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• The on-shell methods are important in the LHC physics 
because the Next-to-leading-order (NLO) QCD is needed to 
extract the background from the experimental results

MOTIVATION: Why do we need high order in QCD?

Feynman diagrams, based on the 
Lagrangian, are not optimized for these 
processes.

On-shell methods are based on amplitudes 
and take full advantage of the analyticity of 
the S-matrix.

I will show how the on-shell methods work, in the 
reconstruction of the one loop scattering amplitudes for 
partons and Higgs by taking the trees as input.
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INTRODUCTION

Powerful formalism in 4D to write compact amplitudes in terms of 
4D spinor products.

Spinor Representation Identities Polarization Vectors

Very compact!

MHV amplitudes
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Spinor-Helicity Formalism



INTRODUCTION

The color structure is given by
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Color Decomposition

See Sokatchev’s talk



Reduction Theorem

In D=4

Loop Parametrization

Reduction Theorem

Unknown variables a,b,c,d can be find by using the on-shell conditions

Box All variables determined Triangle one undetermined variable

Bubble Two undetermined variables
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Rational Contribution

Reduction Theorem

From Passarino-Veltman reduction, the 1-loop amplitude can be written as

In we can do the decomposition

The on-shell condition

Mass term

Rational terms are extracted by using massive propagators

the Rational terms are given by,In
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NEW FORMALISM

Reduction Theorem

As we have a massive loop in D=4   , , we need generalize!

Generalized Dirac Equation
Generalized spinors in the helicity formalism

and the completeness relation

Generalized polarization vectors for the internal lines

and the completeness relationgeneralize the massless gluon 
polarization with momentum 

and reference momentum 
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Rational Contribution



Reduction Theorem
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Amplitudes with gluons in

The remaining non-null 
diagram is

Three-point amplitudes

Null diagrams

Three-gluon vertex



Implementation in Mathematica

Reduction Theorem
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How can I compute Boxes/triangles/bubbles 
contributions ?



Implementation in Mathematica

Reduction Theorem

Let’s compute box contribution

Momentum conservation

Explicit solution for L1

In agreement with Bern & Morgan (1995)11



Examples

Reduction Theorem

The triangle contribution to the amplitude

Parametrization

The bubble contribution to the amplitude

Parametrization

In agreement with Schmidt (1997)

In agreement with Schmidt (1997)
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Results

Reduction Theorem

Following our formalism, we obtain the amplitude 

Cut-constructible part Rational part

In agreement with Kunszt et al (1993)

Tree level amplitude
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Conclusions

Reduction Theorem

• By the spinor-helicity formalism and the generalized unitarity is possible 
to find the contribution of the master integrals for a process at one-loop. I 
explicitly calculate the box, triangle and bubble contributions for the process 
of two partons to two partons in QCD, obtaining compact expressions by 
the algebra of the helicity spinors.

• We have implemented this technique in a two loop calculation of  Hggg 
with large top mass, which amounts to one loop with the effective vertex

And this technique will be extended also to more jets as well to a 
complete two loops computation.

• The proposed 4D formalism based on the generalized spinors and 
polarization vectors allows to recover the cut-constructible and the full 
rational part of the scattering amplitudes.

Thank you
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