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1. Introduction

At HERA 27.6 GeV leptons (electrons and positrons) werdaedl with the 920 GeV protons,
leading to arep centre-of-mass energy of 320 GeV. During the second phabe 6fERA program
(HERA-II, 2003-2007), the machine provided longitudinalgrisation of the lepton beam. The
polarisation was continuously measured using two indepeindolarimeters.

A measurement of the integrated luminosity has been donleigrp the elastic QED Comp-
ton procesep — eyp [1], where the scattered electron and the photon are detactae backward
calorimeter of the H1 experiment. The integrated luminosftthe data recorded during the whole
HERA-II period is determined with a precision of 2.3%.

In this contribution measurements of the neutral currer@)Bind charged current (CC) cross
sections at higl)? are reported foe~ p ande™ p for two values of longitudinal polarisatiof, =
(Nr — NL)/(Nr+ Np), with Ng (N_) being the number of the right (left) handed leptons in the
beam. The investigation of electroweak (EW) effects in N@ @ reactions using polarised and
unpolarised lepton beams are discussed.

To assess the impact of the H1 NC and CC cross sections atffigh the determination of
PDFs, a QCD analysis (HLPDF2012) of this data together weéhipusly published H1 data [3, 4,
5, 6] is performed [2].

The cross sections from HERA-II are combined with the presimeasurements from HERA-I
to improve the statistical uncertainty of the unpolarisesss sections measurements.

2. Neutral Current Cross Section

The NC differential cross section fef p scattering can be expressed in terms of generalised
proton structure function as

d’onc(efp)  2ma?
dxdQ? B xQ4
wherea is the fine structure constantis the Bjorkerx variable, and the functioné. = 1+ (1—y)?
describe the helicity dependence of the electroweak ictierzss withy characterises the inelasticity
of the interaction. In Eqg. (2.1) also the reduced NC crosﬂ'cma&ﬁc(x, Q?) is defined which is a
combination of the generalised structure functions.

The generalised structure function’lr'é,g, may be written as linear combinations of the proton
structure function$, Fz‘g, andF22‘3 associated to pure photon exchange term, photon—Z interfer
ence terms and pure Z exchange terms correspondingly. Tinest#ons are containing information
on QCD parton dynamics as well as on the electroweak couptithe quarks to the neutral vector
bosons[7]. The linear combinations f&5 andxFs in arbitrary polarisecs* p scattering are given

by
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with k=1 = 4MZ /M2(1— M3 /M2) in the on—-mass—shell scheme, whigkg andM are the weak
vector boson masses. The quantitigsand a. are the vector and axial-vector couplings of the
electron to the Z boson.

In the quark parton model (QPM), the hadronic structure fions are related to linear com-
binations of the quark and anti-quark momentum distrimstia(x, Q%) andxq(x, Q%) as

[F2> F2yz> F22:| = XZ [eﬁ,Zeqvq,va + a(%] (q+ q)a |:XF3VZ,XF3Z] = ZXZ [eqaanqaq] (q - 6)7 (24)
q q

wherevy andag are the vector and axial-vector couplings to the light gaagnde, is the charge
of the quark of flavon.

Longitudinally polarised lepton beams allow for the measuent of polarisation effects re-
lated to the chiral structure of the neutral electroweakhexge. The polarisation asymmet#y,,
is defined as

2 0l (Pr) —0i-(R) Fr? 1+ dy/uy
AT =A(etp) = NC NC ~ 2 gk U 2.5
S PR— R o5 (PR) + 0jc(RL) Thee F K4+ dyv/uy (2:9)

To a very good approximatioA™ measures the structure function raﬁéﬁz /Fo. At large x the
asymmetry is related to th@/u ratio of the valence quark distribution. The polarised Erdjffer-
ential cross sectiondonc,/dQ? are used for the extraction of the asymmetry shown in Fignla i
comparison to the HIPDF2012 fit. The magnitude of the asymymises with increasing)? and
is positive (negative) ie" p (e~ p) scattering.

For a given lepton charge the difference in the left and righiarised NC cross section is
sensitive toF)” as well as)” andxFZ as given by
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By taking the difference of Eq. 2.6 for thes pande p data,FzyZ can be directly extracted from the
measured cross sections. The measurement is performé&d for200 Ge\£. The result is shown
in Fig. 1b in comparison to the HIPDF2012 fit.
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Figure 1: (a) The Q? dependence of the polarisation asymmétfy (b) The structure functioﬂ’FZVZ mea-
surement. Both measurements are compared to the Standatel bledictions based on the HIPDF2012
parametrisation.
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The polarised data sets from HERA-II were merged to obtaenuihpolarised cross section
after a small correction for a residual polarisation. Thealarised cross sections from HERA-II
were then combined with the HERA-I results to improve thecimien of the measurement.

The combined HERA I+1I NC unpolarised cross section measargs fore" p ande™ p scat-
tering are used for thEF3yZ structure function measurement, which is obtained in a kaneous
fit with xF)?, 65" = F,- —y2/Y, " and nuisance parameters for the systematics shifts bedeg fr
minimisation parameters [2]. The non-singlet structunecfion exhibits only a weak dependence
on Q? and therefore the measurements are transformed to a corfhaalue of 1500 Ge¥
and averaged in eachbin as shown in Fig. 2a. The calculation from the HIPDF2018i%ies
a good description of the measurement. The structure immeFSVZ determines both the shape
and magnitude of the valence distribution, 2- d, assuming the quark and anti-quark sea dis-
tributions are the same. The integral of this structure fiencwhich is in LO predicted to be
5/3 after the extrapolation of the measurement to the full ikiagc region inx is fol F3Vde =
1.69+ 0.12(stat) + 0.10(syst,).

3. Charged Current Cross Section
The CC differential cross section may be expressed as

M&

Q?+ Mg

dZO'Cc(ei p) G2 |\/|2 ~
- P (14P) | W et
adqz RIS [M&V +Q? Gec(€°P),
(3.1)
whereGr is Fermi constantis", X5~ andW* are CC structure functions fe* p scattering and

dcc(e p) is the reduced cross section.
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Figure 2: (a) The structure functioer3yZ measured as a function of Bjorken (b) The dependence of
thee® p CC cross section on the lepton beam polarisaRoim comparison with the SM prediction and the
linear fit to the polarisation dependence. Both measuresiagatcompared to the Standard Model predictions
based on the HIPDF2012 parametrisation.



Inclusive Deep Inelastic Scattering at High Q2 with Longitudinally Polarised Lepton Beams
Stanislav Shushkevich

In the QPM, wheraN* = 0, the reduced cross section for teep CC process may be ex-
pressed as the sum and difference of the quark and anti-guamkentum distributionsxq(x, Q?)
andxq(x, Q?):

Fec(e p) = (Xu+xc) + (1—y)?(xd + x§) (3.2)

Gcc(e' p) = (xU4xC) + (1 —y)?(xd + xs) (3.3)

The total CC cross sectiom, was measured as an integrated cross section in the kiremati
regionQ? > 400 GeVf andy < 0.9 for thee™ p ande™ p data and for different longitudinal lepton
beam polarisations. The cross sections are shown in Figgather with the unpolarised data from
HERA-I and the SM expectation using HIPDF2012 fit. A lineatdithe polarisation dependence
of the measured cross sections simultaneousl/ pande™ p data is performed and shown also.
The extrapolation of the cross section with the fit to the pBin= +1 fore p (P. = —1 for e p)
excludes the existence of a right-handfé8 boson of mass® [8] below 214 GeV (194 GeV) at
95% confidence level, assuming SM couplings and a light hgindedve.

To obtain unpolarised cross section measurements, thengftight handeé™ p samples were
combined into unpolarised data sets, correcting for sneaidual polarisation. The resultirgf p
cross sections were combined with the HERA-I measurement.

The single differential unpolarised cross section for Cgetber with the single differential NC
cross section is shown in Fig 3. The measurements are cothpétte the theoretical expectation
from HIPDF2012. At lowQ? the NC cross section is larger than the CC cross section by two
orders of magnitude. Approaching the mass of ZheandW bosons, the NC and CC processes
cross sections become of the same magnitude demonstratingification of the electroweak
interactions.
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Figure 3: The Q* dependence of the unpolariseéip NC and CC cross sections compared to the SM
expectation from H1PDF2012 fit.
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4. Summary

Measurements of the polarised NC and € differential cross sections using the HERA-II
data were presented. For the NC process the polarisationrasiry A*, sensitive to parity viola-
tion, is determined. The structure functiﬁgfz is measured for the first time using the polarisation
dependence of the"p NC cross sections. At hig? the structure functiom(FSVZ is determined
using unpolarised cross sections obtained from complete AdEand HERA-II data sets.

For the CC process the total polarised cross sections weasuredd and combined with the
unpolarised measurements from HERA-I. The data exhibiieeat scaling of the cross section
with P verifying the left handed structure of the weak interacéion

The results are in a good agreement with the Standard Moddigtions.
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