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We report a new Electroweak and QCD combined fit based on H1 measurements. Due
to the polarizations of electron and positron beams at HERA-II, the precision of the
Electroweak couplings of the light quarks to Z0 has been improved significantly.

1 Introduction

The deep inelastic scattering (DIS) of leptons off nucleons has played an important role in
revealing the structure of matter, in the discovery of weak neutral current interactions and
in the foundation of the Standard Model (SM) as the theory of strong and Electroweak
(EW) interactions. At HERA, the first lepton-proton collider ever built, the study of DIS
has been pursued since 1992 over a wide kinematic range. In terms of Q2, the negative
four-momentum transfer squared, the kinematic coverage includes the region where the
electromagnetic and weak interactions become of comparable strength. Both charged current
(CC) and neutral current (NC) interactions occur in ep collisions and are studied by the two
collider experiments H1 and ZEUS. Many QCD analyses of HERA data have been performed
to determine the strong interaction coupling constant αs [2, 3, 4] and parton distribution
functions (PDFs) [3, 5, 6]. In EW analyses, the W boson mass value has been determined
from the charged current data at high Q2 [5, 7, 8, 9, 10, 11, 12], and from combined fit
in [13].

Based solely on the precise data recently published by H1 [2, 5, 6, 9] and new data of
HERA-II, a combined QCD and EW analysis is performed here and parameters of the Elec-
troweak theory are determined. The published data have been taken by the H1 experiment
in the first phase of operation of HERA (HERA-I) with unpolarised e+ and e− beams and
correspond to an integrated luminosity of 100.8 pb−1 for e+p and 16.4 pb−1 for e−p, re-
spectively. The new data were taken in the second phase of operation (HERA-II, including
2003—2005) with polarized e+ and e− beams and correspond to an integrated luminosity
of 47.6 pb−1 for e+p and 98.2 pb−1 for e−p respectively.

At HERA, the NC interactions at high Q2 receive contributions from γZ interference
and Z0 exchange. Thus the NC data can be used to extract the weak couplings of up- and
down-type quarks to the Z0 boson. At high Q2 and high x, where the NC e±p cross sections
are sensitive to these couplings, the up- and down-type quark distributions are dominated
by the light u and d quarks. Therefore, this measurement can be considered to determine
the light quark couplings. The CC cross section data help to disentangle the up and down
quark distributions. At HERA-II, the e± beams are polarized. For neutral current, the
cross section can be expressed as:

d2σ±NC
dxdQ2

=
2πα2

xQ4
φ±NC ,

φ±NC = Y+F̃2 ∓ Y−xF̃3 − y2F̃L .
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Here we neglect the contribution of F̃L, the other two structure functions are:

F̃±2 ' F γ2 − (±Peae)χZF γZ2 ,

xF̃±3 ' − (ae)χZxF
γZ
3 , (1)

where the χZ is the propagator of the Z boson. Since χZ � χ2
Z and ve ' 0.05, the pure Z0

terms and the corresponding terms of ve have been neglected here.

In the quark parton model, the γZ interference terms can be expressed as :

F γZ2 =
∑

2eivi(xqi + xq̄i) ,

xF γZ3 =
∑

2eiai(xqi − xq̄i) . (2)

According to the formulae 1 and 2, we can see that the polarizations of e± put more
constraints to the Electroweak couplings. So we can expect high sensitivity of the couplings
from the polarized data of HERA-II.

2 Data sets and fit strategies

The QCDFit [14] package has been used in this work. The combined EW-QCD analysis
follows the same fit procedure as used in [6, 13]. The QCD analysis is performed using
the DGLAP evolution equations [15] at NLO [16] in the MS renormalisation scheme. The
contributions of the heavy quarks are taken into account, including the top quark. All
quarks are taken to be massless when Q2 is above their mass thresholds.
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Figure 1: Comparison of fits using a
toy Monte Carlo, 94-00 data and 94-
05 data.

Fits are performed to the measured cross sections
by fixing the strong coupling constant to be equal to
αs(M

2
Z) = 0.1185. The analysis uses an x-space pro-

gram developed within the H1 Collaboration [17]. In
the fit procedure, a χ2 function which is defined in [2]
is minimized. The minimization takes into account
correlations between data points caused by system-
atic uncertainties [6].

In the fits, five PDFs — gluon, xU, xD, xŪ and xD̄
are defined by 10 free parameters as in [6, 13]. For
all fits, the PDFs obtained here are consistent with
those from the H1 PDF 2000 fit [6].

The analysis performed here uses not only HERA-
I data sets as in [6], but also the data sets obtained
by HERA-II(including 2003−2005 data) which has
polarized electron and positron beams. These data
cover a Bjorken x range from 3×10−5 to 0.65 depend-
ing on Q2. The fit using a toy Monte Carlo data
shows that the polarization will improve the Elec-
troweak couplings significantly, especially for the up
quark (See figure 1).
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3 Fit results

In this analysis “fit vu − au − vd − ad−PDF”, the vector and axial-vector dressed couplings
of u and d quarks together with PDF are treated as free parameters. The effect of the u
and d correlation is studied by fixing either u or d quark couplings to their SM values fits
“vu − au−PDF” and “vd − ad−PDF”.

The results from this analysis are compared in figure 2 with the previous results of
HERA-I [13]. We can see that the precision of u quark couplings are improved significantly
as expected, which is due to the contribution of polarized e± beams.
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Figure 2: Fit results: contours of vector- and axial-
couplings of u and d quark, compared with HERA-I.

The precision is better for the
u quark as expected. The superior
precision for au comes from the
γZ interference contribution xF3.
And the improvement of vu comes
from the γZ interference term F γZ2

due to non zero polarization of e±.
Similarly the d-quark couplings vd
and ad are also constrained by
these terms but the smaller elec-
trical charge decreases the effect of
these constraints.

The results from this analysis
are also compared in figure 3 with
similar results obtained previously
by the CDF experiment [18]. The

HERA determination of the u quark couplings has better precision than that from the Teva-
tron. These determinations are sensitive to u and d quarks separately, contrary to other
measurements of the light quark-Z0 couplings in νN scattering [19] and atomic parity viola-
tion [20] on heavy nuclei. They also resolve any sign ambiguity and the ambiguities between
vu and au of the determinations based on observables measured at the Z0 resonance [21] at
LEP.
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Figure 3: Fit results: contours of vector- and axial-
couplings of u and d quark, compared with those of
LEP and CDF.

The vector and axial-vector weak
neutral current couplings of u and
d quarks to the Z0 boson have
been determined at HERA. The
precision of u quark couplings has
been improved significantly with
respect to the HERA-I results.
Also better precision of the u
quark couplings was achieved com-
pared with the CDF results [18],
and it has no sign ambiguities such
as those of LEP [21]. All re-
sults are consistent with the Elec-
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troweak Standard Model.
Further improvement in presision is expected as more HERA-II data will be analysed

and included in the combined fit.
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