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Introduction

• HERA ! t-channel exchange of W± and Z0

– High Q2 at HERA ! Q2~electroweak scale

– Need high luminosity

– Longitudinal polarisation of lepton beam

• Cross sections are convolution with proton structure functions

– Need to take care of this in EW measurements
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The HERA accelerator
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Days of running
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Data samples: luminosities and polarisations
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Deep Inelastic Scattering
Kinematics of ep interactions

Q2 = −q2 4-momentum transfer

x = Q2/2(P · q) Bjorken scaling variable

y = (P · q)/(P · k) inelasticity
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Neutral and Charged Currents
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Charged current events

• Neutrino escapes undetected

• CC candidate events selected using missing ET

• Topological cuts to remove non-ep backgrounds

• ep backgrounds estimated by MC and subtracted
– Typically around 1%

neutrino

pe±
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NC&CC DIS at HERA II
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Charged current events

• Neutrino escapes undetected

• CC candidate events selected using missing ET

• Topological cuts to remove non-ep backgrounds

• ep backgrounds estimated by MC and subtracted
– Typically around 1%

neutrino

pe±

e+p

e-p
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Charged Current Cross Section vs Pe

• Measurement shows the expected linear 
dependence on Pe 

• Extrapolation to Pe- = +1, Pe+ = -1 absence 
of RH charged currents

• M(WR) ≳ 200 GeV   @  95% CL
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Polarised charged current DIS

• Polarisation is asymmetry of helicity states

• Helicity = chirality (neglecting masses)

• Can use polarised beams to directly test chiral structure of the Standard Model

• Standard Model weak interaction left-handed
– only LH particles (RH anti-particles) interact
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Polarisation scales Pe=0 cross section linearly - clear and large effect at HERA

Standard Model predicts zero cross section for Pe=+1(-1) in e-(+)p scattering

CC cross section modified by Pe:
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Charged Current Cross Section vs Pe
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 Dominant contribution

             Sizeable only at high y

                                            Contribution only important at high Q2
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and similarly for the longitudinal structure function F̃L. Here k(Q2) determines the relative
amount of Z to γ exchange, k = 1

4 sin2 θ cos2 θ
Q2

Q2+M2
Z
, while ve = −1/2+2 sin2 θ and ae = −1/2

are the vector and axial-vector couplings of the electron to the Z boson and θ is the electroweak
mixing angle.

At leading order in QCD the structure functions can be written in terms of quark and anti-

quark density functions as

(F2, F
γZ
2 , F Z

2 ) = x
∑

(e2
q, 2eqvq, v

2
q + a2

q)(q + q̄)

(xF γZ
3 , xF Z

3 ) = 2x
∑

(eqaq, vqaq)(q − q̄) (3)

Here vq and aq are the vector and axial-vector couplings of the quark q to the Z boson.

3 Charge Asymmetry and xF3

A variation of the lepton beam charge allows the structure function xF̃3 to be measured. In

order to remove charge dependent terms in the F̃2 part of the cross section, all positron data and

all electron data were added separately, using the unpolarised data from the first running period,

HERA I, and the net unpolarised data from HERA II. In the latter period similar amounts of data

with approximately equal polarisations have been collected. Thus with a very small correction

for residual polarisation effects, one can consider the e−p and e+p data to be unpolarised, i.e. set
P = 0 in eq. 2. The cross section difference between positron and electron data then determines
the following combination of xF3 structure functions as

σ̃− − σ̃+ = 2
Y−

Y+
(−ae · kxF γZ

3 + 2veae · k2xF Z
3 ) (4)

which are due to the γZ interference and due to pure Z exchange. Since the electron vector

coupling, ve, is small and k < 1, to a very good approximation the cross section difference
is equal to −2kY−aexF γZ

3 /Y+ which is a parity conserving quantity ∝ aeaq. In leading order

pQCD this “interference structure function” can be written as

xF γZ
3 = 2x[euau(U − U) + edad(D − D)], (5)

with U = u + c and D = d + s for four flavours. The xF γZ
3 structure function thus provides

information about the light quark axial vector couplings (au, ad) and the sign of the electric

quark charges (eu, ed). Equivalently one can write

xF γZ
3 = 2x[euau(uv + ∆u) + edad(dv + ∆d)], (6)

where in the naive parton model as in conventional perturbative QCD it is assumed that the

differences ∆u = (usea − u + c − c) and ∆d = (dsea − d + s − s) are zero. However, in
non-perturbative QCD there may occur differences, for example between the strange and anti-

strange quark distributions, for which there are some hints in DIS neutrino nucleon di-muon

data [6]. Inserting the standard charge and axial coupling values one finds

xF γZ
3 =

x

3
(2uv + dv + ∆) (7)

2
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Polarisation Asymmetry in Neutral 
Current Cross Section

• δA = A+- A-  , only significant at high Q2 

• probability for δA = 0 at Q2 > 5000 GeV2   
is 3.1x10-3

• Clear evidence of Parity Violation in NC 
interactions at distances < 10 -18m

with∆ = 2∆u + ∆d. Neglect of ∆ leads to a sum rule [7] which in leading order is

∫ 1

0

xF γZ
3

dx

x
=

1

3

∫ 1

0

(2uv + dv)dx =
5

3
. (8)

The xF γZ
3 structure function thus is determined by the valence quark distributions and predicted

to be only very weakly depending on Q2.

H1 and ZEUS have measured this function at differentQ2 as a function of x [3, 4]. In order
to study its x dependence more accurately, the H1 and ZEUS data have been adjusted to one
fixed Q2 value of 1500GeV2 and a weighted average is determined using the full uncertainty

of either measurement. The result is shown in Fig. 1. The two measurements agree within

the quoted uncertainties. Taking into account the full uncertainties of the H1 and ZEUS mea-

surements, an average result for the interference structure function xF γZ
3 is obtained as shown

in Fig. 1. The measurement is well described by the ZEUS [8] and H1 NLO QCD fits [9] to

previously published unpolarised HERA I data, dominated by e+p, in which it is assumed that
sea and antiquarks have the same distributions, ∆u = ∆d = 0, and the quark counting rule is
applied. The predictions for xF γZ

3 are thus approaching zero at large x which is consistent with
the measurement. The difference between the H1 and ZEUS fit results hints at the presence of

only weak constraints on the behaviour of the valence quark densities at lower x.

In the range of acceptance the integral of F γZ
3 is measured to be

∫ 0.65

0.02

F γZ
3 dx = 1.21 ± 0.09(stat) ± 0.08(syst) (9)

which is consistent with the results of the H1 and ZEUS QCD fits, 1.12 ± 0.02 and 1.06 ±
0.02, respectively, for the same x interval at Q2 = 1500GeV2. Using the H1 fit prediction to

subtract the valence quark contribution to the sum rule, a constraint is obtained on the integrated

difference term ∫ 0.65

0.02

∆dx = 0.09 ± 0.09(stat) ± 0.08(syst) (10)

in the quoted kinematic range which is consistent with zero.

4 Polarisation Asymmetry

With HERA II longitudinal polarisation effects become accessible to the ep collider exper-
iments. A direct measure for the electroweak effects are the charge dependent polarisation

asymmetries of the neutral current cross sections. The cross section asymmetries defined as

A± =
2

PR − PL
· σ±(PR) − σ±(PL)

σ±(PR) + σ±(PL)
(11)

to a very good approximation measure the structure function ratio
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F2
(12)

3

with∆ = 2∆u + ∆d. Neglect of ∆ leads to a sum rule [7] which in leading order is

∫ 1

0

xF γZ
3

dx

x
=

1

3

∫ 1

0

(2uv + dv)dx =
5

3
. (8)

The xF γZ
3 structure function thus is determined by the valence quark distributions and predicted

to be only very weakly depending on Q2.

H1 and ZEUS have measured this function at differentQ2 as a function of x [3, 4]. In order
to study its x dependence more accurately, the H1 and ZEUS data have been adjusted to one
fixed Q2 value of 1500GeV2 and a weighted average is determined using the full uncertainty

of either measurement. The result is shown in Fig. 1. The two measurements agree within

the quoted uncertainties. Taking into account the full uncertainties of the H1 and ZEUS mea-

surements, an average result for the interference structure function xF γZ
3 is obtained as shown

in Fig. 1. The measurement is well described by the ZEUS [8] and H1 NLO QCD fits [9] to

previously published unpolarised HERA I data, dominated by e+p, in which it is assumed that
sea and antiquarks have the same distributions, ∆u = ∆d = 0, and the quark counting rule is
applied. The predictions for xF γZ

3 are thus approaching zero at large x which is consistent with
the measurement. The difference between the H1 and ZEUS fit results hints at the presence of

only weak constraints on the behaviour of the valence quark densities at lower x.

In the range of acceptance the integral of F γZ
3 is measured to be

∫ 0.65

0.02

F γZ
3 dx = 1.21 ± 0.09(stat) ± 0.08(syst) (9)

which is consistent with the results of the H1 and ZEUS QCD fits, 1.12 ± 0.02 and 1.06 ±
0.02, respectively, for the same x interval at Q2 = 1500GeV2. Using the H1 fit prediction to

subtract the valence quark contribution to the sum rule, a constraint is obtained on the integrated

difference term ∫ 0.65

0.02

∆dx = 0.09 ± 0.09(stat) ± 0.08(syst) (10)

in the quoted kinematic range which is consistent with zero.

4 Polarisation Asymmetry

With HERA II longitudinal polarisation effects become accessible to the ep collider exper-
iments. A direct measure for the electroweak effects are the charge dependent polarisation

asymmetries of the neutral current cross sections. The cross section asymmetries defined as

A± =
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Figure 2: Measurements of the polarisation asymmetriesA± by the H1 Collaboration (top left),

the ZEUS Collaboration (top right) and combined (bottom). The error bars denote the total

uncertainty which is dominated by the uncorrelated error contributions. The curves describe

the theoretical predictions in NLO QCD as obtained in fits to the H1 inclusive data and to the

inclusive and jet ZEUS data, respectively. Both fits have been performed using the unpolarised

HERA I data.
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∝ which is proportional to combinations aevq and thus a direct measure of parity violation. One

also finds that A+ is expected to be positive and about equal to −A− in the Standard Model. At

large x the asymmetries measure the d/u ratio of the valence quark distributions according to

A± " ±k
1 + dv/uv

4 + dv/uv
. (13)

The data from ZEUS and H1 are shown in Fig. 2 where it is assumed that the correlated

uncertainties of each experiment cancel. A combination of the H1 and ZEUS data is performed

by first correcting the ZEUS data to y < 0.9 and then taking a weighted average in the common
Q2 intervals using the total uncorrelated errors. For a few Q2 values no counterpart exists and

then either the H1 or the ZEUS asymmetry value enters the combined asymmetry alone. The

combined H1 and ZEUS data are shown in Fig. 2. The asymmetries are well described by

the Standard Model predictions as obtained from the H1 and ZEUS QCD fits. By definition

these are rather insensitive to the details of the parton distributions as in the ratio F γZ
2 /F2 the

x dependences cancel to a large extent. The asymmetries A± are thus a direct measure of

electroweak interaction effects.

The asymmetriesA± are observed to be of opposite sign to a very good approximation. The

difference δA = A+ −A− can be seen to be significantly larger than zero. This is quantified by

calculating the χ2 for δA with respect to zero, based on the total uncorrelated uncertainty, and

the corresponding probability of δA to be zero as a function of the minimum Q2 considered.

The behaviour of this function is as expected. At very largeQ2 the interference effects are large

but hidden by the limited statistics. At low Q2 they are small and not readily seen given the

present uncertainties of the measurement. An optimum Q2
min of about 5000GeV

2 exhibits a

χ2/dof of 4.0 corresponding to a probability of 3.1 · 10−3 for δA to be zero.

5 Conclusions

Inclusive cross section measurements performed by the HERA collider experiments H1 and

ZEUS for different lepton beam charge and beam polarisation states are used in a dedicated in-

vestigation of electroweak interference effects in neutral current DIS. First results are presented

based on nearly all data taken so far at HERA in unpolarised and in polarised e±p → e±X
scattering. Beam charge and polarisation effects due to the interference of photon with Z boson
exchange are observed and used to measure the interference structure function xF γZ

3 and the

parity violation asymmetries A±. The results are well described by the Standard Model. The

xF γZ
3 data add to the knowledge of the valence quark distributions at lower Bjorken x. The

polarisation asymmetry data demonstrate parity to be violated at very small distances, down to

about 10−18m.

4
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Polarisation Asymmetry in Neutral 
Current Cross Section

• δA = A+- A-  , only significant at high Q2 

• probability for δA = 0 at Q2 > 5000 GeV2   
is 3.1x10-3

• Clear evidence of Parity Violation in NC 
interactions at distances < 10 -18m
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In the range of acceptance the integral of F γZ
3 is measured to be

∫ 0.65

0.02

F γZ
3 dx = 1.21 ± 0.09(stat) ± 0.08(syst) (9)

which is consistent with the results of the H1 and ZEUS QCD fits, 1.12 ± 0.02 and 1.06 ±
0.02, respectively, for the same x interval at Q2 = 1500GeV2. Using the H1 fit prediction to

subtract the valence quark contribution to the sum rule, a constraint is obtained on the integrated

difference term ∫ 0.65

0.02

∆dx = 0.09 ± 0.09(stat) ± 0.08(syst) (10)

in the quoted kinematic range which is consistent with zero.

4 Polarisation Asymmetry

With HERA II longitudinal polarisation effects become accessible to the ep collider exper-
iments. A direct measure for the electroweak effects are the charge dependent polarisation

asymmetries of the neutral current cross sections. The cross section asymmetries defined as

A± =
2

PR − PL
· σ±(PR) − σ±(PL)

σ±(PR) + σ±(PL)
(11)

to a very good approximation measure the structure function ratio

A± " ∓kae
F γZ

2

F2
(12)

3

with∆ = 2∆u + ∆d. Neglect of ∆ leads to a sum rule [7] which in leading order is

∫ 1

0

xF γZ
3

dx

x
=

1

3

∫ 1

0

(2uv + dv)dx =
5

3
. (8)

The xF γZ
3 structure function thus is determined by the valence quark distributions and predicted

to be only very weakly depending on Q2.

H1 and ZEUS have measured this function at differentQ2 as a function of x [3, 4]. In order
to study its x dependence more accurately, the H1 and ZEUS data have been adjusted to one
fixed Q2 value of 1500GeV2 and a weighted average is determined using the full uncertainty

of either measurement. The result is shown in Fig. 1. The two measurements agree within

the quoted uncertainties. Taking into account the full uncertainties of the H1 and ZEUS mea-

surements, an average result for the interference structure function xF γZ
3 is obtained as shown

in Fig. 1. The measurement is well described by the ZEUS [8] and H1 NLO QCD fits [9] to

previously published unpolarised HERA I data, dominated by e+p, in which it is assumed that
sea and antiquarks have the same distributions, ∆u = ∆d = 0, and the quark counting rule is
applied. The predictions for xF γZ

3 are thus approaching zero at large x which is consistent with
the measurement. The difference between the H1 and ZEUS fit results hints at the presence of

only weak constraints on the behaviour of the valence quark densities at lower x.

In the range of acceptance the integral of F γZ
3 is measured to be

∫ 0.65

0.02

F γZ
3 dx = 1.21 ± 0.09(stat) ± 0.08(syst) (9)

which is consistent with the results of the H1 and ZEUS QCD fits, 1.12 ± 0.02 and 1.06 ±
0.02, respectively, for the same x interval at Q2 = 1500GeV2. Using the H1 fit prediction to

subtract the valence quark contribution to the sum rule, a constraint is obtained on the integrated

difference term ∫ 0.65

0.02

∆dx = 0.09 ± 0.09(stat) ± 0.08(syst) (10)

in the quoted kinematic range which is consistent with zero.

4 Polarisation Asymmetry

With HERA II longitudinal polarisation effects become accessible to the ep collider exper-
iments. A direct measure for the electroweak effects are the charge dependent polarisation

asymmetries of the neutral current cross sections. The cross section asymmetries defined as

A± =
2

PR − PL
· σ±(PR) − σ±(PL)

σ±(PR) + σ±(PL)
(11)

to a very good approximation measure the structure function ratio

A± " ∓kae
F γZ

2

F2
(12)

3

.

HERA

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

10
3

10
4

Q
2
 (GeV

2
)

A

H1 (prel.)

A
+

A
-

H1 2000 PDF

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

10
3

10
4

Q
2
 (GeV

2
)

A

ZEUS (prel.)

A
+

A
-

ZEUS-JETS
PDF

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

10
3

10
4

Q
2
 (GeV

2
)

A

H1+ZEUS Combined (prel.)

A
+

A
-

H1 2000 PDF
ZEUS-JETS PDF

Figure 2: Measurements of the polarisation asymmetriesA± by the H1 Collaboration (top left),

the ZEUS Collaboration (top right) and combined (bottom). The error bars denote the total

uncertainty which is dominated by the uncorrelated error contributions. The curves describe

the theoretical predictions in NLO QCD as obtained in fits to the H1 inclusive data and to the

inclusive and jet ZEUS data, respectively. Both fits have been performed using the unpolarised

HERA I data.
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the corresponding probability of δA to be zero as a function of the minimum Q2 considered.
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present uncertainties of the measurement. An optimum Q2
min of about 5000GeV

2 exhibits a

χ2/dof of 4.0 corresponding to a probability of 3.1 · 10−3 for δA to be zero.
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vestigation of electroweak interference effects in neutral current DIS. First results are presented

based on nearly all data taken so far at HERA in unpolarised and in polarised e±p → e±X
scattering. Beam charge and polarisation effects due to the interference of photon with Z boson
exchange are observed and used to measure the interference structure function xF γZ

3 and the

parity violation asymmetries A±. The results are well described by the Standard Model. The

xF γZ
3 data add to the knowledge of the valence quark distributions at lower Bjorken x. The
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xF3 Structure Function Neutral Current

• γZ0 interference term flips sign when   
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• Constrains x dependence of the valence 
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and similarly for the longitudinal structure function F̃L. Here k(Q2) determines the relative
amount of Z to γ exchange, k = 1

4 sin2 θ cos2 θ
Q2

Q2+M2
Z
, while ve = −1/2+2 sin2 θ and ae = −1/2

are the vector and axial-vector couplings of the electron to the Z boson and θ is the electroweak
mixing angle.

At leading order in QCD the structure functions can be written in terms of quark and anti-

quark density functions as

(F2, F
γZ
2 , F Z

2 ) = x
∑

(e2
q, 2eqvq, v

2
q + a2

q)(q + q̄)

(xF γZ
3 , xF Z

3 ) = 2x
∑

(eqaq, vqaq)(q − q̄) (3)

Here vq and aq are the vector and axial-vector couplings of the quark q to the Z boson.

3 Charge Asymmetry and xF3

A variation of the lepton beam charge allows the structure function xF̃3 to be measured. In

order to remove charge dependent terms in the F̃2 part of the cross section, all positron data and

all electron data were added separately, using the unpolarised data from the first running period,

HERA I, and the net unpolarised data from HERA II. In the latter period similar amounts of data

with approximately equal polarisations have been collected. Thus with a very small correction

for residual polarisation effects, one can consider the e−p and e+p data to be unpolarised, i.e. set
P = 0 in eq. 2. The cross section difference between positron and electron data then determines
the following combination of xF3 structure functions as

σ̃− − σ̃+ = 2
Y−

Y+
(−ae · kxF γZ

3 + 2veae · k2xF Z
3 ) (4)

which are due to the γZ interference and due to pure Z exchange. Since the electron vector

coupling, ve, is small and k < 1, to a very good approximation the cross section difference
is equal to −2kY−aexF γZ

3 /Y+ which is a parity conserving quantity ∝ aeaq. In leading order

pQCD this “interference structure function” can be written as

xF γZ
3 = 2x[euau(U − U) + edad(D − D)], (5)

with U = u + c and D = d + s for four flavours. The xF γZ
3 structure function thus provides

information about the light quark axial vector couplings (au, ad) and the sign of the electric

quark charges (eu, ed). Equivalently one can write

xF γZ
3 = 2x[euau(uv + ∆u) + edad(dv + ∆d)], (6)

where in the naive parton model as in conventional perturbative QCD it is assumed that the

differences ∆u = (usea − u + c − c) and ∆d = (dsea − d + s − s) are zero. However, in
non-perturbative QCD there may occur differences, for example between the strange and anti-

strange quark distributions, for which there are some hints in DIS neutrino nucleon di-muon

data [6]. Inserting the standard charge and axial coupling values one finds

xF γZ
3 =

x

3
(2uv + dv + ∆) (7)
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to be only very weakly depending on Q2.

H1 and ZEUS have measured this function at differentQ2 as a function of x [3, 4]. In order
to study its x dependence more accurately, the H1 and ZEUS data have been adjusted to one
fixed Q2 value of 1500GeV2 and a weighted average is determined using the full uncertainty

of either measurement. The result is shown in Fig. 1. The two measurements agree within
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3 is obtained as shown

in Fig. 1. The measurement is well described by the ZEUS [8] and H1 NLO QCD fits [9] to

previously published unpolarised HERA I data, dominated by e+p, in which it is assumed that
sea and antiquarks have the same distributions, ∆u = ∆d = 0, and the quark counting rule is
applied. The predictions for xF γZ
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In the range of acceptance the integral of F γZ
3 is measured to be

∫ 0.65

0.02

F γZ
3 dx = 1.21 ± 0.09(stat) ± 0.08(syst) (9)
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0.02
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in the quoted kinematic range which is consistent with zero.

4 Polarisation Asymmetry

With HERA II longitudinal polarisation effects become accessible to the ep collider exper-
iments. A direct measure for the electroweak effects are the charge dependent polarisation
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2
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· σ±(PR) − σ±(PL)

σ±(PR) + σ±(PL)
(11)

to a very good approximation measure the structure function ratio
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Figure 1: Measurements of the structure function xF γZ
3 by the H1 Collaboration (top left),

the ZEUS Collaboration (top right) and combined (bottom). The inner error bars denote the

statistical uncertainty while the full error bars comprise the statistical and systematic uncertainty

added in quadrature. The curves describe the Standard Model predictions as obtained in NLO

QCD fits to the H1 inclusive data and to the inclusive and jet ZEUS data, respectively. Both

fits have been performed using the unpolarised HERA I data only and they differ in some detail

concerning the parameterisations and treatment of the valence quark behaviour.
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Fits of Electroweak Parameters

12

Extraction of quark couplings to Z

with polarized data
HERA-II data can improve both couplings.

axial-vector : high-statistics, vector : polarized beams

Clearly, Polarized data improves the vector couplings.

HERA-II data makes a significant impact on the quark couplings
• Sensitivity to aq, vq couplings of the light quarks to Z0 allows for a 

combined QCD-EW

• H1 performs fit using unpolarised HERA I data

• ZEUS provides preliminary results including HERA II data, with its 
polarisation giving improved sensitivity to vq
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Summary

• DIS at HERA provides the possibility for testing the Standard Model and the 
measurement of electroweak parameters over a broad range of phase space

• The large sample of e±p data has allowed for the determination of the structure 
functions xF3 and xF3γZ, further increasing knowledge of the proton at lower x 

• New longitudinal polarised lepton data has been able to demonstrate

•  the absence of RH Charged Currents

• clear evidence of parity violation in Neutral Current interactions 

•  improvement on the combined QCD+EW fit using HERA I data, especially for the 
light quark weak couplings to the Z0

• Still more data to analyse, and yet more still to come, increasing reach and precision 
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Polarised NC and CC 
cross Section Formulas

1 Introduction

Deep inelastic neutral current scattering ep → eX at very high squared momentum transfers

Q2 is sensitive to electroweak effects mainly due to the interference of photon and Z boson

exchange which dominates over pure Z exchange effects in most of the kinematic range covered
at HERA. The H1 and ZEUS experiments have recently accumulated large amounts of data in

e−p and e+p inclusive deep inelastic scattering (DIS). A salient feature of the ongoing phase
II of HERA’s operation has been the longitudinal left and right handed polarisation of the e±

beams at the level of 30 to 40% in collider mode. Thus the two collider experiments have now

measured neutral current DIS cross sections in both charge and both helicity states which are

combined here in a dedicated investigation of electroweak effects at HERA.

Access to electroweak effects is enabled by measuring charge and polarisation cross sec-

tion differences by which the pure photon exchange part is removed. The charge asymmetry

accesses the valence quark distributions at high Q2 and lower x and is sensitive to the axial-
vector weak quark couplings to the Z boson and to the sign of the electric quark charges. The

polarisation asymmetry measures a product of vector and axial-vector couplings and at HERA

is sensitive to parity violation at spatial dimensions down to 10−18m. The first measurement of

a charge asymmetry in deep inelastic scattering used a muon beam at CERN and extracted the

interference structure function xF γZ
3 [1]. The first measurement of a neutral current polarisa-

tion asymmetry [2] , performed at Q2 ∼ 1GeV2, was crucial in establishing the standard GWS

theory.

The ZEUS and H1 data used here cover aQ2 range from 200 to 30000GeV2. The data have

been published or presented in preliminary form at the ICHEP Conference at Moscow, both by

the ZEUS [3] and the H1 Collaborations [4]. A summary of the luminosities and polarisation

values of the data sets is presented in Tables 1,2. Since electroweak effects are increasing with

Q2, where the statistics become limited, it has been considered appropriate to make maximum

use of the high Q2 data available at HERA by performing a first combination of H1 and ZEUS

measurements. The total amount of luminosity used in this analysis is 478.8 pb−1.

2 Cross Section and Structure Functions

At high Q2 the polarised neutral current deep inelastic scattering cross section in Born approx-

imation can be written [5] in reduced form as

σ̃± =
d2σ±

dxdQ2

Q4x

2πα2Y+
= F̃±

2 ∓ Y−

Y+
xF̃±

3 − y2

Y+
F̃±

L (1)

with Y± = 1 ± (1 − y)2. The functions occuring in eq.(1) are generalised structure func-

tions which receive contributions from pure photon exchange, the interference of photon and

Z boson exchange and from pure Z exchange and thus depend on the lepton beam charge and

polarisation (P ) and on the electroweak parametersMZ and sin2 θ (orMW )

F̃±
2 = F2 + k(−ve ∓ Pae)F

γZ
2 + k2(v2

e + a2
e ± 2Pveae)F

Z
2

xF̃±
3 = k(−ae ∓ Pve)xF γZ

3 + k2(2veae ± P (v2
e + a2

e))xF Z
3 (2)
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and similarly for the longitudinal structure function F̃L. Here k(Q2) determines the relative
amount of Z to γ exchange, k = 1

4 sin2 θ cos2 θ
Q2

Q2+M2
Z
, while ve = −1/2+2 sin2 θ and ae = −1/2

are the vector and axial-vector couplings of the electron to the Z boson and θ is the electroweak
mixing angle.

At leading order in QCD the structure functions can be written in terms of quark and anti-

quark density functions as

(F2, F
γZ
2 , F Z

2 ) = x
∑

(e2
q, 2eqvq, v

2
q + a2

q)(q + q̄)

(xF γZ
3 , xF Z

3 ) = 2x
∑

(eqaq, vqaq)(q − q̄) (3)

Here vq and aq are the vector and axial-vector couplings of the quark q to the Z boson.

3 Charge Asymmetry and xF3

A variation of the lepton beam charge allows the structure function xF̃3 to be measured. In

order to remove charge dependent terms in the F̃2 part of the cross section, all positron data and

all electron data were added separately, using the unpolarised data from the first running period,

HERA I, and the net unpolarised data from HERA II. In the latter period similar amounts of data

with approximately equal polarisations have been collected. Thus with a very small correction

for residual polarisation effects, one can consider the e−p and e+p data to be unpolarised, i.e. set
P = 0 in eq. 2. The cross section difference between positron and electron data then determines
the following combination of xF3 structure functions as

σ̃− − σ̃+ = 2
Y−

Y+
(−ae · kxF γZ

3 + 2veae · k2xF Z
3 ) (4)

which are due to the γZ interference and due to pure Z exchange. Since the electron vector

coupling, ve, is small and k < 1, to a very good approximation the cross section difference
is equal to −2kY−aexF γZ

3 /Y+ which is a parity conserving quantity ∝ aeaq. In leading order

pQCD this “interference structure function” can be written as

xF γZ
3 = 2x[euau(U − U) + edad(D − D)], (5)

with U = u + c and D = d + s for four flavours. The xF γZ
3 structure function thus provides

information about the light quark axial vector couplings (au, ad) and the sign of the electric

quark charges (eu, ed). Equivalently one can write

xF γZ
3 = 2x[euau(uv + ∆u) + edad(dv + ∆d)], (6)

where in the naive parton model as in conventional perturbative QCD it is assumed that the

differences ∆u = (usea − u + c − c) and ∆d = (dsea − d + s − s) are zero. However, in
non-perturbative QCD there may occur differences, for example between the strange and anti-

strange quark distributions, for which there are some hints in DIS neutrino nucleon di-muon

data [6]. Inserting the standard charge and axial coupling values one finds

xF γZ
3 =

x

3
(2uv + dv + ∆) (7)
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Improvements to Parton Density Functions

• ZEUS performed a new fit 
incorporating HERA II e- p data 

• further improved on the   
previous HERA I fit       
especially for uv ( dv ) at large x

( From HERA II Data )

0

0.2

0.4

0.6

0.8

1

-410
-3

10 -210 -110 1

0

0.2

0.4

0.6

0.8

1

 ZEUS-pol (prel.)
)=0.1180 

Z
(Ms! 

 total uncert.
 

 

 ZEUS-JETS
 

x

x
f

ZEUS

2 = 10 GeV2Q

vxu

vxd

 0.05)!xS (

 0.05)!xg (

0

0.2

0.4

0.6

0.8

1

-1

-0.5

0

0.5

1

vxu

0 0.2 0.4 0.6 0.8 1

0 0.2 0.4 0.6 0.8 1

2 = 10 GeV2Q

-1

-0.5

0

0.5

1

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

vxd

0 0.2 0.4 0.6 0.8 1

0 0.2 0.4 0.6 0.8 1

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

-1

-0.5

0

0.5

1
xS

-410
-3

10 -210 -110

-4
10

-3
10

-2
10

-1
10

ZEUS-JETS

-1

-0.5

0

0.5

1

-1

-0.5

0

0.5

1
xg

-410
-3

10 -210 -110

-4
10

-3
10

-2
10

-1
10

ZEUS-pol (prel.)
 

-1

-0.5

0

0.5

1

ZEUS

x

fr
a

ct
io

n
a

l 
u

n
ce

rt
a

in
ty

16


