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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, H1 and ZEUS.

Days of running
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Status:  1-July-2007
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Integrated luminosity: about500 pb−1 per experiment.
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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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exp(±y)
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Combination of HERA data
H1 and ZEUS
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Ultimate precision is ob-
tained by combining H1 and
ZEUS measurements.
Average H1 and ZEUS data
before applying QCD anal-
ysis.
Achieved by fittingσr val-
ues, global normalisations
and the correlated system-
atic uncertainties.

Experiments cross calibrate each other: total uncertainties reduced,
sometimes better than

√
2.

σ±r = F2 −
y2

Y+
∓ Y−

Y+
xF3

χ2
exp (m, b) =

∑

i

[

mi −
∑

j γ
i
jm

ib j − µi
]2

δ2i,statµ
i
(

mi −
∑

j γ
i
jm

ib j

)

+
(

δi,uncormi
)2 +
∑

j b2
j .
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Combined HERA data

H1 and ZEUS
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Combination of the published
H1/ZEUS data collected at
HERA-I for CC,NC,e±p mode.
14publications,1402input and
741outputσr measurements,110
correlated experimental error
sources. For NCe+p,
6 ·10−7< x< 0.65and
0.045<Q2 30000 GeV2.

Combination:

χ2/do f = 637/656

QCD Fit (to the combined HERA
data withQ2 ≥ 3.5 GeV2):

χ2/do f = 574/582

HERA data precision is similar to fixed target experiments. Good
consistency between H1 and ZEUS. Stringent test of DGLAP evolution.
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QCD analysis of the HERA combined data
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                  H1 and ZEUS

HERAPDF1.0 — NLO
QCD analysis of the
combined HERA data.

Separation ofexperimental,
modelandparameterisation
uncertainties.

AccuratexS andxg at low x
due to precise measurement
of F2.
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Measurement of Structure FunctionFL.
• In quark-parton modelFL = 0 for spin 1/2 quarks.

• In QCD FL > 0 due to gluon emission. Largexg(x) at low x
implies sizableFL → FL is crucial test of QCD.

• Reduced proton beam energy runs at the end of HERA operation
dedicated to measureFL.
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• Linear fit to the data at differ-
ent centre-of-mass energies to
obtainF2 andFL

• Relative normalisation from
low y data
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Combined H1-ZEUS Structure FunctionFL
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Good agreement with HERAPDF1.0 prediction forQ2 ≥ 10 GeV2,
some tension at lowQ2
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Combined H1-ZEUS Structure FunctionFL
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b-CGC dipole
b-Sat dipoleACOT full

ACOT-χ

RT optimized

FFNS
NNLO αS=0.1176
NNLO αS=0.1146

Q2≥ 3.5 GeV2

Q2≥ 5 GeV2

Several models provide better description at lowQ2. In particular,
ACOT schemes and dipole models.

10



Charm data
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• Many measurements ofF2,c using different methods from H1 and ZEUS.

• Average, taking into account different experimental and theoretical
uncertainties.
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Fit including Charm data
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• QCD analysis including charm data using various heavy flavour
schemes and different values ofmC at Q2 ≥ 3.5 GeV2.

• For RT scheme, data prefersmC=1.65 GeV.
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HERA-II data at HighQ2 − x
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• Analysis of highQ2 data being finalised by H1 and ZEUS.
Almost tenfold increase ine−p luminosity compared to HERA-I

• CC data allows to decompose contributions ofuv, dv andŪ, D̄ at
medium-highx.
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HERAPDF, other fits and LHC predictions
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• HERAPDF1.0 has similar precision but somewhat different
shape for PDFs compared to other fits (MSTW08, CTEQ6.6)

• This reflects in predictions for the LHC:W asymmetry,
A = (σW+ − σW−)/(σW+ + σW−) data should allow to constraint
valence PDFs better at smallx.
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Summary

• Many new results from HERA during last year

• Combination of the H1 and ZEUS data brings
ultimate precision for PDFs.

• CombinedFL measurement provides important check
of the QCD evolution.

• Combined charm data allows to check heavy flavour
models, restricts parameter variation.

• New coming HERA-II data improves precision at
high x, in particular foruv.
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