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* Introduction

» F, Measurements

» xly & xG5 Measurements

» (CC Cross Section Measurements

« High-x Measurements
= DIS & Photoproduction Jet Data
= Future Measurements

UH »  Summary&Outlook




Neutral Current — y or Z° exchange

« scattered electron in final state

Charged Current — W= exchange

¢« neutrino in final state

« @ — probing power
« x — Bjorken scaling variable

« y — inelasticity




doidQ? (pbiGeV?)

NC cross section

dzdi 27TCX2 N X
NP p——
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EN(;(X1Q2)

NC cross sections for et and e
differ for high @7 only

Candidate from NC sample

H1 Eun 122145 Event 63506

HERA Neutral Current

A Hlep QF = 25030 GeV?, y = 0.56, M — 211 GeV

o ZEUS e’p 98-99
— SMep {CTEQED)

A H1 e*p 94-00
o ZEUS e*p 99-00
— SMe*p (CTEQSD)

Q? (GeV®)
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HERA Charged Current

« H1ep
= ZEUS e’p 9899
— SMep {CTEQED}

dodQ? (phiGeV?)

* H1 e*p 94-00
m ZEUS e'p 99-00
— SMe*p (CTEQSD)

QF (GeV?)

CC Cross sections different for e'p and e p scattering:

2
) (¥, FS7— vt i e R

electron/positron collisions probe different quark content of proton

CC cross section suppressed compared to NC due to W mass

CC event in ZEUS detector




« dominant contribution to cross sections:

oncz eqx(q-l—q)

q

/< at high ¢ becomes significant

"« F, only significant at low @ and high y
) _ FLocang(x,Qz)

HERA data allow study of sea and valence quarks

« gluons accessible via scaling violation and jet data
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| « HERA data overlap with

fixed target at low Q% and
high x

fixed target measurements
extended to higher Q? and y

access to non-perturbative
region

access to sea and valence
quark densities

gluon distributions at low x

valence quarks at high x

1 ZEUS

[ CDEMDO Inclusive jets 1j<0.7

E D0 Inclusive jets <3

7] Fixed Target Experiments:

CCFR, NMC, BCDMS,

E665, SLAC




HERA F,

x=6.31E-5 4 000102

x=0.000161 —— ZEUSNLO QCD fit
¢ x=0000253
—— H1 FDF 2000 fit

=0.0005
x=0.000632 & H194400

x=0.0003

& H1(prel.) 2900

#
h ¢« sensitive to sum of q and d g -« 7EUS 9697
PR, gbar N 000 HEDHE

« sensitive to gluon densities
by QCD radiation

« scaling violation

measured with 2-3%
precision

) « for high @?> 1000 GeV?
A =  statistical error dominates
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Afam ~ove-gh.ugenl g .—-—-’. - '—:t ,‘

=0.25

« HI1 and ZEUS results in B L R B
agreement and Well AR sade s o e o el

l l I I described by QCD 10 10° 10° 10 10°

Q’(GeV?)




HERA Neutral Current at high x

o Hiep o H1 e*p 94-00
o ZEUS e'p 98-99 o ZEUS e*p 99-00
- SM e’p (CTEQ6D) — SM e*p (CTEQ6D)

- x=0.08 (x10000) — aageaebopif-g-8

at high Q° oy differs
significantly for e*p and ep

0" Nxg = DN BN

xF; comes from interference

between y and Z° and Z°
exchange:

xl's = xF Y + Z-exchange

constrains valence quark
content of proton




. xF 5 ~ 2 x(q-qbar) positive | rERey e

Q° = 3000 GeV*

« H1 and ZEUS in agreement

« xF'3 measurements from

y | HERA in agreement with
sy global fit PDFs

« present measurement not
very accurate and significant
' - —Dbetter with HERA II data

® ZEISepo6-99 [ x=0.13 ] needed:

Onc Small so high luminosity

rd

« quark main uncertainty comes
from statistics of ep sample

« HERA II has already ~7 times
more luminosity

« better measurements soon
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« H, negligible compared to G, o = 1500 Gav®

(v, small) rr sa00

ZEUS 96599
SM (CTEQSD}

« at fixed x weak @? dependence
« H1 and ZEUS in agreement

good agreement with theory

® ZEUS ep 96-99
O BCDMS N 40 <Q® < 180 GeV>

) o Ml < difference in theory for DIS and
—  €p ZEUS-S Q°=1500 GeV
- "N ZEUS-S Q®=100 GeV* HN small

« HERA data agree with BCDMS

« HERA extends measurement to
x~0.05
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CC different for et and e-

ogiifocliu+e+(1—y) (d+s)]

« sensitive to d(x,Q?)
« suppresed by helicity factor
(1-y?)

(TZ_Cpoc[u+c+(l—y)2(c_l+§)]

« sensitive to u(x,@?)

CC provides flavor information
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HERA Charged Current

+ H1ep

= ZEUS e’p 9899
— SMep {CTEQSD)

* H1 e'p 94-00
= ZEUS e*p 99-00
— SMe*p (CTEQSD)

Qo (GeV?)




Charged Current

. Q°=300 GeV* Q°=500 GeV* Q°=1000 GeV*
@ f
‘ ~ ¢ d(x,@?) poorly known = CC §
§ P 4 §
e'p data particulary valuable TR
\ \ i z Q=5000 Gev' g
& B« xd distribution dominates 8
8 cross section at large x = g
T
\‘3 5.. * Hle'p94-00
; J Vs =319 GeV
\ - HL PDF 2000

{1-y)* xD




N 5‘:*; « reduced cross section plotted
T:’ 'Q‘ as a function of (1-y)? SRR I
o ZEUS e p 98-99
P
y h;n%l.

« for e*p intercept gives o s
- x(u+c)
- x(u+c)

(ubar+cbar) contribution
and slope (d+s) contribution

« for ep intercept gives (u+c)
£ . .
) contribution and slope
B = (dbar+sbar) contribution

« atlarge x

\ sensitive to o e T o ot e b
01 02 03 04 05 06 07 08 09 1

. sensitive to (L-y)y




TR HERA Charged Current
. 7 ', # H1ep # H1e'p 9400 — SM ep (CTEQBD)
LR %* O ZEUS ep 9899 O ZEUS e'p 99-00 — SM e'p (CTEQSED)
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« HI1 and ZEUS agree

« agreement with global PDFs

« at high x measurement of u, and d, densities




F.,*and F," measured by H1 and
' Q’=200 GeV? P Q%= 650 GeV*
YANSN] 0 * HlData — H1 PDF 2000

(ZM VENS)
-- MRSTO03 (VFNS)

¢ charm and beauty produced via BGF

{ . ¢« directly sensitive to gluon parton
G densities

Q%= 200 GeV? Q*= 650 GeV?
e H1 Data — H1 PDF 2000
o 7ZEUS D* (ZM-VENS)
™ 4 - MRSTO03 (VENS)

%V x = 0,00003 (x 4%

i

x = 0,00007 (x 4%
;/f . x = 0.00018 (x 4%
/ - x =0.00035 (x 4)
//V(/ = 0:0006 6<4)
\ f x =0.001 (x 4
-
e\ 2 / x = 0.0015 (x 4%

- x =0.003 (x 4%)
,4"'*’{ « measurements agree between
‘ X = 0,006 (x 4%) . . .
e experiments and with theoretical

gt X002 prediction

i x =0,03

| Z1US NLO OCD SENEYE . ould be used as additional

constraint on gluon densities
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« x>1 PDFs not confronted with
experiment, highest x point so far:

x=0.75

« NC DIS: higher x = jet (from

scattered quark) more forward in the
detector

« jet not possible to measure anymore
= x = 0.65 (previous publication)

« measuring jet impossible = counting
number of events (integrated cross
section) ™ extending sensitivity to x=1

« @ measured from electron, x from jet

16



®  ZEUS NG (prel)99-00e'p (3)
I NCMe

« standard selection ensuring:

appropriate DIS event,
Q2= 576 GeV? 0 20 0 20 40 | 60 7

Z vertex (cm}) E-p, (GeV)
{c) {d)

good jets with E> 10 GeV

background free and well
reconstructed sample

2000 4000 6000
Q’ (GeV?)

200 500
E,, (GeV)

d

§
9, (rad)

® ZEUS NC {prel) 99-00 &'p

[ Incmc

onejet events

20
Z vertex {cm)

{c)

[ ]
E-p, (GeV)

d)

2
€, {rad)

® ZEUS NC (prel) 98-00 €'p

[ |ncme

Zero jet sample

zero jet event




compared to previous

"l J1 jet sample
Sy EA0 et sample
" . " measurements: 9ZLUS published
S

N .

% ¢« more bins

E'. i* = -'.“'- /

k ¢« better resolution

s « bins extend tox =1

= 7ero jet events

Mo ZEero jet events  zeus
Fi L 2 53007« 621GV 82107 725GV
S ¢ X g4 depends on @ et

-z

= £ ey
g2 04 a8 08 0.2 04 0B Q44
9A5-0 1 145GV’ 114507 <1330GeV

'y

"\
e « 0-jet events come from
Xodge <% < 1

« high purity in highest

bins
UH °

« comparable to mid-x

2
488307 <5623Ge Y
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T 3 « measured Born level
Py 2 cross sections
S e e s « comparison with SM at

using CTEQ6D

“=1928 GaV®

pbiGev]

dcidxaQ

~ ¢ highest x points —
integrated cross sections




2 E measured double differential
: 4 E cross sections generally agree
| J::J : well with
PR, CTEQ6D PDFs
) ZEUS-S PDFs
. for highest x bin data tend to
@%% e lie above expectations
Bl :

now impacted modest

« method developed, more
data needed

U_I_l « might lead to change of

parametrization




« tnclusive DIS measurements o HERA'T,

x=6.32E-5 5 000102
/ x=0.000161 —— ZEUS NLO QCD fit

contribute only indirectly to by [ S

gluon distribution, via higher- AT
:" «l: -'-l- -'.“'. Order terms 4 o BCDMS
k ) measurements

sensitive
( BGF, QCD Compton)

gl « small experimental and
theoretical uncertainties

« enough sensitivity to
determine proton PDFs
within a single experiment




B UCAL transverse energy

jet data never before rigorously
included in global fits

calculations done using a grid
of weights from pQCD
predictions (theory program)
and then interpolating

Very precise
sensitive to gluon, eg BGF

well understood correlations
between points

small uncertainty on jet
energy scale



ZEUS-JETS
[ tot. uncert.

ZEUS-JETS
1 tot. uncert,

(pb/GeV)

*  ZEUS dijet yp 96-97
I Jet energy scale uncert,

7_ ¢  ZEUS incl. jet DIS 96-97
“, [ Jet energy scale uncert.

B
T.jet

do/dER
do/dEXY (pb/GeV)

125 < QF < 250 GeV*
(x 10%

N - 2 2 2 1af™2c2.4
Yy 250 < Q<500 Gf.\ £ 30000)
j (> 107%)

Sy 500 < QF <1000 GeV?
(< 10%

z o L etl .y
1000 < QF < 2000 GeV? (1122:‘-34
(< 100} 1 ’e <2

2000 < < 5000 GeV?

EEY (GeV)

« DIS jet data used in global fit « photoproduction jet data used in

. global fit
« good agreement with ZEUS-JETS PDFs

U_I_l « good agreement with ZEUS-JETS
PDF's




ZEUS-JETS PDF
o /M, =0.1180 xu,
Py

| total exp. uncert. 4

{4

110t 100 10?
’ Q* =10 GeV?

ot

—— ZEUS-JETS fit
[ ] tot. uncert.

H1 PDF 2000

HEE tot. exp. uncert.
I model uncert.

HERA PDF's consistent with
MRST and CTEQ

H1 and ZEUS fits consistent
despite different fit approach




0'=25GeV?

e o
L&
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. . ¢ onlyin ZEUS-JETS PDF's
jets were included in
@m rigorous way

& &
SR O TR — I

B without jet data
' with jet data

gluon fractional error

el
=
-2

! « first time jet data from
HERA included

« jet data has significant
impact on gluon uncertainty

'y
i\
N\ for mid and high-x PDFs




950 GeV?

ZEUS-JETS
[ tot. uncert.

3000 GeV?2 5300 GeV?2

17000 GeV?2 30000 GeV?

o ZEUS CC «'p 99-00
= ZEUS CC e p 98-99
= ZEUS CC €'p 9497

o ZEUS NC e'p 99-00
o ZEUS NC ep 98-99
* ZEUSNC e'p 96-97

NC and CC cross sections compared to ZEUS-JETS PDF's
U_H « good agreement between data and prediction with ZEUS-JETS




7 NLO cross sections for jets and
e | W for LHC
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HERAII collecting data
« e'p and ep scattering
« polarized electron beams

already ~7 times more

luminosity for electron sample
then HERAI

better results & fits expected
with high luminosity

first CC & NC results from
HERAII
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HERA Luminosity 2002 - 2005

100D

150

200 250 30D
Days of running




= ¢« HERA provides many measurements giving access to proton
| parton densities

« F, measurements constrain sum of g and gbar, and gluon

densities

xF; measurements at high x sensitive to valence quark content

=

of proton

F 4

CC cross sections at high x allow measurement of v, and d,

densities
%j « high-x DIS NC cross sections expected to have impact on
' \ - highest-x and lower-x PDFs

Fa

DIS and photoproduction jet data improve uncertainty of mid
and high-x gluon distributions

|H1 < HERAII luminosity = more precise measurements

29



« PDFs measurements from
' HERA I

¢« inclusive DIS NC&CC
cross section statistically
limited

« jet cross sections
statistically limited at
high £, and high @~

« jets measured only in
certain kinematic regions
NOT optimized for

sensitivity to gluon

« HERA II present scenario:

« 700 pb* equally split between
e* and e until mid-2007

« 350 pb! for NC & CC e'/e
scattering

« ongoing ZEUS study on
optimizing dijet
phtoproduction measurement
(C. Targett-Adams)

"= HERA IT PDFs

30



« statistically limited data sets

« statistical uncertainty C. Gwenlan
R, scaled from present to ’ ¢ ‘ E

700 pb!

¢« systematic uncertainty
taken from present data

« optimized jet cross sections

¢« 1nclude simulated data
points from NLO QCD

« statistical uncertainty
calculated for 500 pb!

¢« no systematic uncertainties
included




¢« uncertainties on valence quarks
significantly reduced over whole
X range

P w ¢ uncertainties on sea quarks
{ s significantly reduced at high x

Sl
=
Rl
5]
—
-]
=
=
- p—
—
E
S
=
<
=]
—
=]

« most significant
improvement from increased
statistics of HERA II

i

« uncertainties on gluon
significantly reduced at mid-to-
high-x gluon

« most significant
improvement from optimized
Cross sections o N I g zevsETSEC

[ ] HERA-II projected fit




H\‘
Atlas and CMS

=y
=]

Atlas and CMS rapidity plateau

NLO QCD (JETRAD)

DO Central+Fwd. Jets

O

CDF/DO0 Central Jets

[ | PDF: ZEUS-JETS
Bl PDF: HERA-II PROJECTION

H1

M= Tey
ZEUS i) S

NMC

BCDMsS

pp—Jet+X

\s =14 TeV
_ JETCLU Cone R=0.7

E665

NAFAENRANNN -

do/dE; (nb/GeV)

M =400 cev
SLAC

y =6

M =10 GeV

HERA covers regions in x also
relevant for LHC
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high pt jets, new particles etc
depend strongly on high-x partons A L L
1000 2000 3000 4000 5000

— improvement to LHC cross Inclusive Jet E, (GeV)
sections after HERA II

c“




