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Remnant
Hemisphere

Current
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Jet Production in DISJet Production in DIS
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Quark Parton Model
Et,lab balanced by e Boson Gluon Fusion QCD Compton

Breit Frame: 

No intrinsic p
t
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Jet Cross SectionJet Cross Section
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Inclusive Jets in DIS (1)Inclusive Jets in DIS (1)

Remnant
Hemisphere

Current
Hemisphere

Select Jet(s) in the Breit Frame:

Et,Breit

At least one Jet with Et,Breit > 8 GeV

Luminosity: 81.7 pb-1

(HERAI 1998-2000)

Q2 > 125 GeV2

NLO pQCD: DISENT
Scales: μ

F

 = Q , μR

 = Et
 (or Q)

PDFs: MRST99
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Inclusive Jets in DIS (2)Inclusive Jets in DIS (2)

Good agreement data ↔ theory

in all differential distributions

dσjet/dEt , dσjet/dQ2 and dσjet/dB

Main uncertainties:

Exp: Calorimeter energy scale

Theo: Missing higher orders, PDFs
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Extraction of Extraction of SS

 Generate σjet for various 
S 

Fit 
S  
dependence in each bin:

σjet (S
) ~  A·

S
 + B·

S
2

 “Compare” to measured σ
jet

 Treat uncertainties
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S  S  from Inclusive Jetsfrom Inclusive Jets
ZEUS

world average all Q2

regions

Q2 (GeV2)

 s
(M

Z
)

ZEUS (prel.) 9800

10
3
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4

0.1

0.12

0.14

0.16

Fits to dσjet/dEt and dσjet/dQ2

Best result for Q2 > 500 GeV2

Running of 
S
:

Fit 
S
(Et) or 

S
(Q) parametrized pQCD

Good agreement with
world average 

S

Small Errors
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S  S  from Inclusive Jetsfrom Inclusive Jets

Luminosity: 61.25 pb-1

(HERAI 1999-2000)

150 < Q2 < 5000 GeV2

Et,Breit > 7 GeV

NLO pQCD: NLOJET++

Scales: μR

2 
= Et

2, μ
F

2 = Q2

PDFs: CTEQ5M1

Running of 
S
:

Evolution to 
S 
(E

t
) by

Renormalization Group Equation

Error dominated
by theory
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NLO pQCD: NLOJET++
Scales: μR

2 = Q2, μ
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PDFs: CTEQ5M (CTEQ4A) 

Issues @high Q2

(missing Z0 in NLO calc)

 σ3jet sensitive to 
S

2 

Disadvantage: Less statistics
Advantage: σ3jet/σ2jet

many uncertainties cancel
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Event Shape Variables Event Shape Variables 

Thrust: (“Longitudinal momenta”)

Broadening: (“Transverse momenta”)

Squared Jet Mass:

“C-Parameter”

Investigate particle flow in final state  sensitivity to hadronisation

Breit frame: Maximal separation between current jet and remnant

“Broader Events”:
F >0

[QCD: Gluon radiation]

“Narrow Events”:
F 0

[QPM: 1 collimated jets]
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0
:Universal Parameter

     (Expected to be ≈ 0.5)

Hadronisation (non-perturbative):
- “Usually” phenomenological models
  (many parameters)

- Power corrections (Dokshitzer & Webber)

  analytic approach

Mean or differential distribution of
event shape variable F

Data well described by NLO+PC+Fit
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Event Shape DistributionsEvent Shape Distributions

Luminosity: 106 pb-1

(HERAI 1995-2000)
196 < Q2 < 40,000 GeV2

0.1 < y < 0.7
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S S from Event Shapesfrom Event Shapes
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Running nicely described

Consistent with
 
S from jets

with comparable precision
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SummarySummary
◆ 

S  
precision measurements by

HERA Experiments
■ Dominating error: Theory
■ Well compatible with world average

◆ More data with HERAII
■ Increased statistics @high Q2 &  Et

■ Improved detector understanding

◆ Expected progress in theory
■ NNLO
■ EW effects

th. uncert.
exp. uncert.

World average
(S. Bethke, hepex/0407021)

HERA average
(hepex/0506035)

Dijet cross sections in NC DIS
ZEUS (Phys Lett B 507 (2001) 70)

Inclusive jet cross sections in NC DIS
ZEUS (Phys Lett B 547 (2002) 164)

Inclusive jet cross sections in NC DIS
H1 (Eur Phys J C 19 (2001) 289)

NLO QCD fit
ZEUS (Phys Rev D 67 (2003) 012007)

NLO QCD fit
ZEUS (Eur Phys Jour C 42 (2005) 1)

NLO QCD fit
H1 (Eur Phys J C 21 (2001) 33)

Subjet multiplicity in NC DIS
ZEUS (Phys Lett B 558 (2003) 41)

Subjet multiplicity in CC DIS
ZEUS (Eur Phys Jour C 31 (2003) 149)

Inclusive jet cross sections in p
ZEUS (Phys Lett B 560 (2003) 7)

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

Multijets in NC DIS
ZEUS (Eur Phys Jour C 44 (2005) 183)

Multijets in NC DIS
H1 prel. (contributed paper to EPS05)

Inclusive jet cross sections in NC DIS
H1 prel. (contributed paper to EPS05)

Inclusive jet cross sections in NC DIS
ZEUS prel. (contributed paper to EPS05)

Event shapes in DIS
H1 (DESY 05225  hepex/0512014)
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