Proton and Photon Structure
at HERA

Luca Stanco - INFN Padova

Outline:

 Introduction

e Proton Structure: FP,, NLO Fits, gluon density
e Photon Structure: F9,, charm content, PDFs

e QCD results and ag
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Why Structure Functions ?

Understanding of the Hadronic Structures
(i.e. momentum distributions, quark flavor contents...),
also through the quantum fluctuations of the photon

Test the Standard Model in the electroweak

and strong interactions sectors
(e.g excellent measures of ay)

Constraints and important knowledge
for new machines like LHC
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e X: fraction of proton

momentum carried by

quark = Q2/2p.q
e W:. gp c.m. energy
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HERA: Neutral and Charged Currents

propagators
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dUgi om o’
dmdeg = 20" (Y I -y Fp 7 Y_aF)

F % =x & A (@)[a(x, Q%) +a(x,Q%)]

Quarks

F_is the longitudinal Structure Function (i gluon density

iImportant only at high y

o _

xF;~ =x @ B (Q)[a(x,Q)- g(x,Q")]
Quarks

XF5 Is the parity violating term - sensitive to

valence quarks and is only significant at Q? ~ M,?
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DGLAP evolution
of Fz
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small x

e But they generally agree very

well
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H1+ZEUS

S 5 2 2 H1 NLO-QCD Fit 2000
% 20 :_ et ¥g=a®x" L) L+dVx-+ex)
‘-E-'n i FEM™ heavy-quark scheme
Gl [ 1 total uncert.
eXp. Uncert.
b Z_ ZEUS NLO-QCD Fic
_— s (Prel.) 2001
observed, probably due to: W e
- heavy flavour scheme = ] ERRRRET
- Xg(x) parameterisation gty
e ag correlation in the error s
on XQg(X :
9(x) il
ﬂ:I Lol 1 Lol 1 Lol :
-4 -3 -2 -1
10 10 10 10

Luca Stanco - Padova QCD ' 02, Montpellier 11



ZEUS

Xq.

[ — ZEUS NLO-QCD Fit szll] GeV?
0.7 F (Prel) o (M2)=0.118

_Xu

[ tot. exp. error v

L CTEQ M
- MRST2001

xg(x 0.05)
0.3 —
02 L

107 10 10

Luca Sanco - Padova

QCD ’'02, Montpellier 12



e TIt does not aescripbe

the data - when using the

existing parameterizations
- below ~1.5 GeV?
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Need HERA 11 data
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HI Preliminary
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. E)Ijet prosluctlon from_ LO P Direct”, PGF
resolved” processes In

quasi-real
photoproduction at HERA

frame, i.e. cs q*:
cosg*=tanh[(h,-h,)/2]

]etl _hjetl ]etz _hjet2

2yE,
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do/d|cosd*| (pb)

= ZEUS 85-97
= NLO (GRV)® HAD
----- NLO {AFG) @ HAD
Jet energy scale uncertainty

doid|cose*| (arb. units)

 Theagreement with the NLO calculations
showsthat the parton-parton dynamics are OK
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ZEUS data:
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02 04 06 08 1 02 04 05 'n.a'x?b: e LOW Xg data are above
NLO, more so at high E;

e Suggests gPDFs are not
quite correct ?

* High x, data are well
described by NLO
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D* In photoproduction

FEUS

= FELUS (pral) 19%5-2000 (17 pb")
— Badkgr. wrong charga

Combimationz 0.2 MeV

quark propagator a (1-|cosg*|) -

gluon propagator a (1-]cosq*|) 2

| ~ | —& nhence the gluon has a

014 a.15 016

wery-uee s Steeper distribution in |cosq’|
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The “resolved” distrib. is much
steeper than “direct”

—p agluon propagator

Suggests
charm in photon
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Summary

Progress on proton structure:

a) Much effort on uncertainties

b) High Q% data needs HERA 11
Progress on photon structure

a) analysis In progress

b) Need new fits to HERA data?
QCD

a) Theory uncertainties dominate a¢
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