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LHC began collisions in 2010

Will the world be absorbed by a black hole?
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http://www.HasTheLargeHadronColliderDestroyedTheWorldYet.com/



http://www.HasTheLargeHadronColliderDestroyedTheWorldYet.com/

NOPE.
<script type="text/javascript">
if (!(typeof worldHasEnded == "undefined")) {
document.write("YUP.");
} else {
document.write("NOPE.");
}
</script>



The LHC is the ideal tool for a particular class of measurements
unprecedented energy allows us to explore new kinematic realm 

There is    room     for a broad range experiments

Example:        Tevatron & HERA & LEP -- vibrant complementary physics programs
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  a need

Will all the other physics program be engulfed by a black hole???



6Foundations for “New Physics” 

PDFs are certainly one of the foundations

that our search for “new physics” 

is built upon

2=10 GeV2



pdg.lbl.gov

7Global PDF analyses combine Hadron-Hadron w/ other sets

Fixed Target: 
DIS charged 

lepton
DIS neutrino

DY
Direct Photon

HERA (ep)

Tevatron: 
Jets

W Asymmetry

NO LHC DATA 
USED YET!!

soon



LHC results



Jet Production

JET PRODUCTION

Parton discrimination



W/Z 
Production
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Drell-Yan

W/Z PRODUCTION

We saw this last  year

New this year!!!



Drell-Yan

W/Z PRODUCTION

We'll see this again later

Great for searches



W
Asymmetry



LHC-B

ATLAS

CMS



Heidi Schellman DIS2011



Heidi Schellman DIS2011



Pavel Nadolsky  DIS2011



What is 
happening 
with d/u

This combination rather unique



Uncertainties in determining parton distributions at large x.
A.Accardi, W.Melnitchouk, J.F.Owens, M.E.Christy, C.E.Keppel, L.Zhu, J.G.Morfin
 arXiv:1102.3686 [hep-ph] 

x
1,2

d/u

LHC  values scaled appropriately

Determined from DIS and DY on p and d



Deuteron nuclear corrections 
can have large effect, 
especially at large x



W/Z 
Production

at LHC



W Production at LHC: A Benchmark Cross Section

Heavy Quark components play an
increasingly important role at the LHC
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Heavy quark PDFs essential ingredient
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Tevatron LHC



W Production at LHC: A Benchmark Cross Section

Heavy Quark components play an
increasingly important role at the LHC

tot

cs

us

ud

cd

d
/d

y(
W

+
) 

at
 L

H
C

y

Potentially large PDF Uncertainties
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x

(x)

CTEQ-6.6

CTEQ-6.5

CTEQ-6HQ

CTEQ-6.1
MSTW

Q=1.3 GeV

x



24PDF 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. 

VRAP 
Code

strange
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Comparison with new NNPDF sets:   Les Houches 2009



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 gWc at the Tevatron

CDF & D0

Consistent 
with SM 

Also a challenge at LHC

Depends on 
nuclear 

corrections



Nuclear Corrections:  Compare Neutrino and Charged Lepton DIS

  Neutrino DIS

Charged Lepton DIS 

 /Z

W
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Oooooops!



Could there be a 

“compromise” fit
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... some recent results by led by Karol Kovarik

Where we left off last year ...



Neutrino
Charged

Lepton

Comparison: Charged Lepton and Neutrino DIS
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How to reconcile with 
literature???

“Thus, nuclear effects in A DIS are in line with those extracted 
from charged lepton DIS and Drell-Yan dilepton production.”

Hannu Paukkunen, 
DIS10



Uncorrelated Errors

Paukkunen & Salgado, arXiv:1009.3143

nCTEQ with Uncorrelated Errors

Good values of 2



Uncorrelated Errors:  2/DOF ~ 1

Even 
problems with 
uncorrelated 

errors!!!



Strange PDF: Recap
34

Nuclear Corrections limit our ability to 
use -DIS for strange PDF extraction

Strange PDF affects “benchmark” W/Z cross sections

Correlations are Important

Highlights issues with  and     DIS

Issues exist even without correlations
How to reconcile    and     DIS 

These are LHC Benchmark processes!!!



Heavy Quarks

c   &  b

Extrinsic & Intrinsic

35



D. Duggan (D0) arXiv:0906.0136

36Heavy Quarks at the Tevatron



Thanks to 
Tzvetalina Stavreva 

37Effect of an intrinsic charm component!



What is the 
proper treatment 

of masses???



2009      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



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 



DIS Production

Step toward NNLO CTEQ

Preliminary
Marco Guzzi



Search for “new physics” requires dependable foundation

Ability to discover 
“New Physics” 

is dependent on distinguishing 
“Old Physics”

4242

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

W Asymmetry

s(x) uncertainty
s(x) uncertainty: Challenge for  W/Z

The Puzzles

Correlations important

Thanks Uli
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