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Lecture 4

deep inelastic scattering and the parton model

note: we will go quickly at the beginning as the kinematical distributions and expressions of cross sections in
terms of x and Q2 were discussed in detail in the pep4 lecture in  2021

for a discussion of constituent quarks vs current quarks, see:

    Shmuel Nussinov, Robert Shrock
    Phys.Rev.D 79 (2009) 016005
    arXiv:0811.3404 [hep-ph]
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Deep inelastic scattering: preliminaries with some useful formulae on
elastic scattering

elastic electron scattering off a nucleon
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nucleon finite size – strong q dependence of formfactor

at large q, elastic scattering becomes strongly suppressed
since it is unlikely that the nucleon survives such a violent
collision  -- inelastic and break-up reactions will dominate
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first spectacular results from SLAC in the late 1960ties

form factors depend little 
on Q2 for large inelasticity

W >> M
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Event display of a deep inelastic event at HERA/H1
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description of inelastic scattering

in analogy to Rosenbluth formula, but with 2 independent variables:
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a brief aside on elastic scattering

elastic e-p scattering in terms of Lorentz invariant
quantities

note that, since x = 1  
for elastic scattering,
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Lorentz-invariant formula for deep inelastic scattering

in the lab frame, the kinematic quantities are:

only 2 of the 4 quantities are independent, here we choose x and Q2
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Bjorken scaling for F2
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Scaling: F2 does not depend much on Q2 

when x is reasonably large, x > 0.1
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newer (HERA) data exhibit very strong scaling violations for x < 0.05

source: PDG and
refs. there



  25at large Q2, the virtual photon scatters mostly off low x see quarks and gluons
at small Q2, it scatters mostly off valence quarks at high x
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higher order interactions lead to scaling violations

QCD series calculable in perturbation theory, determines
the Q2 dependence

such processes need to be measured at a
particular value of Q2

this leads to DGLAP equations, after Altarelli, Parisi, Doshitzer, Gribov and Lipatov,
1973 – 1977, figure taken from G. Altarelli
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Phys.Rev.Lett. 22 (1969) 156-159
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important result: partons have spin 1/2
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update 2022
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current status of structure functions (parton distributions)

source:
PDG2022



  35

2204.09982 [hep-ph]

https://arxiv.org/abs/2204.09982
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