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The HERA collider L

@ HERA accelerator: 920GeV p + 27.6 GeV e ) P s =320 GeV

@ H1 and ZEUS: general purpose detectors for all aspects of ep collisions
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Deep Inelastic Scattering

e(k)
@ Deep Inelastic Scattering (DIS) of

leptons off nucleons is one of the best
tools for exploring the substructure of
the nucleon

@ Kinematics are described in terms of

Lorentz invariant quantities: T
o i HERA Experiments:
@ Q*= ¢g*°= (k k9? B0, reversormon
virtuality/resolving power - Fired Target Experiments
— Q2 : ; ; 103? m BCDMS
e X= 555 Bjorken scaling variable, S
momentum fraction of the scattered 2L B e
parton ;
_ q P . .. 10 3
Q y - kP |ne|aSt|C|ty F )
i il
@ Related by Q% = xys 3 A Pl
v | il
10-lj HHHHHH OQQD‘ ]
10°  10° 100" 100° 10% 10" ;!
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DIS Inclusive Cross Sections L

@ 3 structure functions F2(x; Q?), FL (x; Q%), and xF3(x; Q?) parametrize the
inclusive NC cross section forep! e°X:

d* 3" _ 2 2V, y* Y
= F FL  _——xF Y =1 (1 2
dxdQ?2 xQ4 Y, o ¢

@ F» is dominant and
has been measured
with 2-3% precision in
the bulk region at
HERA

@ Contribution of F_
Important at high'y

@ XF3 is due to Z ex-
change, important at

high Q2
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Low Q? ResultsF,

@ H1 has preliminary results for lowest Q from special runs with Shifted
vertex, using untagged ISR events, and runs with Minimum Bias triggers

@ F(x;Q%)/ x

® H1 svtx00 ISR prel. O H1 QEDC97

2
(@) _ change of slope

at Q2 .

1 GeV? observed

ZEUS BPT97 m H1 svtx00 prel. Fractal fit F, and dipol F
* NMC

+0.8
> L
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L

I

o0
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H1 svtx00+ISR prel.

o H196/97
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'S
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!
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bt

—— L=aln Q¥A?
"""" extrapolation

0.8
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4
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Fz_y 2FL/Y«»

a,

Low Q? ResultsF, L

@ Preliminary H1 results on F> and F. simultaneously extracted by the
“Shape method” from the reduced cross section

c= Q) x @) y2=vy, R

@ Assumes F,/ x andsmall F_ variation where | bends over at highy
(i.e. low x)

Q% =0.75GeV? | Q® = 1.35 GeV? | Q@ = 2.2 GeV?
s i Fo
L L Find L [ L
i . I S g6 [ ¥=0750Cev [ @F=1.35CeV F o @P=2.20eV
Eos. L N L _g Le
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i I \ 10° 107* 1073 1072 i o
. x ©
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I = H1 mb99 prel. ® H1svtx00
= H1 mb9g
L A H196/97
05 F SRR AN — NLO a, fit (H1)
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—— NLO MRST 2001
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Low Q? ProspectsF,

©

©

A direct determination of F|. needs y-variation at xed X; Q2
) operation with reduced proton energy (low E,) foreseen for 2007

Likely scenario: limit to one extra energy with E, = 460 GeV, collect about

10pb * (L/ ES), H1 expects a5 measurement, ZEUS may be less
signi cant due to detector reasons — studies ongoing

FL gives an independent constraint of the gluon: F (X; Q%) /  sxg(x; Q?)

Also F° may be measured
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Low Q? ProspectsF

©

High precision measurements (1%) in the low Q? bulk region

Measurements at very high y, p background control with the help of €

and e beams and electron tracking in the whole Q* range with the
upgraded “Backward Silicon Tracker”

©

@ Improved understanding of the lepton energy scale
@ Finally: combination of ZEUS+H1 data for QCD analysis

BST Charge Measurement (H1) 8000
"o | Spacal Energy Scale (H1) 7909
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- 40 —o— '
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High Q? Status

@ At highest Q% measurements are

Q

still statistics limited

New at HERA Il: e -beam
typically  35% polarized

By measuring CC and NC inclu-
sive cross sections with both he-
licity and charges of the lepton

€--, » electroweak tests and par-

ton avor decomposition within
one experiment are possible
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High Q2 NC L

@ Using structure functions generalized for polarization F», F| , and xF3 the
reduced inclusive NC cross section is

d2 ECP XQ4 y2 Y
~ = = F A —XF . Y =1 1 2
NC T dxdQZz 2 2Y, S 7 (L)

@ F; receives contributions from and Z exchange and Z interference, in
QPM these have the form
h i X
Fo:F,° ;F5 = X €5;2eqVq; Vg + a; (q+ Q)
g
h i X
XFs® i xXF3 2 X [€52q; Vaaq] (0 Q)
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High Q% NC Results

@ Currently the new HERA Il data
being analyzed, single and
double differential cross sections
published, partially as
preliminary

First joint H1+ZEUS results on
xF3 and polarization asymme-

try A using total luminosity of
480pb 1

H1 Preliminary
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High Q2 joint ZEUS+H1 xF;~

HERA
@ From (net) unpolarized € pNCcross ., &, 1 :
sections the structure function xFz is = o [ e % o0 [ ZEUSErel)
detel‘m | ned | Q%=1500 GeVf Q%1500 Ge¥ -
06 e —
XF2 = Y+ + 04 - | }} ]
3 = ~ ~ BRI C
oy Nc o TNe l{ ty
0.2 }
@ Z interference dominates xF3, 010 o 1

sensitive to the valence quarks and

e T
Only Weakly Q2 dependent B H1+ZEUS Combined (prel.)
08 [ Q%=1500 GeV} i
X i — H1 2000 PDF 1
Xng = §(2UV + dv + ) 0.6 * ZEUS-JETSPDF?

=2( Usea U+ C ©

L +( dsea d + S S)
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High Q% joint ZEUS+H1 A

@ From polarized e;; p NC cross
sections the polarization asymmetries
A are determined

2 (Pr) (PL)

A S Pr  PL (Pr)+  (PL)

@ A is adirect measure of parity
violation

1 FZZ
A Kae | aeVq
Fo

and found to differ signi cantly from O

HERA
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- 2 “1
High Q< CC
@ The CC cross section has simply a linear dependence on the longitudinal

lepton polarization P

d® &c” _ GE M &
dxdQ? = P)2x Q2+ M2  ©€
W

@ e CC scattering is sensitive to down-type and up-type quarks respectively,
at LO:

cc =u+c+(1 Y)Z(d"' S)

cc =u+c+(l y)’(d+ s)
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High Q% CC Results

@ New results on double differential, single differential and total CC cross

sections

@ Polarization dependence of to-
tal cross sections in agreement
with the SM

W 25T T
F Q*=280GeV |

ZEUS
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Q%=950 GeV |

2
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1.6
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0.8
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0.4
0.2

11111111} 7t
Q? = 3000 GeV 1

Y
Q%= 5300 GeV
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Prospects for HighQ?

@ Measurements at High Q? will
especially pro t from the full HERA 1+lI
data set and a combination of ZEUS

and H1
@ Approximate physics luminosity per
experiment:
@ HERAI:100pb ! e*pand
20pb te p
@ HERAIlIsofar: 70pb ! e" pand 3 AR o
150pb *e p g e gf T
@ expected until mid 2007: 5
100pb ! &' p

100

L IR R R R
0 500 1000 1500
Days of running
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Heavy Flavor Contribution to DIS L

@ Production of heavy quark avors is
predicted in pQCD

@ NLO and NNLO calculations
available

@ Various schemes for mass
treatment

@ Multiple hard scales: mq; pr; Q° o

@ Boson-Gluon fusion dominant: :
constraint on the gluon density 1

10°L

Events

10°L

10°L

@ Flavor tagging possible with D ;

(b) e H1Data

@ The most inclusive test so far at HERA:
Signed impact parameter determined

with the H1 Central Silicon Tracker

10°E

10°L

n(s,)-n(-S,)
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Heavy Flavor Contribution to DIS L

@ H1 extracted the Charm and Beauty contributions to the total inclusive cross
section [ = FS  y2=v, F with HERA | data using the impact
parameter method

@ Charm contribution to

total cross section is &
25%, Beauty
. . 10%
contribution 1%, :
depending on Q? (
0 ¥
@ Heavy avor produc- -
tion in inclusive ep
is well understood in g 4
terms of pQCD | I QD o I _ :i EZEZ (High &
4 oH1D , MRSTO04
10 | aZzEUSD ' 102 MRST NNLO
T VRSTANLO - CTEQEHQ
[ CTEQ6HQ
EToJ T——— T 10 b U T
1 10 10 10 10 lonlGe\/Z

10
Q% IGeV?
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Silicon Detectors at H1 & ZEUS ¥

@ At HERA Il both H1 and ZEUS have silicon detectors
installed in the forward and central region, H1 also
has silicon tracking in the backward region

@ Together with higher luminosity improvements on F;*

and F£° can be expected once the detectors are fully
understood

H1 CST and FST

ZEUS MVD
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QCD Analyses and PDFs

@ So far QCD analyses of H1 and ZEUS differed by assumptions, input
data and goals:

Q
Q
Q
Q
Q

H1l: Gluon and s tusing inclusive DIS HERA | + BCDMS data
H1: PDF 2000 Fit using inclusive DIS HERA | data

ZEUS-S tusing inclusive DIS HERA | + xed target data
ZEUS-JETS tusing inclusive DIS + Jet HERA | data

ZEUS-pol t (preliminary) using inclusive DIS + Jet HERA 1+1 | data

@ All are based on NLO DGLAP equations

@ All ts give a reasonable description of their input data, th e extracted
PDFs are usually in fair agreement
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H1 Gluon and . Fit L

@ Goal was to determine the gluon distribution Sl acoris |
<1\ (1 SBCOMS) oxp. + & ancer.
xg(x; Q?) from H1 data (HERA I, Q% < 3000 S 1\ BEONS) S ncerioimy

GeV?) alone and s with additional BCDMS
data

@ The tted distributions are xg,V = 2u,  3dy,

andA =u 2(u, 2dy) (valence and

sea-like distributions) to enable the gluon
extraction from H1 data alone

H1 Collaboration

m H1+BCDMS
A H1

® BCDMS

L]

@ Theresultfor o

Total }*=x*

s(M7)=0:1150 0:0017(exp) %0008 (Model)
0:005(ren:scale) ' :

' H1 Collaboration

o
NN
o
NN
o
N
N
o

O‘s(Mzzj
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H1PDF 2000 Fit L

@ Determine avor separated parton distributions of the prot on, keep s xed

Q=10 GeVf Q%1000 GeV

N 7\\\\\\‘ T \\\HH‘ T \HHH‘ T T TTTTI T \\\HH‘ T \\\HH‘ T TTrrg
@ Usesonly H1 HERA | Z L H1PDF 2000 T g
inclusive DIS data X [ -~ MRST2001 ]
- CTEQ6 T )
@ The tted distributions are L XU - T XU —
Xg, XU, xU, xD, and xD L o\ 1 0 ]
with xU = x(u + ¢) etc. ow} —HHiH— muu{"w-wi - B
2 —\ _
@ Weakens the inuence of - T ]
assumptions about the a- = T b
vor decomposition of the B 5 e X0 1 5 ®
L X VY \\ 1 X :\ A
sea O FHHF—HHHH—HHHHHHT PP H P
20l i 7
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xf

ZEUS-Jets Fit L

@ Uses ZEUS DIS + Jet production data to determine avor separa ted parton
distributions and ¢

@ Fitted distributions are xuy, xdy, XS, xg, and x(d u)

@ s determination from ZEUS only: g ° ]
s(M%)=0:1182 0:0028(exp) ]
(0:0008)(model)  0:005(renorm ) z°x
Saef E(J Pisovianiil [

ZEUS 2 Jevs

Q2 10 Ge¥ | | | :‘.’E - Z:
0.8- — ZEUS-JETS PDF - 0.8- [ zeus-spoF é *r VZV'E:';U'se‘:I“"”“SI - e -
adM7)=0.1180 w h . R 0-6; Q%= 2oo<3e\,2 77 Q%= 2000 GeV *

1 uncorr. uncert.

0.6 [ total exp. uncert, o \('S)er(‘ﬁkaevitr;)gae) 0.4 J 1F B
y of 02f iﬁ—,/ E

0.4- x of ; ;
| o ’ﬁ'\ ;

0 0 04f = E
06f f— .

L L L L L
01 0105 011 0115 012 0125
a(M;
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ZEUS-pol Fit L

@ The ZEUS Jet t has been updated with polarized high Q* HERA Il e p
data

@ Higher precision for the valence quarks at high x

@ Fits with two of the electroweak (light) quark couplings ay; vy ;aq; Vg as free
parameters give SM-compatible results, improved precision over HERA |
only results by H1

ZEUS ZEUS ZEUS

1

\Y

I Hl-a-v4PDF

0.5

fractional uncertainty

o ‘ ‘ ‘ 15de‘ ‘ : : ; - T[T T T T[T T T T[T T T T[T T TIT] >‘D T[T T T T[T T T T[T T T T[T T TIT]
’ 1 ZEUS-pol-av,-PDF (prel.) 1 ZEUS-pol-av,-PDF (prel.)
0'5:/\_/ ! E Il total uncert. Il total uncert.
05 E uncorr. uncert. uncorr. uncert.

0 0
-0.5 E

05 0.5
) 1
Q=10 Ge¥V 15
A0 04 06 08 . W 02 04 06 08 0

B H1l-a-v,-PDF i )

1 1 T

I | - I | I | - I | I 11
o
T I T TT I T TT I T TT I T TT I T

o ‘ ‘ g ‘ ‘
0.5 [l zeus-JETS - 0.5F [_] ZEUS-pol (prel.) B -0.5 -0.5
¥ SM ¥ SM
0 0 — CDF — CDF
f\x 1 68%CL LEP 1~ 68%CL LEP
05p 105 ] N FEEEE RN RS FEEEE FREEE R [ AT AT A e
-1 -05 O 0.5 1 -1 05 O 0.5 1
_1 L L L L _1 L L L L
10*  10° 102 10t 10*  10° 102 10t
I x Ay Ay

Jan Kretzschmar, 6.9.2006 — p.24/27



Status of PDFs L

@ Up to now fair agreement between the PDFs extracted with different

approaches
. ) ZEUS
@ Precise knowledge essential for LHC % B R
]
0.5; ]
ol
1.5} ]
]
0.5; ]
O]m T — wa”” T
r J10*  10° 10° 100 1
151 . Q=10 GeV?
f 1 ZEUS-JETSfit
le N [ tot. uncert.
i ] H1 PDF 2000
5 —| I tot. exp. uncert.
r b I model uncert.
o) P T R

104 10° 102 10t 1
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Prospects for PDFs L

@ Further improvements of experimental input possible:

@ Ultimate precision at low Q? bulk and high y
@ With the low Ep run F can be measured directly
@ High Q2 DIS with high luminosity enables avor decomposition withi n
one experiment
@ Anticipated steps:

@ Combination of all HERA data, proper treatment of correlated errors
may lead to reduction of systematic errors as well

@ NNLO QCD analysis on combined data

@ Cross checks and improvements with semi-inclusive data (e. g. jets and
heavy quarks)
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Conclusions L

e HERA has still potential at low Q2

@ Low Ep run expected for next year to measure F_ directly at
HERA

@ With increased luminosity and availability of polarized e
beams new and improved measurements at high Q2
possible

@ With new silicon detectors and high luminosity the heavy
guark contributions will be better determined

@ Reduction of the PDF uncertainties with improved
experimental input, HERA combined data, and NNLO QCD
analysis will lead to valuable input for the LHC and test QCD
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