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λ1

Φ

λ3

∫ ds
Mλ1λ3

(s, b)

(s − m2)n ≻ 0Positive Eikonal 

arcs

n = 2 :

S-Matrix principles Asymptotic Causality
Analyticity + Unitarity

Positivity of the 

time-delayTλ1λ3

(ω, b) = 2
∂

∂ω
δλ1λ3

(s, b) ≻ 0

T

From dispersion relations to eikonal scattering

M(s, b) ∼ e2iδ(s,b) − 1



Example: asymptotic causality at tree level
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1/Λ
bIR

+ - + +

Minimal

coupling

βF2R

Bound on       : β

b ∼ 1/Λ
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Example: asymptotic causality at tree level

λ1

Φ

λ3

’14, Camanho, Edelstein, Maldacena, Zhiboedovλs

λPl

Rs

b
1/Λ

Tree-level solution to causality

violation requires tower of higher spin 


T±(s, b) ∼ GM (−log
b

bIR
± β

b2 ) > 0

Causality violation at : 

|β | ≲ 1/Λ2 log
1/Λ
bIR

+ - + +

Minimal

coupling

βF2R

Bound on       : β

b ∼ 1/Λ
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QED docet

1- loop

λ1

Φ

λ3

λs

λPl

Rs

1/me

+ -

Minimal

coupling

Causality detects the presence

of a Landau pole


Causality violations solved at 

loop level
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What could we learn?
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Many phase-shifts are known for tidal/spins effects in the context of GW

Non optimal bounds, but a much cheaper lunch…
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What could we learn?

Many phase-shifts are known for tidal/spins effects in the context of GW

Non optimal bounds, but a much cheaper lunch…

Can we learn something about neutron stars physics?

∫ ds
Mλ1λ3

(s, b)

(s − m2)n ≻ 0Positive Eikonal 

arcs

M(s, b) ∼ e2iδ(s,b) − 1
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Conclusions

Positivity is hard, but there are limits where 

things simplify!
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Conclusions

The cutoff of massive gravity must satisfy Λ < O(10)m

| t | ≫ m2

ℓ ≫ 1

Higher spins?

Dispersion relations

Example: positivity of the time delay (asymptotic causality)

Neutron stars?

Thank you!

UV  constraints on classical observableseikonal

Causality violation in gravity

Higher spins
Tree level

Loop level



Backup



Beyond dRGT

In the decoupling limit

0 0

Same conclusion, independent of higher derivatives 



Emergence of classical 

SO(3) ⇒ ISO(2)
ℓ → ∞

Compact

Finite dim irreps

Non-compact

Continuous irreps

ℓ

dℓ
λ,λ′￼

(θ) ∫
2π

0

dφ
2π

ei(λ′￼−λ)φeiθℓ sin φ


