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High Q2 neutral and charged current interactions in
polarized epcollisions at HERA II with the H1
Detector
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Preliminary results from longitudinally polarized electron† collisions with unpolarized protons
are presented. The measurements correspond to negative four momentum transfer squaredQ2 &

100 GeV2 and are based on the complete HERA-II data set taken by the H1 Detector — 330
pb−1 of data at the centre of mass energy of

√
s = 318 GeV. Measurements demonstrating the

parity violating nature of the electroweak force are presented for both neutral current and charged
current interactions and are found to be in good agreement with Standard Model predictions. The
polarized data sets are combined in order to extract the unpolarized cross section. The resulting
single differential dσ/dQ2 and double differential reduced cross sectionsσ̃ (in Bjorken-xandQ2)
are compared to SM expectations for which there is good agreement. The HERA-II unpolarized
cross section is combined with its previously published H1 HERA-I measurement to give the
HERA-I+II result which has improved statistical as well as systematic precision. The HERA-I+II
NC cross sections are used to derive the valence sensitivexFγZ

3 structure function.
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∗Speaker.
†Throughout this text the term “electrons” refers generically to electrons (e+) and positrons (e−).
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1. Introduction

The 2000 Luminosity Upgrade of the HERA collider brought with it an increase in specific
luminosity by factor 5 and the ability to longitudinally polarize the lepton beam. With electrons
at 27.5 GeV and protons at 920 GeV, HERA-II provided the laboratory to study deep inelastic
scattering with the intent of probing the structure of the proton as well as the chiral structure of the
electroweak interaction.

The H1 Detector[4, 5] covered the 4π solid angle and observed the neutral current (NC:ep→
eX) and charged current (CC:ep→ νeX) e±p collisions. The reconstruction of both the scattered
electron and hadronic final state resulted in overdetermined neutral current kinematics providing a
means of optimizing the kinematic reconstruction as well ascalibrating the calorimeters.

The measurements presented in this paper[7, 8] are based on the polarized electron data col-
lected by the H1 Detector during the HERA-II run, and amountsto luminosities of 150 pb−1 of e−p
and 180 pb−1 of e+p data. The total, single differential dσ/dQ2 and double differential reduced
cross sections̃σ are measured. In the case of neutral current,σ̃ is defined by:

σ̃±
NC(e±p→ eX)(x,Q2) ≡

1
Y+

xQ4

2πα2

d2σNC

dxdQ2 = (Y+F̃2
±∓Y−xF̃±

3 −y2F̃±
L )/(Y+) (1.1)

whereY± ≡ 1± (1− y)2 and F̃2, xF̃3 and F̃L are the generalized structure functions. The CC re-
duced cross section is defined similarly[6]. The reduced cross sections give best sensitivity to the
PDFs. Unpolarized HERA-II measurements are made by combining the left- and right-handed
samples and correcting for the small residual polarization. The HERA-II unpolarized cross sec-
tions are combined with previously published H1 HERA-I measurements using a model indepen-
dent method[2] which takes into account the correlated systematic uncertainties between the data
sets thereby reducing both the statistical and systematic uncertainties.

2. Results

Figure 1(a) shows the polarization1 dependence of the total charged current cross section com-
pared with its Standard Model (SM) expectation using HERAPDF 1.0[3]2. The data supports the
expected linear dependence of the cross section on polarization where theW does not couple to
right-handed electrons nor to left-handed positrons. The CC reduced cross sections for the left-
and right-handede+p samples are shown in figure 1(b) for fixedQ2 as a function ofx. Also shown
is the SM expectation derived from H1PDF2009[1] which agrees well with the measurement. The
combined HERA I+II unpolarizede−p reduced cross section is shown in figure 1(c). The SM ex-
pectation together with its up- and down-type quark contributions are also indicated. As can be
observed, the measurement provides a strong constraint in determining the up-type parton distribu-
tion whose contribution dominates especially at highx .

1The polarization P of a given sample is defined as the fractionof the sample with right-handed electrons minus the
fraction with left-handed electrons, and ranges from -1 to +1.

2Both the HERAPDF 1.0 and H1PDF2009 PDFs are based on measurements using HERA-I data.
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Figure 1: (a) The total CC cross section measurement (points) as a function of polarization against the
HERAPDF 1.0 SM expectation (lines). (b) The CC reduced crosssection for the left- and right-handede+p
samples. The measurement (points) can be compared to the H1PDF2009 SM expectation (lines). (c) The CC
HERA I+II e−p unpolarized reduced cross section. Shown are the measurement (points) and H1PDF2009
SM expectation (full lines) with its quark (dashed lines) and anti-quark (dashed-dotted lines) contributions.

The polarization dependence of the NC cross section is much smaller than that of the CC. It is
well quantified by the polarization asymmetryA:

A≡
2

PR−PL
·

σR−σL

σR+ σL
(2.1)

wherePL and PR are the polarization of the left- and right-handed samples respectively andσL

andσR the corresponding cross sections. For parity in variance,A = 0. Figure 2(a) showsA as a
function ofQ2 for e−p ande+p interactions as determined from their respective single differential
cross sections. It can be seen thatA is non-zero and negative fore−, positive fore+, and increases
in magnitude withQ2 as is expected from the SM expectation (also shown) — a confirmation of
NC parity violation.

Figure 2(b) shows the unpolarized HERA-II NCe±p reduced cross sections for fixedQ2 as
a function ofx. Good agreement can be observed between the data and the SM prediction (based
on the PDFs extracted from HERA-I data). At lowQ2 the e+ ande− measurements agree. With
increasingQ2 these measurements begin to separate due to the increasing role of Z0 exchange.
By first combining the HERA-I and HERA-II unpolarized measurements, the difference between
the resultinge−p ande+p HERA-I+II unpolarized cross sections is used to determinexFγZ

3 as a
function of x andQ2. Since the dependence onQ2 is small, measurements at a fixedx-value but
differentQ2 are transformed to a commonQ2 value of 1500 GeV2 and then averaged. Figure 2(d)
showsxFγZ

3 obtained in this way — the sensitivity to the valence quarks is visible from the data
which is well described by the SM expectation.

3. Conclusions

Parity Violation in both the neutral current and charged current electroweak sectors has been
observed and agrees with its Standard Model expectation.The valence sensitivexFγZ

3 structure func-
tion has been determined and is well described by the Standard Model.
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Figure 2: (a) The NC polarization asymmetry A fore−p (blue squares) ande+p (red circles) data with its
H1PDF 2009 SM expectation (e−p as blue ande+p as red lines). (b) The unpolarized HERA-II NC reduced
cross sections fore+p (solid squares) ande−p (open circles) interactions. Also shown are the corresponding
H1PDF 2009 SM expectations (e+p as solid ande−p as dashed lines). (c) ThexFγZ

3 structure function as a
function ofx for Q2=1500 GeV2. The measurement (points) is shown together with its HERAPDF 1.0 SM
expectation (line).

The neutral and charged current inclusive cross sections have been measured and agree well
with their Standard Model expectations. These measurements provide strong constraints for deter-
mining the parton distributions of the proton and will therefore play a significant role in establishing
our view of the proton and making predictions at the LHC.
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