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Outline 

•  Motivation: Flavor Asymmtery in Proton Sea  
•  Self-Energy: Treacherous Point   
•  Vertex Correction: “u-bar” – “d-bar” 
•  Summary and Works in progress 
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model-independent leading nonanalytic (LNA) behavior 
consistent with Chiral Symmetry of QCD.  

Thomas, Melnitchouk, Steffens PRL 85, 2892 (2000)	


Connection with QCD 

Nonanalytic behavior vital for chiral extrapolation 
of lattice data 
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Relation between PV and PS Theories 
Self-Energy  
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M. Alberg & G. Miller, PRL 108, 172001 (2012)	


C.Ji, W.Melnitchouk, A.W.Thomas, PRL 110, 179191 (2013)	




Self-energy 

From lowest order PV Lagrangian 

Goldberger-Treiman 

rearrange in more transparent  “reduced” form 

rainbow “tadpole” 

C.Ji, W.Melnitchouk, A.W.Thomas, PRD 80, 054018 (2009)	
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S.Scherer and M.Schindler, Lect.Notes Phys.830, pp.1-338 (2012);arXiv:hep-ph/0505265v1(2005)	








Self-energy 

Alberg & Miller claim on light-front  
- “form factor removes k  = 0  contribution” 

ansatz does not work for other quantities 
e.g. vertex renormalization  

M. Alberg & G. Miller, PRL 108, 172001 (2012)	


+	


In practice, AM drop “treacherous” k  = 0 (end-point) 
term 

+

but, even with form factors, end-point term is non-
zero 

after which PS result happens to coincide with PV 

C.Ji, W.Melnitchouk, A.W.Thomas, PRL 110, 179191 (2013)	




LFD 

! 

I =
1
2

dk +dk"# 1
k +k" "m2 + i$

=
1
2

dk +

k + dk"# 1

k" " m
2

k + + i $
k +

#

! 

m2

k + " i
#
k +

x 

x ! 

k + > 0

! 

k + < 0

! 

m2

k + " i
#
k +

``Moving Pole” 

X X 

Capture the pole!  
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Classical 
symmetry 
is broken 
due to  
infinite 
degrees 
of freedom 
in quantum 
fields.  



Vertex corrections 

Pion cloud corrections to 
electromagnetic N 
coupling 

N rainbow (c),      rainbow (d), 
Kroll-Ruderman (e),  
    tadpole (f),  N tadpole (g)	


Vertex renormalization 

taking “+” components: 

e.g. for N rainbow contribution, 





Moments of PDFs 
PDF moments related to nucleon matrix 
elements of local twist-2 operators  

operator is 

n-th moment of (spin-averaged) PDF q(x)	


Lowest (n=1) moment                           given by 
vertex renormalization factors 



Vertex corrections 

with components 

Define light-cone momentum distributions  

where 

for isovector (p-n) 
distribution 

Burkardt, Hendricks, Ji, Melnitchouk, Thomas,	

 PRD 87, 056009 (2013)	




Nonanalytic behavior of vertex renormalization 
factors 

in units of * also in PS 

origin of ChPT vs. Sullivan process difference clear! 



no pion corrections to isosclar moments 

Nonanalytic behavior 

isovector correction agrees with ChPT calculation 

PS (“on-shell”) 
contribution 

-function 
contribution 



C. Ji, W. Melnitchouk, A. Thomas,	

 PRD 88, 076005 (2013)	
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LNA of  

D.Arndt and M.Savage,Nucl.Phys.A697, 429 (2002) 

vs. 



Y. Salamu, C. Ji, W. Melnitchouk, P. Wang, PRL 114, 122001 (2015)	




Small x region: N.Kivel and M.Polyakov,Phys.Lett.B664, 64 (2008) 



Summary 
•  No problem calculating π loop corrections to PDFs 

in LFD (if symmetries respected and k+   0 treated 
correctly) 

•  LNA provides a unique constraint on theoretical 
prediction 

•  EFT approach puts “Sullivan process” in proper 
context 

 

•  First estimate for “d-bar”-“u-bar” phenomenology 
 



Works in progress 
•  DR4 and DR2 (scheme & scale 

dependence explicit) along with PVR 
and other regularization method such 
as FFs 

•  Analysis of HERA data for the future 
JLab TDIS experiment  

•  SU(3) extension for the “s-sbar” 
phenomenology 


