QCD Results at CDF
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ISl New QCD Results at CDF

High P; QCD
* inclusive jet production (central and forward), dijets
e W+ jets
* inclusive b-jets, bb dijets
e Z+ b-jets, y+ bl/c-jets
* inclusive 2y

Low P QCD

 jet fragmentation (two-particle momentum correlations, jet
shapes)

 event shapes
* underlying event (UE)
 diffractive physics (dijets, double pomeron, exclusive y, e*e’)
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CALORIMETERS: High P; QCD

unfolded (n, ¢)—plane
* observable: inclusive jet production
* theory: exact NLO pQCD ME

TRACKER: Low PT QCD

oK
o e « observable: long-range momentum
correlations of particles in jets

e theory: NLLA pQCD resummation
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Inclusive Jet cross section Ru n l

nb/GeV

CDF Preliminary

 Cone jet finding algorithm
o-1904.95  Apparent excess at high P, but

199299 within the overall systematic errors
NLO QCD prediction (EKS)

~ cteq4m p=E/2 R_ =13

Between Run | and Run |l

d%c / dE,dn, nb/GeV

 PDFs are further tuned:
The “excess” is gone...

10"; Statistical Errors Only

;  Machinery for improved jet finding
elonsl moln vesn el algorithms:

MidPoint Cone Algorithm
+ infrared safe
kr Algorithm:
+ infrared and collinear safe

+ no ad hoc splitting/merging of
jets in experiment and theory

? might be more sensitive to UE
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Jet finding algorithms
o left: kT (D=0.7)
e right: MidPoint (R=0.7)
* both for central jets
only: 0.1<|Y|<0.7

Comparison to NLO:

* both agree with NLO
and have similar
patterns in
Data/Theory

UE+Had Corrections:

 UE+Hadronization are
phenomenological
models, not a theory!

* matter only for P;<100
* kyalgorithm is twice
more sensitive
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MidPoint Cone algorithm
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Pick two partons and their momenta
 phenomenological parton density functions, PDF

Hard Scattering: 2 > X

- QCD exact matrix element at LO, some at

LO,...
Soft final state radiation
pPQCD approximate resummation in all orders:

\

i s LLA (leading log approximation), NLLA

u ‘W ) Underlying event
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 phenomenological models
Hadronization

 phenomenological models

Calorimeter response

 electromagnetic shower for photons
e hadronic shower for “stable” hadrons
Jet identification
 jetfinding algorithms
Instrumental corrections
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&#51 \What do we really measure? (1)

PDF ®pQCD ME ®pQCD Approximation®UE@®Had®Algo = Observable

How much do we really learn about QCD?
Can we miss new physics by tuning PDFs, UE, Hadronization models, ...?

The only way to know is to study many more observables
e jets in different angular domains
 multijet observables (e.g., dijet mass, dijet 0*, etc.)
e vector boson production (y, Z, W with n jets)
* heavy flavor jets
» jetfragmentation
 event shapes
e underlying event (average, explicit multiparton interactions)
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1.1<|Y|<1.6

CDF Run IT Preliminary
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All self-consistent!
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Momentum distribution of charged
hadrons in jets:
 well described by MLLA
— dijet mass range 80-600 GeV
— cutoff Q=230 + 40 MeV
- Nihadrons/Npartons =0.56£0.10

Ratio of charged hadron multiplicities
in gluon and quark jets:

o agrees with NNLLA
— ratio=1.6+£0.2

Implications:

 pQCD calculations carried out down
to scale Q~Aqcp~200 MeV

 number of hadrons and their
momenta well match those of partons

dN/¢ per jet
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LLA & NLLA, r=C,/C =225

e

O CDF, E =41 GeV

oo Gaffney & Mueller, 1985 © CDF, Ejet= 53 GeV
— — Catani et al., 1992
—— Lupia & Ochs, 1998

Capella et al., 2000

10 '
Q = Ejet ’ Hcone
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Run II: two-particle momentum correlations

e consider all particle pairs in cone 6=0.5 around jet axis

&=|n(Ejetlpparticle) dn
d&ds,

e theory:C(&.&,)=

dn

B

de,

Co(Ejer) is always >1
c,(Ej) is always positive
C,(Ej) is always negative
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Run II: momentum correlations (cont’'d)

* hadron correlations follow the pattern expected for partons
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 fitto c, and c, coefficients gives k; cutoff Q_;~ 140 + 80 MeV and
provides further support for local parton-hadron duality
hypothesis
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Summary

QCD physics
e very rich and still holds a challenge for experimentalists and theorists

e better understanding of QCD is vital for discovering new physics:
- new physics is likely to be born in QCD processes
— QCD-driven processes are often the dominant backgrounds

High P; QCD:
* no striking data.vs.theory discrepancies within errors

 ~10% precision remains a benchmark precision for both experimental and
theoretical uncertainties

Low P QCD:

 when resummation is possible, the domain of pQCD apparently can be
pushed down as low as ~200 MeV

* largely continues to be terra incognita
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