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Measurement of structure functions F> and F; determines
the quark and gluon densities in a proton

v mandatory input for studying physics at LHC
v/ I;and F; at low-x provide a key to the gluonic structure

of matter
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&7 - virtuality of exchanged photon
x - Bjorken scaling variable

y — inelasticity

s - center-of-mass energy, s=4E_E_

Q2% = xys




F1 determination requires the
measurements at the same
0’ and x but different y
v
or(@, Q%) = Fol@, Q) + o= F(2,Q°) ¢,
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Direct FL measurement requires
different beam energies
- Most luminosity taken with
E. = 27.5 GeV and Ep=920 GeV
- Last three month
Ep = 460 GeV and E, = 575 GeV




challenge: measurement at high y

determine @ and y from the

scattered electron angle
and energy

2F,
y=1-— E—(l — cosf,)
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Q2 =2F.F,,.. (1 —cosf,.)

High-y

— low energy scattered
electron

— lot of hadronic activity

around scattered electron
— large background

Main background at high y
photoproduction
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NC cross sections used for combination:

HI ZEUS
2.5<Q?< 800 GeV? 24 < @< 110 GeV?
Eur. Phys. J. C63, 625 (2009) Phys. Lett. B682, 8 (2009)

Eur. Phys. J. Cé4, 561 (2009)
Hlprelim: 09-044, 08-042

In the H1/ZEUS
kinematic overlap
region: comparable
precision; combining
data will improve
precision




Combining ZEUS and H1 F: data

Improved statistical precision by ~ 1//2
Improved systematic precision

H1 and ZEUS detectors and data
analysis are quite different.

w The H1 and ZEUS cross-sections
have different sensitivities to
similar sources of correlated
systematic uncertainties
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Combination Method

Swim H1 and ZEUS data to the same grid points:
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New measurements are obtained by building the y* estimate:

Combination at point i

[Estimate of 1 true cross section]

Measurement at point i

7

i [ lq
,_ “m — 2y mib;
o (M, b) = Z

Yexp

‘ _2+Z/>;
J

) . : : A . :
PO M (m’ -2 yv.m’/)_ ) - (o,-,mm-,l. m')

Sensitivity of the cross section to
the j** source of correlated
uncertainty.

)/ij defined as the relative change of the

measurement for a 1 sigma shift of the 0; gat 20, uncor
error source

| Shift of the j™ source of correlated

uncertainty

Relative stat. / syst. error on the
measurement



* 1402 measurements with 110 correlated sources of uncertainty combined to 741
Cross sections.

« X2/ dof = 636.5/ 656 ; No tension in Pulls ; |bj| < 2 = H1 and ZEUS Agree!

H1 and ZEUS
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H1 and ZEUS
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H1 and ZEUS
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Q°=32 GeV*

H1 and ZEUS
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‘H1 and ZEUS
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Averaged F.
H1 and ZEUS
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Averaged F.

Comparison of H1 and ZEUS measurements
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Averaged FL

HERA Inclusive Working Group
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Gluon Density in the PDF and Dipole scheme

! F,(x,0° )= xE e;q(x,0°)
= B m
PDF Dipole
, °dk
q(x,u”)=q, (x)"' f_qo (5){ ( )ln ulK+.. q(x,0) = f D, (0,k)xg(xk)

q)DIS O (- (\Ij?[‘ 1 \If%)
Y1, transv. and longit.
wave functions

F2 is only weakly sensitive to GD || FL and F2 are both equally
FL is strongly sensitive to GD sensitive to Gluon D.

» FL measures GD » F2 and FL measures GD
FL=0in LO,

FL# 0 in NLO and NNLO




Gluon Density in the PDF scheme corresponds to the high virtuality part of the

GD in the Dipole scheme

Sea quark + Gluon Density in PDF scheme = Gluon Density in Dipole scheme

Advantage of the PDF scheme:

quarks and gluon densities

treated in a similar way

» precise predictions for LHC
and Tevatron

Advantage of the Dipole scheme:

more complete treatment of

Gluon Density

» bridge to the gluon high
density physics at RHIC,
bridge to the gluonic structure
of matter at EIC, LHeC + ....

structure phenomena

Precise knowledge of F2 and FL is necessary for LHC

physics (Higgs and Supersymmetry) and
for the future investigations of saturation and gluonic




Averaged F.

H1 and ZEUS
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ACQOT= Aivazis-Collins-Olness-Tung - CTEQ scheme

RT

= Roberts-Thorne - MSTW scheme



Conclusions

Combined NC cross sections are determined from the H1 and
ZEUS measurements for 2.5 GeV2 < Q2 < 800 GeV?

» precision substantially improved

» joint F_ is extracted

Good FLdescription, in the PDF scheme, is sensitive to the
choice of the gluon density/charm scheme at NLO and/or

NNLO corrections

equally good F._ description is obtained in LO Dipole approach






Averaged F.
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