
A first look at proton structure (DIS)

quark-parton model. Evidence for gluons.  

Need for colour. QCD as a gauge theory-

running coupling and the beta function

QCD effects in DIS

DGLAP equations,  universal partons

Global parton analyses. Data constraints from

different data.  LHC data.

Photon PDF.   PDFs with QED corrections

Small x domain.  Ladder diagrams.

Brief introduction to BFKL and absorptive effects
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Essential to have a detailed knowledge of proton

structure to extract physics from LHC experiments
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Structure of the Proton

Hit it hard with ñphotonò probe radiated from high energy electron

¸ 1. e-nucleus scatt.   -- scaling

¸ --scaling violation Ą substructure 

¸ Ą n, p

¸ 2. e-proton scatt.     -- scaling

¸ -- scaling violation Ą substructure 

¸ Ą quarks

¸ 3. e-quark scatt.    -- scaling

¸ -- scaling violation Ą substructure 

¸ Ą no evidence,  just more

¸ and more QCD scal. violatns

First, a brief sketch of this interesting story
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e-p scattering

now

M=mp

R=Rp











QCD scaling

violations
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Quark Parton Model
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Only about 50% of protonôs momm carried by quarks.

First (indirect) evidence of gluon component of proton

Quarks not free!  Interact?  Need to improve QPM.  How?

Need theory of quark & gluon interactions.

historical plot ~ 1970
area ~ 0.5



colour

The introduction of SU(3)colour

SU(3)c gauge thy.

Accounts colour

confinement ?

no longer

ad hoc



Puzzle ñexplainedò by QCD 

non-abelian gauge theory
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Quarks have 3 colour charges

local







QED coupling  a = e2/4p

QCD coupling  as = g2/4p

Observable

R = c0 + c1a+ c2a
2 + é.

Coupling constant renormalization

Consider a dimensionless QCD observable R

Naïve prediction for energies Q >> mi RĄ const. indep. of Q

( F2(x,Q2) is a dimensionless observable !)

Not true in renormalizable field theory like QCD (or QED)

Scale enters when calculate  R = Sn cnas
n since encounter

Feynman loop diagrams which diverge logarithmically.

Need to renormalize (reparametrize) the theory

Ą introduces a renormalization scale m

Ą R(log(Q2/m2), as(m
2))



Running

coupling

QED

Loops each give infinite contribution

M = cutoff on loop momentum

To eliminate dep. on M, introduce renormalization scale m

Infinities removed at price of ren. scale m.
QED predicts running of a(Q2), expt. determines the absolute value
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QCD



Nobel prize -- 2004

QCD -- 1973

Gross  Wilczek   Politzer
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see ESW p.23

dR

dlogm2





0.118 ± 0.001



Return to DIS

QCD corrections O(as)



singularity as mĄ0



Upper limit kT
2=Q2:   kT limited by gmom. transfer Q

kT
2
Ą0: long range part of strong intn.  Not calculable in pert. thy.

Introduce artificial regulator m.   Proceed as for renormn of as

Essentially transfer non-pert. part to quark distribn.

Note there is another infrared singularity as zĄ1 in P(z).

Cancelled by the virtual diagrams  (see later)




