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Outline of the lectures

Why QCD?

Collider processes

Basic properties of QCD

Hard processes

-ragmentation

Hadronization and parton shower
Parton distribution functions




Freedom and constaints

* Announced titles
QCD, Hadronic interactions,
Collider signatures of QCD, PDF and jets

Hadronic processes: tree-level only



Standard textbooks

Collider Physics, V. D. Barger, R. J. N. Phillips,
Addison and Wesley (1997)

Applications of Perturbative QCD, R. D. Field,
Addison and Wesley (1989)

QCD and Collider Physics, R. K. Ellis, W. J.
Stirling, B. R. Webber, Cambridge (1996)

Foundations of Quantum Chromodynamics,
(3rd, Ed.) T. Muta, World Scientific (2010)



Schematic hadronic processes

Parton shower

Initial state described
by PDF

Hadronization
(1 lecture)

Hard processes  or fragmentation
(2 lectures) (1 lecture)



What we will do...

Tree-level processes (no loops)

Standard 2 — 2 processes (possibly 2 —
3 processes)

Basic understanding of QCD

We consider high-energy processes, so
we neglect masses of light quarks.



Why QCD?

Omnipresent in collider processes
Large effects

Enormous background for new particle
search

[t appears at all scales.

The coupling constant varies rather wildly
when the scale varies.

Sometimes we have to sum all the
contributions.
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P1

Kinematics

P4

Momentum conservation

P1+ P2 = pP3+ Pa

Mandelstam variables
\p2 s = (pr+p2)’=ps+p1)>=2p1-ps=2p3-pu,

t (p1 — p3)° = (pa — p2)*> = —2p1 - p3 = —2p2 - pa,
u (Pl — P4)2 = (Pz — P3)2 = —2p1 - pa = —2py - P3.

All the scattering cross sections are functions of 5,1 and U .

s+t+u=0



Phase space

Scattering cross section for n final-state particles

.- IM|2 HW problem 1
P1 6 D2 AdQ)  64m2s Derive this.
/Since the matrix element is independent of the azimuthal angle,
D4

e Homework problem 2
E - ]_67.(82 Derive thIS




Lecture 2:
2 —2 parton processes

« We consider scattering at the parton
level.

» We average over Initial spin and color.
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qq9 — 49

Homework Problem 3
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Homework problem 4
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Homework problem 5



q9 — 49

Homework problem 6



Challenge problem




