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!   Review DGLAP evolution at large Bjorken x 

!   z-dependent scale gives rise to “large Bjorken x 
evolution”  

!   Interplay of TMCs, Large Bjorken x evolution,HigherTwists          

!   Nuclear corrections at large Bjorken x 

!   Conclusions/Outlook for the 12 GeV program and beyond… 



  Fix	  the	  order	  of	  the	  analysis,	  e.g.	  NLO	  and	  
extend	  pQCD	  curve	  to	  low	  W2	  

  Correc2ons	  arise	  that	  are	  more	  important	  
than	  at	  low	  xBj	  and	  that	  are	  responsible	  for	  
duality	  

Higher	  Twists	  

TMCs	  

Large	  x	  structure	  of	  
PQCD	  evolu2on	  equa2ons	  

NNLO	  and	  higher…	  

Nuclear	  correc2ons	  
(for	  neutron)	  

Open	  ques2on:	  how	  to	  con2nue	  pQCD	  curve?	  What	  defines	  the	  pQCD	  curve?	  	  	  	  
S.L.,	  R.	  Ent,	  C.Keppel,	  I.	  Niculescu,	  PRL	  2000	  	  

	  



Unpolarized	  Jlab+SLAC	  data	  	  
Bianchi,	  Fantoni,	  S.L.	  (PRD,	  2004)	  

Large	  x	  Resumma2on	  

TMC	  

Jefferson	  Lab	  	  	  
I.	  Niculescu	  et	  al.	  (PRL,	  2000)	  

SLAC	  
Whitlow	  et	  al.	  (PRL,	  1992)	  

R = I exp

I theory
=

F2
exp (x,Q2 )

xmin

xmax

!
F2
theory (x,Q2 )

xmin

xmax

!



Envelope	  of	  all	  PDFs	  available	  at	  the	  2me	  
Ra2o	  to	  phenomenological	  
parameteriza2on	  by	  Abramowicz	  et	  
al.	  with	  “non	  conven2onal”	  Q2	  
dependence	  



Large	  xBj	  evolu2on	  	  
(S.	  Brodsky,	  SLAC	  lectures	  (1979),	  D.	  Ama2	  et	  al.,	  NPB(1980),	  R.	  Roberts,	  Z.Phys.C	  (1998)	  

αS  =αS (k2) at each vertex  
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In	  terms	  of	  LC	  variables	  	  
k	  =(k+=zP+,,k-‐=P-‐-‐	  l	  -‐,	  kT)	  	  

Invariant	  mass!	  
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Disregarding	  z-‐dependence	  in	  kT	  integra2on	  limit	  	  



kT2=Q2=10	  GeV2	  

z-dependent limit 

Effect	  on	  pQCD	  evolu2on	  



As a consequence… 

This takes care of the large log term in the Wilson coefficient f. 
(NLO, MS-bar)  

{ 
The scale that allows one to annihilate the effect of the large ln(1-z) 
terms at large x at NLO is the invariant mass, W2 

Equivalent to a resummation of these terms up to NLO 



In	  Bianchi,	  Fantoni,	  S.L.,	  	  we	  used	  this	  to	  extract	  the	  genuine	  HTs	  	  

F2exp=FPQCD(1+C(x)/Q2)	  



!   Freeze αs  by imposing a zmax : 

!   Changes the behavior of the coefficient function x→1  

Parametrize the realization of duality

!  Realization of duality depends on zmax :

! Adjust  zmax  according to the data

In	  Courtoy,	  S.L.,	  	  we	  used	  this	  to	  extract	  	  αs	  	  in	  the	  infrared	  region	   [Courtoy & Liuti, 
1208.5636]	



[Courtoy & Liuti, 
1208.5636]	

cut

Q2=20	  GeV2	  

Q2=0.4	  GeV2	  
Q2=2	  GeV2	  
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GDH analysis 

This	  agrees	  with	  extrac2on	  by	  Burkert,	  Chen,	  Deur,	  Korsch	  

provided	  the	  right	  scheme	  is	  defined	  





JLab data

SLAC data 

Phys.Lett. B282
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One	  open	  ques2on	  on	  HT	  analysis:	  
✔	  Are	  HTs	  isospin	  dependent?	  Devia2ons	  from	  PQCD	  effects	  

Cp-Cn 

Alekhin, Kulagin and S.L., PRD (2003) 

NMC data 



Conclusions	  

•  The	  resonance	  region	  is	  described	  in	  terms	  of	  	  there	  are	  two	  independent	  
scales,	  W2	  and	  Q2	  

•  PQCD	  evolu2on	  is	  governed	  by	  W2	  	  

•  This	  has	  consequences	  on:	  
–  The	  extrac2on	  of	  genuine	  twist	  4	  terms	  
–  The	  extrac2on	  of	  αs	  in	  the	  infrared	  region	  


