
2. QCD & SM examples

1.   QCD corrections
II.   Jets
III.  Hunting the Higgs at the LHC
IV.  Top quark mass measurement
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• In order to have precise predictions working at LO 
might not be enough
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I.  QCD corrections      
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General form of the IR divergences for 

σqqg =
2αs

3π
σqq
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NLO in hadron colliders





• Scales:

µR

• Full calculation should not depend on     => we can estimate the 
higher order corrections by the      dependence

σ̂• The evaluation of     contains a UV divergence => renormalization 
=> remnant of the process is the renormalization scale µR

µR

• At each order,  the subprocess cross section and the PDF’s  have a 
residual factorization scale dependence on µF

• The residual scale dependence should improve with higher order 
calculations
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[Stirling/Pascos]

• many available
• automatic NLO



II. Jets



Three jet event:

• why not 4?
• Which particles 
belong to a jet?
• how to get

pparton ! pjet ?



[Lian-Tao Wang]

Not an easy task:



Criteria for a good jet recipe: [Snowmass]

1. Simple to implement in an experimental analysis

2. Simple to implement in a theoretical calculation

3. Defined at any order of perturbation theory

4. Yields finite cross sections at any order of PT

5. Yields a cross section rather insensitive to hadronization



A few jet algorithms

• Three popular jet algorithms are kT, anti-kT, and Cambridge/Aachen
• The distance and rule to join objets is 

dij = min[p2α
Ti ,p

2α
Ti ]

(
∆Rij

R

)2

and diB = p2α
Ti

with ∆Rij =
√

∆η2
ij + ∆ϕ2

ij

repeatedly combine objets until     is the smaller distance.
Then call it a jet, remove from the list and start again   

diB

•The choices are: kT (         );  anti-kT (          ); 
C/A (        )

α = 1 α = −1
α = 0



• Example with C/A algorithm [borrow from G. Salam] R = 1
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• Example with C/A algorithm [borrow from G. Salam] R = 1





Jet production

• The basic expression for 2 to 2 processes is

xT =
2pT√

s





Tevatron results

the inclusive jet cross section does agree with NLO QCD
over 8 orders of magnitude!



•Let’s look the results without the dirt trick of log plots



Jets at the LHC

the inclusive jet cross section is nicely described by NLO QCD



a more serious comparison 



V. Hunting the SM Higgs
• Higgs production mechanisms and cross sections
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• We must take into account the H decays



H →W+W− → !+!−/ET + 0, 1, 2 jets

• Cuts used in the analyses
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H → γγ

• Low branching ratio but great mass resolution (similar to 4 leptons)

110 < MH < 150 GeV• Useful in the range

• requirement: two energetic photons
• signal is an excess over a “smooth” falling background
• Main backgrounds: pp→ γγ ; pp→ γ jet ; ; pp→ jet + jet

• Tight photon requirements
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Observed limits



Observed limits



Combining all search channels



Combining all channels



(good for 14 TeV)











at 14 TeV

IV. Top mass measurement









backup: top mass



• The different algorithms lead to distinct 
jets shapes when they overlap 

kT (1) starts around softer objects

C/A (0) cares only about distances

anti-kt (-1)  clusters around hard objects

dij = min[p2α
Ti ,p

2α
Ti ]

(
∆Rij

R

)2

and diB = p2α
Ti



[JHEP04 (2008) 063] 



IV. Anomalous couplings



analogous to ee->ww





• Presently not enough data have been analyzed at LHC

• ATLAS analyzed 1 fb−1 of WZ → !!!/ET (71 events)

• basic cuts: pµ,e
T (Z) > 15 GeV; pµ,e

T (W ) > 20 GeV;
|ηµ,e| < 2.5; |m!! −MZ | < 10 GeV;
/ET > 25 GeV; mT > 20 GeV

• Main backgrounds: ZZ, W/Z+ jets, tt̄, W/Z + γ



• little statistics to do a fit => use total cross section






