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Overview
• Inclusive jet production cross section with ~0.8fb-1

(preliminary)
– comparing theory to data for central jets (|y| < 0.8) over

the whole pT range

• Z/γ* + jet production cross section with ~0.95fb-1

(preliminary)
– compare SHERPA MC to data shows agreement for jet

multiplicities and reasonable agreement for pT spectra
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Why study inclusive jets?
Q2 = 2.5E5GeV2

µF = 500GeV

CTEQ rel. unc.
MRST/CTEQ rel. diff.

• Compare theoretical predictions; understand ‘core QCD’
• Help constrain PDF’s

– at high pT and high x
– particularly sensitive to uncharted gluon PDF regions
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Theory prediction

• Next-to-leading order (NLO) calculation with two-loop accuracy
threshold corrections: ~10% at high pT
[N.Kidonakis, J.F.Owens, Phys. Rev. D63, 0504019 (2001)]

• Tevatron RunII: increased cross section and luminosity
• At high pT the gluon-quark contribution is reduced to ~30% but

we’re still sensitive to the gluon contribution

€ 

s =1.96TeV
x2 x5
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Data sample

• Data was taken with the RunII DØ detector (2002-2005)
– ~0.8fb-1

– single-jet triggers: energetic towers at level-1, simple cone jet at level-3
• Selections applied include run quality, event properties and jet

quality requirements
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• Offset correction to remove all
energy not from the hard scatter
(determined from zero-/minimum-
bias)

• Response scales the jet response to
the γ response (EM scale determined
from Z→e+e-)

• Showering corrects for net energy
leaking out of the jet cone due to
shower development in the
calorimeter

Jet Energy Scale (JES)
• JES corrects calorimeter

jet energy to the particle
level

€ 

E jet
ptcl =

E jet
cal − O
R ⋅ S particle jet

calorimeter jet
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Jet pT resolution
• Jet pT resolution determined

from di-jet events using
asymmetry A

corrected for both
– soft radiation (requiring

additional jets below the
reconstruction threshold) and

– the inherent imbalance at
particle level

€ 

A ≡ pT
jet1 − pT

jet2

pT
jet1 + pT

jet2

σ pT

pT
= 2σA

  

€ 

L∫ dt ≈ 0.8 fb−1
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Folding in the resolutions

• Take cross section Ansatz function:

• smear jet pT with the resolution obtained from data,
• fit to data and use the ratio of the smeared/unsmeared Ansatz function to unfold

the data.€ 

f (N,α,β,γ) = N(pT /GeV )
−α 1− 2cosh(ymin )pT
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Measured cross section
• Theory prediction: NLO

computed using fastNLO
using CTEQ6.1M PDF’s and
two-loop threshold corrections
[N.Kidonakis, J.F.Owens, Phys. Rev.
D63, 0504019 (2001)]

• Data has been scaled to theory
at pT = 100GeV to remove
luminosity uncertainty

• Then theory shows excellent
agreement with data over the
whole pT range
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Total uncertainty on dσ/dpT

• At low pT the precision of RunI (~8% at 100GeV central) has
almost been reached

• At high pT uncertainties still ~2x higher than RunI
– JES dominant uncertainty (the new JES uses the full data sample and

more advanced analyses, this will greatly reduce the JES uncertainty
by the end of summer)
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Sensitive enough to constrain the PDF’s!

• In some regions the required sensitivity has been reached
• Final JES is needed to explain the difference in trend between the

two rapidity bins
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Sensitivity to different PDF’s

• Comparing theory predictions using different PDF’s to
data

• For real comparison the pT and η uncertainty correlations
are needed. Estimated to be ready by the end of summer.
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Why Z/γ*+jets?
• Study how well Monte Carlo models describe multi-

parton final states
• Important background for associated ZH production

• SHERPA implements the CKKW method:
– generate 2→N processes with tree-level diagrams using phase

space cuts to avoid singularities
– populate the excluded parts of phase space using parton shower

evolution of N final state particles
• PYTHIA generates 2→2 matrix element plus parton

shower
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Data and MC samples
• Data: ~0.95fb-1 Tevatron RunII data
• SHERPA v1.0.6 with CTEQ6L, kT = (20GeV)2/(1960GeV)2

• PYTHIA v6.319 with CTEQ6L and Tune A (underlying event tuned to
Tevatron data)

• MC
– jet energies smeared with Gaussian to conform to data
– overlaid with zero-bias data to model multiple interactions

• Select events with two opposite sign electrons with
– |η| < 2.5 (1.1), pT > 25GeV and 70 < mee < 100GeV
– require all jet candidates to have ΔR(jet, e+/e-) > 0.5 and pT > 15GeV
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Jet multiplicity

• Both generators reproduce the data distribution but the
SHERPA central values are closer to data than the
PYTHIA ones

PYTHIA SHERPA
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Z-boson pT spectrum

• PYTHIA spectrum is too soft: lacking hard jets
• SHERPA spectrum agrees up to ~100GeV, beyond that,

the spectrum is too hard: too many high pT jets

PYTHIA SHERPA
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First/second jet pT
PYTHIA SHERPA
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Δφ Between leading jets

• Inter-jet angular distribution is expected to receive large
contributions from virtual corrections

• SHERPA prediction agrees very well with data
• PYTHIA prediction agrees with data except at Δφ ≈ 0 and Δφ ≈ π

(also seen in previous DØ study [DØ Collaboration, PRL 94, 221801 (2005)])

PYTHIA SHERPA
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Summary
• SHERPA describes Z+jets production at the Tevatron

very well
• Newer and better Monte Carlo helps us understand the

details of QCD
• Preliminary inclusive jet cross section available,

expecting significant improvements with
– final Jet Energy Scale
– inclusion of full uncertainty

correlations
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Backup Slides
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The DØ Detector

• Liquid argon calorimeter
with good granularity and
energy resolution

• In RunII improved tracking
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Highest pT di-jet event

φ

200

400

η

pT

Mdi-jet = 1.22TeV

Second jet
pT = 594GeV
y = -0.17
φ =  5.27

Leading jet
pT = 624GeV
y =  0.14
φ =  2.10

• Two different views of the highest pT event in the di-jet
data
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Hadronization corrections
• Preliminary JES corrected

for underlying event in
data → remove UE
contribution from Monte
Carlo

• Correct MC for
hadronization effects:
difference between parton
and particle level jet cross
sections
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Leading jet pT
PYTHIA SHERPA
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Second jet pT
PYTHIA SHERPA
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Third jet pT
PYTHIA SHERPA
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Δη(jet, jet)
PYTHIA SHERPA

• Both generators describe the Δη between the two leading
jets well

• The trend in the difference between PYTHIA and data
does not seem to occur comparing to SHERPA
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Central jet pT
PYTHIA SHERPA

• Select events with at least three jets satisfying
– |η1 - η2| > 2.0 and
– η1(2) < η3 < η2(1)

• Study the ‘middle jet’
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Central jet η*

PYTHIA SHERPA

• Select events with at least three jets satisfying
– |η1 - η2| > 2.0 and
– η1(2) < η3 < η2(1)

• Study the ‘middle jet’:
– η* = η3 - (η1 + η2)/2


