Coupling constant

Universal (not different coupling depending on 
the particle)
At low energies, fine structure constant

Image from here

https://www.researchgate.net/publication/280899986_Measurement_of_the_e_c_1S_production_cross-section_via_the_decay_e_c_to_proton-antiproton_final_state
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Current tests of quantum electrodynamics

> Electromagnetism is very well-known at low energies and for a high range 
of energies → Extremely precise calculations up to several orders of loops 
needed
 

Corrections to the g-factor are given by higher order QED contributions as well as hadronic
and weak interactions. There could be additional contributions from physics beyond the
Standard Model (SM):

Low energy: magnetic moment of 
charged particles 
Magnetic moment due to charged body with 
angular momentum and/or spin

High energy tests: 
Verify cross-section predictions at  
high energies
QED running coupling
QED lepton coupling universality

σ(e+e-→ e+e-) σ(e+e-→ μ+μ-)

μ+

μ-
 Dirac theory  predicts g=2 Quantum corrections
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Low energy QED tests: electron magnetic moment

> Summing Feynman diagrams up to 4th order in the EM coupling
 

Corrections to the g-factor are given by higher order QED contributions as well as hadronic
and weak interactions. There could be additional contributions from physics beyond the
Standard Model (SM):

>Capable of producing results up to an 
accuracy of 10-12
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Low energy QED tests: electron magnetic moment

> Precision measurements of electron 
magnetic moment show a good agreement 
with predictions ! 

 

JHEP11 (2012) 113

Reference 2: 

To even consider that there is 
some evidence of BSM,  HEP 
needs ≥ 2 σ - 3 σ

Reference 1: 

Probability that the SM can 
explain this is 0.19

Phys. Rev. Lett. 100, 120801

Difference of around 1.3 σ

https://link.springer.com/content/pdf/10.1007/JHEP11(2012)113.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.100.120801
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High-energy tests: Bhabha scattering (e+e- → e+e-)

>High-energy colliders probe the following processes:

 

e+ e+

e-

e+ e+

e-e-e-e- e-e-e-e-e-e-e-e-
DESY: ~1979
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μ+

μ-

High-energy tests: lepton pair production

Deviations mean that there is something that we don’t know! 
First indication of a unified EW force → Tomorrow’s lecture

+ corrections

QED process
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Current challenges to QED: muon-magnetic moment

>Similar to electron’s, muon’s magnetic moment with larger corrections due 
to QCD and EWK.
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Tests of QED: magnetic momentum for muons

μ-
ν
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Tests of QED: magnetic momentum for muons

Spin

Muon-Decay in Rest 

νμ νe

e

Electrons from Muon decay prefer 
to flight in Muon spin direction 

→ Electron energy gives 
information of muon spin

Count electrons above an energy 
threshold vs time at fixed position 

arxiv:2106.06723

Fermilab g-2 results

https://arxiv.org/pdf/2106.06723.pdf
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.141801
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Tests of QED: magnetic momentum for muons

> Results with precision to 10-11  
> Combined measurements of BNL and Fermilab disagree by 4.2 - 5 

(debated) standard deviations of Standard Model prediction

 
e.g. corrections from Higgs:

Reference 2: 

Discovery in HEP is 
claimed if  5σ 

Reference 1: 

Probability that the SM 
can explain this is 2.7 x 
10-5

Fermilab g-2 results

Phys. Rev. Lett. 131, 161802 (2023)

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.141801
https://doi.org/10.1103/PhysRevLett.131.161802
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Tests of QED: magnetic momentum for muons

Fermilab g-2 results

New physics or theory calculations ? 
https://arxiv.org/abs/2203.15810

> Results with precision to 10-11  
> Combined measurements of BNL and Fermilab disagree by 4.2 - 5 

(debated) standard deviations of Standard Model prediction

 

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.141801
https://arxiv.org/abs/2203.15810
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Tests of QED: magnetic momentum for τ-leptons

> Magnetic moment of taus not so well known as the muon’s or electron’s.
> Expected to be sensitive to BSM effects in many theories

DELPHI (2004): Eur. Phys. J. C 35 (2004) 159

ATLAS(2022): Phys. Rev. Lett. 131 (2023) 151802

Experimentally, very difficult to reach 
same precision than muons. Pb+Pb 
collisions at colliders

Images shamelessly taken from Lydia's talk

https://doi.org/10.1140/epjc/s2004-01852-y
https://doi.org/10.1103/PhysRevLett.131.151802
https://cds.cern.ch/record/2834319/files/ATL-PHYS-SLIDE-2022-501.pdf


Clara Leitgeb  | Introduction to the Standard Model | DESY Summer student program |  11.08-13.08.2025 |  Page 22

Quantum chromodynamics
QCD
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A historical perspective: the strong force

μ

p
> Early 20th century, limited knowledge of 

particles.
> Atomic nuclei composed of protons (+1 

charge) and neutrons. 
>How do they hold together ? → Strong 

force ! 

 

n

pn
n

p

p
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A historical perspective: the particle zoo

μ

> However, in the 50’s and 60’s, experiments in bubble and spark chambers 
were showing the creation of new particles → Particle Zoo  

 

> Particles with integer 
spin (0,1)

○ Mesons: pions, kaons, 
… 

> Particles with half-integer 
spin (½, 3/2)
○ Baryons: protons, 

neutrons … 
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A historical perspective: the particle zoo

μ

> New particles similar in properties to protons and neutrons → 
Not alone anymore
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Classification of new particles. Any pattern in this zoo ? 

μ

> Physicists tried to order this zoo based on properties of the particles
> Strangely, several properties were similar

○ Some particles have very similar masses, spin with different 
charges. 

○ Thought initially to be elementary particles
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Isospin, strangeness and baryon decuplet

μ

> They can be ordered by mass and electric charge
○ If mass similar but different particles, a symmetry is 

conserved → Isospin (e.g. pions)

π- π0 π+
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Isospin, strangeness and baryon decuplet

> They can be ordered by mass and electric charge
○ If mass similar but different particles, a symmetry is 

conserved → Isospin (e.g. pions or spin 3/2)

Let’s take for 
instance the 

baryons with spin 
3/2

Isospin (I3)
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Isospin, strangeness and baryon decuplet

μ

> Another set of spin 3/2 showed different masses and longer lifetime  
than other counterparts 

○ Another quantum number called strangeness
○ Symmetrical patterns appear if have their strangeness plotted 

against their electric charge.

Isospin (I3)

https://en.wikipedia.org/wiki/Strangeness_(particle_physics)
https://en.wikipedia.org/wiki/Electric_charge
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Isospin, strangeness and baryon decuplet

μ

?

> Lead to definition of these particles as composed particles → Quarks! 
○ 3 quarks: u, d and s → spin ½ 
○ s carries the quantum number strange. 
○ u,d are the particles carrying the isospin ½ and -½  

> Prediction of the Ω- with 3 s-quarks, no isospin and negative charge ..
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Isospin, strangeness and baryon decuplet

μ

> Lead to the definition of the quarks as constituents of these particles
○ 3 quarks: u, d and s → spin ½ 
○ s carries the quantum number strange. 
○ u,d are the particles carrying the isospin ½ and -½  

> Prediction of the Ω- with 3 s-quarks, no isospin and negative charge ..
○ Success !!! (1964 link)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.12.204
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Isospin, strangeness and baryon decuplet

μ

> Lead to the definition of the quarks as constituents of these particles
○ 3 quarks: u, d and s → spin ½ 
○ s carries the quantum number strange. 
○ u,d are the particles carrying the isospin ½ and -½  

> Prediction of the Ω- with 3 s-quarks, no isospin and negative charge ..
○ Success !!! (1964 link)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.12.204
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Quarks
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A story of spin and color

μ

In the quark model, Δ++ posed a problem.
This is a particle with spin 3/2, with spin I3 component 
+- 3/2 composed by same particles

Symmetric wave-function but it is a  fermion ! 
Violation of Pauli principle ! 

Solution: another quantum number → Color ! 

Initially postulated 3 values of color: red, blue and green.
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A story of spin and color

μ

In the quark model, Δ++ posed a problem.
This is a particle with spin 3/2, with spin I3 component 
+- 3/2 composed by same particles

Symmetric wave-function but it is a  fermion ! 
Violation of Pauli principle ! 

Solution: another quantum number → Color ! 

Initially postulated 3 values of color: red, blue and green.

Organized the particle zoo as being composed of 3 different quarks.
Introduced isospin, strangeness and color. Explained charge, masses, spin 
and lifetimes of some particles. 
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A story of spin and color

μ

In the quark model, Δ++ posed a problem.
This is a particle with spin 3/2, with spin I3 component 
+- 3/2 composed by same particles

Symmetric wave-function but it is a  fermion ! 
Violation of Pauli principle ! 

Solution: another quantum number → Color ! 

Initially postulated 3 values of color: red, blue and green.

But we have never seen a single spin ½ particle alone. Where are they ?
Answer to this question came from deep inelastic scattering measurements 
on the proton! (SLAC 1969)  e + p → e + X 

Organized the particle zoo as being composed of 3 different quarks.
Introduced isospin, strangeness and color. Explained charge, masses, spin 
and lifetimes of some particles. 
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Deep inelastic scattering

Collision of an electron beam with a proton beam. 

e- p
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Deep inelastic scattering

Collision of an electron beam with a proton beam. 

p

e-

At low e-beam energies (low Q2)
Resolution is close to the size of the proton

Scattering of the electron will show patterns consistent 
with the ones of a spin-½ particle scattering against 
another spin-½ particle

Mott scattering or elastic scattering
Inelastic electron scattering against point-like proton
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Deep inelastic scattering

Collision of an electron beam with a proton beam. 

p

e-

At mid/high e-beam energies (Q2 ≥ Mp)
Can see the structure of the proton! 

If the proton is a point-particle, similar results than at 
low energy.

Mott scattering or elastic scattering
Inelastic electron scattering against point-like proton
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Deep inelastic scattering

Collision of an electron beam with a proton beam. 

p

e-

At mid/high e-beam energies (Q2 ≥ Mp)
Can see the structure of the proton! 

If the proton is composed, divergence from Mott 
scattering ! 

Mott scattering + Form factors
Form factors describe the charge distribution inside 
proton. 

W(Q2,x)

x

Q1 Q2

x : momentum fraction of 
the charge inside proton

Q,q: momentum exchange in 
scattering
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Deep inelastic scattering experiment at SLAC in 1969

Bjorken Scaling refers to an important simplifying feature—scaling—of a large class of dimensionless physical quantities in elementary particles; it strongly 
suggests that experimentally observed strongly interacting particles (hadrons) behave as collections of point-like constituents when probed at high energies. A 
property of hadrons probed in high-energy scattering experiments is said to scale when it is determined not by the absolute energy of an experiment but by 
dimensionless kinematic quantities, such as a scattering angle or the ratio of the energy to a momentum transfer. Because increasing energy implies potentially 
improved spatial resolution, scaling implies independence of the absolute resolution scale, and hence effectively point-like substructure. Scaling behavior was first 
proposed by James Bjorken in 1968 for the structure functions of deep inelastic scattering of electrons on nucleons. This idea, along with the contemporaneous 
concept of partons proposed by Feynman, and the experimental discovery of (approximate) scaling behavior, together inspired the idea of asymptotic freedom, 
and the formulation of Quantum Chromodynamics (QCD)—the modern fundamental theory of strong interactions. Bjorken scaling is, however, not exact; 
deviations from strict scaling is required in quantum field theory. The QCD theory can predict the detailed form of violations of the scaling behavior of the relevant 
physical quantities through the distinctive quantum effect of dimensional transmutation. Th

http://www.scholarpedia.org/article/Asymptotic_freedom
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DIS experiment additional results: The gluon ! 

Experimental studies of the neutron and proton electromagnetic structure 
functions continued. 
Integral of form factors over quarks charge distribution in proton → Total 
momentum of the proton ! 

 ~ 50%. Where is the rest of the 
proton momentum ???

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.20.1471
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.20.1471
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DIS experiment additional results: The gluon ! 

Hadrons composed of quarks 
and gluons → partons ! 

Quark Parton Model success

DIS rely on electromagnetic 
interactions of an electron with 
the proton charged components.

Proton must have another 
component but neutral → Gluon !

Discovered at PETRA in 1979 
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DIS experiment additional results: Parton density functions

Real picture: Parton density functionsInstagram picture of a 
proton

image from hereimage from official HEP instagram (wikipedia)

Form factors describing the charge distribution inside proton → PDFs

https://www.desy.de/news/news_search/index_eng.html?openDirectAnchor=829
https://en.wikipedia.org/wiki/Proton
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Scaling violation: Parton density functions

Bjorken scaling: quarks behave as point-like constituents at high energies
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Scaling violation: Parton density functions

Scaling violation → small, only appears in QFTs with asymptotic freedom → Might 
the strong force be explained as a perturbation theory (like QED) but with 
asymptotic freedom ?  

Bjorken scaling: quarks behave as point-like constituents at high energies
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Number of colors 

> Prediction for Ratio:

 

c-quark discovered in 1974 
b-quark discovered in 1977 
t-quark discovered in 1995 

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.33.1406
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.39.252
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.74.2626
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Number of colors 

> Prediction for Ratio:

 

c-quark discovered in 1974 
b-quark discovered in 1977 
t-quark discovered in 1995 Quantum chromodynamics

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.33.1406
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.39.252
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.74.2626
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Quantum Chromodynamics 

> Gauge theory invariant under transformations in the color space
> Kinematics and interactions of particles charged under the strong force → color charge

This is the perturbative story of quarks and gluons ! 

Corrections to the g-factor are given by higher order QED contributions as well as hadronic
and weak interactions. There could be additional contributions from physics beyond the
Standard Model (SM):

Quarks and anti-quarks

Exactly one single color, can 
be either of the three available

Gluons: 
Two colour numbers

qqg vertex
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Quantum Chromodynamics

Corrections to the g-factor are given by higher order QED contributions as well as hadronic
and weak interactions. There could be additional contributions from physics beyond the
Standard Model (SM):

Coupling constant (Reminder QED)

Universal (not different magnitude of coupling 
depending on the particle or color)
Similar to the electromagnetic coupling, 
expressed in terms of an α constant …. 

Image from here

> Gauge theory invariant under transformations in the color space
> Kinematics and interactions of particles charged under the strong force → color charge

https://www.researchgate.net/publication/280899986_Measurement_of_the_e_c_1S_production_cross-section_via_the_decay_e_c_to_proton-antiproton_final_state
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Quantum Chromodynamics

Corrections to the g-factor are given by higher order QED contributions as well as hadronic
and weak interactions. There could be additional contributions from physics beyond the
Standard Model (SM):

Coupling constant

Universal (not different magnitude of coupling 
depending on the particle or color)
Similar to the electromagnetic coupling, 
expressed in terms of an α constant ….. 
BUT ! Different evolution with Q2 Image from here

High Q2 (small r) Small Q2(large r)

> Gauge theory invariant under transformations in the color space
> Kinematics and interactions of particles charged under the strong force → color charge

https://www.nikhef.nl/~h24/qcdcourse/section-6.pdf
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Asymptotic freedom

In QCD interactions with high energy, 
coupling tends to zero
→ At high energies, quarks and gluons 
would behave as if the strong force 
doesn’t exist

Corrections to the g-factor are given by higher order QED contributions as well as hadronic
and weak interactions. There could be additional contributions from physics beyond the
Standard Model (SM):

Someone 
stops me ! I 
am afraid 

Sorry bro, 
you are 
asymptoti
cally free 
now

Maybe if 
you gently  
ask an 
electron …
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QCD at low energies 

At low energies, coupling increases to 
very high values 
● At Λ ~ 200 MeV →  

non-perturbative QCD

Corrections to the g-factor are given by higher order QED contributions as well as hadronic
and weak interactions. There could be additional contributions from physics beyond the
Standard Model (SM):

Here be monsters 
Now you know why we won’t see 
a quark alone!
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QCD at low energies: some consequences

Confinement

Quarks and/or gluons move away
● Energy between partons become high
● Spontaneous creation of pair quark-anti-quark
● Hadronization (shower of particles)

Corrections to the g-factor are given by higher order QED contributions as well as hadronic
and weak interactions. There could be additional contributions from physics beyond the
Standard Model (SM):

Real picture: Parton 
density functions

Instagram picture of 
a proton

Parton density functions

Charge distribution within hadrons.
Constant production and annihilation 
of partons.
● If high energy interaction with 

proton, interaction with a 
distribution of particles →  PDFs.

● PDFs: experimental knowledge
● Evolution of PDFs with energy → 

DGLAP equations. 

SM predictions fail here → Can only know through experiments by now 

image from hereimage from official HEP instagram (wikipedia)

image from here

https://www.desy.de/news/news_search/index_eng.html?openDirectAnchor=829
https://en.wikipedia.org/wiki/Proton
https://physics.stackexchange.com/questions/538862/simple-toy-model-like-explanation-of-quark-confinement-qcd-and-accompanying
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Miscellanea: calculations in proton-proton collisions

Corrections to the g-factor are given by higher order QED contributions as well as hadronic
and weak interactions. There could be additional contributions from physics beyond the
Standard Model (SM):

Non-perturbative QCD
● Proton structure (PDFs)
● Parton shower
● Hadronization
● Jets

Perturbative QCD
● Cross-section
● Infrared radiation
● Evolution of PDFs at high energy
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Miscellanea: calculations in proton-proton collisions

Corrections to the g-factor are given by higher order QED contributions as well as hadronic
and weak interactions. There could be additional contributions from physics beyond the
Standard Model (SM):
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Measuring QCD properties: Differential jet cross-section 

JHEP02(2022)142 JHEP05(2018)195

https://link.springer.com/content/pdf/10.1007/JHEP02(2022)142.pdf
https://link.springer.com/content/pdf/10.1007/JHEP05(2018)195.pdf
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Measuring QCD properties: measurement of αS

2309.12986

https://arxiv.org/abs/2309.12986
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Backup 
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Two additional basic 
concepts

Gauge theory and running 
couplings
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PDFs at Hadron colliders

� Probability to find a parton q carrying momentum fraction x of the 
proton momentum to enter a collision at a momentum transfer 
squared Q2



Clara Leitgeb  | Introduction to the Standard Model | DESY Summer student program |  11.08-13.08.2025 |  Page 62

Input measurements

c/g
quarks

u/d 
(charged current)
gluons 
(jet production)

Strange, u/d
Nuclear 
corrections

Gluons 
quarks
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Procedure of PDF fits I

starting scale Q2 ~ 1.5 - 2 GeV

� Evolve input PDFs with 
DGLAP equations
 

� Calculate observables 
using (N)(N)LO and 
compare to experiments
 

� Minimize global Chi2 
between data and theory

� Groups: MSTW/MRST (global fit, up to NNLO)
CTEQ / CT (global fit, up to NLO, now NNLO)
NNPDF (global fit, neural network PDFs)
HERA PDFs (Hera collider data only so far)
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What is inside the proton ?? Scattering experiments

> 

 > 

> 

> 

> > > > 

> > > > 

> > > > 

 Because increasing energy implies potentially improved spatial resolution, scaling implies 
independence of the absolute resolution scale, and hence effectively point-like substructure. 
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Scattering experiments
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> 
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> 
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Procedure of PDF fits II
� Parameterize x distributions for all parton flavours

Example (NNPDF): 29 input parameters

� Create PDFs with default starting values at given scale Q2

� x → 0 u = d, q ∝ xa1

� x → 1 q (1 – x)a2 (quark counting rules)
� P(x, …) medium-x range, just convenient form

Δ = Sea asymmetry u - d
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Error estimation
� Use Hessian Approach (most PDF groups): 

Transform original PDF parametrizations into eigenvector basis

� ~40 eigenvectors (combinations of PDF 
parameters)

� orthogonal!!
� changing one eigenvector cannot be 

compensated in terms of Chi2 by changing 
another one as well

� Reflect correlations between input observables

� Use MC replica approach (mostly NNPDF): 
Prepare pseudo data replicas of the input data samples, which are 
randomly varied within their errors, 
Fit them and extract PDF and errors from mean + RMS of replica 
PDFs
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PDFs at Hadron colliders

Proton 1
P1

P2
Proton 2

Final states:
Jets, 
Leptons, 
missing ET

Analytical partphenomenological part

Probability to find parton with 
momentum fraction x in proton



Clara Leitgeb  | Introduction to the Standard Model | DESY Summer student program |  11.08-13.08.2025 |  Page 70

Analytical part

� Renormalization Scale 
dependence
 

� Factorization Scale dependence
 

� Electroweak input-parameter 
scheme
 

� ....

Analytical partphenomenological part
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PDFs at Hadron colliders

Proton 1
P1

P2
Proton 2

Analytical partphenomenological part

Cross section in hadron 
collisions depend on 
Parton Distribution Functions
(PDFs) as input

� Not calculable from first 
principles!!!
 

� Dependence on input 
data

� Fitting scheme
 

� PDF parametrization
 

� ....
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Confinement
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Confinement
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QCD is messy

PDFs
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How to measure QCD? – Jets
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How to measure QCD? – Jets
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How to measure QCD? – Jets
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The gluon
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Tests of QED: magnetic momentum

>Magnetic moment due to rotating charge body → spin of charged particle

>Classical result by Dirac: g-factor = 2 

>Deviations from classical result caused by quantum corrections

Corrections to the g-factor are given by higher order QED contributions as well as hadronic
and weak interactions. There could be additional contributions from physics beyond the
Standard Model (SM):
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Tests of QED: electron magnetic momentum

>Extremely precise calculations up to several orders of loops needed

Corrections to the g-factor are given by higher order QED contributions as well as hadronic
and weak interactions. There could be additional contributions from physics beyond the
Standard Model (SM):
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μ+

μ-

High-energy tests: lepton pair production

Deviations mean that there is something that we don’t know! 
First indication of a unified EW force → Tomorrow’s lecture

+ corrections

 

QED process
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DIS experiment additional results: asymptotic freedom

And at high energies, they behave like free particles 


