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Q, A Independent

A long time ago in a galaxy far, far away ... 2

… there was a time when 
nuclear corrections 

were carved in stone ...
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Moving Into The 21st Century 3
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…  the  original motivation for nCTEQ15

“… indeed the LHeC would considerably 
sharpen the hadron collider potential in terms 

of theoretical control and precision”  Altarelli
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QCD
QED

shadowing

…  see Stan's talk
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Challenges From a PDF Viewpoint:   Predictions rely on accurate PDFs

Hi Q, Hi-x

Lo Q, Hi-x

Very
Small-x

Log(1/x)

data gets thin 
below here

DGLAP Non-Perturbative

New 
Physics???
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CTEQ-CJ     PRD 81, 034016 (2010)

Common Cuts
Q2 >   4 GeV2

W2>12 GeV2 

There is a large region that we are ignoring ... 5
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LHC Results:   Incredible Progress

Much of theory error from PDFs                   N3LO  gg->H                PDF error 2x of Theory Error
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nPDFs
nCTEQ15  first presented at DIS2015

Hepforge.org
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nCTEQ15  PDFs          … from A to Z 8

A=2A=2

A=207

A=2A=2

A=207

Q=10GeV
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nPDFs with    Uncertainties  for Lead 9

EPS09: Eskola, Paukkunen, Salgado
HKN: Hirai, Kumano, Nagai
DSSZ: deFlorian,Sassot,Zurita,Stratmann

d
V

nCTEQ15
EPS09
DSSZ
HKN07
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Ratio to Proton for Lead       … with  Uncertainty 10

EPS09: Eskola, Paukkunen, Salgado
HKN: Hirai, Kumano, Nagai
DSSZ: deFlorian,Sassot,Zurita,Stratmann

nCTEQ15
EPS09
DSSZ
HKN07
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Gluon
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What is driving the Gluon  PDF ??? 12

nCTEQ15
EPS09
DSSZ
HKN07

Q=2 GeV

RHIC Pion Production Data
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lead @ Q=10 GeVCorrelation Cos Effective Â 2

NMC DIS Pb/C

PHENIX

NMC DIS Pb/C

PHENIX

What is driving the Gluon  PDF ??? 13

… can use more dataPHENIX: dAu ¼0 
Production
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U & D

14



  

Compare   nCTEQ15    to other nPDF results 15

EPS09: Eskola, Paukkunen, Salgado
HKN: Hirai, Kumano, Nagai
DSSZ: deFlorian,Sassot,Zurita,Stratmann

nCTEQ15

nCTEQ15

… nCTEQ15 agrees on average, but ...

nCTEQ15
EPS09
DSSZ
HKN07
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u-Valence

d-Valence

lead @ Q=10 GeV

Moving Into The 21st Century 16
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Isospin
Violation
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Other issues:        Include QED in DGLAP Evolution:     Impacts u & d 18

d
u
u

proton
u
d
d

neutron QED Evolution yields 
Isospin violating terms.

Comparable to 
NNLO  QCD

NNPDF Collaboration, 
NPB877 (2013) 290

… and beyond: 

Need to intoduce PDFs for 
°  W  and Z

A ep and ed option 
significant for u & d
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Strange

19



  

W / Z at LHC is Sensitive to Strange 20

Pre-LHC

Suggests SU(3) symmetry
in contrast to low Q 

measurements

strange uncertainty
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W+  Production at LHC      Pb-Pb  vs. Proton 21

W+ ! ¹+ º 
Proton

Lead

Rapidity

This is a shape 
measurement
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Final 
Thoughts

22



  

Photo credit: http://justinsomnia.org/

LHeC Program: 
  ⇒ tremendous reach for New Physics Searches

  ⇒ new opportunities    and    challenges

LHeC:   Complement HL-LHC
Maximize discovery potential at highest energy
Study QCD extremes in {x,Q2} plane

Nuclear Parton Distributions
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