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PDF and o, measurements at HERA

Stefan Schmitt-2:0
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Abstract. Recently, the HERA collider experiments H1 and ZEUS combined all avail-
able data on inclusive cross section measurements in deep-inelastic scattering (DIS). The
resulting Neutral Current (NC) and Charged Current (CC) measurements improve signif-
icantly over the individual datasets contribution and also over the previously published
combination of a smaller dataset. NC cross sections are measured in the ranges of mo-
mentum transfer 0.045 < Q% < 50000 GeV? and Bjorken-x 0.621 x 107% < x < 0.65 at
up to four different centre-of mass energies and, in many points, for both ¢*p and e™p
scattering. CC cross sctions are measured in the ranges 300 < Q% < 30000 GeV? and
0.8 x 1072 < x < 0.4 for both e*p and e~ p. The compatibility of the data with a DGLAP
evolution of parton densities is assesed in verious fits. Together with data on jet produc-
tion in DIS measured at HERA, the strong coupling is extracted at next-to-leading order.
New high-precition data on jet production in DIS are compared to next-to-next-to-leading
order calculations for the first time.

1 Introduction

At the HERA machine, located at DESYY, Hamburg, electrons or positrons of energy 27.6 GeV collided
head-on with protons of energies up to 920 GeV. The two experiments H1 and ZEUS collected data
in the years 1992-2007, amounting to an integrated luminosity of about 2 x 0.5 fb~!. Inclusive cross
sections, corresponding to the neutral current (NC) reactions e*p — e*X and the charged current (CC)
reactions e* p — vX, e~ p — vX, have been measured as a function of the momentum transfer 0% and
the variable Bjorken-x by both collaborations. Here, a combination of all available measurements is
presented, together with fits of parton densities and next-to-next-to leading order (NNLO) [IL].

In addition to these inclusive cross section measurements, measurements of jet production in the
Breit frame in DIS [2-6] are included in fits at next-to-leading order (NLO), to measure the strong
coupling a(mz). New measurements of jet production [7] are also compared to calculations of re-
cently published calculations at NNLO [§].

2 Deep-inelastic scattering

Deep-inelastic scattering of electrons of positrons off a proton proceeds by the exchange of a vector-
boson. In the NC process, a photon or Z boson is exchanged, whereas in the CC case a W boson is
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exchanged. The kinematics is described by two indepednent variables, for example the momentum
transfer Q% = —q2, where ¢ = e — ¢’ is the exchanged four-momentum, and the variable Bjorken-x,
where x = Q?/(2pq), with p being the four-vector of the incoming proton. Another variable is the
inelasticity y = 2pq/s, where s is the centre-of-mass energy squared. The variables are related by the
equation Q? = sxy.

The NC cross section for e* p scattering receives contributions from three structure functions, F,
F; and xF5 and is given by

d*os 2ra?
= =&t .. wh 1
dxdQ? 2OV, Oyc> Where (1)
~+ o — Y* = yz =
Onc = F2+Y—+XF3—Y—+FL. (2)

The helicity factors are Y, = 1 + (1 —y)? and « is the fine structure constant. Higher order electroweak
correction have been neglected in the above formulae. The structure function F is dominated by the
photon exchange, which is the leading contribution to the cros ssection. By measuring cross sections
with e* and e~ beams, the structure function xF5 can be measured, which is dominated by the y-Z
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Figure 1. Comparison of selected individual datapoints and the combination results.
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interference. The structure function F, and the longitudinal structure function F; can be separated
by varying y for fixed x and Q. For this reason, the HERA machine was operated at different proton
beam energies.

The charged current cross section is expressed using structure functions W, WLi and fo by

Coeee _ GiMy 1

dxdQ>  2mx (Q2+ M3,

1 3 57+ 37+
73 [Yo W, = YoxWs - W] . 3)

In the quark-parton-model, the structure functions themselves are related to parton density func-
tions (PDFs) of the proton. The structure functions are all sensitive to different quark flavours, so the
HERA data can be used to separate up-type and down-type quark as well as sea and valence quark
contributions in PDF fits. Sensitivity to the gluon density originates from the DGLAP equations,
which connect PDFs measured at different scales Q* and also from the longitidinal structure function.

3 Datasets and data combination

A total of 41 datasets measured by the H1 and ZEUS collaboration are combined. NC cross sections
in e* p scattering are measured at four different proton energies, 460, 575, 820 and 920 GeV, corre-
sponding to four different centre-of-mass energies of 225, 251, 300 and 319 GeV. NC cross sections
in e”p and CC cross sections in e*p and e”p are measured at a single centre-of-mass energy, 319
GeV. A total of 2927 data points are combined to obtain 1307 combined cross section measurements.
The combination of measurements is illustrated in figure[[l The combined datapoints are much more
precise than the individual measurements. Correlated systematic uncertainties are also reduced in the
combination procedure [9, [10]. For a given combined datapoint, up to six individual measurements
contribute.
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Figure 2. Comparison of the new combined HERA e~ p measurements to the previously published “HERA-I”
combination. NC reduced cross sections (left) and CC cross section (right) are shown.

As compared to the previously published combination of a subset of the HERA data, “HERA-I”
[[L1], the improvement is precision is striking, in particular for the e” p datasets, where the integrated
luminosity is increased by a factor of 15. This improvement is shown in figure 2 where the NC and
CC cross sections of this combination and the previous combination are compared. The uncertainties
are decreased by more than a factor of three in most cases.
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4 QCD analsyis of inclusive cross sections

A QCD analysis at NNLO is performed of the combined cros ssection data. The proton PDFs are
parameterized at a starting scale uy = 1.9GeV. Using the DGLAP equations [12-16], the PDFs
are evolved to arbitrary scales ¢ = @, and the predicted DIS cross sections can be compared to
theory. The PDF parameters are then determined in a y> minimisation of data and prediction. The
HERAPDF2.0 parameterisation used at NNLO has 14 free parameters. Only data with momentum
tranfer 0% > Q2. = 3.5GeV? are included in the fit. A comparison of the fit results to NC data is
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Figure 3. Comparison of the combined HERA NC measurements at /s = 319 GeV to the HERAPDF2.0 NNLO
fit.

shown in figure Bl The description is very good. At low x, the scaling violations are clearly visible.
At high 02, the effect of xF; is visible, such that the e~ p corss sections are larger that the e*p cross
sections. Overall, the fit yields x> = 1363 for a number of degrees of freedom of 1131. The differences
of theory to data are studied as a function of Qfmn, such that data below szin are excluded from the fit.



The results are shown in figured The fit quality y?/d.o.f. improves as Q
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is increased, but levels out

10 GeV>. IN other words, at lower Q7 the theory is increasingly less compatible with the
data. A detailed comparison of the theory to data at low Q? is shown in figure 3} The fit has problems
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Figure 5. Comparison of the combined HERA NC e*p measurements at /s = 319GeV and low Q? to the
HERAPDF2.0 NNLO fit.

to describe the data at low x and low Q?, where the longitudinal structure function contributes.
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5 Jet data

5.1 Extraction of the strong coupling at NLO

5.2 Comparison to NNLO calculations

6 Summary
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Figure 4. Agreement of data and the fit,
x*/d.of. as a fuinction of Q2. . Data gith
0% < @2, are excluded from the fit. Fits at
LO, NLO and NNO are studied as well as the
fit quality for the previously published data
combination at NLO.
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