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Motivation
Jets physics is a powerful ground for:
• Testing of QCD predictions in  DIS
• Providing new phenomena for very 

precision αs and PDF extraction 
• Directly sensitive to αs and PDF 

constrain further gluon and parton
densities in proton and photon

Inclusive jets:
High statistics 

IR safety
Few non-perturbative complications

High Q2: small theoretical uncertainties  
precision extraction of  αs

Low Q2: test of QCD, check how low in Q2

and PT the theory can be used
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NC Jet Production in DIS

Boson Gluon FusionBorn Level QCD  Compton

In Breit Frame

For jets with ET (> 5 GeV) 
Born level contribution is  suppressed 
Jets well separated from the proton remnant (ET = 0)

Q/2

-Q/2   
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Used Jet Finder:
Longitudinal invariant inclusive kT algorithm

• infrared and collinear safe 
• factorizable
“Merging” parameter  R = 1.0 (S.D.Ellis, D.E.Soper …)

Used Theoretical Models:
NLOJET++ / FastNLO with

PDF  CTEQ65M
μF = Q
μR =                  for inclusive jets 
μR = Q              for 2 & 3- jets 

2 2
TQ +E 2

μR = √(Q2+ET
2)/2

μR = ET
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Integrated cross section linearly 
depends vs. R R = 1 

Cross Section Dependence on R

Good  agreement between data 
and NLO for  R = 1, 0.7, 0.5.
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High-ET Dijet Photoproduction
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ZEUS
xγobs = (ET

jet1 e-η1 + ET
jet2 e-η2)/2yEe ET = (ET

jet1 + ET
jet2)/2

∫L = 81.8 pb-1, Q2<1GeV2, 142<Wγp< 293 GeV

Jet paremeters: Ejet1
T > 20 GeV, Ejet2

T > 15 GeV, -1<ηjet1,2<3 (at least one -1<ηjet<2.5)

Good description over 4 orders of 
magnitude for xγobs > 0.75.

For xγobs < 0.75 γ PDF differ by up 
to 40% potentially to constrain γ
PDF.

In many cases: CJK (Cornet et al.) 
described data the best..
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Multijet Production at Low xBj

Kinematics range:
10 < Q2 < 100 GeV2

10-4 < xBj < 10-2

0.1 < y < 0.6

Jet parameters:
-1.0 < ηjet1,2(,3)

Lab < 2.5
ET,HCM

jet1 > 7 GeV
ET,HCM

jet2(,3) > 5 GeV

Relative difference 
between the data and 
theory

• Hatched band - QCD renormalization scale uncertainty
• Green band   - jet energy scale uncertainty
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High ET Neutral Current Dijets

HERA-II: 
• 125 < Q2 < 5000 GeV2

• ET
jet1(2) > 12(8) GeV

ξ =x (1+M2
ij/Q2)

The data well described 
with NLO. Theoretical 
uncertainties dominate 
in many bins.
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Charged Current Multijets
HERA-II, 
• ∫L = 359 pb-1 polarized e+-p data.
• Q2 > 200 GeV2,   y< 0.9
• ET

jet1(2,3) >14(5)GeV, -1 < ηjet < 2.5 
• NLO QCD based on MEPJET, 
with ZEUS PDF set

• W-(+) coupled primarily to u(d) 
possibly constrain d-quark PDF

• NLO fails to describe dσ/dMjj for dijets?
• Ratio e-p/e+p described reasonably well.
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Inclusive Jet Cross Sections at Low Q2

HERA-I:  99-00, 
5 < Q2 < 100 GeV2

0.2 < y < 0.7

Inclusive jets 
ET

Breit >5 GeV
- 1.0 < ηLab < 2.5 

μR and μF uncertainties PDF  uncertainties αS uncertainties

Scale uncertainties dominated over experimental errors and other
theoretical uncertanties theory improvement needed.
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Data well described by NLO QCD.  Large scale uncertainties.
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αs extraction  from Low Q2 DIS

Running of αS vs. ET and Q2

Fit over 28 
experimental points

χ2/ndf = 20.5/27

Theoretical Uncertainties are the largest

αS from low Q2 data
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H1:HERA-I 99-00 
√S =319 GeV, ∫L = 65 pb-1,
150<Q2<15000 GeV2, 0.2 < y <0.7

Jet Selection:
ET

Breit > 7 GeV
- 1.0 < ηLab < 2.5

H1-ZEUS combined QCD fit

ZEUS:HERA-I 98-00,  ∫L= 82 pb-1

Q2>500GeV2 (used in fit)
Jet Selection:

ET
Breit > 8 GeV

|cosγh| < 0.65
- 2. < ηBreit < 1.

NLOJet++/FastNlo & DISENT (ZEUS 
grid program)

μR = ET , μF = Q, PDF  MRST2001

χ2/ndf = 27.4/29
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HERA-I+II: √S = 319 GeV,  ∫L = 395.0 pb-1

150 < Q2 < 15000 GeV2,  0.2 < y < 0.7

Normalization to σNC used for reducing errors

Inclusive and Multi Jet Cross 
Sections at High Q2

Inclusive Jets:
• ET

Breit > 7 GeV
• - 0.8 < ηLab < 2.0

Multijets:
• ET

Breit > 5 GeV
• -0.8 < ηLab < 2.0
• Mjj > 16 GeV
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Normalized Inclusive and Multijets
Jet Cross Sections at High Q2

Well described by NLO QCD prediction. Experimental uncertainties (2-6%)  smaller than 
the theoretical ones (5-10 %).
Trijets experimental uncertainties dominated by statistical errors and model dependence 
uncertainties. They are less than NLO QCD uncertainties.
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αs extraction from High Q2 DIS
αS extracted for DIS normalized inclusive jets, dijets, trijets. 
Theoretical uncertainties are larger then experimental ones.
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Running αs (Q2=5-15000 GeV2)

Running αS (from high Q2).
• NLO and <αS(μ)> 

extrapolated from high 
(>150GeV2) to low (<100GeV2)
Q2 region.

• αS from Low Q2 added to 
high Q2 curves. A striking 
agreement between low  and 
high Q2 data observed. 
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Comparison of αs(MZ) values

New αS measurements from low and high Q2 jets data compatible with the 
world average
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Summary
1. Presented new measurements on jet data

• multijet production at low xBj

• high-ET dijet photoproduction
• multijet production in charged current
• differential and double differential cross sections at low and high Q2

• αS extraction at low and high Q2

2. The jet data could constrain further the parton densities in proton and  photon
3. Data well described with NLO.
4. αS running verified over two orders of magnitude in Q (5<Q2<15000GeV2). 

A striking agreement between the low  and high Q2.
5. Theory scale uncertainties dominated over experimental ones theory 

improvements needed
6. HERA-II new data analysis are in progress new high precision 

measurements are expected. 
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