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Abstract: Proton structure measurements at high $Q"{2} $ performed by the H1 and ZEUS collaborations at the HERA collider, are reviewed.
Neutral and charged current deep inelastic scattering cross sections and structure functions are presented. The review also discusses improvements
to the parton density measurements using jet cross section data and recent high $Q{ 2} $ inclusive cross section measurements.
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Deep Inelastic Scatienng at HERA

HERA - the world’s only e=p collider

m Collides protons with e~
m & beam: 27.5 GeV

B p beam: 920 GeV

m Centre-of-mass energy
Pirsa: 080&({).1'65 — 320 Gev

The HERA microscope!

Q? corresponds to the spatial
resolution (wavelength \) of
the probe

Q2. ~ 10° GeV? (set by s)
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Deep Inelastic Scatienng at HERA
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The collider detectors at HERA

m Compensated Uranium Calorimeter (ZEUS), Liquid Argon
Calorimeter (H1)

m Iracking and vertex detectors
rgpe&Silicon micro-strip detectors ek




Deep Inelastic Scatienng at HERA
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HERA Operation
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Deep Inelastic Scatienng at HERA

slelel ‘sls

Deep Inelastic Scattering at HERA

TwWo processes

m Neutral Current (NC):
Exchange of ~ or Z°

k K ' m Charged Current (CC):
Exchange of W~

g=Fk ¥

current jet

Q?: Probing power

Q@ =—q¢°=—(k—Kk')
x: Mom. fraction of struck quark
Q._
2p-q
y: Energy fraction transferred from
lepton in p rest frame

V=5
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Deep Inelastic Scatienng at HERA
elololel To

NC DIS Cross Sections

~e *p  xQ* 1 d?%o

INe — Sl Y, dxdeQLp) = XF3 - _FL i
mY. =1+(1—y)?
m Structure functions ZEUS. NC event
m F>: dominant contribution
(R x3X(@+d) | RS
m xF3: sensitive at high Q2 =7 ?
[ xR xT(a-3) St
m F;: sensitive at high y W3

‘ FL X r_'bg,){g(x_ Qz)
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doccle™p) _ (14 p,) ff (M;WQZ) [G+C+ (1 —y)*(d + 9)]

m Linear polarisation H1, CC event
dependence

B Sensitive to v and d valence
quarks

m Flavour dependent probe of :
maocoos  PrOTON Structure .




NC and CC at High Q2

800

NC & CC Unpolarised Cross Sections

HERA Il
g E I | ] I T ] E
® - % H1epNC03.04(prel)
% 1{}%— . H1epNC2005(prel) =
o C o 7EUS e'p NC 2004 1 ;
= | e A m NC gross section
S E —— SM&'pNC (CTEQGM) 3 dominated by photon
'E-_-‘ 10_35_ — SM = p NC (CTEGGM) -
i = = exchange
= 3 B Sensitive to the massive
1035+ 1B CC 0304 (el 4 Z"° contribution at high
E 4 HlepCC 2005 (prel) 3 QZ
_ = 7EUSepCC2004 . % —
E e ZEUSepCC 0405 (prel) 1% e . ]
i s —'_”Ez_?’_; m EW unification as NC
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E 3 become similar
10_T_ i N il i L raald i __
10° 10*
Q? (GeV?)
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NC and CC at High Q2

Cceo

CC Polarised Cross Sections

Charged Current e p Scattering

3120_ i * v il
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| g Q" > 400 GeV o |
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ol .+ . b i et
1 05 0 05 1
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NC and CC at High Q?

alel |

NC Polarisation Asymmetry

Ai - ¥, ) c=(Pg)—c=(P)
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m Observe A= <0

m First evidence of parity
violation in NC e=p
scattering at high Q2
(~ 10~ 8m)
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NC and CC at High Q2
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NC Polarisation Asymmetry
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m Observe A= £0

B First evidence of parity
violation in NC e=p
scattering at high Q2
(~ 10~ 18m)
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EW and QCD fiis
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Structure of the proton

A single = E— B Structure depends
particle . = on resolution (Q4)
Proton momentmm ]i'L']\'.'_E;'Jll_K_E-_ I lx _—% . Quark deI'ISITy =

L Probability that a
Three valence = 3 K ty
3 [ quark carries
quarks b —
2 . momentum
e : fraction x

)

Three valence
quarks with
interactions

m Known as Parton
Density Functions
(PDFs)

m Exiracted from fits
to data (QCD fits)
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Valence and sea
quarks with
Pirmmcﬁons

UONN[0SAI SUISBAIOU|

Cluark dens ity

X



EW and QCD fiis

el “elels

HERA - LHC Kinematic Plane

LHC parton kinematics

T x,,= (M/14 TeV) exp(zy] ]
e Q=M M=10TeV —3 = g
i : 2 q
10 ; : 3
10 % M=1 TeV ,---—-.-—--——--—--—-——; = d
; 5 q q
~ 0E
z /H q g
-.: m'% Mo L e B DGLAP QCD evolution
= . i : provides Q% dependence but x
E - e dependence comes from data
" EM=n0Gy m HERA covers a very important
' & , s b region for the LHC
AT AT m Reliable PDFs needed to

g
10 1 10 10 (i 10 i 1’
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EW and QCD fiis

elel _ols

An exampl of the Cross sections used for fits
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B | ow-x sea and gluons
precisely determined




EW and QCD fiis

slelel 1o

H1 and ZEUS EW fits
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H1 and ZEUS PDF fits
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IEI_I T
o En

STy

Iml Iu EI
¥

E

[—]
i =
rIrrrT

[ f;

A
E
o
E
[l
-
H
A

B
:
:

%
i
i

I

=
ot 1 r—|—|—|—r"|"|——|"'|' T T =T
L=

B

vl - o

comd —l_ sl il © il
L [

| | [ [ 1y

- 1 18t

m ZEUS-pol includes new
polarised data

m Improved uncertainties. ...




H1 + /Z7EUS combmaiion

&0

HERA | combined CC and NC resulis

ax L

HERA Stnsotme Fuvctions Waorkig Ciom

m H1 and ZEUS are very active in combining DIS results

B Experiments “cross calibrate”™ each other
rrsa: osceo10s [l UNcertainties improved by more than 2 in some regions  rue 2w



H1 + Z7EUS combmaiion

] |

HERA | PDF

H1 and 7FTUS Combined PDF Fir H1 and 7FTUS Combined PDF Fir
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m HERA | PDF fitted using combined H1 and ZEUS data
B Impressive precision compared to global fits
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Summary

m HERA is providing significant tests to the electroweak model and
Improving our knowledge of the proton structure

No evidence of right-handed CC
First time that parity violation observed in NC DIS at high Q?
Determination of the light quark couplings to the Z°

Improvements to PDF uncertainties using HERA |l data and
through H1 & ZEUS combination

m Outlook
m Analysis of complete HERA data, ~ 1fb—', to come
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NC and CC at High

i 3
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E .
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" combination B Improvement= 0 SOF uncersintes using HE=A (| dats ang
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=
B Summary o
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