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PDF4LHC report 

l  In 2010, we carried out an exercise to 
which all PDF groups were invited to 
participate 

l  A comparison of NLO predictions for 
benchmark cross sections at the LHC 
(7 TeV) using MCFM with prescribed 
input files 

l  Benchmarks included 
◆  W/Z production/rapidity 

distributions 
◆  ttbar production 
◆  Higgs production through gg 

fusion 
▲  masses of 120, 180 and 240 

GeV 
l  PDFs used include CTEQ6.6, 

MSTW08, NNPDF2.0, HERAPDF1.0, 
ABKM09, GJR08  
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2010 PDF luminosities 
l  Define and to compare PDF luminosities from the 

different PDF groups 
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2010 PDF luminosities 
l  The qQ luminosities for the groups tend to have different behaviors 

at low mass and at high mass 
l  The reasons can often be understood 

◆  NNPDF2.0 does not use a heavy quark flavor scheme; this suppresses the low 
x quark and anti-quark distributions (NNPDF2.1 does use such a scheme) 

◆  HERAPDF uses the HERA combined Run 1 dataset that prefers a higher 
normalization 

l  The agreement tends to be much better in the W/Z region 

Plots by  
G. Watt 
arXiv: 
1106.5788 
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 2010 PDFs 
l  Larger differences are observed for gg luminosities, especially at 

high mass 
◆  critically depends on whether Tevatron inclusive jet data have 

been used or not 

Plots by  
G. Watt 
arXiv: 
1106.5788 
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2010 uncertainties 
l  Uncertainties, at least among 

the global PDF groups, agree 
amazingly well for qqbar, 
especially given different 
approaches/assumptions 

l  A bit larger spread for gg 
l  Unless otherwise stated, all 

PDF uncertainties are at 68% 
CL 
◆  some PDF groups produce 

uncertainties for both 68% 
and 90%CL 

◆  for others, a scaling of 
1.645 is used (which 
works well)  
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2010 cross section comparisons 

l  Notice that the CTEQ and MSTW predictions for W/Z production 
are very close to each other 

l  Also, in general, there is very little dependence of the cross 
sections on the value of αs(mZ) (as expected) 

l  And of course, the higher qQ luminosities observed earlier lead to 
higher predictions for W/Z cross sections for HERAPDF 
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2010 cross section comparisons 

l  Larger gg differences and greater dependence on αs lead to larger 
differences in Higgs/tT cross section 

Plots by  
G. Watt 
arXiv: 
1106.5788 

Note that there tends  
to be two groupings 
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Comparison of NNLO PDF luminosity functions 

l  NNLO trends are 
similar to those 
observed at NLO 

Plots by  
G. Watt 
arXiv: 
1106.5788 
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Comparison of NNLO predictions 
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PDF4LHC recommendations 
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PDF4LHC recommendations(arXiv:1101.0538) 

Of course, there is the freedom/encouragement to use any individual PDF desired  
for comparison to measured cross sections. This  has been the norm for the 2010 LHC 
results. 
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More benchmarking 
2 studies in 2011 Les Houches proceedings(1203.6803) 
l  Benchmarking for inclusive DIS cross sections 

◆  with S. Alekhin, A. Glazov, A. Guffanti, P. Nadolsky, and J. 
Rojo 

◆  excellent agreement observed between CTEQ code with 
alternative DIS calculation provided by A. Guffanti 

l  Benchmark comparison of NLO jet cross sections 
◆  J. Gao, Z. Liang, H.-L. Lai, P. Nadolsky, D. Soper, C.-P. Yuan 
◆  compare EKS results with FastNLO (NLOJET++) 
◆  excellent agreement between the two if care is taken on 

settings for jet algorithm, recombination scheme, QCD scale 
choices 
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Higgs Yellow Reports 

paralleled 2010 PDF4LHC 
report more extensive use of PDF and cross 

section correlations 
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l  Correlations differ 
between PDFs 
more than I would 
have originally 
suspected 

l  Again, MSTW, 
CTEQ and NNPDF 
correlations tend to 
be similar 
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Followup for PDF4LHC 

l  Study of NNLO PDFs from 5 PDF groups (no new updates for JR) 
◆  drawing from what Graeme Watt has done, but now including CT10 

NNLO, and NNPDF2.3 
◆  using common values of αs (0.117 and 0.119) 

◆  including a detailed comparisons to LHC data which have provided 
detailed correlated systematic error information, keeping track of 
required systematic error shifts, normalizations, etc 

▲  ATLAS 2010 W/Z rapidity distributions 
▲  ATLAS 2010 inclusive jet cross section data 
▲  CMS 2011 W lepton asymmetry 
▲  LHCb 2010 W lepton rapidity distributions in forward region 

l  The effort is being led by Juan Rojo and Pavel Nadolsky and will result in 
an independent publication 
◆  with Stefano Carrazza, Jun Gao, Stefano Forte, JH, and Robert 

Thorne 
l  The results from this paper will be utilized in a subsequent PDF4LHC 

document(s) 
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PDFs used in the comparison 
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PDF comparisons 

…so from the document 
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Comparison of PDFs 
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Comparison of PDFs 
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PDF luminosities 
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NNLO PDF uncertainties 

l  Factor of 2 expansion of 
MSTW2008 error 
basically works for gg 
initial states (like 125 
Higgs) 

l  …but maybe an 
overestimate for qQ 
initial states 
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l  Comparisons to 
ATLAS 2010 W/Z 
rapidity data 
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LHC data 
l  CMS 2011 

lepton 
asymmetry 
and LHCb 
2010 lepton 
rapidity 
distributions 
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l  ATLAS 
2010 
inclusive jet 
cross 
section 
(antikT 0.4) 
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Comparison of jet predictions 

scale =pTjet 

scale =pTjet,max 

scale =pTjet,max in each rapidity bin 

hatched is FASTNLO 
uncertainty band  
for pT/2 to 2pT 

ATLAS choice 

could we agree on  
a common scale, 
like pT

jet? 

agreement  
at high pT, 
some  
differences 
for  
APPLGRID 
at low pT 
 
larger 
differences 
at low pT 
if scale 
of pT

jet,max 

is used 
 
note  
unshifted 
data has  
poor  
agreement 
with theory 
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Aside: Scale choices  
l  Take inclusive jet production at the 

LHC 
l  Canonical scale choice at the LHC is 

µr=µf=1.0*pT 
◆  CDF used 0.5pT 

◆  CTEQ6.6/CT10 used this scale for 
determination of PDFs 

◆  new CT PDFs use pT 

l  Close to saddle point for low pT 

l  But saddle point moves down for 
higher pT (and the saddle region 
rotates) 

l  Our typical scale choices don’t work 
for all LHC kinematics; more extreme 
movements for some of measured 
cross sections 

l  Rather than look for some magic 
formula, we should try to understand 
what is going on the kinematic/scale 
point-of-view 

R=0.4 
antikT 
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Scale dependence also depends on jet size;  

R=0.4 
antikT 

R=0.6 
antikT 
 
NB:Tevatron 
inclusive 
jet  
measurements 
with  
R=0.7 
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Calculation of χ2 

l x 
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Systematic error shifts for ATLAS jet data for 
CT10 and NNPDF2.3 NNLO 

χ2 for all PDFs 
are good (too good?) 
2010 data not 
constraining for  
PDF fits?  

also important to check that no 
major systematic errors need large shift 
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Which χ2? 
l  There are a number of χ2 values being quoted that can differ 

greatly depending on the details of the definition 
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8 TeV cross section predictions 

l  The horizontal 
lines indicate the 
error range as 
given by CT10, 
MSTW2008 and 
NNPDF2.3 



!
!

8 TeV cross section predictions 

l  The horizontal 
lines indicate the 
error range as 
given by CT10, 
MSTW2008 and 
NNPDF2.3 
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8 TeV cross sections 
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8 TeV cross section ratios 

Here the uncertainty is closer to a factor of 2, even though mostly qQ initial states.  
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Summary 

l  The plan is to put the paper on the archive before the 
CERN PDF4LHC (mini)meeting 
◆  where Juan will present the results 
◆  and then submit the paper to a journal 

l  And then to derive a PDF4LHC update from this 
document, which will include a new recommendation for 
NNLO predictions where it is necessary to calculate an 
uncertainty band beyond the use of one PDF error set 
alone 
◆  my suggestion would be to use the envelope of 

CT10, MSTW2008 and NNPDF2.3, similar to what is 
now done at NLO 
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EWK workshop 
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Maritime flair dinner 
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