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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



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 



Sudakov form factors 



Underlying event 
 hep-ph/0803.3633 

(Mike et al) 
demonstrated that 
UE variation within 
NLO error set of 
CTEQ6.1 was small 
(LO gluon behavior 
similar for all 41 
pdf’s) 

 May not be true for 
larger variation of low 
x gluon 



Tunes with CTEQ6L 
  Tune A (and derivatives) obtained with CTEQ5L but 6L works just as well 



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 



K-factors (NLO/LO) 



Some observations 

 Pseudo-data has conflicts with global data set 
◆  that’s the motivation of the modified pdf’s 

 Requiring better fit to pseudo-data  increases chisquare 
of LO fit to global data set (although this is not the 
primary concern; the fit to the pseudo-data is) 
◆  χ2 improves with αs free in fit 
◆  χ2 improves with momentum sum rule free 

▲ prefers more momentum, smaller αs 

▲ normalization of pseudo-data (needed K-factor) 
gets closer to 1 

▲ still some conflicts with DIS data that don’t prefer 
more momentum 

◆  χ2  typically improves if K-factors can vary from 
values given in previous slide   



Example: gluon distribution 

Q=8 GeV/c
• Candidate pdf titled
fixed scales tries to 
fit pseudo-data
• Larger than CTEQ6L
at high x, but smaller
at low x
• With 110% momentum
in proton, gluon is 
larger at high x
• Including the 
pseudo-data in the fit
increases the high x 
gluon even more

CTEQ6L

CTEQ6.1



Low x behavior (closeup) 

CTEQ6L

CTEQ6.1



Comparison 

CTEQ6.6

CTEQ6LMRSTLO*

110%

100%

Q=8 GeV



Some comparisons to a candidate LO* pdf 

 Additional 
normalization still 
needed, but 
somewhat smaller 
than with pure LO 
pdf 

 Shapes for 
pseudo-data fit 
better (by 
construction) 

K-factor of ~1.10 needed
K-factor of ~2
needed



Error pdf’s 
  In order to be truly useful, there 

should be accompanying error pdf’s 
of a similar character as the LO* pdf’s 
◆  so at the least, experimenters will 

not mix the NLO error pdf’s with a 
central LO pdf 

▲  but maybe not so bad as far 
as gluon radiation is 
concerned if same αs used 

▲  would still be a problem for 
UE if low x gluons are 
different 

  But error pdf’s imply a level of 
precision that is inherent to NLO 
◆  at NLO, we can construct an 

orthonormal set of eigenvectors 
accompanying a level of 
precision corresponding to a 
given change of Δχ2 in the global 
fit 

◆  that level of  Δχ2, that variation, 
less well defined for LO fits 

  We are currently working on several 
ways of implementing this at LO*, but 
we have not finished stuffing the 
sausage casings yet 



CTEQ4LHC/FROOT 
  Collate/create cross section 

predictions for LHC 
◆  processes such as W/Z/

Higgs(both SM and BSM)/
diboson/tT/single top/photons/
jets… 

◆  at LO, NLO, NNLO (where 
available) 

▲  new: W/Z production to NNLO 
QCD and NLO EW 

◆  pdf uncertainty, scale uncertainty, 
correlations 

◆  impacts of resummation (qT and 
threshold) 

  As prelude towards comparison 
with actual data 

  Using programs such as: 
◆  MCFM 
◆  ResBos 
◆  Pythia/Herwig/Sherpa 
◆  … private codes with CTEQ 

  First on webpage and later as a 
report 

  FROOT: a simple interface for writing 
Monte-Carlo events into a ROOT 
ntuple file 

  Written by Pavel Nadolsky 
(nadolsky@pa.msu.edu) 

  CONTENTS 
  ======== 
  froot.c -- the C file with FROOT 

functions 
  taste_froot.f -- a sample Fortran 

program writing 3 events into a 
ROOT ntuple 

  taste_froot0.c -- an alternative top-
level C wrapper (see the compilation 
notes below) 

  Makefile 

Primary goal: have all theorists write out parton
level output into ROOT ntuples
Secondary goal: make libraries of prediction 
ntuples available



PDF Uncertainties and FROOT 

old way
independent 
ntuple for each pdf

new way, all pdf weights stored 
in ntuple, events generated once

Z production in ResBos



pdf’s 1,2  pdf’s 11,12 

pdf’s 3,4 

Ratio of Z pT distributions to that from CTEQ6.6 

This type of sensitivity not possible with independent
generation



MCFM 5.3 will be FROOT-able 



   EXTRA 
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SpartyJet 

reconstruct
individual
jets with
new 
parameters 
in context 
of 
analysis



Gui interface 



2:Interactive plots 



Laptop running 
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