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Prologe:ep as a proton structure probe
Neutral current Deep Inelastic Scatter-
ing (DIS) cross section:

d2σ±

dxdQ2
=

2πα2Y+
Q4x

σ±r =

=
2πα2Y+

Q4x

[

F2(x,Q2) −
y2

Y+
FL(x,Q2) ∓

Y−
Y+

xF3

]

where factorsY± = 1 ± (1 − y)2 and
y2 define polarisation of the exchanged
boson andy = Q2/(S x).

Kinematics is determined by boson virtualityQ2 and Bjorkenx.
At leading order:

F2 = x
∑

e2
q(q(x) + q̄(x))

xF3 = x
∑

2eqaq(q(x) − q̄(x))

σ+CC ∼ x(ū + c̄) + x(1− y)2(d + s)

σ−CC ∼ x(u + c) + x(1− y)2(d̄ + s̄)

xg(x) — from F2 scaling violation, jets andFL
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HERA and LHC kinematics

x1, x2 are momentum frac-
tions.
Factorization theorem states
that cross section can be
calculated using universal
partons× short distance cal-
culable partonic reaction.
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Neutral Current Processes at the LHC
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Doulbe differential cross section:

dσ2

dMdy
=

4πα2(M)
9

·M·P(M)·Φ(y,M2).

Propogator forγ exchange:

Pγ(M) =
1

M4
,

pureZ exchange:

PZ(M) =
k2

Z(v2e + a2
e)

(

M2 − M2
Z

)2
+ Γ2

Z M2
Z

,

wherekZ = (4 sin2 θW cos2 θW )−1, and
γZ intereference:

PγZ(M) =
kZve(M2 − M2

Z)

M2
[

(

M2 − M2
Z

)2
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Z M2
Z

] ,
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Z and low mass DY production flavour decomposition
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Z vsγ∗ are senstivie toU/D ratio:

Z ∼ 0.29(uū + cc̄) + 0.37(dd̄ + ss̄ + bb̄)

γ∗ ∼ 0.44(uū + cc̄) + 0.11(dd̄ + ss̄ + bb̄)

Contribution fromγ − Z interference is small.
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W+ andW− production flavour decomposition
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W+ (W−) production is sensitive toud̄ (dū) as well ascs̄ (sc̄) flavour
combinations and to lesser extend to Cabbibo supressed pairs:

W+ ∼ 0.95(ud̄ + cs̄) + 0.05(us̄ + cd̄)

W− ∼ 0.95(dū + sc̄) + 0.05(dc̄ + sū)
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W decays
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For W± production the observalbes are leptonpt andη. V-A structure of the
decay modifies rapidity distribution of the lepton vs the boson. W+

production accesses highery for a givenηe range.

(plots based on LOMCFM, HERAPDF1.0)
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W,Z predictions at NNLO

NNLO calculations agree well with NLO estimate→ perturbative
convergence.
NNLO is within 2%stable vs scale variation
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Early PDF constraining LHC measurements
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Total cross section measurements are published by ATLAS/CMS,
based on early data samples. Errors are dominated by the luminosity
uncertainty (11%).

Total data samples collected in 2010 are∼ 200K W and∼ 20K Z
leptonic decays. Potentially PDF constraining measurements based
on W: lepton asymmetry. Interesting results fromZ: yZ andpt,Z

distributions are expected this winter.
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Decomposition ofU andD
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At low x, HERA measures

F2 ∼ 4(U + Ū) + (D + D̄) ,

where

U = u + c D = d + s + b.

Low x behaviour ofd andu is
assumed to be the same.
This imposes constraint on
other linear combinations of
Ū, D̄ vs 4Ū + D̄.

Uncertainties are determined MC method, green lines: individual replicas,
red: RMS.
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HERA fits withoutd = u assumption
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Unconstrained fit preserves
narrow4Ū + D̄ but orthogonal
combination Ū − 4D̄ has
very large spread. The only
significant constraint comes
from the positivity of the PDFs,
D̄ > 0, Ū > 0, which is built in
the parameterisation.
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Ū andD̄ densities in the unconstraint fit
Q2 = 1.9. GeV2
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Q2 = 6464. GeV2
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Central unconstrained fit prefers solution with low̄D and increased
Ū. The difference is dramatic at the starting scale, but it remains
sizable at theMW scale too.
LHAPDF grid file for the unconstraint fit:

https://www.desy.de/h1zeus/combined_results/proton_structure/Fits/HERAPDF1.0u.LHgrid.gz
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Low mass DY vsZ for U overD decomposition
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Since γ∗ exchange has the same
sensitivity to the quark flavours as
the measurement ofF2 at HERA,
unconstrained fit agrees with
HERAPDF1.0 at lowMe+e− , but
sizable lower atMe+e− = MZ .

based on NLO MCFM

Lepton asymmetry measurement, for CC events also provides constraint on
D/U

A =
ℓ+ − ℓ−

ℓ+ + ℓ−
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Summary

• DIS cross section measurements at HERA provide
PDFs for accurate predictions at the LHC

• First W,Z cross section measurements are published
by the ATLAS and CMS collaborations.

• Collected data samples suggest that we may expect
PDF constraining results in the near future: direct
comparison/complementarity to the HERA results.
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