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NLO CALCULATIONS 
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Need for Higher Orders, High Multiplicity, Whish List 
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Feynman Diagrams, Integral Basis, OPP, Quad Cuts Exm 



NLO More Important for Larger Jet Multiplicities 
[Bern, Dixon, FFC, Hoeche, Ita, Kosower, Maitre, Ozeren arXiv:1304.1253] 

W+ n Jet Production 

Å LO unphysical scale dependence is 
large 
Å It grows with jet multiplicity 
Å Even more, shapes of distributions 
modified by quantum corrections 
Å NLO scale uncertainty more stable 
over multiplicity of jets 
Å NLO gives first quantitative 
prediction for observables 
Å Precision QCD (down to few 
percent uncertaity) needs NNLO! 
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The Les Houches NLO Wish List Few Years ago 
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Modern Wish List (2013) more challenging and thought out!  
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ωCalculated ON-SHELL, amplitudes much simpler than 
expected. 

 

ωFor example: some tree level all-multiplicity gluon 
amplitudes can fit on a page: 
 

 
 

 

 

 

 

 

On-shell simplifications 

Park, Taylor 
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 Factorization 

Iƻǿ ŀƳǇƭƛǘǳŘŜǎ άŦŀƭƭ ŀǇŀǊǘέ ƛƴǘƻ ǎƛƳǇƭŜǊ ƻƴŜǎ ƛƴ ǎǇŜŎƛŀƭ ƭƛƳƛǘǎ 
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 Explore limits in complex plane 
Britto, Cachazo, Feng, Witten, hep-th/0501052 

Inject complex momentum at leg 1, remove it at leg n. 

special limits           poles in z 

Cauchy: 

residue at zk    =   [kth factorization limit]   =   
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Ą  BCFW (on-shell) recursion relations 

Trees recycled into trees! 

Ak+1 and An-k+1 are on-shell tree amplitudes with fewer legs, 
and with momenta shifted by a complex amount 

Britto, Cachazo, Feng, hep-th/0412308 

An 

Ak+1 

An-k+1 
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Feynman Diagrams 

ωTool to compute 
amplitudes in Quantum 
Field Theories 

ωEasy to use 

ωIn principle applies to all 
kind of processes and to 
all orders 

ωTree level automation 
manageable (at least for 
up to 7/8 points in QCD)  

 

ωComplexity of 
calculations grow fast 
with number of legs and 
number of loops 

ωIntroduces many non-
physical degrees of 
freedom which cancel in 
final results 

ωGauge invariance hidden 
in them 
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Loop Feynman Diagrams 

Consider: 

Χ 
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!ƴ 9ȄŀƳǇƭŜΧ 

Not including 
couplings, 
polarization 
vectors, factors 
ƻŦ άiέ, etc 
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!ƴ 9ȄŀƳǇƭŜΧ 

Vertices 
Not including 
couplings, 
polarization 
vectors, factors 
ƻŦ άiέ, etc 
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!ƴ 9ȄŀƳǇƭŜΧ 

Not including 
couplings, 
polarization 
vectors, factors 
ƻŦ άiέ, etc 

Propagators 
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This indeed is a complicated expression! 

You have to deal with Trace Technology and solve many integrals like this one: 



Tensor Integrals:  
The Passarino-Veltman Reduction 

Which is not only large 
and computer 
intensive, but suffers 
from strong numerical 
instabilities over PS! 

When applying this procedure to our tensor integral of interest:  

We find that ONLY the coefficient of the corresponding scalar 
box looks like: 

And this is only a piece of a 
single tensor integral that 
appears in a single Feyman 
ŘƛŀƎǊŀƳΧ 


