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WHY?

Reliable and precise comparison between 
theoretical predictions and experimental data.

to better understand standard 

physics and to precisely measure 

fundamental quantities

WHY IS THAT IMPORTANT?

To find New Physics            

OK, it is important 
but not so exciting.

Really! 
How is it possible to find 

New Physics by doing long 
and boring calculations in 

the Standard Physics?



WE CAN SEE NEW PHYSICS IN TWO WAYS.

As small deviations when 
comparing precise 

measurements with 
detailed SM predictions.

Precise!? Detail!?
O my ...

I don’t want to do 
that!

As direct production 
of new particles.

Yes! Let’s find it in 
that way!

Any new particle will be observed 
through its decay into several standard 

particles. This decay will be shadowed by 
much larger  strong interaction 

background.

Oh, no! I quit!



Anatomy of a QCD prediction at hadron colliders

From an experimental perspective, the ideal situation would be to have the matrix

elements (NLO) interfaced to a parton shower Monte Carlo.

, Sherpa



Each order in the perturbative series in αS helps to increase the 
reliability of QCD corrections.

LO: large theoretical uncertainties due to renormalization/factorization 
scale dependence, order of magnitude estimate

NLO: reduced scale dependence, reliabe predictions, considerably 
reduces/enhances the LO cross sections, may distort the shape of 
distribution

NNLO: reduced scale dependence, reliable cross section and error 
estimate

At the LHC experimental errors for many QCD 

processes will be typically smaller than intrinsic 

uncertainties off NLO predictions (10-20%).



Examples

Higgs production via gluon fusion with H→γγ at the LHC

Anastasiou, Melnikov, Petriello (2005)

Large scale uncertainty at NLO which is considerably reduced at NNLO.



W and Z boson production at the Tevatron

Anastasiou,  Dixon, Melnikov, Petriello , PRD69 (2004)

NLO prediction not within LO uncertainty band. NNLO shows that perturbative 

prediction is reliable.



Experimenter’s wishlist 

for LHC processes

A prioritized list of cross sections which 

are experimentaly important and which 

are theoretically feasible (if difficult) to 

calculate (asembled in 2005 and added 

to in 2007 and 2009).

Basically all 2→3 cross

sections of interest have been

calculated

The frontier now extending to

2→4 calculations. Since 2007,

two additional calculations have

been completed: ttbb and W+3

jets. In addition bbbb has been

calculated for the qq initial state

with the gg calculation in

progress.

Often these calculations exist

only as private codes.



K-factors

Experimentalists typically deal with LO calcultions, especially in the context of 

parton shower Monte Carlos. Some of the information from a NLO calculation 

can be encapsulated in the K-factor  (ratio of NLO to LO cross section).

NLO corrections 

appear to be larger for 

processes in which 

there is a great deal of 

color annihilation.

NLO corrections also 

tend to decrease as 

more final-state legs 

are added.

The K-factors at the 

LHC are similar to the 

K-factors for the 

same processes at 

the Tevatron, but 

have a tendency to 

be smaller.



The K-factors for W production at the Tevatron and LHC and for Higgs

production at the LHC as a function of the number of accompanying jets. The kT

jet algorithm with a D parameter of 0.4 has been used.

To understand the pattern jet algorithms at LO and NLO are imortant.



Structure of One-Loop (NLO) computations and MC/NLO interface

Born term

real

corr.

virtual

corr.

collinear

counterterm

Born, real emission and collinear terms are defined by tree amplitudes,which can be

efficiently evaluated with existing matrix element generators (MadGraph/MadEvent,

Helac/Phegas,Comix,WHIZARD,AMEGIC++,ALPGEN,HELAC,CompHEP,CalcHEP,G

RACE).





A complete proposal for a standard interface between MC tols and one-loop matrix 

element programs can be found in Binoth Les Houches Accord.

We reached the point where many of NLO calculations can be done almost

automatically. In many cases two separate codes are needed for a full NLO

generator.

1. the One-Loop Program (OLP) which calculates the virtual

contributions to the process

2. the Monte Carlo (MC) tool which takes care of the real emission,

the subtraction terms and phase-space integrtion

Only together OLP and MC can provide total cross sections and distributions at NLO 

accuracy.



Methods to compute One-Loop Amplitudes

Two religions

UnitariansFeynmanians Experimentes

Agnosticism

There is no preferred method.

Automated approaches

analytical seminumerical numerical

[ BlackHat, Rocket, CutTools/Helac-1loop, GOLEM, Denner et al., samurai, … ]



Conclusion

LHC needs and deserves an effort to predict prominent signal and background 

processes at NLO in QCD

Absolute rates and shapes cannot be predicted reliably with leading order

Monte-Carlo tools and eventually this will hamper the understanding of LHC

data and the discovery of new physics.

Many relevant SM processes are meanwhile available in the literature beyond 

the leading order. 


