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Comment 

These slides have all experimental figures and also the structure,
but some elements are still missing.

For the final talk I will add the journal references and 
the integrated luminosities for all results
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Fermilab Tevatron - Run II

DØCDF

Å36x36 bunches
Åbunch crossing 396ns
ÅRun II started in March 2001
ÅPeak Luminosity:3.5E32 cm-2 sec-1

ÅRun II delivered: ~7 fb -1

ÅRun II Goal: 8 fb -1 end of FY2010

Tevatron

Main Injector
& Recycler

Booster

p-bar source

pp at 1.96 TeV

presented results 0.3-2.5 fb-1
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Run II Detectors

Multi-purpose Detectors

Åvertexing
Åprecision tracking
Åcalorimetry
Åmuon system
Å(hermetic Ą missing ET)
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Hadron -Hadron Collisions
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Hadron -Hadron Collisions
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Hadron -Hadron Collisions
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Hadron -Hadron Collisions
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Hadron -Hadron Collisions
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Hadron -Hadron Collisions
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Hadron -Hadron Collisions
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Hard QCD Processes

2Ą2 processes

high pTĄ hard partonic scattering 

sensitive:

Å strong coupling constant 

Å protonôs parton content
Ą unique sensitivity to high -x gluon

Å dynamics of interaction
- validity of approximations (NLO, LLA, é)
- QCD  vs.  new physical phenomena

kinematic plane

CTEQ6.1 gluon uncertainty

Ą unique pT reach at Tevatron
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Physics Objects

Jets
(all flavors)

Heavy Flavor
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Physics Objects

Jets
(all flavors)

W/Z bosons Heavy Flavor

photons
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Physics Objects

Jets
(all flavors)

W/Z Bosons Heavy Flavor

Photons

Underlying Event / Multi Parton Interactions
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Outline

ÅJet Production

ÅPhoton Production (+ Jet)

ÅVector Boson + Jets 

ÅDouble Parton Interaction

ÅUnderlying Event
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.

Jets 

SM production well -understood
Ą use data for SM and NP phenomenology

QCD vs. New Physics?  - PDFs  -



Unique sensitivity to new physics:

- new particles decaying to jets,    

- quark compositeness, 

- extra dimensions,  

- é(?)é

In the absence of new physics: 

theory @NLO is reliable ( 10%)

Ą Precision phenomenology

- sensitivity to PDFs Ą high-x gluon

- sensitive to 
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Jet Production

xT

largest high pT cross section
at a hadron collider

Ą unique energy reach
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Inclusive Jets

steeply falling pT spectrum:

1% error in jet energy calibration 

Ą 5ð10% (10ð25%)  

central (forward) x -section

pT (GeV) pT (GeV)
benefit from:

Åhigh luminosity in Run II

Åincreased Run II cm energy Ą high pT

Åhard work on jet energy calibration
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Inclusive Jets

data are used in PDF fits:

ĄIncluded in MSTW2008 PDFs  

ĄSoon: 
in forthcoming CTEQ results  

Å High precision results

Å Consistency between CDF/D0 

Å well-described by NLO pQCD

Å experimental uncertainties: 
smaller than PDF uncertainties!!

Å sensitive to distinguish between PDFs 
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Dijet Mass Distribution

central dijet production |y|<1 

Å test pQCDpredictions

Å sensitive to new particles decaying 
into dijets: excited quarks, Zô, Wô, 
Randall-Sundrum gravitons, color-
octet, techni-rho, axigluons, colorons
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Dijet Mass Distribution

central dijet production |y|<1 

Å test pQCD predictions

Å sensitive to new particles decaying 
into dijets: excited quarks, Zô, Wô, 
Randall-Sundrum gravitons, color-
octet techni-rho, axigluons, colorons

Ą data with Mjj > 1.2TeV!
Ą all described by NLO pQCD

no indications for resonances
Ą set limits on new particles
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Dijet Mass Spectrum

in six |y| -max regions 

0<|y| -max<2.4

Extend QCD test to forward region 

Ą data with Mjj > 1.2TeV!
Ą described by NLO pQCD
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Dijet Mass Spectrum

in six |y| -max regions 

0<|y| -max<2.4

Extend QCD test to forward region 

Ą data with Mjj > 1.2TeV!
Ą described by NLO pQCD

Åno indications for resonances

Ą PDF sensitivity at large |y| -max

ÅCTEQ6.6 prediction too high

ÅMSTW2008 consistent w/ data
(but correlation of experimental
and PDF uncertainties!)
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Dijet Angular Distribution

variable:

at LO, related to CM scattering angle

Å flat for Rutherford scattering

Å slightly shaped in QCD  

Å new physics, like
- quark compositeness
- ADD large extra dimensions
- TeV-1 extra dimensions

Ą enhancements at low 
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Dijet Angular Distribution

Measurement for dijet masses

from 0.25 TeV  to  >1.1 TeV

Ą normalized distribution                   

Ą reduced experimental 

and theoretical uncertainties 



27

Dijet Angular Distribution

Measurement for dijet masses

from 0.25 TeV  to  > 1.1 TeV

Ą normalized distribution                   

Ą reduced experimental 

and theoretical uncertainties 

First time: 

Rutherford experiment above 1TeV  

Use full shape information to set limits  
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Dijet Angular Distribution
New Physics Limits

CDF:                                                      D0: 

From detector-level comparison of 
data and PYTHIA: study ratio 

R = N(       < 15)/N(      > 15)

for 550 < Mjj < 950 GeV

Ą From pseudo experiments: 
Feldman Cousins limits 95%CL

Quark compositenessǭ> 2.4 TeV

Use full         shape 

of corrected data

Bayesian and       methods 95%CL

Å Quark compositenessǭ> 2.9TeV

Å ADD LED (GRW)    Ms > 1.6 TeV

Å TeV-1 ED              Mc > 1.6 TeV

At highest possible energy:

Å Probing quark substructure 

Å Sensitive to Extra Spatial Dimensions
- virtual exchange of KK excitation of graviton (ADD LED) 
- virtual KK excitation of gluon (TeV-1 ED) 

all: most stringent limits! 
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Strong Coupling Constant

inclusive jet cross section is sensitive to 

jet

jet
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Strong Coupling Constant

From 22 (out of 110) inclusive jet cross 
section data points at 50< pT<145 GeV

Ą Exclude data points with

- NLO + 2-loop threshold corrections

- MSTW2008NNLO PDFs

- Extend results from HERA to high pT



31

Strong Coupling Constant

From 22 (out of 110) inclusive jet cross 
section data points at 50< pT<145 GeV

Ą Exclude data points with

- NLO + 2-loop threshold corrections

- MSTW2008NNLO PDFs

- Extend results from HERA to high pT

Consistent with asymptotic freedom Ą



32

.

Photons 

test theory 
fixed order: NLO (?)  

Resummation

PDFs (?)
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(all quark/anti -quark
subprocesses)

Direct Photon Production

direct photons come unaltered from the hard subprocess 

Ą direct probe of the hard scattering dynamics

Ąsensitivity to PDFs  (gluon!)  ébut only if theory works 

also fragmentation contributions:

suppress by isolation criterion

Ą observable:  isolated photons
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Incl. Isolated Photons 

pT
g(GeV)

Å CDF and D0 measurements: 20<pT<400GeV Ą agreement

Å data/theory: different shape at low pT

Å experimental and theory uncertainties  >  PDF uncertainty
Ą no PDF sensitivity yet

Å first: need to understand discrepancies in shape 

pT
g(GeV)
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Isolated Photon + Jet

investigate source for disagreement

Ąmeasure more differential:

Å tag photon and jet 
Ą reconstruct full event kinematics

Å measure in 4 regions of yg/ yjet

- photon: central
- jet: central / forward
- same side / opposite side

pT
g(GeV)

DØ,   arXiv: 0804.1107  [hep-ex]

L = 1 fbL = 1 fb --11

discrepancies if data/theory  

Ą figure out what is missingé

Åhigher orders?

Åresummation?

Åé???
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Isolated Photon + HF Jet
DØ preliminary

pT
g(GeV)

L = L = 1 1 fbfb--11

Photon + (b/c) jet + X

Photon pT: 30-150 GeV

0.01<x<0.3    Ą b, c, gluon PDF

Ą test gluon splitting contribution

tag photon and jet 

Rapidities:

Ą triple differential 


