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Ongoing work 
  NLO 

◆  CT09 (presented by J. Pumplin at last PDF4LHC meeting) 
▲  arXiv: 0904.2424 (to appear in PRD) 

◆  inclusion of Tevatron Run 2 data (but retaining Run 1 data->different energy, 
wider rapidity coverage) 

◆  I’ll show a few updated slides 
  LO(*) 

◆  CTMC1, CTMC2 (1-loop, 2-loop αs  modified LO PDF’s for Monte Carlos), 
presented by me at last PDF4LHC meeting 

◆  draft completed; some results for tuning to be shown today 
  Combined (qT, x) fits, simultaneous fits of PDF’s and non-perturbative parameters 

for pT distributions of Drell-Yan processes; correlation information  for precision 
determinations of W mass at Tevatron and LHC 
◆  draft in progress 

  NNLO PDF’s 
◆  in progress 

  Data set diagonalization: J. Pumplin 
◆  arXiv:0904.2425; talk in May meeting 
◆  also arXiv:0909.0268 (experimental consistency in parton distribution fitting) 
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CDF Run 2 jet results 

using CTEQ6.1 
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Full disclosure for experimentalists 

  Every cross section should be 
quoted at the hadron level 
with an explicit correction 
given between the hadron and 
parton levels (if possible) 

  More the exception than the 
rule at the Tevatron 

note the  
correction 
rapidly  
approaches  
unity 
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D0 Run 2 jet results 
  Preference for a weaker 

high x gluon? 
  Pushing towards lower 

end of CTEQ6.5 pdf 
uncertainty band  
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From Jon’s talk in May (and CT09 paper) 

 Run I and Run II jet measurements consistent with 
each other 

 Can test by assigning higher weight to a particular 
experiment and seeing by how much χ2 of other jet 
data (and of non-jet data) increases 
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CDF/D0 Run II jet data compared to CT09 
predictions 

  Red is uncorrected, blue is after systematic error corrections in global fit 
  Each systematic error shift is of the order of 1 sigma or less, with 

standard penalty in global fit  
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Comparison of gluons 

 Sizeable differences in large x gluon behavior 
between CT and MSTW pdf’s 

 At high Q, very close in rest of x range 
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High x gluon 

CT09 not yet in  
LHAPDF 
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Background/Motivation 

  What about pdf’s  for parton shower Monte Carlos? 
◆  standard has been to use LO pdf’s, most commonly CTEQ5L/

CTEQ6L, in Pythia, Herwig, Sherpa, ALPGEN/Madgraph+… 
  …but  

◆  LO pdf’s can create cross sections/acceptances that differ in both 
shape and normalization from NLO due to influence of HERA data 

◆  …and are often outside NLO error bands 
◆  experimenters use the NLO error pdf’s in combination with the central 

LO pdf even with this mis-match 
▲  causes an error in pdf re-weighting 

◆  predictions for inclusive observables from LO matrix elements for 
many of the collider processes that we want to calculate are not so 
different from those from NLO matrix elements (aside from a 
reasonably constant K-factor) 

  …but 
◆  we like the low x behavior of LO pdf’s and rely upon them for our 

models of the underlying event at the Tevatron and its extrapolation to 
the LHC 

  thus, the need for modified LO pdf’s 



Where are the differences between LO and NLO partons?  

W+ rapidity distribution at LHC 

NLO 6.1 

LO 6L1 

LO 6.1 

yW+ 
For example, the shape of the W+ rapidity 
distribution is significantly different than the 
NLO result if the LO pdf is used, but very 
similar if the NLO pdf is used.   

K-factor=1.15 

low x and high x for up 



Where are the differences?  

 at low Q 

everywhere for gluon 

CTEQ5L and 6L 
steeper than 6.1 at  
low x 



More LO/NLO comparisons 



CTEQ talking points 
  LO* pdf’s should behave as LO as x->0; as close to 

NLO as possible as x->1 
  LO* pdf’s should be universal, i.e. results should be 

reasonable run on any platform with nominal physics 
scales 

  It should be possible to produce error pdf’s with 
◆  similar Sudakov form factors 
◆  similar UE 
◆  so pdf re-weighting makes sense 

  LO* pdf’s should describe underlying event at Tevatron 
with a tune similar to CTEQ6L (for convenience) and 
extrapolate to a reasonable UE at the LHC 



CTEQ techniques 
  Include in LO* fit (weighted) 

pseudo-data for characteristic 
LHC processes produced 
using CTEQ6.6 NLO pdf’s 
with NLO matrix elements 
(using MCFM), along with full 
CTEQ6.6 dataset (2885 
points) 
◆  low mass bB 

▲  fix low x gluon for UE 
◆  tT over full mass range 

▲  higher x gluon  
◆  W+,W-,Z0 rapidity 

distributions 
▲  quark distributions 

◆  gg->H (120 GeV) rapidity 
distribution 

Choices 
  Use of 2-loop or 1-loop αs 

◆  MC preference for 2-loop? 
  Fixed momentum sum rule, or not 

◆  re-arrange momentum within proton 
and/or add extra momentum 

◆  extra momentum appreciated by some 
of pseudo-data sets but not others and  
may lose some useful correlations 

  Fix pseudo-data normalizations to 
K-factors expected from higher 
order corrections, or let float 

  Scale variation within reasonable 
range for fine-tuning of 
agreement with pseudo-data 

◆  for example, let vector boson scale 
vary from 0.5 mB to 2.0 mB 

  May provide pdf’s with several of 
these options for user 

  That point has not yet been 
reached on the decision tree 



Tools 
  CTEQ global fitting package with 

CTEQ6.6 global data set plus 
NLO pseudo-data 

  MCFM 
  VISTA 

◆  a tool developed (by Steve 
Mrenna and Bruce Knuteson) 
to perform a global analysis 
of collider data with an eye to 
discovering new phenomena 

◆  but which turns out also to be 
useful to debug predictions of 
the standard model at the 
Tevatron and LHC 

◆  and to examine the effects of 
parton showering and of UE 



Parton showering 



Mod LO pdf’s 

 Both 2-loop αs and 1-
loop αs versions 

 Mod LO W+ rapidity 
distribution agrees 
better with NLO 
prediction in both 
magnitude and shape 

 Agreement at 10 TeV 
(not in fit) even better 
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Results 
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Results 
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Scale dependence for tT 



Some PDF comparisons 

  The 2-loop modified 
LO PDF is similar to 
CTEQ6L at low x and 
to CTEQ6.6 at high x, 
as designed 

  Also shown for 
comparison is the 
mrst2007lomod gluon 
PDF 

Q=8 GeV 
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Mini-jet production 

  …will be especially sensitive to 
gluons in x range of 1E-05 to 
1E-02 

Q=8 GeV 
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Plots from Markus Warsinsky 
  Low x gluon not so different from CTEQ6L(1), so relatively easy to tune 

underlying event 
  See Liza Mijoviv talk on Friday 
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More pdf comparisons 











Conclusions 

 Broad range of pdf-related analysis from 
CTEQ/TEA group 

 Hope to have combined fit and NNLO 
results to present in the near future 
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