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Historically, {Q,W} Cuts have been Conservative

Data points used  for global PDF fit
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Avoid: 
Higher Twist

Saturation/CGC
BFKL Logs(1/x)

Non-DGLAP

Questions of DGLAP reliability???

Missing lots of information
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Search for “new physics” requires dependable foundation

Ability to discover 
“New Physics” 

is dependent on distinguishing 
“Old Physics”

33

As experimental precision has 
increased, we need to be concerned 

about the details
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New Data Sets

4
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Extend CTEQ6 PDFs with New & Updated Data Sets
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Why are trends different for DIS vs. DY

“Thus, these results suggest on a purely phenomenological level that the nuclear corrections 
may well be very similar for the nu and nubar cross sections and that the overall magnitude of 
the corrections may well be smaller than in the model used in this analysis.”

=7453/5062   Reference Fit
=6606/5062  Mod Nuclear Fit

Owens, Huston, Keppel, Kuhlmann, 
Morfin, Olness, Pumplin, Stump. 

Phys.Rev.D75:054030,2007.

Comparison between the reference fit and the 
unshifted Chorus and NuTeV neutrino data 

with nuclear corrections.

DYDIS

6See talk by 
Jorge Morfin
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Comparison between the reference fit and the 
unshifted Chorus and NuTeV neutrino data 

without any nuclear corrections.

“Thus, these results suggest on a purely phenomenological level that the nuclear corrections 
may well be very similar for the nu and nubar cross sections and that the overall magnitude of 
the corrections may well be smaller than in the model used in this analysis.”

=7453/5062   Reference Fit
=6606/5062  Mod Nuclear Fit

Owens, Huston, Keppel, Kuhlmann, 
Morfin, Olness, Pumplin, Stump. 

Phys.Rev.D75:054030,2007.

DYDIS

7Why are trends different for DIS vs. DY See talk by 
Jorge Morfin
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Where do nuclear 
corrections come 

from???

8
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Discovered by the French in 1799 
at Rosetta, a harbor on the 

Mediterranean coast in Egypt. 
Comparative translation of the 
stone assisted in understanding 

many previously undecipherable 
examples of hieroglyphics.

Independent of  Q, A, F
123

,  ...

Where do 
Nuclear Corrections 

come from ???

Proton

Lead

Iron

carved in stone

9
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Start with 
Neutrino data on 

heavy targets 
(Fe, Pb, ...) “Corrected” data 

for isoscalar

“Corrected” data 
for proton

Traditional Input to Global PDF Fit

Global 
PDF Fit

Nuclear
Correction

Isospin
Symmetry

Nuclear
Correction
“Frozen”

No Feedback!!!

10
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Include Nuclear 
Dimension Dynamically

11
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✔ CTEQ style global fit extended 
   handle various nuclear targets

✔ CTEQ Data + nuclear DIS & DY  
  [~15 targets;  ~2000+ data]

✔ A-dependence modeled;
      NLO fits work  well

Extended CTEQ Framework

Nuclear PDFs from neutrino deep inelastic scattering.  

I. Schienbein, J.Y. Yu, 
C. Keppel, J.G. Morfin, F. Olness, J.F. Owens. 
Phys.Rev.D77:054013,2008. 

ak=ak ,0ak ,11−A−ak ,2

12

A-Dependent  PDFs 
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Fit to Nuclear DY Data

Fit to Nuclear   DIS  Data
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Nuclear Corrections:  Charged Lepton ( )  Case 14

Also, other NPDF sets by: 
M.Hirai, S.Kumano, T.-H.Nagai,

K.J.Eskola, H.Paukkune, C.A.Salgado,
S.Kulagin, R.PettiQ2 Dependence
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Nuclear Corrections:  Neutrino ( W)  Case 15
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Oooooops!
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Nuclear Corrections:  Compare Neutrino and Charged Lepton DIS

 Neutrino DIS

Charged Lepton DIS 

/Z

W

17
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Myth #1: Nuclear Corr's are all the same
Determine Nuclear modifications separately for Neutral and Charged Currents 

Myth #2:    It doesn't matter
Can't we just drop the data set????

 6 Structure Functions: {F2, F3, R} {nu, nubar}

 ... you're missing lots of information ...

E.g.,  CTEQ6.5 and beyond do not use heavy target -DIS data

PDF sets used for Tevatron & LHC are without this flavor differentiation

... except, for the dimuon data to resolve the strange PDF

How do we resolve this puzzle??? ... you're missing lots of information ... 18

-DIS is key ingredient for PDF flavor differentiation!!!
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Could there be a 

“compromise” fit

19

... some recent results by led by Karol Kovarik
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http://www.physics.smu.edu/olness/ftp/misc/npdf/fred_v2.gif

Comparison: Charged Lepton and Neutrino DIS
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Comparison: Charged Lepton and Neutrino DIS

We can “pull” fit by weighting 
Charged Lepton and Neutrino 

data sets differently
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Neutrino Charged
Lepton

Comparison: Charged Lepton and Neutrino DIS

Fr
ac

tio
na

l S
hi

ft



Fred Olness 14 October 2010 JLab Page 23

1/7 1/4

1/2 1/1

2/DOF    Per Experiment
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Neutrino
Charged
Lepton

Comparison: Charged Lepton and Neutrino DIS
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Could 
charged lepton 

and 
neutrino  

results be compatible?
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Hannu Paukkunen, DIS10

“Thus, nuclear effects in A DIS are in line with those extracted 
from charged lepton DIS and Drell-Yan dilepton production.”
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Uncorrelated Errors

Paukkunen & Salgado, arXiv:1009.3143

nCTEQ with Uncorrelated Errors
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Uncorrelated Errors:  2/DOF ~ 1
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What is the interpretation???????????????????

 Neutrino DIS

Charged Lepton DIS 

/Z

W
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Why should the 
LHC 

or 
Tevatron 
   care???
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x

(x)

CTEQ-6.6

CTEQ-6.5

CTEQ-6HQ

CTEQ-6.1
MSTW

Q=1.3 GeV

31PDF Uncertainties     S(x) PDF         W/Z at LHC

PDF Uncertainties will feed into 

LHC “Benchmark” processes

W+   at LHC

Z at LHC

Anastasiou, Dixon,  Melnikov, Petriello, 
Phys.Rev.D69:094008,2004. 
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Conclusions

Nuclear Corrections for PDFs
Many open questions; 
Key for flavor differentiation
Need input, both experimental and theoretical 

Improvements possible/needed in many areas
Increased attention in recent years
... see talks by Kumano, Petti,  ...

These measurements are foundation for  PDFs
Any “new physics” must be calibrated against “old physics”
Low Q2  measurements set Boundary Conditions for Hi Q2 

Forms the foundation for Tevatron & LHC Physics
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LEFT 
OVER
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Search for “new physics” requires dependable foundation

Measurements depend on this 
foundation—that is what we use to 

calibrate the search for “new physics”

3434

Hi ET 
Jet Excess

PRL 77, 438 (1996)

Will present some examples where 
the foundations might be improved
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W Production at LHC: A Benchmark Cross Section

Heavy Quark components play an
increasingly important role at the LHC
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W/Z   at   LHC
& the race for the Higgs

 36
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NuTeV Comparison with Theory
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Conclusions
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Conclusions


