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Abstract.

A simultaneous NLO QCD fit of the parton density functions fPof the proton and of the strong coupliog(Mz) is
presented. The analysis is based on combined H1 and ZEUSiveDIS cross section measurements together with inelusi
jet cross section measurements provided by both H1 and ZBl&borations. The inclusion of the jet data significantly
reduces the correlation between the gluon PDF and the sttongling, improving the precision of the gluon PDF and
providing an accurate determinationaf(Mz) using DIS data from HERA only.
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INTRODUCTION

The Rutherford centennial is celebrating Rutherford’sa®ry of the atomic nucleus in 1911 by scattering alpha-
particles on a gold foil. Since then scattering experimbate come a long way, improving the resolution from about
6 times the proton radiu®( ~ 1 fm) in 1911 to about 11000- R, as achieved by the HERA experiments [1] at the so
far onlyepcollider. Here, | want to describe the current achievemierttse extraction of the parton density functions
(PDFs) of the proton and of the strong QCD coupling from ista and jet measurements in DIS at HERA.

Inclusive neutral current (NC) and charged current (CC)sueaments, in leading order (LO) represented by the
quark-parton model, are sensitive to the valence and seksjoithe proton. Only at next-to-leading order (NLO) and
beyond do they become sensitive to the gluon density (gralolations) and the strong coupling, which are however
strongly correlated. Inclusive jets in DIS, when measugdekample in the Breit frame, are sensitive to the gluon
density and the strong coupling already in LO, via the bogloion fusion process. This process dominates for the
negative photon momentum transfer squared, or photoralitguQ?, less than about 1000 G8VAbove that value
the QCD-Compton process becomes dominant, providingtsgtysto the strong coupling without being correlated
to the gluon. Therefore, one can expect that the additioetofneasurements to the hitherto mainly used inclusive
measurements alone will allow a reduction of the correfabetween the gluon density and the strong coupling,
thereby making it possible to extract simultaneously bddF&and the strong coupling from DIS data.

HERAPDFS

The idea behind the HERAPDFs is to use only HERA NC and CC dattaei fits. Combined inclusive cross sections
from the H1 and ZEUS experiments are used, which have inedepeecision due to statistics but also due to
intercalibration effects made possible by the two complatiany detectors. Thus, precise combined data sets with
total uncertainties between-12% (for NC) over most of the phase space are used. The systeroatelated and
uncorrelated errors are well controlled, such that thedsted\x? = 1 uncertainty criterion can be used. Since HERA
data only includes™ p data, there are no uncertainties due to for example deuniaritheavy target corrections.

Two parametrizations have been studied: a 10 parameterifihwas used for the published HERAPDF1.0 [2] and
for the preliminary HERAPDF1.5 [3], and a 14 parameter fit,tfee preliminary HERAPDF1.5f and HERAPDF1.6
[4]. The latter parametrization provides more flexibilityparticular for the gluon density at loxwy which is preferred
because of the additional jet data. At @é starting scale the PDFs are parametrized as follows:

xgx) = AgE.(1—x)% —ApEa. (1—x)%
XW(X) = AEY.- (1—x) . (14+Dyx+Epx®) and xd(x) = AgxEv . (1—x)
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W(x) = AP (1-x)% and xD(x) = AxxE.-(1—x)%

In the 14 parameter fidg, Ay, and Ay, are constrained by the momentum and quark sum rules. Fortherit is
assumed thay = By, Cy = 25 andAg = Ag(1— fs), wherefs is the strange sea fraction@§. These choices define

the central fit, as adding more parameters does not sigrtificaduce they2. The parametrization uncertainty is
estimated by adding one additional parameter at a time,gthgithe parametrizations and varying the starting scale
Q3 around the default value of9 Ge\2. A model uncertainty is determined by varying the heavy Ruaassesfs
andQ?,  around their default value®2,, specifies the minimaD? for a data point to be included in the fit.

The fit of the PDFs is performed using the NLO DGLAP equati@msploying the QCDNUM [5] evolution code.
Charm and beauty quarks are treated as massive in the TRuoiperts variable-flavor-number scheme [6, 7]. The jet
production cross sections are calculated with the fastNa@ed8], which efficiently convolutes the matrix elements,
calculated using the NLOJet++ program [9], with the fitted#8D

Here is not the place to discuss this, but it should be meatidinat HERAPDF1.0 and HERAPDF1.5 fits have been
also performed using evolution equations in next-to-riexttading order (NNLO). For the reader who wants to know
more details and updates on the HERAPDFS, they can be fourd 1.

DATA

The data used in the extraction of the PDFs and the stronglingups(Mz) are the combined NC and CE p
ande p inclusive cross sections from the HERA-I [2, 11] and HERAdhning periods [12, 11]. In addition, the
following jet measurements from the H1 and ZEUS collaboregiwere used: normalized inclusive jet cross sections
for 150 < Q% < 15000 GeV [13], corresponding to an integrated luminosity of 395 pband inclusive jet cross
sections for 5< Q% < 100 GeV* [14], corresponding to an integrated luminosity of88b 1, and inclusive jet cross
sections from two running periods in HERA-I f@° > 125 GeVf [15], corresponding to an integrated luminosity of
38.6 pb1, and for 125< Q2 < 10000 GeV [16], corresponding to an integrated luminosity of 82 pb

FIT RESULTS

The PDFs as a function afat Q° = 10 Ge\?, when going from HERAPDF1.5 (10 parameters) to HERAPDF(ILBf
parameters) with fixeds(Mz) = 0.1176, show an overall similar total uncertainty. The layietds a softer sea density

at highx and a suppressed d-valence density atlofeepingas(Mz) fixed and including the jet measurements, which
leads to the HERAPDFL1.6 fit, one observes little differemctne PDFs and their uncertainties, only the higiluon
uncertainty is somewhat reduced. The respective figurebedound in [4]. More interesting results are obtained
when the fits for HERAPDF1.5f (no jets) and HERAPDF1.6 (wits) are performed withis(Mz) treated as a free

fit parameter. The corresponding PDFs and their uncertbiutgls are shown in Fig.1. Adding the jet data leads to a

H1and ZEUSHERA I+11 PDF Fit . H1and ZEUSHERA I+11 PDF Fit with Jets H1and ZEUS (prel.)
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FIGURE 1. (a) HERAPDF1.5fwithoutand (b) HERAPDF1.6 with jet datalirted in the fit, as a function offor Q2 = 10 Ge\?
with as(Mz) as an additional free parameter in the fit, andXg¥ for both fits.

dramatic decrease of the langluon uncertainty, not only of the experimental uncertgibut also of the model and
parametrization ones. In Fig.1c thg? distributions are shown as a functionaf(Mz). The HERAPDF1.5f fit shows



a shallow minimum, while the HERAPDF1.6 fit provides a straogstraint on the value afs(Mz). The addition of

the jet data successfully reduces the correlation of tlemgtcoupling and the gluon density, for reasons discussed in
the introduction. The increase in the uncertainty of thegldensity due tars(Mz) being a free parameter is not large
when jet data are included. The fit yields the following vdimethe strong coupling:

as(Mz) = 0.1202+0.0013(exp.)+ 0.0007(mode)/param) H1 and ZEUS (prel.)
— exp. uncert.

ization+0-0045
+0.0012(hadronization ™y 53a(scalg HERAPDFLS P

Preliminary

The hadronization uncertainty is due to the correspondimgec- L high Q7 nom. k , mulets R

=
tions of the NLO jet cross sections. The uncertainty duedstale G ;‘
is estimated by a variation of the renormalization and fazagion HilowQ h, multiers . - £
scale by the conventional factor of2and 2 when calculating the 2EUS ncK et 96.97 E
jet cross sections. For the inclusive cross sections thismginty Piys. Lot B 547,164 (2002 &
was assumed to be negligible. ZEUS incl. k  jets 98-00 | “
In Fig.2 the results oos(Mz) are displayed from HERAPDF1.6 il . 3
and as obtained from recent extractions by H1 and ZEUS using| Joeaerase | @ v . b
only jet production data in DIS. The experimental and thécaé T §
uncertainties are indicated separately. For HERAPDF le6uth T
certainty due to the PDFs is part of the experimental uniceyta Te

while for the jets only results it is part of the theory unagnty. FIGURE 2. as(Mz) values from HERAPDF1.6,
The values obtained using different methods and expersranet from jet production in DIS, by the H1 and
experimentally very precise. They are consistent with esther ZEUS collaborations, and the world average.
and with the world average.

SUMMARY

A NLO QCD fit with simultaneous determinations of the protddH2 andas(Mz) was performed using HERA DIS
data only. Combined H1 and ZEUS inclusive NC and CC crossosectogether with inclusive jet cross sections
from the H1 and ZEUS collaborations have been used. Indpgindata in the fit and treatings(Mz) as a free
parameter, dramatically reduces the correlations bettheegluon density and the strong coupling compared to the fit
without jets. The precision of the gluon density is improvadd an accurate and unbiased determinaticms(fz)

is achieved, yielding a value consistent with the world ager
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