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Figure 1: MSTW 2008 NLO PDFs at Q2 = 10 GeV2 and Q2 = 104 GeV2.

with broader grid coverage in x and Q2 than in previous sets.
In this paper we present the new MSTW 2008 PDFs at LO, NLO and NNLO. These sets are

a major update to the currently available MRST 2001 LO [15], MRST 2004 NLO [18] and MRST
2006 NNLO [21] PDFs. The “end products” of the present paper are grids and interpolation
code for the PDFs, which can be found at Ref. [27]. An example is given in Fig. 1, which
shows the NLO PDFs at scales of Q2 = 10 GeV2 and Q2 = 104 GeV2, including the associated
one-sigma (68%) confidence level (C.L.) uncertainty bands.

The contents of this paper are as follows. The new experimental information is summarised in
Section 2. An overview of the theoretical framework is presented in Section 3 and the treatment
of heavy flavours is explained in Section 4. In Section 5 we present the results of the global fits and
in Section 6 we explain the improvements made in the error propagation of the experimental data
to the PDF uncertainties, and their consequences. Then we present a more detailed discussion of
the description of different data sets included in the global fit: inclusive DIS structure functions
(Section 7), dimuon cross sections from neutrino–nucleon scattering (Section 8), heavy flavour
DIS structure functions (Section 9), low-energy Drell–Yan production (Section 10), W and Z
production at the Tevatron (Section 11), and inclusive jet production at the Tevatron and
at HERA (Section 12). In Section 13 we discuss the low-x gluon and the description of the
longitudinal structure function, in Section 14 we compare our PDFs with other recent sets,
and in Section 15 we present predictions for W and Z total cross sections at the Tevatron and
LHC. Finally, we conclude in Section 16. Throughout the text we will highlight the numerous
refinements and improvements made to the previous MRST analyses.
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3 Overview of theoretical framework

In this section we first give a brief overview of the standard theoretical formalism used, and then
present a summary of the theoretical improvements and changes in methodology in the global
analysis. A more detailed discussion of the various items is given later in separate sections.

We work within the standard framework of leading-twist fixed-order collinear factorisation
in the MS scheme, where structure functions in DIS, Fi(x, Q2), can be written as a convolution
of coefficient functions, Ci,a, with PDFs of flavour a in a hadron of type A, fa/A(x, Q2), i.e.

Fi(x, Q2) =
∑

a=q,g

Ci,a ⊗ fa/A(x, Q2). (2)

Similarly, in hadron–hadron collisions, hadronic cross sections can be written as process-dependent
partonic cross sections convoluted with the same universal PDFs, i.e.

σAB =
∑

a,b=q,g

σ̂ab ⊗ fa/A(x1, Q
2) ⊗ fb/B(x2, Q

2). (3)

The scale dependence of the PDFs is given by the DGLAP evolution equation in terms of
the calculable splitting functions, Paa′ , i.e.

∂fa/A

∂ ln Q2
=

∑

a′=q,g

Paa′ ⊗ fa′/A. (4)

The DIS coefficient functions, Ci,a, the partonic cross sections, σ̂ab, and the splitting functions,
Paa′ , can each be expanded as perturbative series in the running strong coupling, αS(Q2). The
strong coupling satisfies the renormalisation group equation, which up to NNLO reads

d

d ln Q2

(αS

4π

)

= −β0

(αS

4π

)2
− β1

(αS

4π

)3
− β2

(αS

4π

)4
− . . . . (5)

The input for the evolution equations, (4) and (5), fa/A(x, Q2
0) and αS(Q2

0), at a reference
input scale, taken to be Q2

0 = 1 GeV2, must be determined from a global analysis of data. In
the present study we use a slightly extended form, compared to previous MRST fits, of the
parameterisation of the parton distributions at the input scale Q2

0 = 1 GeV2:

xuv(x, Q2
0) = Au xη1(1 − x)η2(1 + εu

√
x + γu x), (6)

xdv(x, Q2
0) = Ad xη3(1 − x)η4(1 + εd

√
x + γd x), (7)

xS(x, Q2
0) = AS xδS(1 − x)ηS(1 + εS

√
x + γS x), (8)

x∆(x, Q2
0) = A∆ xη∆(1 − x)ηS+2(1 + γ∆ x + δ∆ x2), (9)

xg(x, Q2
0) = Ag xδg (1 − x)ηg(1 + εg

√
x + γg x) + Ag′ x

δg′ (1 − x)ηg′ , (10)

x(s + s̄)(x, Q2
0) = A+ xδS (1 − x)η+(1 + εS

√
x + γS x), (11)

x(s − s̄)(x, Q2
0) = A− xδ−(1 − x)η−(1 − x/x0), (12)

9
Parameter LO NLO NNLO
αS(Q2

0) 0.68183 0.49128 0.45077
αS(M2

Z) 0.13939 0.12018 0.11707
Au 1.4335 0.25871 0.22250
η1 0.45232 +0.022

−0.018 0.29065 +0.019
−0.013 0.27871 +0.018

−0.014

η2 3.0409 +0.079
−0.067 3.2432 +0.062

−0.039 3.3627 +0.061
−0.044

εu −2.3737 +0.54
−0.48 4.0603 +1.6

−2.3 4.4343 +2.4
−2.7

γu 8.9924 30.687 38.599
Ad 5.0903 12.288 17.938
η3 0.71978 +0.057

−0.082 0.96809 +0.11
−0.11 1.0839 +0.12

−0.11

η4 − η2 2.0835 +0.32
−0.45 2.7003 +0.50

−0.52 2.7865 +0.50
−0.44

εd −4.3654 +0.28
−0.22 −3.8911 +0.31

−0.29 −3.6387 +0.27
−0.28

γd 7.4730 6.0542 5.2577
AS 0.59964 +0.036

−0.030 0.31620 +0.030
−0.021 0.64942 +0.047

−0.041

δS −0.16276 −0.21515 −0.11912
ηS 8.8801 +0.33

−0.33 9.2726 +0.23
−0.33 9.4189 +0.25

−0.33

εS −2.9012 +0.33
−0.37 −2.6022 +0.71

−0.96 −2.6287 +0.49
−0.51

γS 16.865 30.785 18.065
∫ 1
0 dx ∆(x, Q2

0) 0.091031 +0.012
−0.009 0.087673 +0.013

−0.011 0.078167 +0.012
−0.0091

A∆ 8.9413 8.1084 16.244
η∆ 1.8760 +0.24

−0.30 1.8691 +0.23
−0.32 2.0741 +0.18

−0.35

γ∆ 8.4703 +2.0
−0.3 13.609 +1.1

−0.6 6.7640 +0.77
−0.41

δ∆ −36.507 −59.289 −36.090
Ag 0.0012216 1.0805 3.4055
δg −0.83657 +0.15

−0.14 −0.42848 +0.066
−0.057 −0.12178 +0.23

−0.16

ηg 2.3882 +0.51
−0.50 3.0225 +0.43

−0.36 2.9278 +0.68
−0.41

εg −38.997 +36
−35 −2.2922 −2.3210

γg 1445.5 +880
−750 3.4894 1.9233

Ag′ — −1.1168 −1.6189
δg′ — −0.42776 +0.053

−0.047 −0.23999 +0.14
−0.10

ηg′ — 32.869 +6.5
−5.9 24.792 +6.5

−5.2

A+ 0.10302 +0.029
−0.017 0.047915 +0.0095

−0.0076 0.10455 +0.019
−0.016

η+ 13.242 +2.9
−1.4 9.7466 +1.0

−0.8 9.8689 +1.0
−0.6

A− −0.011523 +0.009
−0.018 −0.011629 +0.009

−0.023 −0.0093692 +0.006
−0.024

η− 10.285 +16
−6 11.261 +22

−6 9.5783 +26
−5

x0 0.017414 0.016050 0.018556
r1 −0.39484 −0.57631 −0.80834
r2 −1.0719 0.81878 1.2669
r3 −0.28973 −0.083208 0.15098

Table 4: The optimal values of αS and the input PDF parameters at Q2
0 = 1 GeV2 determined

from the global analysis. The one-sigma errors are calculated using (51) and (52) using the 68%
C.L. tolerance discussed in Section 6, and are shown only for the 20 parameters allowed to go free
when determining the eigenvector PDF sets. The parameters Au, Ad, Ag and x0 are determined
from sum rules and are not fitted parameters. Similarly, A∆ is determined from

∫ 1

0 dx ∆(x, Q2
0).

The three parameters ri, defined in (73), are associated with the nuclear corrections to the
neutrino data; see Section 7.3. The parameter values are given to five significant figures solely
for accuracy in the case of reproduction of the PDFs.

35

Process Subprocess Partons x range
!± {p, n} → !± X γ∗q → q q, q̄, g x ! 0.01
!± n/p → !± 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 0.0001 " x " 0.1
e+ p → ν̄ X W+ {d, s} → {u, c} d, s x ! 0.01
e±p → e± cc̄X γ∗c → c, γ∗g → cc̄ c, g 0.0001 " x " 0.01
e±p → jet + X γ∗g → qq̄ g 0.01 " x " 0.1
pp̄ → jet + X gg, qg, qq → 2j g, q 0.01 " x " 0.5
pp̄ → (W± → !±ν) X ud → W, ūd̄ → W u, d, ū, d̄ x ! 0.05
pp̄ → (Z → !+!−) X uu, dd → Z d x ! 0.05

Table 1: The main processes included in the current global PDF analysis ordered in three groups:
fixed-target experiments, HERA and the Tevatron. 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.
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Tevatron and LHCParton kinematics
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Evolution at small xPerturbative stability of evolution
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DGLAP evolution: at higher Q2, parton densities shift towards low x

Plot: S.-O. Moch, KITP talk, 2008
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Q=100 GeV Q=1000 GeV
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Tevatron and LHCParton kinematics
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To Learn More:

• TASI-09 lectures: arXiv:1002.0274

• Cornell Collider Physics class (2009): 

• Contact me to get access to video 
recordings on the class:

http://www.lepp.cornell.edu/~maxim/P661/

mp325@cornell.edu
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