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Positivity bounds are restrictions on the Wilson 
coefficients of EFT operators implied by the unitarity 
and locality of the S-matrix

landscape

swampland
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If positivity is violated

Positivity bounds are restrictions on the Wilson 
coefficients of EFT operators implied by the unitarity 
and locality of the S-matrix

Violation of positivity would imply the invalidity of 
the EFT or the breakdown of some of the 
fundamental principles of modern physics

More realistically, positivity bounds can be enforced 
as Bayesian priors in fits aiming at constraining the 
Wilson coefficients of the EFT
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Deriving positivity
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Application to the SMEFT

Positivity constraints

Remmen, Rodd ‘19

Murphy ‘20
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Positivity with massless loops

We can deform it by adding one mass m to regulate the IR. 
Caveats with spin 1, 2: new degrees of freedom, forward-limit 
singularities... 

It can be tricky even for spin-0:

Bellazzini ‘16

Arkani-Hamed et al ‘16
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Consider an UV completion that, at tree level, generates only 
black-red operators, so black-black scattering occurs first at 
one loop

running of dimension-8 
black-black operator



11

DESY theory workshop, September 26, 2019

Consider an UV completion that, at tree level, generates only 
black-red operators, so black-black scattering occurs first at 
one loop

running of dimension-8 
black-black operator



12

DESY theory workshop, September 26, 2019

Consider an UV completion that, at tree level, generates only 
black-red operators, so black-black scattering occurs first at 
one loop

running of dimension-8 
black-black operator



13

DESY theory workshop, September 26, 2019

Consider an UV completion that, at tree level, generates only 
black-red operators, so black-black scattering occurs first at 
one loop

running of dimension-8 
black-black operator



14

DESY theory workshop, September 26, 2019

Example of RGE preserving positivity

a priori, it can be renormalised 
by several classes of operators
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Positivity breaking in matching

singlet
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Positivity breaking in matching

triplet
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Positivity breaking in matching

Scalar quadruplets

quadruplet
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First reflection: phenomenological relevance

Not clear to me that we are more sensitive to the 
tree-level operators, e.g.:

Zhang ‘21
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Second reflection: the role of tools

Not an easy task: one-loop matching/running to 
dimension 8

Fantastic phenomenological/theoretical scenario for 
application and testing of tools

Technically hard

Error prompt

Known results

Automation

Speed

still developing

virtuous 
circle

Phenomenology Tools
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Lagrangian in the UV
FeynRules
QGRAF
FORM

user input

user input

us
er

 i
np

ut

see Renato’s
talk

see Matthias’s
talk
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Cross-checks with other tools

Tree-level results with MatchingTools
Criado ‘17
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Cross-checks with other tools

Tree-level results with MatchingTools

          Export the Lagrangian to FeynRules

          Import in FeynArts + FormCalc

          Compute amplitudes off-shell to reduce to Green’s basis, from where previous
          results can be used

Criado ‘17
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Cross-checks with other tools

Loop-level results with SuperTracer

After (huge) simplification:

It matches 
matchmakereft!

Fuentes-Martin et al ‘20
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Automatising operator reduction?

Current results must be cross-checked.

Current results only for dimension-8 bosonic 
operators

Eventually, going beyond the SMEFT

Eventually, going beyond dimension-8 (maybe for 
formal aspects)

...
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Strategy

Diagrammatically: Match redundant Lagrangian onto 
physical Lagrangian at tree level and on-shell
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Addressing the matching symbolically is hopeless...
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Let’s simply give numbers to the kinematic invariants
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Let’s simply give numbers to the kinematic invariants

Warning! The assignment must be compatible with

 on-shellness: physical configuration of momenta
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Let’s simply give numbers to the kinematic invariants

. . .

. . .
Chiachian and 
Fischer ‘88
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Example of application
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Current status

Almost everything working in matchmakereft 
(including masses), modulo some issues with fermions; 
important cross-checks from FeynArts+FormCalc 
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Current status

Almost everything working in matchmakereft 
(including masses), modulo some issues with fermions; 
important cross-checks from FeynArts+FormCalc 

JoseMe
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Conclusions

Positivity bounds are powerful constraints in the 
search for new physics, but they must be considered 
with care for loop operators.

Positivity studies benefit strongly from tools, which in 
turn are tested in a highly non-trivial context.

Two main obstacles for fully automatised 
matching/running: operators bases and redundancies.

We are addressing redundancies via tree-level 
on-shell matching within matchmakereft.
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Thank you!
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