
 

Introduction to perturbative QCD

XiaohuiLiaxiliu
bnu.edu.cn

1.4.2025 Sun YAT SEN UNIV



Why perturbative QCD

QFT CP flavor

Nuclear physics 000

2s Mz 20.1 2 now 152

dominant activities at colliders

dominant backgrounds for

new physics searches



excess

see a bump
of newphysio

nation

Riki me
ideal reality

new physics Data QCD



atypical event at the LHC

hadronization
a ii

shower To 81 Esterto form

Jets buff muteI
EmQ7n0E

Initialstate of o.IT
radiation hard interaction 115 158m
MPI



factorization

G Tipp Fj p Gijon wit o

d pautonic cross section

involving quarks gluons
can be Elatedperturtatiely

Tipp Parton distribution function

cpdfl.no tuubative

Prob to pink a partori
From the proton



Part 1 Basics of QCD

QCD Lagrangian

Running coupling

asymptotic freedom



Basics of QCD
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Here Stro coupling
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Feynman Rules
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as already seen from the QCD

feyn rules both quarks gluons

couple togluons
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typically more gluons at

a high energy collider
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Color charge
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Running coupling

Asymptotic freedom

the strength of the strong
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This can bemade rigorously by calculating
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Derivation
renormalization in QED
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QED ward identity ensures

that
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which gives
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Similar story happens in QCD
but the glern self interaction
provides the anti screening

fam
over all quarks

canoe we Owe weson

wife were

β as 24 Ʃ Bi E
t

β CA Int 0



dascful

dinn
01

asymptotic freedom
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justifies PQCD at Q 571kV

gluons quarks

becomes non perturbative
at scales GeV hadrons

However experimentally what
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How can PQCD work

How are the calculations with

quarks gluons related to hadrons

One answer is the parton hadron

duality we will highlightthe
idea assumption now




