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A next-to-leading order (NLO) QCD analysis of the Hi inclusive neu­
tral and charged current cross section data is performed, using a novel 
decomposition of cross sections into up and down type quark distribu­
tions. The fit parameter space is narrowed using theoretical constraints 
adapted to the new ansatz. 

1 I n t r o d u c t i o n 
The latest H I inclusive cross section measurements [1, 2], together with the low 
Q2 precision d a t a [3] and the high Q2 e±p d a t a [4, 5] previously published by the 
H I Collaboration, cover a huge range in four-momentum transfer squared Q2 

and Bjorken x. T h e measurements of neutral (NC) and charged current (CC) 
e±p scattering cross sections provide complementary sensitivity to different 
quark distr ibutions and the gluon distribution. The improved accuracy now 
available allows the determinat ion of a set of par ton distr ibutions and their 
uncertainty from H I d a t a alone. 

2 Cross S e c t i o n s , S t r u c t u r e F u n c t i o n s a n d P a r t o n D i s t r i b u t i o n s 
After correction for Q E D radiat ive effects the measured CC cross section for 
unpolarized ep scattering may be expressed as 

Gp being the Fermi coupling constant and Mw the mass of the W boson. 
The helicity dependences of the electroweak interactions are contained in Y± = 
1 ± ( 1 — y ) 2 , y being the inelasticity. In the quark par ton model (QPM), where 
Wf; — 0, W2 and xW% may be interpreted as lepton beam-charge dependent 
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In the high Q2 neutral current da ta , complementary sensitivity is obtained 
from xF$ which is dominated by the photon Z-boson interference te rm xF^z = 
x[2(U — U)] + (D — £>)]/3, but still more precise measurements are required to 
exploit xFs for a dedicated determinat ion of the valence quark distr ibutions. 

T h e e^p NC and CC cross sections can thus be wri t ten completely in te rms 
of (anti-) quark type distributions, which is utilised to define a novel quark 
distr ibution decomposition of the NC and C C cross sections in which the va­
lence quark distr ibutions uv and dv are obtained from the differences U — U 
and D — D , respectively. 

In the fit to the H I and BCDMS d a t a the isoscalar nucleon structure func­
tion is determined by the singlet combinat ion of par ton distr ibutions and 
a small contribution from the difference of s trange and charm quark distribu­
tions, F* = ^x(U + U + D+ T>) + \x{c+c-s-s). 

3 P a r a m e t e r i s a t i o n o f P D F s 
The initial par ton distr ibutions, xP = xg^ xU', xll', xD, xD, are parameterised 
at Q2 = Q2 in the following general form: 

xP(x) = APXBF>(1 - x)cp>[l + DPx + EPx2 + FPx3 + GPx% 

A number of relations between parameters can be introduced natural ly in this 
ansatz . At low x the valence quark distr ibutions are expected to vanish and 
the sea quark and anti-quark distr ibutions can be assumed to be equal. Thus 
the low x parameters A Q and Bq are constrained to be the same for xU, xU 

sums and differences of up type (xU), down type (xD) and of anti-quark type 
(xll, xD) distr ibutions and are given by 

The unpolarized inclusive NC section is given by 

where a = a(Q2 = 0) is the fine s tructure constant . .F2, xFs and FL denote 
the generalised NC proton structure functions. The dominant contribution to 
the cross section is F2 and to F2 is the electromagnetic s tructure function F2. 
In the Q P M , F2 can be writ ten as 
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and for xD, xD. Further constraints are the conventional m o m e n t u m sum 
rule and the valence quark counting rules. Disentangling the individual quark 
flavour contributions to the sea is possible only with additional experimental 
information a n d / o r assumptions. The charm and strange quark distr ibutions 
may be constrained using experimental da ta , as provided by H I and ZEUS on 
the charm contribution to F2 [6, 7] and from NuTeV on the strangeness content 
of the nucleon [8]. Assuming t h a t the strange and charm sea quark distr ibutions 
xs and xc can be expressed as fractions fs and fc of xD and xll at the s tar t ing 
scale, further constraints are used in the fit: AJJ — AJJ • (1 — / 5 ) / ( l — fc) and 
Bu — Bp, which ensure tha t d/u — 1 as # —> 0. 

4 F i t P r o c e d u r e 

The analysis is performed in the MS renormalisation scheme using the D G L A P 
evolution equations at NLO. The structure function formulae given here are 
thus replaced by integral convolutions of coefficient functions and P D F s . An 
approach is used whereby all quarks are taken to be massless, including the 
charm and b o t t o m quarks. The bo t tom distribution, #6, is evolved assuming 
tha t xb(x, Q2) — 0 for Q2 < m | , where is the bo t t om quark mass. 

The analysis uses an x space program developed within the H I collabora­
tion [9]. In the fit procedure a x 2 function is minimised which is defined in 
[3]. The minimisat ion takes into account correlations caused by systematic un­
certainties allowing the error parameters , including the relative normalisat ion 
of the various d a t a sets, to be determined by the fit. Correlations may occur 
between d a t a points of one d a t a set as well as across d a t a sets, since they may 
arise from the same source. 

5 R e s u l t s 

Par ton distr ibutions obtained by the fit to exclusively H I d a t a are shown in 
figure 1 and compared to the fit to H I and BCDMS da ta . Excellent agreement 
of the P D F s between the two fits is observed. The high Q2 d a t a of H I allow 
distinction between up and down type distributions, yielding results compatible 
with those from BCDMS proton and deuteron da ta . The P D F s are further 
compared to recent results from the M R S T [10] and C T E Q [11] groups. Given 
the many differences in terms of the d a t a sets used, the assumptions made and 
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the t rea tment of heavy flavour the agreement of the H I P D F 2000 fit with the 
M R S T and C T E Q analyses is remarkable. For further details see [2]. 

Figure 1: Parton distributions xU, xU, xD, xD and xg as determined from the H i P D F 
2000 fit to H i data only. The inner error band represents the experimental uncertainty, 
the outer error band shows the total uncertainty obtained by adding in quadrature the 
experimental and model uncertainties. For comparison, the parton distributions from the fit 
to H i ep and BCDMS ftp and fid data are shown as solid line, as are the recent results from 
the MRST and CTEQ groups, shown in the right column as dashed and dotted lines. 

The error bands reflect the size of the measurement uncertainties. However 
they also depend significantly on the fit assumptions, as demonst ra ted in figure 
2. If, for example, the constraints forcing d — u -» 0 when x 0 are relaxed, 
the size of the light quark asymmetry at low x is largely unknown, figure 2b. 
Collisions of electrons with deuterons at H E R A could be used to determine 
d — u at low x with a few per cent accuracy [12], see figure 2c. 
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Figure 2: The light sea quark asymmetry as obtained in the fit to Hi ep and BCDMS fj,p 
and fid data. The uncertainty at low x depends significantly on the fit assumptions (a, b) . 
DIS erf collisions at HERA could be used to constrain the d — u asymmetry at low x from 
data (c) . 
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