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Run II Tevatron PerformanceRun II Tevatron Performance

– Average Peak Instantaneous Luminosity: 44E30 cm-2s-1
– Typical Integrated Luminosity: ~8 pb-1/wk
– Total Delivered: 240 pb-1 (6/1/2001)

Average CDF + DØ Luminosity 
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Run II DØ DetectorRun II DØ Detector
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Run II PerformanceRun II Performance
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CalorimetryCalorimetry

D0 LIQUID ARGON CALORIMETER

1m

CENTRAL 
CALORIMETER

END CALORIMETER

Outer Hadronic
(Coarse)

Middle Hadronic
(Fine & Coarse)

Inner Hadronic
(Fine & Coarse)

Electromagnetic
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Electromagnetic

EM
FH

CH OH

MH

IHEM

• Uniform, hermetic with full coverage 
• |η| < 4.2 (θ ≈ 2o), λint ~ 7.2  (total) 

• Single particle energy resolution
• e: σ/E = 15% / √E ⊕ 0.3%   
• π: σ/E = 45% / √E ⊕ 4%

• Fine segmentation
• Transverse: 

• 5000 pseudo-projective 
towers 

• η x φ = 0.1 x 0.1
• Longitudinal:

• 4 EM layers
• 4/5 Hadronic

• L1/L2 fast Trigger readout towers

|η| = 0.5
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Jet ProductionJet Production

•• Probe of QCD over Probe of QCD over 
wide xwide x--QQ22 regionregion
•• Sufficiency of NLO Sufficiency of NLO 
QCD QCD 
••Search for new Search for new 
phenomenaphenomena
•• Tune Tune perturbativeperturbative
calculations in calculations in 
preparation for LHC preparation for LHC 
eraera 10

-1

1

10

10 2

10 3

10 4

10 5

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

x

Q
2  (

G
eV

2 )

DØ Central + Forward Jets (|η| < 3.0)

CDF/DØ Central Jets (|η| < 0.7)

ZEUS 95 BPC+BPT+SVTX &
H1 95 SVTX + H1 96 ISR
ZEUS 96-97 & H1 94-97 prel

E665

CHORUS

CCFR

JINR-IHEP

JLAB E97-010

BCDMS

NMC

SLAC



8

Run I/Run II Jet Cone AlgorithmsRun I/Run II Jet Cone Algorithms

Run I Legacy Algorithm:

• Draw a cone of fixed size in η−φ
space around a seed
• Compute jet axis from ET-
weighted mean and jet ET from  
ΣET

• Draw a new cone around the 
new jet axis and recalculate axis 
and new ET

• Iterate until stable
• Split/Merge
• Algorithm is sensitive to soft 
radiation

Improved Run II Cone :Improved Run II Cone :

•• “Joint CDF/DØ/Theory Jet Working “Joint CDF/DØ/Theory Jet Working 
Group”Group”
•• Use 4Use 4--vectors instead of Evectors instead of ETT

•• Add additional midpoint seeds between Add additional midpoint seeds between 
pairs of close jetspairs of close jets
•• Split/merge after stable Split/merge after stable protojetsprotojets foundfound
•• Improved infrared safety at NLOImproved infrared safety at NLO



9

1

10

10 2

10 3

10 4

10 5

10 6

10 7

50 100 150 200 250 300 350 400 450 500

0.0 ≤ |η| < 0.5
0.5 ≤ |η| < 1.0
1.0 ≤ |η| < 1.5
1.5 ≤ |η| < 2.0
2.0 ≤ |η| < 3.0

〈d
2 σ

/d
E

T 
dη

〉(
fb

/G
eV

)

ET (GeV)

Nominal cross sections & Nominal cross sections & 
statistical errors onlystatistical errors only

DØ Run I Inclusive Jet Cross SectionsDØ Run I Inclusive Jet Cross Sections
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Phys. Rev. Lett. {86} 1707 (2001)
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DØ Run IDØ Run II Inclusive Jet Cross SectionI Inclusive Jet Cross Section

1.96 TeV
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Comparison with TheoryComparison with Theory

Consistent with Run I & expectations
Uncertainties are large and statistically limited 

(dominated by jet energy calibration)
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QCD: Dijet Mass Cross SectionQCD: Dijet Mass Cross Section

• Probe of
–– proton structure at large xproton structure at large x
– hunting for resonances
– quark compositeness

• Data sample: 
– 34 pb-1

- DR = 0.7 cone jets
– |ηjet| < 0.5

Twice the σ at 1.96 TeV
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Dijet Mass DistributionDijet Mass Distribution

Consistent with Run I & expectations
Uncertainties are large and statistically limited
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Curiosity I:  Ratio of Cross Sections at Different Curiosity I:  Ratio of Cross Sections at Different 
Beam EnergiesBeam Energies

The ratio of  the scale invariant cross 
sections :

at different beam energies allows 
substantial reduction in theoretical 
and experimental uncertainty.  And 
provides a look at 

– Scaling behavior
– Terms beyond LO ( αs

2 )

σs = (ET
3/2π) (d2σ/dETdη)

VS       XT = ET / (√s / 2 )

σσss

σσ

EETT

XXTT

xT

1

2

0.40.0

QCDQCD

Naive Parton model
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630/1800 inclusive jet ratio630/1800 inclusive jet ratio
Two Interesting features:
• The results from CDF are much 

lower in the XT~0.1 region
• QCD prediction is satisfactory (~1σ) 
• Better description with different 

renormalization scales for the 630 
and 1800 cross sections.  ( But 
Esthetically unattractive!)

• Suggests higher orders

χ2 prob = 42.5%
χ2 prob = 31.9%
χ2 prob = 40.0%
χ2 prob = 33.0%
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Phys. Rev. Lett. {86}, 2523 (2001) 
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Curiosity II:  KCuriosity II:  KTT--Cone DiscrepancyCone Discrepancy

•• kkTT recombinant algorithm, recombinant algorithm, 
definition highlydefinition highly--desirable, desirable, 
popular at HERA, elsewherepopular at HERA, elsewhere
–– IR safeIR safe
–– Small Small hadronizationhadronization effectseffects

•• For NLO predictions, For NLO predictions, 
Cone R=0.7 » kCone R=0.7 » kTT D=1.0 D=1.0 

•• Should have been a well Should have been a well 
described as cone….described as cone….

Phys. Lett. B525, 211 (2002)
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Comparison of Comparison of kkTT and coneand cone

• Each distribution compared to its own prediction
• Uncertainties highly- correlated from one bin to the next → 

normalization not well-determined, but shape is
• Unexpected 1-2σ deviation from cone  and from predictions, 

mostly at low-pT
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What causes this What causes this 
low low ppTT difference?difference?

•• Match kMatch kTT and cone  jets in and cone  jets in 
space:space:

•• kkTT jets include more jets include more 
energy than coneenergy than cone

•• Insert this difference into Insert this difference into 
the cross section and they the cross section and they 
match!match!

DØ Data

DØ Data
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•• Explanation may be Explanation may be 
associated with associated with 
hadronizationhadronization::
–– kkTT seeks and finds seeks and finds 

hadronizationhadronization
productsproducts

–– Cone gives up quite a Cone gives up quite a 
bit of energy during bit of energy during 
hadronizationhadronization

•• MC energy difference is MC energy difference is 
half the size, accounts for half the size, accounts for 
half the shift. Needs half the shift. Needs 
tuning?tuning?

•• Or a signal of Or a signal of higher order higher order 
correctionscorrections < 0.2 that can < 0.2 that can 
bring Kt and cone in bring Kt and cone in 
simultaneous agreement?simultaneous agreement?
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Curiosity III: LowCuriosity III: Low--ppTT multijetmultijet
cross sectionscross sections

•• Simple cross section Simple cross section 
study of exclusive jet study of exclusive jet 
final statesfinal states

•• Data shown with Data shown with 
symbolssymbols

•• Neither Pythia Neither Pythia 
(histogram) nor (histogram) nor 
Herwig (not shown) Herwig (not shown) 
reproduce data reproduce data 
without tuningwithout tuning

ET (GeV) (≥ 1 jet) ET (GeV) (≥ 2 jet)

ET (GeV) (≥ 3 jet) ET (GeV) (≥ 4 jet)
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LowLow--ppTT multijetmultijet cross sectioncross section

•• After tuning, both MCs After tuning, both MCs 
agree with data, but have agree with data, but have 
not checked consistency not checked consistency 
with world’s datawith world’s data

•• Pythia: PARP(83)=0.4 Pythia: PARP(83)=0.4 
“hard core” of proton, “hard core” of proton, 
multiplemultiple--parton scatterparton scatter

•• Herwig: PTMIN=3.7Herwig: PTMIN=3.7
should not make a should not make a 
difference but appears to difference but appears to 
modulate underlying modulate underlying 
eventevent

•• Another manifestation of Another manifestation of 
higher orders at X<.05?higher orders at X<.05?
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Curiosity IV:  RCuriosity IV:  R3232
(The ratio of (The ratio of multijetmultijet cross sections)cross sections)

THpp
ppR   vs.

jets)  2(
jets)  3(

2

3
32

+→
+→

=
σ
σ

Measure the ratioMeasure the ratio

withwith

•• Improve understanding of the limitations of Improve understanding of the limitations of pQCDpQCD..
–– Identify renormalization sensitivityIdentify renormalization sensitivity
–– Does the introduction of additional scales improve  agreement wiDoes the introduction of additional scales improve  agreement with data ?th data ?

•• QCD QCD multijetmultijet production production -- background to interesting processesbackground to interesting processes
•• Predict rates at future colliders (Predict rates at future colliders (ZeppenfeldZeppenfeld/Summers)/Summers)

∑=
jets

TT EH
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Measurement/Predictions for RMeasurement/Predictions for R3232

•• Compare to Compare to pQCDpQCD JETRADJETRAD
•• Prediction independent of Prediction independent of pdfpdf
•• Sensitive to Sensitive to µµRR

•• Jet emission best modeled Jet emission best modeled 
using the same scale using the same scale ∝∝ the the 
hard scale hard scale for all jets rather for all jets rather 
than softer scale for additional than softer scale for additional 
jets jets 

•• Introduction of additional Introduction of additional 
scales to predict the rate of scales to predict the rate of 
additional jet production additional jet production --
unnecessary and leads to unnecessary and leads to 
poorer agreement with data.poorer agreement with data.

•• Need higher order terms to Need higher order terms to 
fully explain shape.fully explain shape.

µ µ
µ’or
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Closing CommentsClosing Comments
• Tevatron and D0 running well and physics programs 

well established 
– High transverse momentum inclusive jet cross 

section
– Dijet cross section

• Some interesting departures/results from NLO QCD at 
“lowish” x require progress
– Scaled cross sections at different energies
– Recombinant algorithms
– R32

– Multi-jet production low transverse energy.
• Expect exciting results in QCD as luminosities reach 1-2 

fb-1 in the next few years.  New summer results will be 
~100 pb-1.

Limitations 
of

NLO QCD?


