
Higher order poles in ADE affine Toda theories

Davide Polvara

This project has received funding from the European Union’s Horizon 2020 research and innovation 
programme under the Marie Skłodowska-Curie grant agreement No. 764850 (SAGEX). 

3rd SAGEX workshop 

(27-28 July 2020)

Based on a ongoing work with Patrick Dorey



The S-matrix of ADE affine Toda theories has been bootstrapped in the past
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Features observed in all the affine models:


• The building blocks do not overlap, all the  are separated by 2. 


• 


x

Nab(x + 1) − Nab(x − 1) = 0, ± 1
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What do these higher order poles represent in perturbation theory?



pμ = (p, p̄) = m(eiu, e−iu)

The values of rapidity corresponding to poles are purely imaginary numbers.  

In light-cone components we have:

2nd order poles

For particular values of external kinematic (pole position) along the integration loop all the 
propagators go on-shell at the same time
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The loop carries two degrees of freedom:

We can set two internal momenta on-shell and expand the loop 
around them

At    the remaining momenta  are not mass-shell for arbitrary external kinematic and go on-shell 

only on the pole position 
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s = s0



The black propagators are fixed on-shell. They 

correspond to the point  around which


we expand the loop.
l = 0

The red propagators become on-shell only at a particular

value of the external kinematic, exactly on the pole position
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The denominators of propagators are linear in  : the integral can easily be performed using Cauchy theoreml̃

2B ⋅ l̃ = u 2C ⋅ l̃ = vWe change integration variables
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The box can be written as different sums over tree-level diagrams depending on the way we 

close the -integration contours.u, v
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Poles in non-allowed processes of the form

 cancel through a flipping rule :a + b → c + d
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If for a choice of external kinematic an internal propagator goes on-shell,

generating a pole, then there is exactly an other propagator in an other


channel going on-shell for the same choice of the kinematic. 


In this way there are always copies of poles that cancel each other.

A FEW WORDS ABOUT POLES CANCELLATION AT TREE-LEVEL 



FULL NETWORK OF SINGULAR FEYNMAN DIAGRAMS OBTAINED BY FLIPPING INTERNAL PROPAGATORS



DECOMPOSITION OF THE 2ND-ORDER POLE NETWORK.

DIAGRAM THAT DIFFER BY ONE FLIPPED 

PROPAGATOR CANCEL IN THE SUM. 

IN THE END A OVERALL MULTIPLICATIVE
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Network of Feynman diagrams contributing

to a 3rd order pole



The final result for the residue of a 3rd-order

 pole comes entirely from some cuts sit at 


the boundary of the network.



Cuts of Feynman diagrams in the bulk 

cancel each other

Diagrams of the same colour differ by

flipping an internal propagator.

Each group of diagrams of the same colour sums to zero



Conclusions

Higher order poles in the bootstrapped S-matrix are explained in terms of threshold singularities. 

The network of Feynman diagrams contributing to the pole can be generated by flipping internal diagonals (propagators).

Feynman diagrams contributing to the pole are those in which more propagators are simultaneously on-shell 

in the loop integration region.


There are signals of a sort of Stokes theorem in the Feynman diagram space. A deeper investigation is necessary at L=3.

A general proof needs to be carried out from root system properties.



Thank you


