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Aspects of QCD at the LHC

 Experiment and Theory

 QCD improved parton model

 Strong coupling constant

 Parton distribution function

 NLO, NNLO results

 Jet physics
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What experimentalists see



  

What really happens

● Large number of events of different kinds involving variety of 
particles at the production and detector levels

● The underlying theory, Quantum Chromodynamics provides a 
physical picture.

● Exact computation of such an observable is unrealistic.
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Factorisation Theorem
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LO is a crude approximation!

Higgs Production through gluon fusion:
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Inputs that can affect the predictions
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Strong Coupling Constant



  

Renormalisation Group Equation for     
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Measured from :

● Tau decays, 
● lattice, 
● heavy quarkonia decays,
● non-single structure functions, 
● Jets from HERA, 
● event shape variables from  LEP



  



  



  



  



  

Parton Distribution Function



  

LHC-testing ground

0

J. Stirling



  

PDF and DGLAP evolution equation
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Scale Variation of Flux at the LHC

DGLAP evolution:
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PDF sets

Different Groups:

              MSTW, CTEQ, ABKM, ABM, NNPD,HERAPDF, GJR, .....

 



  

PDF sets

Different Groups:

              MSTW, CTEQ, ABKM, ABM, NNPD,HERAPDF, GJR, .....

Exterimental inputs:

              Deep Inelastic Scattering, 

              Drell-Yan, 

              Tevatron jets, Tevatron W,Z , ...

 



  

PDF sets

Different Groups:

              MSTW, CTEQ, ABKM, ABM, NNPD,HERAPDF, GJR, .....

Exterimental inputs:

              Deep Inelastic Scattering, 

              Drell-Yan, 

              Tevatron jets, Tevatron W,Z , ...

PDF uncertainity:

 

             Choice of data sets

             Treatment of heavy quarks

             Treatment of errors

             Order of perturbation theory

             Parametrisation of densities

             Flavour symmetries

             Asymptotic behavious of pdfs



  

Gluon LuminosityGluon Luminosity

J. Stirling



  



  

NLO revolution

Gavin Salam



  

Advances at NLO

Analytical Methods

● Faster way of generating Feynman 
diagrams:

QGRAF

● Sympolic manupulation: 

FORM, Mathematica

● On-shell methods

● Recursion techniques

Semi-numerical methods

● Helac-NLO

● CutTools

● BlackHat

● Rocket

● SAMURAI

● MadLoop

● GoSam

● Ngluon    Merging NLO with Parton Showers:

●  MC@NLO
●  POWEG
●  SHERPA
●  VINCIA
●  GENeVa
●  aMC@NLO
●  KRKMC
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           Role of NLO corrections

● SMPR:      Madgraph, Pythia, Jetglu

● MLM:        ALPGEN, Herwig, Jetglu

● MCFM:     NLO QCD + showering

● SMPR:      Madgraph, Pythia, Jetglu

● MLM:        ALPGEN, Herwig, Jetglu

● MCFM:     NLO QCD + showering

W + n-jet cross section

MCFM:  NLO QCD works better



  

Z background to SUSY searches

● Susy searches require estimate on 

the Z background

● Hard to measure Z background

● Photon rates are 6 times larger

easy to measure.

● Use theory to get the ratio  
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Theory predictions

                      BlackHat

Virtual: On-shell and Unitarity cut techniques  
Real   : SHERPA

CMS and ALTAS use this
to estimate METZJ background
for SUSY searches
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AMC@NLO
     

W+2 jet anomaly at CDF – NLO effect?

● CDF and D0 use ALPGEN and
Parton showering for their analysis

● AMC@NLO Gives the similar prediction

● Theory uncertainty is comparable to
Anomaly! 
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Higgs Results



QCD Processes for Higgs Production



Integration By Parts Identities



Lorentz Invariance Identities



Master Integrals



  

Higgs cross section at NNLO

Harlander, Kilgore;  Anastasiou, Melnikov;  Van Neerven, Smith, VR



N3LO QCD results for Higgs



N3LL resummed results for Higgs



Subtraction Methods at NNLO



  

Resummed Higgs cross section



  

     Rapidity of Higgs and its scale dependence at 

Anastaiou et al



Higgs+jet at NNLO
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W+jet at NNLO



Top pair at NNLO



Top AFB at NNLO





  

Di-photon at NNLO

Tevatron LHC

Cross section increases by 30-40%

Catani et al.



  



  

Infra-red safe observables

Infra-red safe de�nition of a Jet

                                     Algorithm
Collection of partons                         Collection of hadrons
                                                                     (Jets)

● Infra-red Safe observables are the only measurables

● How to construct infra-red safe quatities in QCD?

● Example: What is a Jet

                                   

● We do not see quarks and gluons, we see 
only

● hadrons/bunch of hadrons (jets), leptons, 
photons, weak bosons



  

                        
                       Jet Agorithms

➢            Algorithm
➢  Cambride/Aachen algorithm
➢   Anti -        algorithm

SIS Cone
ATLAS Cone
CMS Iterative Cone
GetJet
....
....

Successively Recombine the nearby partons

 



  

High Pt and invariant mass distributions of jets

Excellent agreement with NLO QCD predictions



  

Filtering:     undo the last recombination,  keep the subjets
                      
Trimming:   remove low energetic deposits near a jet

Pruning:      recluster each jet in way wide angle recombinatio are absent

Boosted jets can probe Heavy states:   new physics

                  
                Fine Jets and Boosted Jets



  

                 Boosted Jet from W Boson



  

             
             Boosted Jet from top quark



  

Conclusions

● QCD is a tool kit at Hadron Colliders

● Factorisation plays an important role for predictions

● Strong coupling constant and PDFs are under control

● Many NLO and few NNLO results are available  to test 
SM and new physics

● Jet physics provides alternate ground for probing new physics. 
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