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Higgs Production
4

… no lose theorems...







7FOUNDATIONS

PDFs are certainly one of the foundations

that our search for “new physics” 

is built upon



W/Z 
Production

“Benchmark Calculations”



W/Z Production

LHC W/Z PRODUCTION

We'll see this again later

Great for searches





W/Z 
Production

On the theoretical side …

… and what's this got to do with heavy quarks...



Heavy quark PDFs are essential ingredient

W Production at LHC: A Benchmark Cross Section

Heavy Quark components play an
increasingly important role at the LHC
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13PDF 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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Comparison with new NNPDF sets:   Les Houches 2009

And also charm  via Cabibbo  favored channel



What constrains the 
Strange???
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Di-muon production    Extract s(x) Parton Distribution
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Extract   s(x) Extract   s(x)

s(x) and  s(x)  are essential in extraction of  Sin
W

Used in CTEQ6 Fits

W-

g

s

c

CDF: PRL 100:091803,2008.
D0:  PLB666:23,2008.

 s gWc at the Tevatron

CDF & D0

Consistent 
with SM 

Also a challenge at LHC

Depends on 
nuclear 

corrections



Nuclear 
Corrections

 
???
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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!!!
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Include Nuclear Dimension 
Dynamically



Oooooops!



Nuclear Corrections:  Compare Neutrino and Charged Lepton DIS

  Neutrino DIS

Charged Lepton DIS 

 /Z

W
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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

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 ,0+ak ,1(1−A−ak ,2)

A-Dependent  PDFs 

nCTEQ Nuclear PDF's 20

proton

lead

proton

lead



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



… what about the  
Heavy Quarks

c   &  b
Extrinsic & Intrinsic
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F2 from HERA:   Essential ingredient for  PDF analysis 23



H1 Collaboration: 
Eur.Phys.J.C65:89,2010. 

Heavy Flavor Components will play prominent role at LHC

c,b

24

c & b 
tied to 

gluon PDFs



HF prod in DIS w/ inclusive 
secondary vertex

Vladyslav Libov

Ramoona Shehzadi

HF prod in DIS  
electron channel



Alternate Access Heavy Flavor Components 26

c g→ c γ
b g→ b γ

s g→ c W
c g→ b W







D. Duggan (D0) arXiv:0906.0136

29Heavy Quarks at the Tevatron



Are there Intrinsic Heavy Quarks???

b-quark
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µ (GeV)

CTEQ-6.6

c-quark

∗ Most sensitive near threshold
* What happens if we allow the 
evolution to determine charm?

Zero: No intrinsic charm
Positive: Intrinsic charm
Negative: Inconsistent

m
bm

c

Are there Intrinsic Heavy Quarks???   Do they matter???
30



Karol Kovarik

Tevatron (D0)

LHC (CMS) 
with intrinsic Charm

+HQ prod. in pp & pA



The role of the 
quark masses



Ringaile Placakyte
Impact of mc on W  at LHC



What is the 
proper treatment 

of masses???



2009 Les Houches Comparative Studies
The SM and NLO Multileg Working Group: Summary report.

e-Print: arXiv:1003.1241 [hep-ph]



 Les Houches Comparative Study

ACOT & S-ACOT
essentially 
identical

... scheme 
differences are 
higher order

FONNL & S-ACOT

Numerically similar

The SM and NLO Multileg Working Group: Summary report.
               J. Rojo, et al.,          e-Print: arXiv:1003.1241 [hep-ph]

4 curves 
(not 2)



Bernd Kniehl

GM-VFNS
-Reduces to MS-bar
- No “parameters”

- Good agreement w/   
C & B

Tevatron

LHC



GMVFN Scheme at LHC:   Bproduction

B-Meson Production at the LHC in the GM-VFN Scheme
B. A. Kniehl, G. Kramer, I. Schienbein, H. Spiesberger
arXiv:1109.2472v1 [hep-ph]



 Les Houches Comparative Study

ACOT & S-ACOT
essentially 
identical

... scheme 
differences are 
higher order

FONNL & S-ACOT

Numerically similar

MSTW09

We can quantify 
theoretical scheme 

diffferences

The SM and NLO Multileg Working Group: Summary report.
               J. Rojo, et al.,          e-Print: arXiv:1003.1241 [hep-ph]

S-ACOT
TR

4 curves 
(not 2)
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40Schematic Summary of ACOT  & TR  Schemes 40



S-ACOT
TR

S-ACOT
TR

Comparison of ACOT  & TR  Schemes

Different schemes  Different PDFs     yet consistent 
Differences reduce at: 

1) higher Q,  
2) higher order

If experiments are sensitive, time to compute to higher order 
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Why is F
L
  so special ???

Callan-
Gross

Masses 
are 
importan
t

43

Higher Orders
 are important



H1 Collaboration and ZEUS Collaboration 

New F
L
  Measurements: New Perspective 44



DIS Production

Step toward NNLO CTEQ

cf. talk by
Pavel Nadolsky
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Search for “new physics” requires dependable foundation

Ability to discover 
“New Physics” 

is dependent on distinguishing 
“Old Physics”

4848

As experimental precision has 
increased, we need to be concerned 

about the details



W+   at LHC

strange
contribution

rapidity
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Charm+  at Tevatron

Nuclear Modifications 
limit  PDFs

S-ACOT at NNLO

s(x) uncertainty

The 
Challenges

Interpretation of mass





Backup



LO NNLONLO



Compare S-ACOT with MS-Bar
x=0.1, Q=10
NC charm F2

ACOT m0 limit yields MS-Bar:    No finite renormalization

mass

F
2

ACOT

MS-bar



Compare S-ACOT with MS-Bar
x=0.1, Q=10
NC charm F2

ACOT m0 limit yields MS-Bar:    No finite renormalization

mass

F
2

ACOTMS-bar

Not just a theoretical 
statement!!!



Drell-Yan

W/Z PRODUCTION

New this year!!!

W Cross Section
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CT10



Sample Cross Section for an Electron Ion Collider

Thanks to 
Marco Guzzi 

for this 
calculation
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Thanks to 
Tzvetalina Stavreva 

57Sample Cross Section for an Electron Ion Collider
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