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NC DIS cross section

e Jet Production in NC DIS provides a testing ground for pQCD
e At O(as), these are the diagrams that contribute to the jet

production cross section in DIS ( Q% > AéCD):
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e The cross section is given by:

dojes = Y. [ da fule, nr)déa(@, aslun); nrs wr)
a=q,q,g

e f, are the experimentally determined parton distribution fun ctions
— proton structure (long-distance structure of interaction )

e do IS the subprocess cross section, calculable in pQCD
— hard process (short-distance structure of interaction)
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The Breit frame

e The Breit frame is the natural frame to measure NC DIS jet cros s sections.

— defined as that in which:  2zg;p+ g =0
— suppression of the Born contribution (struck quark has zero E7)
— suppression of beam remnant jet  (zero ET)

— lowest order non-trivial contributions from Y*g — qq

and v*g — qg

Jet

BREIT —
P PimAnt et
e Jets are reconstructed in the Breit frame using a kt-cluster algorithm

— invariant under longitudinal boosts

— Infrared and collinear safe

d;j = min(Ey, E)? - (Ang; + Ad3;)
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Motivation for NC DIS inclusive jet measurements

e Jet production in NC DIS provides a testing ground for QCD
— detailed studies of parton dynamics
— precise determination of «gs(My) and its scale dependence

— constrain proton PDFs
Jet Jet
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remnant  Jet remnant  Jet remnant Jet

e Previous as(Mz) extractions at ZEUS have been carried through using:
— jet substructure in NC and CC DIS
— simultaneous fits of PDFs and «g
— jet cross sections in NC DIS and photoproduction



Measured values of as(My) at HERA

e Measurements compatible
among themselves

e Compatible with world average

Inclusive jets yield
smallest theoretical uncertainty !

th. uncert.

F———t—i

exp. uncert.
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NLO QCD fit

ZEUS (Eur PhysJour C 42 (2005) 1)
NLO QCD fit

H1 (Eur PhysJ C 21 (2001) 33)

Subjet multiplicity in CC DIS

ZEUS (Eur PhysJour C 31 (2003) 149)
Subjet multiplicity in NC DIS

ZEUS (Phys L ett B 558 (2003) 41)

Jet shapesin NC DIS
ZEUS (Nucl Phys B 700 (2004) 3)

Multi-jetsin NC DIS
ZEUS (Eur Phys Jour C 44 (2005) 183)

Inclusivejet cross sectionsin yp
ZEUS (Phys Lett B 560 (2003) 7)
Inclusivejet crosssectionsin NC DIS
H1 (Eur PhysJ C 19 (2001) 289)
Inclusivejet cross sectionsin NC DIS
ZEUS (Phys Lett B 547 (2002) 164)
Dijet cross sectionsin NC DIS

ZEUS (Phys Lett B 507 (2001) 70)

HERA average
(hep-ex/0506035)

World average
(S. Bethke, hep-ex/0407021)
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NC DIS data sample

e Data from ZEUS 98-00 ( L = 81.7 pb—1)

— kinematic region: Q2 > 125 GeV? E%eg > 8 GeV
—2 <t < 1.5 © —0.65 < cosvy, < 0.65
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NLO calculations

e Differential cross sections were calculated at ~ O(c?) using DISENT

dajet — Z / dx fa(wa “F)d&a(wa aS(/J'R)a IR, “F)
a=q,q,g

— pPDFs: MRST99 set

— g was calculated at two loops with ag(M z£)=0.1175

— renormalisation scale pugp = E}% of each jet (or, alternatively, Q)
— factorisation scale pup = Q

e Contributions to the theoretical uncertainty have been con sidered
as coming from:
— terms beyond NLO: variation of ppg by factors 2 and 1/2
— uncertainty due to  ag(Mzyz): 0.1182 4 0.0027 (world average)
— proton PDFs: using the 40 sets of CTEQG6



Measurements of do /dE%

T,B
e Measured da/dEgrftB vs. NLO predictions
ZEUS
e Correction factors applied to: § ““““““““““ - * ZEUS (prel.) 98-00
— DATA:QED and acceptance g — NLO(=E¥)
@10 - -~ NLO (ug=Q) .
(< 5% and < 10%) %J: :
— NLO: Hadronisation and Z9 5
(<10% and < 5%) ' i -2<n2<15 E
e Sources of theoretical uncertainty - Q°>125GeV’
in NLO calculations due to: 0 IOSHI=0% .
— that in the value of :
as(Mz) (~ 4 %) 107 |
— that in the PDFs (~ 3 %) O g T
— terms beyond NLO (~ 5 %) £ op D NLOuncertainty E
e Systematic uncertainty due to % o — IR
— jet energy scale (~ 5 %) g :g’j
A




Measurements of do /dQ? and da/dnJet

e Measured do/dQ? and da/dngt vs. NLO predictions
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Extraction of ags(Myz)

Method for the determination of ags(My)

e Three different values of g are assumed
In the NLO calculations (also in the
MRST99 fits)

e The dependence of the da/dE%e%
(or do/dQ?) cross sectionon as(My) is
parametrized according to: ‘

| aS(MZ)
[do /dELy (s (Mg))= Ab s (M) + Aba(My) T T T
(down) (central) (up)
NLO calculations (with 3 MRST99 sets)



Measurements of ags(Mz)

e Values of as(M ) have been determined from the measured

and do /dQ? cross sections:

a(M.)
o
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e for all EJTB regions

— as(Myz) = 0.1201 + 0.0006(stat.)”
e for all Q2 regions
— as(My) = 0.1198 + 0.0006(stat.) ™

e for Q% > 500 GeV? (smallest uncertainties):

— as(Myz) = 0.1196 + 0.0011(stat.)”

jet
do/ dEr g
Z E U S
Jloss| o ZEUS (prel.) 98-00 |
s | = world average | all Q?
0.14 - - regions
0.12 é@ _____ T — T — % _____ O
0.1 -
il
10° o?
(GeV")
0.0033 40.0049
0.0038(€ZP-) L¢ gp3a(th.)
0.0034 40.0049
0.0039(€xP-) Lg gp33(th.)
0.0019 40.0029
0.0025(€ZP-) L gp17(th.)
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Measurements of ags(Mz)

current measurement —

th. uncert.
Hro4— Inclusivejet cross sectionsin NC DIS
—— e
ZEUS prel. (contributed paper to EPS05)
exp. uncert.

o Inclusivejet cross sectionsin NC DIS

H1 prel. (contributed paper to EPS05)

— =t Multi-jetsin NC DIS

H1 prel. (contributed paper to EPS05)

FoA HERA average

(hep-ex/0506035)

—o—i World average

(S. Bethke, hep-ex/0407021)
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Determination of energy-scale dependence

e The measured do/ dE;}e% and do /dQ? have been used to test

the energy-scale dependence of
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Summary

e Measurements of da/dE%‘ffB,da/sz and da/dnjet have been made
using 98-00 ZEUS data ( L = 81.7 pb—1):

—

e Values of as(M z) have been extracted from do/ dE*;?% and do /dQ?

—

—

as(Mz) = 0.1196 £ 0.0011(stat.) o ooza(exp.) T0 0037 (th.)

e The energy-scale dependence of «s has been measured as a function
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