
Brief CTEQ update 

J. Huston 
Michigan State University 



New from CTEQ-TEA (Tung et al)->CT10 PDFs  

  Combined HERA-1 data  
  CDF and D0 Run-2 inclusive 

jet data 
  Tevatron Run 2 Z rapidity from 

CDF and D0 
  W electron asymmetry from 

CDFII and D0II (D0 muon 
asymmetry) (in CT10W) 

  Other data sets same as 
CTEQ6.6 

  All data weights set to unity 
(except for CT10W) 

  Tension observed between 
D0 II electron asymmetry data 
and NMC/BCDMS data 

  Tension between D0 II 
electron and muon asymmetry 
data 

  Experimental normalizations are 
treated on same footing as other 
correlated systematic errors 

  More flexible parametrizations: 26 
free parameters (26 eigenvector 
directions) 

  Tolerance: look for 90% CL along 
each eigenvector direction 
◆  within the limits of the quadratic 

approximation, can scale 
between 68% and 90% CL with 
naïve scaling factor 

  Two series of PDF’s are 
introduced 
◆  CT10: no Run 2 W asymmetry 
◆  CT10W: Run 2 W asymmetry 

with an extra weight 

  See arXiv:1007.2241 



Impact of new HERA data on fit 





Impact of HERA data on gluon uncertainty 



Impact of new HERA data on light quark uncertainties 





CT1OW vs CTEQ6.6 



CT10 vs CTEQ6.6 



For CTEQ: αs series 
  Take CTEQ6.6 as base, and vary αs

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

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

  We have found that change in gluon 
due to αs error (+/-0.002 range) is 
typically smaller than PDF uncertainty 
with a small correlation with PDF 
uncertainty over this range 
◆  as shown for gluon distribution on 

right 
  PDF error and αs error can be 

added in  quadrature 
◆  expected because of small 

correlation 
◆  in recent CTEQ paper, it has 

been proven this is correct 
regardless of correlation, within 
quadratic approximation to χ2 
distribution 

So the CTEQ prescription for calculating  
the total uncertainty (PDF+αs) involves  
the use of the 45 CTEQ6.6 PDFs and  
the two extreme αs error PDF’s  
(0.116 and 0.120) 

arXiv:1004.4624; PDFs available from 
LHAPDF 

This also means that one can naively scale 
between 68% and 90% CL. 



Some results from the benchmarking  



Tables from note 

see 
corr.C 



Table from note 



W/Z rapidities and uncertainties 





Summary 

 CTEQ6.6 PDFs are most commonly used 
 CT10 is most recent update (LO,NLO) 
 CT09MC1,CT09MC2, CT09MCS are 

modified LO PDFs 
 All of above are available from CTEQ 

webpage or from LHAPDF 
 NNLO in progress 
 Combined (qT+x) PDFs in progress 



Correlations 
  Consider a cross section X(a) 
  ith component of gradient of X is 

  Now take 2 cross sections X and Y  
◆  or one or both can be pdf’s 

  Consider the projection of gradients of 
X and Y onto a circle of radius 1 in the 
plane of the gradients in the parton 
parameter space 

  The circle maps onto an ellipse in the 
XY plane  

  The angle φ between the gradients of 
X and Y is given by 

  The ellipse itself is given by 

• If two cross sections/pdf’s are very 
correlated, then cosφ~1 
• …uncorrelated, then cosφ~0 
• …anti-correlated, then cosφ~-1 



Correlations 

• If two cross sections are very 
correlated, then cosφ~1 
• …uncorrelated, then cosφ~0 
• …anti-correlated, then cosφ~-1 

Define a correlation cosine between two quantities 
Z tT 



Correlations with Z, tT 
• If two cross sections are very 
correlated, then cosφ~1 
• …uncorrelated, then cosφ~0 
• …anti-correlated, then cosφ~-1 

• Note that correlation curves to Z 
and to tT are mirror images of 
each other 

• By knowing the pdf correlations, 
can reduce the uncertainty for a 
given cross section in ratio to 
a benchmark cross section iff  
cos φ > 0;e.g.  Δ(σW+/σZ)~1% 

• If cos φ < 0, pdf uncertainty for  
one cross section normalized to  
a benchmark cross section is  
larger 

• So, for gg->H(500 GeV); pdf  
uncertainty is 4%; Δ(σH/σZ)~8% 

Define a  
correlation 
cosine between 
two quantities 

Z 

tT 


