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Deep Inelastiep scatterincj

Neutral scattering cross section:
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where factorsy, = 1+ (1 - y)? and
y> define polarization of the exchanged

' xP
P
boson andy = Q?/(SX).

Kinematics of inclusive scattering is determined@¥and Bjorkenx.
At leading order:
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F» = XY, &(a(x) + q(x))
XFs = X2 2e53q(a(X) — a(X))
(rgf:p ~X(U+C) + X(1-y)*(d+ 9
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XG(xX) — from F, scaling violation, jets ané&_
HERA with V'S = 318GeV is a unquie tool to measure the proton structure.



HERA and LHC kinematics
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Factorization theorem states that *° 7 ./~ .~
cross section can be calculated us- 1©°. Fi—————"=+
Ing universal partonx short dis- 5 ©
tance calculable partonic reaction. Q
M " ( Hﬂ
10 = MM“H -
X120 = —— expx E vl v v i il il
’ VS PEty) 07 1207 10° 10" 10° 107 107 1

Notation clashy — rapidity (LHC) vsy — inelasticity (HERA,Q? = Sxy).

For M ~ 100 GeV and central rapidity proton structure informatien |
provided by HERA.



HERA, H1 and ZEUS. 1992-200y/.
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HERA-II upgrade provides better instantaneous luminacasg
longitudinal beam polarization.

NominalE, = 920GeV, Ee = 27.5 GeV. Special low proton beam
energy rung, = 460 575 GeVto measuré-|



DIS Event Reconstructign

Inelasticity:
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Both the scattered electron and hadronic final state candobtoge-
construct event kinematics.



Structure Functior, at low x

H1 Collaboration
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Large scaling violation at low —

F-> Scaling violation at lowx
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agreement between the data and theory.

large gluon density. Good
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Data precision allows for local determinationdf,/d1n Q? ~ asG.
Note that there is a strong anti-correlation between the plaints.
Good consistency between data and QCD fit (even for extrapola

to low Q?).
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e Forx < 0.01 xS
andxG
dominate.

o \ery rapid
evolution forxS
andxG.

e Analysis based
using the H1
data only.
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Combination of HERA dat
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H1 and ZEUS Combined Data
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Experiments cross calibrate each other: total unceremméduced,
sometimes better than?2.
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Combined HERA data

H1 and ZEUS Combined PDF Fit
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HERA data approaches precision of fixed target experimemsidihed data
vs theory: stringent test of DGLAP evolution.
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PDFs extraction
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SeaS and gluory are far more important at low. Mind the x0.05
scale factor for them.

Fit to combined HIZEUS data returns much more precy&(x)
compared to global fits of CTEQ and MRST: improved data prenisi
and also dierent data errors treatment.
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Measurement ofF| .

E, = 460 GeV
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Determination of~_ requires measurement at high: 1 — E—g

H1 estimates background directly from data using the measur
charge of the electron candidate.
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Published H1 and ZEUS, results
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(\/I'\
o | ° 1 D — H1 PDF 2000
" 1 H1 Data -~ CTEQ 6.6
\:I B -- MSTW 07
L
S8 3¢ g 3 N 8
Xg8g 8 § 8 = S =
oo o o IS © © ©
0.5

I —ZEUS-JETS

Phys.Lett.B665 139, 2008.

1 1 Lol " Lol
10° 10?2 10° 10?2
X X

DESY-09-046, to be published in Phys. Lett. B

Both H1 and ZEUS collaborations published their first measiants
of F_. ZEUS also extracts, without any assumption olf, .
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H1 extension to lowD?

H1 Preliminary F )
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Using the backward silicon tracker, H1 extended the measeméeto lowQ?.
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H1 extension to lowD?

[ Q°=5.0GeV?

F (X, Qz)

Using the backward silicon tracker, H1 extended the measeméeto lowQ?.
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F. measured by H1

H1 Preliminary F ]
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H1 measurements covais < Q? < 800 GeV and0.00005< x < 0.04 range
For Q% > 10 Ge\?, agree well with H1IPDF 2009 prediction.
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F. measured af)? < 100 GeV
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MSTW and H1PDF 2009 predictions use the same scheme to daléuyla
Data agree better with calculation of CTEQ.
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Charged Current Double Berential Cross Sectiqn
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Recently ZEUS published analysis of the compkstp sample. CC
data allows to measui@, U andU, D separately.

(DESY-08-177, accepted by EPJ C)
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Charged Current Cross Section

HERA Charged Current e *p Scattering
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CC cross section is linearly proportional to the degree efldmgitudinal
beam polarization:
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Consistent with no right-handed weak currents
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NC Cross Section Polarization Dependence
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(DESY-08-202, accepted by EPJ C, Complete HERA-II sample).
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NC Cross Section Polarization Dependence
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Flavor Decomposition for processes at the LHC
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Measurement oxS(x) by HERMES

Measure K* prduction on deuteron

target compared to inclusive DIS.
d2NK(x) f D(K?(Z)dZ]
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Based on flatness @k (x)/dnP'S(x) for

high x, assumeS(x) 0 for x >

X

Subtracting the contribution
of [Df(Xdz evolving to
Q°=25 Ge\? and using an
external value of the frag-
mentation function [ D(X)dz,
XS(X) distribution is obtained:

0.15, measure the fragmentation func-
tion [ DY(X)dz.
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Different methods to measuré®

e Displaced secondary vertex
(lifetime tag.

e Tagging by measurin®*
meson production.

Methods have dierent experimentdheoretical uncertainties: combine
taking into account correlations, significant reductionhaf uncertainty.
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Measurements af, b using displaced vertex.
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Complete HERA datas{at

Larger contribution ter, allows to determine-® more precisely than
o Data agree well with HLPDF200@STWO08 predictions.
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DIS jet cross section

High P; jets provide infor-
mation onas andxG(x).

Normalised Jet Cross Sections

H1 Analysis based on complete s Hl . combiedrdata et 2. 30
HERA sample (395 pi3). sl B o

Theory uncertainty

as(Mz) = 0.1168+ 0.0007 (exp)
0 00a0 (th.) £ 0.0016 (PDF)

0.15

arXiv:0904.3870, Submitted to
EPJC. l | I

27



Summarj

e HERA enables precise determination of PDFs for the
LHC kinematic range.

e DGLAP evolution works very well so far.

e More information will come with finalization of
HERA analyzes, combination of FAEUS data, from
the measurements of heavy flavors andFof
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