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Tevatron is sensitive to a 
Higgs boson

• A  complicated  search 
for  a very small number 
of  signal events  in a  
large  background.

• Requires  very precise  
knowledge  of  the Higgs  
total cross-section

• And  every bit  of  
information on 
kinematic differences for 
signal and  background 
events
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Role of NNLO computations

• Very large QCD corrections at  NLO and  
NNLO.  Tevatron is insensitive  to a Higgs 
signal at NLO or LO. 

• Very small theoretical uncertainty at 
NNLO ( ~ ±10% pdfs and ±11% scale
variation)

• CDF and D0 estimate the theoretical uncertainty on the 
NNLO cross-section to less than ±12%.



Detailed kinematics 
description



Kinematics through 
NNLO

Higher  order effects vary with selection cuts

CA, Dissertori, Grazzini, Stoeckli, Webber



Kinematics at the LHC

CA, Dissertori, Stoeckli



Higgs production at 
NNLO

• Indispensable for  setting exclusion limits at 
Tevatron (and at the LHC)

• Indispensable for testing the Higgs theory 
amid  the discovery of a Higgs boson. 

• This is the simplest new physics we are 
searching for: NNLO will be  very important 
for any simple, statistically clear, new physics 
search and new couplings measurements. 



When is NNLO 
necessary? 

• In the  Standard Model, I believe that NNLO is  
important  for  every known (2 to 1)  and  (2 to 2) 
LHC  process. 

• This  includes, W, Z, Higgs, WW, ZZ, ZW, (W,Z)
+1-jet, Higgs+1-jet, single top, 1-jet inclusive.  

• If  W+3-jets or W+4-jets is an important measurable  
background, then NNLO effects in W+1 or 2 jets must 
also be measurable.   

• Theory cross-section errors are an error guess. 
I guess, such an error guess must be  combined linearly 
with experimental uncertainties (not in quadrature!) 



no small NLO K-
factors @ LHC

(from a review by Campbell, Huston, Stirling)

(Dixon, Kunszt, Signer)



NNLO collider 
processes

• Drell-Yan production: 
- inclusive  cross-section (Hamberg, van Neerven, Matsuura (1991);  
Harlander, Kilgore (2002))
- Rapidity distribution (CA, Dixon, Melnikov,Petriello (2003))

- Fully differential  (Melnikov, Petriello (2006);  Catani,Cieri,Ferrera,de 
Florian, Grazzini (2009))

• Higgs production:
- inclusive cross-section (Harlander, Kilgore (2002); CA, Melnikov 
(2002); Ravindran,Smith,Neerven (2003))
- fully differential cross-section (CA, Melnikov, Petriello(2004); 
Catani, Grazzini (2007))



NNLO collider 
processes (2)

• electron-positron to 3 jets: 
- Gehrmann, Gehrmann-de Ridder, Glover, Heinrich (2007) 

- Weinzierl (2008) 



Drell-Yan at NNLO

pdf extraction, luminosity monitor,
W-mass measurement,

Weinberg angle measurement, 
sanity check at the LHC!

Melnikov, Petriello

CA, Dixon, Melnikov, Petriello



LEP three-jet 
production at NNLO

Amazingly  precise data, 
Beautiful synthesis of diverse QCD effects 

Precise  determination of the strong coupling!



This is a  school... no 
more reviewing!

Active  field of research... many opinions...
and very difficult technical problems... 

Methods  work for  everything  I 
described... but  it is not  yet clear to 
anyone how to do “2 to 2” NNLO calculations

I will focus on methods  that I have  
personal working experience.   



Recipe for an NNLO 
computation

Decide it  is worth the  effort! (or be out of 
your mind..)

Compute  2-loop amplitudes

Figure out a method to extract infrared  
divergences from phase-space integrals over 
phase-space.


