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… with thanks to Stephen J. Sekula - SMU3

December, 2011 – have we spied land?



  

July, 2012 – we spy land

Mt. Higgs
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2014 and beyond ...

Mt. Higgs
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Theoretical 
Calculations

Experimental
Observables

σP γ→c = f P→a ⊗ σ̂a γ→c

The Parton Model:  Connecting Experiment to Theory

WHAT ABOUT 
PDF'S ???

G. Salam, La Thuile 2012
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2014 and beyond ...

Mt. Higgs
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2014 and beyond ...

Mt. Higgs
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The Parton Model:  Lots of recent progress 8

P c = f Pa ⊗ a c



  

METHOD: Effective W-Approximation: 



  



  

Strange
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Depends on 
nuclear 

corrections

 s(x) uncertainty

Parameterization 
issues

What do we really know about Strange PDF 12
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PDF Flavor Differentiation:   A difficult problem

Different linear combinations – key for flavor differentiation
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DIS Production Drell-Yan Jet 
Production

The DIS combinations have 
historically been particularly useful

The n-DIS data typically use heavy targets, and this requires the application of nuclear corrections



K Kovarik, 
I. Schienbein, 
J.Y. Yu,
T. Stavreva, 
T Jezo, 
C. Keppel,
J.G. Morfin, 
F. Olness,
J.F. Owens.  

Nuclear Corrections:  Nuclear PDF Uncertainties 14
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Up Quark PDF 
Nuclear Uncertainty
Q=1.3 GeV

HEP-Forge



  

Nuclear Corrections: Are they the same for CC and NC Processes

  Neutrino DIS

Charged Lepton DIS 

/Z

W
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Moriond 2014:   Voica Radescu   HERA-Fitter



  

… what about the  
Heavy Quarks

c   &  b
Extrinsic & Intrinsic
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Controlled by 
m

Q
 and

gluon PDF

Do all of c(x) and b(x) PDFs come from gluons??? 18

GLUON

CHARM

Pumplin, et al., 
Phys.Rev.D75:054029,2007

PDF Uncertainty:
Closely tied to gluon

Intrinsic component

Chevrolets at higher Q ⇒



  

19Heavy Quarks at the Tevatron: °  +  c    and °  +  b  

Normal

Intrinsic

T. Stavreva, et al.,  JHEP 1101 
(2011) 152

D. Duggan (D0) arXiv:0906.0136



  

Heavy Quarks at the LHC:           New Kinematic Region 20

c g → c °,  Z
b g → b °, Z

s g → c W
c g → b W

Much higher scales
Sensitive to ® ln(m/Q)   resummation



The NNPDF Collaboration, PLB723 (2013) 330

Compare VFN & FFN Schemes 21

Resum: ® ln(m/Q) 

VFN always yields better fit



  

ACOT

@ NNLO + N3LO

22

Stavreva, Olness, Schienbein, Jezo, Kusina, 
Kovarik, Yu

arXiv:1203.0282
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LO NLO N2LO N3LO

Full ACOT

ACOT Extension to Higher Orders 5

Based on the Collins-Wilczek-Zee (CWZ) Renormalization Scheme
… hence, extensible to all orders

DGLAP kernels & PDF evolution are pure MS-Bar
Subtractions are MS-Bar

ACOT: m→ 0 limit  yields  MS-Bar  
with no finite renormalization
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Selection of diagrams that contribute at NNLO and N3LO

Laenen, Riemersma, Smith, van Neerven, Nucl. Phys. B392, 162.
Vermaseren, Vogt, Moch, Nucl. Phys. B724, 3.
Moch, Vermaseren, Vogt, Nucl. Phys., B646, 181.
Moch, Vermaseren, Vogt,  Phys. Lett., B606, 123.
Blumlein, Hasselhuhn, Kovacikova, Moch, Phys.Lett. B700, (2011) 294.
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QED 
in 

DGLAP
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Isospin Symmetry used to relate PDFs

Proton Neutron

Anti-
Proton

Anti-
Neutron

Isospin
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 A Review of Target Mass Corrections.
Ingo Schienbein et al,

J.Phys.G35:053101,2008. 

d
u
u

proton

u
d
d

neutron

MRST, Eur.Phys.J.C39:155-161,2005.

Isospin terms are 
comparable to 

NNLO  QCD

Fast evolution of parton distributions
Stefan Weinzierlar, Xiv:hep-ph/0203112



  

Final Thoughts
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Hi ET      
Jet Excess

CDF Collaboration, PRL 77, 438 (1996)

H1 Collaboration, ZPC74, 191 (1997)
ZEUS Collaboration, ZPC74, 207 (1997)

Hi  Q Excess

Mµµ GeV
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p + N →  µ+ µ− + X

28… what keep me awake at night ...

Can you find the 
Nobel Prize???



  

Happy Higgs Hunting!!!


