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Table 19.1: The main processes relevant to global PDF analyses, ordered in three
groups: fixed-target experiments, HERA and the pp̄ Tevatron / pp LHC. For each
process we give an indication of their dominant partonic subprocesses, the primary
partons which are probed and the approximate range of x constrained by the data.

Process Subprocess Partons x range

ℓ± {p, n} → ℓ± X γ∗q → q q, q̄, g x ! 0.01

ℓ± n/p → ℓ± X γ∗ d/u → d/u d/u x ! 0.01

pp → µ+µ− X uū, dd̄ → γ∗ q̄ 0.015 " x " 0.35

pn/pp → µ+µ− X (ud̄)/(uū) → γ∗ d̄/ū 0.015 " x " 0.35

ν(ν̄) N → µ−(µ+) X W ∗q → q′ q, q̄ 0.01 " x " 0.5

ν N → µ−µ+ X W ∗s → c s 0.01 " x " 0.2

ν̄ N → µ+µ− X W ∗s̄ → c̄ s̄ 0.01 " x " 0.2

e± p → e± X γ∗q → q g, q, q̄ 10−4 " x " 0.1

e+ p → ν̄ X W+ {d, s} → {u, c} d, s x ! 0.01

e±p → e± cc̄X, e± bb̄X γ∗c → c, γ∗g → cc̄ c, b, g 10−4 " x " 0.01

e±p → jet+X γ∗g → qq̄ g 0.01 " x " 0.1

pp̄, pp → jet+X gg, qg, qq → 2j g, q 0.00005 " x " 0.5

pp̄ → (W± → ℓ±ν) X ud → W+, ūd̄ → W− u, d, ū, d̄ x ! 0.05

pp → (W± → ℓ±ν) X ud̄ → W+, dū → W− u, d, ū, d̄, g x ! 0.001

pp̄(pp) → (Z → ℓ+ℓ−)X uu, dd, ..(uū, ..) → Z u, d, ..(g) x ! 0.001

pp → W−c, W+c̄ gs → W−c s, s̄ x ∼ 0.01

pp → (γ∗ → ℓ+ℓ−)X uū, dd̄, .. → γ∗ q̄, g x ! 10−5

pp → bb̄X, tt̄X gg → bb̄, tt̄ g x ! 10−5, 10−2

pp → exclusive J/ψ, Υ γ∗(gg) → J/ψ, Υ g x ! 10−5, 10−4

pp → γ X gq → γq, gq̄ → γq̄ g x ! 0.005

Recent determinations and releases of the unpolarized PDFs up to NNLO have been
made by six groups: MMHT [55], NNPDF [56], CT(EQ) [57], HERAPDF [14],
ABM [58] and JR [59]. JR generate ‘dynamical’ PDFs from a valence-like input at
a very low starting scale, Q2

0 = 0.5 GeV2, whereas other groups start evolution at

Q2
0 = 1−4 GeV2. Most groups use input PDFs of the form xf = xa(...)(1 − x)b with

14-28 free parameters in total. In these cases the PDF uncertainties are made available
using the “Hessian” formulation. The free parameters are expanded around their best
fit values, and orthogonal eigenvector sets of PDFs depending on linear combinations of
the parameter variations are obtained. The uncertainty is then the quadratic sum of the
uncertainties arising from each eigenvector. The NNPDF group combines a Monte Carlo
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