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Global pdf fits
 Calculation of production cross sections at the Tevatron  relies upon knowledge of

pdfs in relevant kinematic range
 pdfs  are determined by global analyses of data from DIS, DY and jet production
 Two major groups  that provide semi-regular updates to parton distributions when

new data/theory becomes available
◆ MRS->MRST98->MRST99->MRST2001->MRST2002
◆ CTEQ->CTEQ5->CTEQ5(1)->CTEQ6->CTEQ6.1
◆ also GKK  and Alekhin, but not widely used

 CTEQ6(1) is based on series of previous CTEQ distributions, but
represents more  than an evolutionary advance
◆ update to new data sets
◆ incorporation of correlated systematic errors for all experiments in the fit
◆ new methodology enables full characterization of parton parametrization space

in neighborhood  of global minimum
▲ Hessian method
▲ Largrange Multiplier

◆ results available both in conventional formalism and in Les Houches accord
format (more on this later)
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Nuts/bolts of fits

 Functional form used in CTEQ fits is:
◆ xf(x,Qo) = Ao xA1 (1-x)A2 eA3x (1 + A4x)A5

▲ Qo = 1.3 GeV (below any data used in fit)
– easier to do forward evolution than backward
– MRST starts at 1 GeV (- gluon  distribution)

▲ functional form arrived at by adding a 1:1 Pade expansion to
quantity d(log xf)/dx

▲ more versatile than form used in CTEQ5 or MRST
▲ there are 20 free parameters used in the global fit

– MRST has 15 free parameters

 Light quarks treated as massless; evolution kernels of
PDFs are mass-independent

 Zero mass Wilson coefficients used in DIS structure
functions

 NB: MRST pdf’s not in pure MS-bar scheme; use
Roberts-Thorne treatment of heavy quarks at  threshold
◆ maybe noticeable  only at low x
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PDF Uncertainties

 What’s unknown
about PDF’s
◆ the gluon distribution

◆ strange and anti-
strange quarks

◆ details in the {u,d}
quark sector;
up/down differences
and ratios

◆ heavy quark
distributions

 Σ of quark distributions (q + qbar)
is well-determined over wide
range of x and Q2

◆ quark distributions primarily
determined from DIS and DY
data sets which have large
statistics and systematic
errors in few percent range
(±3% for 10-4<x<0.75)

◆ individual quark flavors,
though may have
uncertainties larger than that
on the sum; important, for
example, for W asymmetry
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Uncertainties in pdf fits

 Two sources
◆ Experimental errors

▲ Hessian/Lagrange multiplier techniques designed to
address estimate of these effects

– question is what Δχ2 change best represents estimate of
uncertainty (CTEQ uses Δχ2 of 100 (out of 2000) for 90% CL
limit; MRST uses Δχ2 of 50 ); GKK/Alekhin uses  1 (for 1
sigma error)

◆ Theoretical
▲ higher twist/non-perturbative effects

– choose Q2 and W cuts to try to avoid

▲ higher order effects
– is NNLO necessary yet?

▲ edge of phase space effects
– threshold resummation needed?
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Hessian method
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Improvements in Hessian approach

Some flat directions can be important; see
inclusive jet cross section.
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W cross section
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Determining tolerance
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Determining tolerance

arrive at Δχ2~100;
nothing magical 
about this number
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More on W theoretical uncertainties

CTEQ W cross section at Tevatron is ~2% lower than MRST;
Alekhin is  ~4% higher What does this say about uncertainty

range?



lepton + jets 2/27/04

PDF uncertainties for Run 1 jet cross section



lepton + jets 2/27/04

CDF jet cross section uncertainties

one of the flat directions
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Uncertainties for Run 2 jet cross sections
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CDF Run 2 jet cross sections
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Effective use of pdf uncertainties

 PDF uncertainties are important both for precision measurements
(W/Z cross sections) as well as for studies of potential new physics
(a la jet cross sections at high ET)

 Most Monte Carlo/matrix element  programs have “central” pdf’s
built in, or can easily interface to PDFLIB

 Determining the pdf uncertainty for a particular cross
section/distribution might require the use of  many pdf’s
◆ CTEQ Hessian pdf errors require using 40 pdf’s
◆ GKK on the order of 100
◆ MRST2002 requires 30 pdf’s

 Too clumsy to attempt to includes grids for calculation of all of
these pdf’s with the MC programs

 ->Les Houches accord #2 (LHAPDF)
◆ each pdf can be specified by a few lines of information, if MC

programs can perform the evolution
◆ fast evolution routine used to construct pdf grids as needed
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Les Houches accord #2 (LHAPDF)

 Using the interface is as
easy as using PDFLIB
(and much easier to
update)

 Current version has all
modern pdf’s, including
error sets

 LHAPDF has been
handed off to Durham
who will provide support
in perpetuity
◆ http://durpdg.dur.ac.uk/lhap

df/downloads.htm

 call InitiPDFset(name)
◆ called once at the beginning

of the code; name is  the file
name of external PDF file that
defines PDF set

 call InitPDF(mem)
◆ mem specifies individual

member of pdf set
 call evolvePDF(x,Q,f)

◆ returns pdf momentum
densities  for flavor f at
momentum fraction x and
scale Q

 In new version, can store all pdf’s
in memory at same time
◆ run program with central pdf,

and then store pdf*pdf weight
for all error pdf’s

◆ in MCFM now
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Using pdf uncertainties

 CTEQ or MRST pdf’s
are meant to be used
with NLO programs

 It’s relatively
straightforward, for
example, to calculate
the pdf uncertainty
for something like the
t-tbar total cross
section using  a NLO
calculation
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Using pdf uncertainties

NLO programs can be slow, especially if you have to run 41 pdf’s
But if new version of LHAPDF is used, can run full cross section with central pdf and store
pdf*pdf luminosity for each event and then re-weight

Using MCFM, see CDF6849

Note the pdf uncertainties 
have the statistical fluctuations
of  the parent distribution
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Using pdf uncertainties
 More often, though, we need

to calculate the pdf
uncertainty on something like
an acceptance

 And we need to use a Monte
Carlo so that we can work at
the detector level

 Technically, should use LO
pdf’s with MC’s
◆ no LO error pdf’s
◆ but resulting error of using

NLO pdf’s is NLO, beyond
scope of MC

 But, LO central fit can differ
from NLO central fit by more
than NLO pdf uncertainty

 Also, have to worry about
generating enough  Monte
Carlo events to reduce
statistical errors
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Faster ways

 It’s probably not
unreasonable to
calculate the pdf
uncertainty on quantities
like acceptances by
using the pdf error sets
with LO calculations

 This was done for
example by the W/Z
cross section working
group using an analytic
parametrisation of the
acceptance
◆ ok since  acceptance for

W/Z is a very simple
problem
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Use NLO and LO ME for  t-tbar  production

 Run t-tbar in MCFM
◆ Total cross section at NLO
◆ Lepton + jets and dilepton

at LO using CDF cuts
◆ Lepton+jets cuts
◆ pTelectron>20 GeV
◆ |ηelectron|<1.1
◆ pTneutrino>20 GeV
◆ Rcone=0.4
◆ ETjet>15 GeV/c; |ηjet|<2.0
◆ Dilepton cuts
◆ lepton ET: > 20 GeV
◆ electrons: eta < 2
◆ muons: eta ~< 1.1
◆ jets: > 15 GeV eta < 2.5
◆ MET: > 25 GeV
◆ HT (leptons + MET + all jets):

> 200 GeV

 For full cross section at
NLO, find  cross section
uncertainty of 6.0 +0.42/-
0.28 pb
◆ +7%, -4.7%
◆ a bit  lower than Mangano

but no  resum

 For full  cross section at
LO, find cross section
uncertainty of 5.29 +
0.31/-0.18
◆ +5.9%, -3.4%
◆ cross section is a bit

smaller since using NLO
pdf’s rather than LO
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Faster ways for t-tbar

 Lepton + jets
◆ 94  +4.5/-2.8 fb

◆ +4.8%, -3%

 Dilepton
◆ 46.7 +2.8/-1.4 fb

◆ +6%, -3%

 For full cross section at
NLO, find  cross section
uncertainty of 6.0 +0.42/-
0.28 pb
◆ +7%, -4.7%
◆ a bit  lower than Mangano

but no  resum

 For full  cross section at
LO, find cross section
uncertainty of 5.29 +
0.31/-0.18
◆ +5.9%, -3.4%
◆ cross section is a bit

smaller since using NLO
pdf’s rather than LO
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Complications/subtleties

 How much do
detector
effects/initial/final
state radiation/
hadronization affect
cross
section/acceptance
uncertainties?
◆ correlation between

ISR and pdf
uncertainties, e.g.
eigenvector 15

 Compare LO ME
results with very high
statistics  MC for
central pdf, a few
eigenvectors and LO
pdf

 Compare  MC@NLO
with Herwig (with
spin correlations
turned on/off)
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Summary/discussion

 Week 2 of Santa Barbara was devoted mostly
to pdf discussions with Stirling, Tung, Alekhin,
Giele, etc
◆ “shootout” between Δχ2=1 people and Δχ2>1 people
◆ cross-studies by CTEQ and MRST currently

underway to understand any differences
◆ Santa Barbara accord?:  MRST/CTEQ use same
Δχ2 criteria

 See
http://www.pa.msu.edu/~huston/santa_barb
ara/collider04.html for all
talks/notes/discussion/Big Questions
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Two more things

 Pedagogical guide
for grad students
coming  out soon
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W+jets

 I’m working on a
comparison of
ME+MC/CKKW-
enhanced MC/NLO
predictions for W +
jet cross sections to
see  what this may
tell us about
improving predictions
for W + jets final
states


