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Cross sections and uncertainties

l In the ATLAS Higgs group, 
we’ve just gone through an 
exercise of compilation of 
predictions for Higgs 
production at LO/NLO/NNLO 
at a number of LHC center-of-
mass energies

l This has involved a 
comparison of competing 
programs for some processes, 
a standardization of inputs, 
and a calculation of 
uncertainties, including those 
from PDF’s/variation of αs

u from eigenvectors in 
CTEQ/MSTW

u using the NNPDF 
approach

l This is an exercise that 
other physics groups will 
be going through as well, 
both in ATLAS and in 
CMS
u ATLAS Standard 

Model group now, for 
example

l There are a lot of 
tools/procedures out 
there now, and a lot of 
room for confusion
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For example
l Use the Durham PDF plotter for the gluon uncertainties at the LHC, comparing 

CTEQ6.6 and MSTW2008
l MSTW uncertainty appears substantially less than that of CTEQ6.6

u as was typical in the past, where the  ∆χ2 used by CTEQ was ~100 and ~50 for 
MRST/MSTW

l But CTEQ uncertainty plotted is 90%CL; MSTW2008 is 68%CL 

I’ve often seen
plots in presentations 
showing PDF uncertainties
without specifying
whether they are
at 68% or 90% CL
(or sometimes 
even what PDF 
is plotted!)
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…but compare on a consistent basis

l See A. Vicini’s talk from earlier today, for gg luminosity uncertainty
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PDF errors

l So now, seemingly,  we have more consistency in the size of PDF 
errors, at least for this particular example

l The eigenvector sets represent the PDF uncertainty due to the 
experimental errors in the datasets used in the global fitting 
process

l Another uncertainty is that due to the variation in the value of αs

l It has been traditional in the past for the PDF groups to publish 
PDF sets for variant values of αs, typically over a fairly wide range
u experiments always like to demonstrate that they can reject a 

value of αs(mZ) of say 0.125
l MSTW has recently tried to better quantify the uncertainty due to 

the variation of αs, by performing global fits over a finer range, 
taking into account any correlations between the values of αs and 
the PDF errors

l …more recent studies by CTEQ and NNPDF as shown in the talks 
today
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Example
l Take CTEQ6.6 as base, and vary 

αs(mZ) +/-0.002 (in 0.001 steps) 
around central value of 0.118

l Blue is the PDF uncertainty from 
eigenvectors; green is the 
uncertainty in the gluon from 
varying αs

l 120 GeV (gg->)Higgs cross 
section at 14 TeV
u αs=0.116: 36.9 pb
u αs=0.117: 36.6 pb
u αs=0.118: 36.3 pb (+/- 1.35 pb)
u αs=0.119: 36.0 pb
u αs=0.120: 35.8 pb

l Variation in αs gives +/-0.57 pb 
error, or about half that from the 
eigenvectors

l No strong correlation found, add 
in quadrature to give total error of 
1.47 pb

MSTW=
38.4 pb
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αs(mZ) and uncertainty
l But of course life is not that simple
l Different values of αs and of its uncertainty are used
l CTEQ and NNPDF use the world average (actually 0.118 for 

CTEQ and 0.119 for NNPDF), where MSTW2008 uses 0.120, as 
determined from their best fit

l Latest world average (from Siggi Bethke->PDG)
u αs (mZ) = 0.1184 +/- 0.0007

l What does the error represent? 
u Siggi said that only one of the results included in his world average 

was outside this range
u suppose we’re conservative and say that +/-0.002 is a 90% CL
u joint CTEQ/NNPDF study to appear in Les Houches proceedings 

using this premise

l Could it be possible for all global PDF groups to use the world 
average value of αs in their fits, plus a prescribed 90% range for its 
uncertainty (if not 0.002, then perhaps another acceptable value)? 

l I told Albert that if he could persuade everyone of this, that I 
personally would nominate him for the Nobel Peace Prize 7



(My) interim recommendation for ATLAS

l Cross sections should be calculated with MSTW2008 and 
CTEQ6.6 

l Upper range of prediction should be given by upper limit of error 
prediction using prescription for combining αs uncertainty with error 
PDFs
u in quadrature for CTEQ6.6
u using αs eigenvector sets for MSTW2008
u (my suggestion)  as standard, use 90%CL limits, since central 

predictions often differ by more than 68%CL; naïve scaling between 
68% and 90% may not work for MSTW2008 (non-quadratic behavior?)

l Ditto for lower limit
l So for a Higgs mass of 120 GeV at 14 TeV, the gg cross section 

limits would be 34.8 pb (defined by the CTEQ6.6 lower limit) and 
41.4 pb (defined by the MSTW2008 upper limit; combined 
eigenvector + αs error = 3 pb)

l Where possible, NNPDF predictions (and uncertainties) should be 
used as well in the comparisons; general mass formalism has been 
developed and should be implemented in near future
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Master Equation

l There’s also the question 
of the form of the Master 
Equation for eigenvector 
errors
u symmetric or not

l But typically the 
differences between the 
two are small
u most of error comes 

from low number 
eigenvectors that tend 
to be symmetric
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Why am I here? 

lThe recommendation from ATLAS was to 
raise this issue/procedure in front of the 
PDF4LHC working group to see if an 
‘official’ recommendation could be 
adopted

lBut before any discussion, two accords
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Binoth Les Houches Accord

l A general interface between 
NLO and Monte Carlo tools
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…to appear in Les Houches proceedings
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Some more detail
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