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THlE =l ErvA COIHL DR

HERA was an ep collider operating at a centre-of-
mass energy of 318 GeV.
The lepton beam could be longitudinally polarised.
Two collider experiments: H| and ZEUS.
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THE ZEUS AND HI DETECTORS AT HERA

HERA: first and only electron-proton collider, super-
microscope to Investigate the structure of matter ata  EBegron
distance of 1078 m

k’ Electron

920 GevV

Fl Electron .,

ZEUS and HI: multi-purpose detector designed to measure the products of the
electron-proton collisions at HERA
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Pl rSlEs AT [HERA

HERA and ep DIS:
- provide input to determine the
structure of the proton

This talk]

HERA as a QCD machine: : - ) 'Jet 27667‘—{/
- Jet production, measure O(;

- heavy flavour production;

- diffraction.
P proton
p Pproton ot remnant Tet 920 GeV
Boson-gluon fusion QCD Compton jo
HERA as a discovery machine: Next ta||<]
. . . s — channel
- Investigate the EVV frontier T ——
- look for model-predicted (SUSY, ot
Leptoquarks) and model-
independent signatures. 4
P
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NESIERAL AND CHARGED CURRENT CROSSSEGHHEE
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Cross section dominated by
photon exchange at low Q?

Electroweak unification
at Q% ~ 10000 GeV? (MZ%)

Fundamental input for the determination
of the proton structure.

Deviation from Standard Model prediction
sensitive to beyond the SM processes
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@ Q7 : hardness of the interaction, ~ Et# at
the TeVatron

@ x :fraction of the proton momentum
involved in the Interaction.

At the LHC Q7 and x correspond to the
mass and the rapidity of the products:
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@ The evolution in Q7 is driven by the
DGLAP equations, given the x-
dependence, the PDF can be determined
at any Q?

@ Using the HERA data, precise
predictions for the production of particles
of mass M~ 100 GeV in the central rapidity
region can be obtained.
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THE STRUCTURE OF THE PROTON " 4

MRERIN@RE s cross section' can be expressed Interms of the siructlretHCuOReREMIE

d*ce P 2mo’
dx d Q> xQ*

p4

point-like structure functions

IY+F2 (x, Qz) FY_xF3(x, Qz) —)'21714(1‘, QZ)] where Yy = 1+ (1 —y)?

The structure functions are related to the proton parton distribution functions:

Fy~x(qg+q) Fz~a(g—q) FL~xosg
The ep CC cross section is sensitive to the quark charges:

glep) =zu+c+ (1 —y*d+3)] oleTp)=z[u+c+(1—y)(d+s)
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Iy ~ x(q+ q)

£
e
ilpeNeEi el and ZEUS are being +2 14
combined In order to achieve the best ©
possible precision. 12
From F2: valence and sea quarks, !

gluons from scaling violations
0.8

OF 2 i
glfé? ) — o, (@)l Q2)| 3
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H1 and ZEUS

x=0.002

e HERAINC e'p
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Iy ~ (g + q)

e Fe S and ZEUS are being
combined in order to achieve the best
possible precision.

From F2: valence and sea quarks,
gluons from scaling violations

OFs(x, Q)

aln Q2 — @8(Q2)$g($7 QZ)

Almost the full data sample has
been used for the latest PDF fits.
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F3 ~ 5'3(61 Q)
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Significantly improved precision for the e'p data, translates into a better u-type quarks determination.
H1 and ZEUS
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The HI and ZEUS combined NC and CC cross sections have been used as the sole input for the
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determination of the HERAPDF .5 PDF set.
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Precise picture of the proton
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Lot %—Q[Y Fy(z, Q) F Y_xFy(z, Q%) —(
dﬂdeQ T 1_@4 +4°2 ) :F — 3 y

FL can be determined as the slope of the cross section at low Q7 (and x) vs y, fixing x and Q7.
As Q¢ =sxy, the center of mass energy of the interaction should be varied to this aim.
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INEEERFOR | -

E PROTON STRUCTURE DETERPMINZNRIEIN

As already discussed: NC and CC inclusive cross sections, gluon extracted indirectly from scaling
violation. FL directly sensitive to the gluon but experimentally challenging.

Sensitivity to the gluon: jets and heavy flavour production

Jet

proton
P remnant Jet

Boson-gluon fusion
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P proton
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remnant Jet >

QCD Compton
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Powerful test of QCD, extraction of the strong coupling constant o
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NC/CC data: correlation between the 1 H1 and ZEUS HERA I+II PDF Fit
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NC/CC data: correlation between the 1 H1 and ZEUS HERA I+II PDF Fit with Jets
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Main process: boson-gluon fusion, sensitivity to the gluon in the proton
Powerful test of QCD
Multi-scale problem as Q?, mq, pt are set hard scales in the event.

Inclusion of heavy flavour (charm) data in the PDF fits: check of the fit formalism.
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Reconstruction of charmed particles, D", D°, D*
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F.° is defined as the beauty contribution to the
proton structure function F,
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The charm contribution to F; is
referred to as F»¢

Charm tagging with D* gives the
mMost precise cross section
measurement

Recent ZEUS D™ data compared to
the recent HI+ZEUS combination
(precision 5-10%)

Precision to be improved by including

all the data in the combination
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H|+/EUS combined data compared to
different theoretical models

Each model implement rits own heavy
flavour treatment

The theoretical predictions are quite
sensitive to the parameter that rules the
onset of charm, mc

In each model, an ‘optimal’ mc parameter
exists, giving the best description of the
data.
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For each heavy-flavour scheme, an ‘optimal
value of the charm mass parameter is

extracted from the best fit to the data.
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Final goal for the proton structure HERA I+II inclusive, jets, charm PDF Fit
determination: - 1

use NC/CC, heavy flavours and jets.

Q*=10 GeV?

June 2011

—— HERAPDF1.7 (prel.)

0.3 B exp. uncert.

First attempt with partial statistics:

H ERAPD F | 7 E model uncert.
| parametrization uncert. xu,
Several theoretical aspects better S HERAPDFL (prel) ‘
understood ' ‘

Optimal value of the charm mass chosen 04

Gluon parameterisation more flexible
0.2

HERAPDF Structure Function Working Group
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The data taken at the ep collider HERA are providing valuable input to the PDF fits.

Not only inclusive neutral and charged current cross sections are used,
but also jet and heavy flavour data

Precise predictions for cross sections at the LHC are obtained

Powerful tests of QCD come from jet and heavy flavour measurements

More on PDFs to come in the near future!

More on HERA to come In the next talk...

THANKS!
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High-x region is still determined with low precision. Try to reconstruct the event also when part of the
hadronic system cannot be reconstructed
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Good description by QCD

‘
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