
German F. R. SBORLINI

Geometry and causality for efficient 

multiloop representations.

15th Radcor & LoopFest XIX

Tallahassee, FL (USA) ïMay 19th, 2021

LTD team

G. Rodrigo, J. Aguilera Verdugo, F. Driencourt-Mangin, R. J. Hernández Pinto, 

J. Plenter, S. Ramírez Uribe, A. Rentería Olivo, W. J. Torres Bobadilla, L. Vale Silva



1. Motivation

a) Brief history of LTD-based 

methods

2. Nested residues

3. Manifestly Causal Representation

a) Geometrical reconstruction

b) Quantum algorithms

4. Conclusions and outlook

Index

(COMPLICATED) 

EXPERIMENTS

THEORETICAL 

ABSTRACTION

NEW!!

NEW!!

BASED ON: Phys. Rev. Lett. 124 (2020) 21, 211602

JHEP 12 (2019) 163; JHEP 01 (2021) 069

JHEP 02 (2021) 112; JHEP 04 (2021) 129

arXiv:2102.05062 [hep-ph]

arXiv:2105.08703 [hep-ph]



3

Motivation

Å In the high-energy region, we can use the parton model

Å Partonic cross sections are obtained from QFT (applying perturbative methods)
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Loop contributions 

(quantum fluctuations of 

vacuum)
Real corrections 

(additional particles)

Counter-terms 

(fix the problems 

of the other two)

FINITE NUMBER 

(compare to 

experiments)
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AFTER
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Appears after integration
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Motivation

Å Loop amplitudes are a bottleneck in current high-precision computations

ÅPresence of singularities and thresholds prevents direct numerical implementations

ÅWell-known theorems (KLN) guarantee the cancellation of singularities for physical observables

Å Real-radiation contributions are defined in Euclidean space (i.e. phase-space integrals)

Loop-Tree 

Duality

LOOP 

AMPLITUDES

ÅVirtual internal 

momenta

ÅDefined in Minkowski 

space-time

DUAL 

AMPLITUDES

ÅOn-shell cut momenta

ÅDefined in Euclidean 

space-time

Graphical representation of

one-loop opening into trees

(original idea by Catani et al ô08)

REAL 

CONTRIBUTIONS

(AND ISR/UV 

COUNTER-TERMS)

To be 

combined
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Brief history of LTD-based methods

2008

2010-2012

2014

2017

2019

2020-2021

2015

2016

Å Foundational paper: a new way to decompose loop amplitudes 

ÅApplication of Cauchy theorem taking 

care of Feynman prescription: leads to 

a new prescription!

2018-2019

Feynman integral

Dual integral

JHEP 09 (2008) 065
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Brief history of LTD-based methods

2008

2010-2012

2014

2017

2019

2015

2016

Å Towards the computation of physical observables in four space-time dimensions

Å Tested on toy scalar model; local cancellation of IR divergences 

Å Introduction of real-dual mappings, to achieve 

a local cancellation of IR singularities!

ÅPurely four-dimensional representation of cross-

sections

Å First study of dual UV local counter-terms:

2018-2019

JHEP 02 (2016) 044

2020-2021
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Brief history of LTD-based methods

2008

2010-2012

2014

2017

2019

2015

2016

Å Towards the computation of physical observables in four space-time dimensions

Å Tested on toy scalar model; local cancellation of IR divergences 

2018-2019

Å Integrand-level cancellation of IR and UV singularities!

Å No need of integrated counter-terms 

ÅPurely four-dimensional integration (no DREG!)

FIRST APPROACH TO LOCAL REPRESENTATIONS!!

JHEP 08 (2016) 160

JHEP 10 (2016) 162

2020-2021
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Brief history of LTD-based methods

2008

2010-2012

2014

2017

2019

2015

2016

2018-2019

Å Full analysis of Higgs decays at two-loop (inclusion of EW effects)

Å First realization of local UV counter-terms at two-loop level

Å New singular structures arise beyond one-loop

ÅMore diagrams, more variablesé starts to be cumbersome!

Å Explore novel representations of the integrands

ÅPoint towards fully local cancellations of IR/UV singularities

UNDERSTANDING SINGULARITIES IS CRUCIAL!! EXPLORE THEM!!

Locality explored at two-loopsé whatôs next?

JHEP 02 (2019) 143

JHEP 12 (2019) 163

2020-2021
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Brief history of LTD-based methods

2008

2010-2012

2014

2017

2019

2015

2016

2018-2019

Jan. ó20

Jun. ó20

Jun. ó20

Oct. ó20

2020-2021
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