
  

A first look at proton structure (DIS)
quark-parton model      (second look) 

RGE, running coupling and the beta function

QCD effects in DIS       (third look)
DGLAP equations,  universal partons (PDFs)

LHC measurements

QCD, partons,
and all that

Alan Martin – IPPP, Durham
Emmanuel de Oliveira – UFSC, Florianopolis



  

Structure of the Proton
Hit it hard with “photon” probe radiated from high energy electron

1. e-nucleus scatt.   -- scaling
                                --scaling violation  substructure 
                                                              n, p

2. e-proton scatt.     -- scaling
                                -- scaling violation  substructure 
                                                               quarks

3. e-quark scatt.    -- scaling
                              -- scaling violation  substructure 
                                                       no evidence,  just more
                                                          and more QCD scal. violatns

First, a brief sketch of this interesting story

electr on en
ergy



  

~

scaling – independent of Q2

Recall   M2 = p2



  

scaling violation 
– now dependent on Q2



  
scaling again



  

electron-proton scattering



  



  

Known as deep
inelastic scatt.



  



  



  

x=0.002

F2

Q2

x=0.65

x=0.13

Wilczek’s QCD
log Q2 scaling
violations



  

e-quark

DIS invariant variables



  

What exactly do experiments
measure in DIS ?

Measure Fi(x,Q2)

How many,  i=1,2…?



  

(for moment assume

unpolarised
beams



  We will assume γ exchange only --- so F3=0 --- come back to this later

tedious algebra WµνLµν
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What do the proton
structure functions,
Fi(x,Q2),  measured
 in DIS,  tell us?

Can we predict 
their values?

F2

Q2

x



  



  

Quark Parton Model

PDF



  



  

{       Y+     }

ignore Z exch
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Y+ = 1 + (1-y)2 Y- = 1 - (1-y)2

θc=0



  

W

γ ,Ze-p

e+p
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