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Collider phenomenology

…depends on a large theory framework

Tevatron



Collider phenomenology

…while experimentalists tend to concentrate only on



NLO
 Perturbative calculations have

a realistic normalization (and
sometimes shape) only at
NLO
◆ NLO calculations can guide us in

our experimental analyses;
acceptances, templates, etc…

◆ …and in some cases we can
make direct comparisons of
corrected data to NLO

 Parton level calculations have
been performed for all 2->2
hard scattering and some
2->3 hard processes
◆ state of the art is W/Z + 2 jets
◆ W/Z + 3 jets perhaps in the next

year
▲ problem with multi-leg virtual

integrations
▲ many loop integrals
▲  enormous expressions large

numerical cancellations

 See
www.cedar.ac.uk/hep
code  for collection of
NLO codes, such as

…more about MCFM later



NLO vs LO

Lesson:  HT is a dangerous variable to use for any analysis for which
shape discrimination is important
…less inclusive variables have less difference between LO and NLO



Example NLO analysis: inclusive jet production

 Experimental cross section is
corrected to parton level and
then compared to parton level
calculation from EKS
◆ correct jets from

calorimeter level to hadron
level

◆ correct for smearing
◆ correct for underlying

event
▲ run Pythia with/without

underlying event
◆ correct for hadronization

▲ correct for energy
deposited outside the
cone from partons whose
trajectories lie inside the
cone

▲ run Pythia with/wo
hadronization



Inclusive jet cross section



MCFM
 Handy one-stop

shopping for partonic
level processes at
both LO and NLO
◆ few more pages of

processes in addition
to what is shown at
the right

 I’ve been using
MCFM to make
predictions for W+1,2
jets and for t-tbar



W + jets
 Working with  Ben Cooper,

Andrea Messina, Jay Dittman
and Dave Waters

 Goal is absolutely corrected
cross sections for comparison
to NLO predictions

 W+2 jets is especially tricky
theoretically
◆ because of complexity of

phase space, 24 counter-
events for each real event

◆ because of - weights, need
very high statistics to get
meaningful predictions

◆ I’ve created ROOT ntuples
containing 4-vectors for final
state particles with >400M
events for W+,W- + 2 jets

◆ easy (4 hours to run through
the ntuples) to create any
new predictions happy to generate any requested predictions



Studies for the LHC



η3* for Δη>2: Zeppenfeld plots



t-tbar asymmetry

effect not present in LO MC’s
use MCFM to study at parton level

…working with Dan Amidei, Stephen Miller and Tom Schwarz

can look at
asymmetry as a
function of top
(tbar) rapidity or
of cosθ*



MCFM study of asymmetry

…see talk at lepton + jets meeting on July 15



Fermilab Samper project



MC@NLO
 Ideally, want NLO

normalization and kinematics
while retaining the effects of
multiple gluon radiation and
hadronization

 Many papers written on the
subject

 MC@NLO (Frixione/Webber)
is only program in use by
experimenters

 Working model has new
collaborators coming in to
work on favorite process
◆ Eric Laenen: single top

production
◆ Vittorio del Duca: WH and

WW fusion to Higgs
◆ Bill Kilgore and Steve Ellis:

inclusive jet production
no spin correlations yet but minor
effect, I believe



t-tbar asymmetry
…naturally included in MC@NLO



MC@NLO

See Un Ki’s talk; recent work to make it easier to use MC@NLO in CDF
->top ntuples



A few uses for MC@NLO ntuples

Does the acceptance for t-tbar production
look any different at NLO than at LO?

Does the use of the correct (NLO)
template change the ME-guided
determination of the top mass?

How well does the t-tbar asymmetry
survive soft gluon radiation and
hadronization effects? How efficiently can
we tag the hard/soft t-tbar events?



Advertisement: CTEQ6.2 αs series

αs values of 0.112,
0.114,0.116,0.118,0.
120,0.122,0.124

jet production  at the
Tevatron

will be distributed through 
LHAPDF. something else we should address


