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1. Introduction

At the ep collider HERA (1992-2007), electrons of 27.5 GeV collided with protons of pre-
dominantly 920 GeV. This corresponds to an ep center of mass energy of 320 GeV. After the lumi-
nosity upgrade of the machine in the second phase of the HERA program (HERA-II, 2003-2007),
the accelerator provided longitudinal polarization of the lepton beams (of about 40%) defined as
P = (Nr—NL)/(Nr+N_), where Nr (NL) is the number of right- (left-)handed leptons in the beam.
For that purpose pairs of spin rotators were implemented in the beam-line on either side of the inter-
action regions, which rotated transversely polarized leptons into longitudinally polarized states and
back again. The transverse polarization of the lepton beam arised naturally through synchrotron
radiation via the Sokolov—Ternov effect.

The longitudinal polarization of the lepton beam at HERA-II was exploited in the measure-
ments of the e* pand e~ p inclusive neutral (NC) and charged (CC) current deep inelastic scattering
cross sections by H1 [1] and ZEUS [2]. The e p and e' p data with negative (“L”) and positive
(“R”) polarizations are also combined together to provide measurements of the unpolarized e*p
cross sections. In order to improve the statistical precision, the H1 cross section measurements
are combined with previously published measurements from HERA-I representing the complete
H1 data set. The unpolarized e*p NC and CC cross sections are shown in Fig. 1 (left). Both H1
and ZEUS performed combined electroweak (EW) and QCD analyses of the NC and CC data to
determine electroweak parameters taking their correlation with parton distributions into account.

2. CC cross sections with longitudinally polarized leptons

The polarization dependence of the CC e*p — v(v)X cross sections is calculable within the
Standard Model (SM) framework. The SM predicts that in the absence of right-handed charged
currents, the e p (" p) CC cross section is directly proportional to the fraction of right-handed
positrons (left-handed electrons) in the beam. Thus, it can be expressed as

0SP(P) = (1£P)oSP(P=0). 2.1)

The total CC cross sections agép measured by H1 and ZEUS for negative four-momentum

transfers squared Q? > 400 GeV? and inelasticity y < 0.9 are shown in Fig. 1 (right). The mea-
surements of the unpolarized total cross section based on the HERA-I data are also shown. The
measurements exhibit the expected linear dependence as a function of the polarization and are
consistent with the axiomatic absence of right-handed charged currents in the Standard Model.

3. NC cross sections with longitudinally polarized leptons

The cross section of the NC process, e p — e X, can be written as

2cSP  2ma? . 2ma?

= Y, G (x, Q) =
dXdQ2 XQ4 + NC( ’Q) XQ4
where a is the fine structure constant and x is the Bjorken scaling variable. The helicity depen-
dences are contained in Y. = 14+ (1—y?) and &y is the reduced cross section. The first two

(Y FEE FY XFf —yPRY), (3.1)
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Figure 1. Left: Thee™p and e p NC and CC unpolarized cross sections. Right: The dependence of the
et pand e p CC cross sections on the lepton beam polarization P. The data are compared to the Standard
Model prediction based on the HERAPDF1.0 [3] parameterization.

generalized proton structure functions can be decomposed as

By = Fot K(—Ve T Pae)F)” +K2(V% + &8 + 2Pveae) 5 ,
N K(—ae T PVe)XFYZ + K?(2Veae + P(VZ + 82))XF{ (3.2)

2 2
where k is scheme dependent and takes the form k=1 = —Z(gﬁ’,f? Q SZMZ
Z

scheme [4]. Mz is the Z° mass and G is the Fermi constant. The quantities ve = —1/2+25in2 By
and a. = —1/2 are the vector and axial-vector couplings of the electron to the Z boson with By
being the electroweak mixing angle (Weinberg angle). The third generalized structure function F*
is important only at high y and is expected to be negligible at large x and Q2.

At leading order in QCD, F, FZVZ, F# are related to linear combinations of sums and differ-
ences of the quark and anti-quark momentum distributions xq and xq of the proton:

in the modified on-mass-shell

(Fo, FY%, Ff) =x3(€,2eqv,V2 + @2)(q+ §),
(XFy% XFE) = 2x3 (gaq:Vedq) (A — 0), (33)

where vq and a are the vector and axial-vector couplings of the light quarks to the Z boson, and e
is the charge of the quark of flavor .
The charge-dependent polarization asymmetries of the NC cross sections are defined as

+ + yZ
2 'O-i(PR>O)_Ui(PL<O) :q:kaeFL . (3.4)
Pr—R o*(Pr>0)+0*(R <0) P
These asymmetries are proportional to the combinations aevy and thus provide a direct measure
of parity violation. In the Standard Model A(e™ p) is expected to be positive and about equal to
—A(e p). At large x the asymmetries measure the d/u ratio of the valence quark distributions

according to

Ale*p) =

A(eip)Nikl-i—dv/Uv

~ e (3.5)
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Figure 2: The H1 measurements of the polarization asymmetry in the et p and e p NC interactions (left)
and of the structure function xF3VZ (right). The curves describe the SM predictions based on the NLO QCD
fi ts[3, 5] to the unpolarized HERA-I data.

The results for the polarization asymmetries are shown in Fig. 2 (left). The polarization effects
in the NC process are reliably established at large values of Q? corresponding to small distances.
The asymmetries are well described by the SM predictions based on the NLO QCD fit [5] to the
unpolarized HERA-I data.

A lepton beam charge dependence allows the structure function xFs to be measured using the
combined unpolarized data from HERA-I and HERA-II. The structure function xF5 can be obtained
from the cross section difference between electron and positron data

XFs = N [Grc (% Q?) — Bric (%, Q)] - (3.6)
The dominant contribution to xF3 arises from the yZ interference, which allows xF3VZ to be ex-
tracted according to xF3VZ ~ —xlfg,/kae by neglecting the pure Z° exchange contribution, which is
suppressed by the small vector coupling ve. The structure function XF3VZ is non-singlet and has lit-
tle dependence on Q?. The measured xF3VZ at different Q? values can thus be averaged taking into
account the small Q? dependence. The averaged XF3VZ, determined for a Q? value of 1500 GeV?,
is shown in Fig. 2 (right). The xF3VZ measurement, which is directly sensitive to the valence quark
distributions, is well described by the NLO QCD fits [3, 5] to previously published HERA-I data.

4. Electroweak and QCD fits at HERA

The longitudinally polarized NC and CC cross section measurements from H1 and ZEUS are
used in the combined electroweak and QCD fits to determine electroweak parameters. The parton
distribution functions (PDFs) are evolved in Q? using the DGLAP equations in NLO from the
distributions in x defined at an initial scale Q3. In the recent analysis of the H1 data Q% = 1.9 GeV?
and the PDF set (xg, Xuy, xdy, XU and xD) are taken as in HERAPDF1.0 [3]. The H1 and ZEUS
results [6] on the weak neutral couplings of u and d quarks to the Z° boson are shown in Fig. 3
in comparison with the LEP EW [7] and CDF [8] measurements. The polarization data improve
the sensitivity to vq via FZVZ due to the term in Eq. 3.2 proportional to P. The HERA results are
complementary and competitive with those determined from e™e~ and pp experiments.
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Figure 3: The H1 and ZEUS results on the weak neutral couplings of u and d quarks to the Z° boson
compared to measurements by the LEP EWWG and the CDF experiment.

5. Summary

The ep NC and CC cross sections are measured using the HERA-II data with longitudi-
nally polarized lepton beams. The polarization dependence of the CC cross section exhibits the
expected linear behavior, consistent with the absence of right-handed charged currents in the Stan-
dard Model. The polarization asymmetry of the NC cross section is obtained demonstrating parity
violation at very small distances down to about 1018 m. The lepton beam charge dependence due
to the interference between the photon and the Z exchange is used to measure the interference struc-
ture function xF3yz which is sensitive to the valence quark distributions. The polarized HERA-II
data are used in the EW and QCD analyses, substantially improving the precision of the determi-
nation of the weak neutral couplings with respect to the previously published measurements based
on the HERA-I data only. The results on vq and aq are complementary and competitive with those
from e~ e" and pp experiments.
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