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Can massive de Sitter cosmological correlators 
be described by positive geometries?

Short answer: We don’t know yet! 

Goal of  the talk: Give you the tools to understand the question & why it’s worth asking 
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e.g. F1 = ↵1X1 + ↵2X2 + ↵3X3

What is a positive geometry in simple terms?

Positive geometry is a new emergent field of  mathematics that is related to and inspired by physics
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Fj({Xi}) � 0

Set of  inequalities 
semi-algebraic set

polytope

some space
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F1({Xi}) = 0

convex region bounded 
by inequalities

hyperplane



Positive geometries can describe (flat-space) 
scattering amplitudes in some theories

Amplituhedron 
(Planar  SYM) 

tree level & loop integrands
N = 4

ABHY Associahedron 
(  / bi-adjoint ) 

 
Tr(ϕ3) ϕ3

[Arkani-Hamed, Trnka ’13] [Arkani-Hamed, Bai, He, Yan ’17]

momentum twistor space/
positive Grassmanian 

kinematic space of  Mandelstam 
invariants

Surfacehedron generalisation to loop integrands

[Arkani-Hamed,Frost, Salvatori, Plamondon, Thomas ’23]



Novel properties emerge from positive geometries

No computational advantage but rather new conceptual viewpoint!

No Feynman diagrams

Physical properties made manifest  

e.g. singularities encoded in the facet 
structure of  the positive geometry

New decompositions 
from triangulations

No spurious divergences
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Positive geometry can bring a novel fundamental perspective 
on cosmological correlators

Geometry 
(defined by set of  inequalities in 

physical or auxiliary space)

Canonical differential form 
(rational integrands)

Cosmological correlators 
(special functions after integration)

What geometries are 
relevant?

How to construct the 
forms?

How to perform the 
integration?
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Interval (1D)
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The canonical differential form should have 
logarithmic singularities at the endpoints
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Definition: Unique differential form with logarithmic singularities (only) on all the boundaries of  
the space, with residues on each boundary given by the canonical form on that boundary

[Arkani-Hamed, Bai, Lam ’17]

Triangle (2D)
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This recursive definition & construction of  canonical forms generalises to higher dimensions

Quadrilateral (2D)
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De Sitter correlators of  a self-interacting conformally 
coupled scalar field emerge from positive geometries

This generalises to arbitrary tree graphs and loop integrands

[Talk by Hayden Lee]
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Massive de Sitter correlators have integral representations 
with hypergeometric kernels & rational integrands

This generalises to arbitrary tree graphs

[Talk by Nathan Belrhali]
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… but the rational integrands are not canonical 
differential forms of  positive geometries in the -space…λ
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… however we obtain a positive geometry in the 
projective kinematic space
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<latexit sha1_base64="2Vz43BNogFgATP70Teeeux2q/HU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/ZA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AHf442I</latexit>

Y2

<latexit sha1_base64="gJcUgaWpxHUzUVFISZYUdi53ITc=">AAAB7nicbVBNSwMxEJ2tX7V+rXr0EixCvZSNiHoRil48VrAf0i4lm2bb0Gx2SbJCWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvCARXBvP+3YKK6tr6xvFzdLW9s7unrt/0NRxqihr0FjEqh0QzQSXrGG4EaydKEaiQLBWMLqd+q0npjSP5YMZJ8yPyEDykFNirNSqPPbwNT7tuWWv6s2AlgnOSRly1HvuV7cf0zRi0lBBtO5gLzF+RpThVLBJqZtqlhA6IgPWsVSSiGk/m507QSdW6aMwVrakQTP190RGIq3HUWA7I2KGetGbiv95ndSEV37GZZIaJul8UZgKZGI0/R31uWLUiLElhCpub0V0SBShxiZUsiHgxZeXSfOsii+q+P68XLvJ4yjCERxDBTBcQg3uoA4NoDCCZ3iFNydxXpx352PeWnDymUP4A+fzB5f7jm4=</latexit>

(Y1 = 1)

Affine chart 
(projective)

<latexit sha1_base64="8UR3ZRQf4OVudZuATwkhiUhkg8g="></latexit>

{Li � 0}

Work in progress!

<latexit sha1_base64="COiS9AUlYE5ZvLOh4TfFODeIH8k="></latexit>

(Y1,2 = �1,2Y )

<latexit sha1_base64="EdZLP9uqkI75aaQuedb1kEKi/Ao="></latexit>(
L1,2 = X1,2 + Y1,2

L± = X1 +X2 ± (Y1 � Y2)

we need a slight deformation of  the definition to interpret the integrand 
as the canonical differential form associated to this positive geometry



Many open questions…

• Is there a simple & systematic canonical form (deformation) for massive dS correlators? 

• Can we read off  the complexity (transcendental weight) from a suitable integral 

representation of  massive dS correlators? 

• How to evaluate the integrals? (Landau analysis, canonical differential equations, …) 

• Can we go beyond individual graphs? (towards dS massive cosmohedron) 

• …

Work in progress!

<latexit sha1_base64="LLe2+t9B6jJXoUNOGZy7yuyANP4=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURUZdFN+6sYB/QhDKZ3LRDJ5MwMxFKKG78FTcuFHHrV7jzb5y2WWjrgQuHc+5l5pwg5Uxpx/m2SkvLK6tr5fXKxubW9o69u9dSSSYpNGnCE9kJiALOBDQ10xw6qQQSBxzawfB64rcfQCqWiHs9SsGPSV+wiFGijdSzD7zbGPoEezoxw3gI+UwZ9+yqU3OmwIvELUgVFWj07C8vTGgWg9CUE6W6rpNqPydSM8phXPEyBSmhQ9KHrqGCxKD8fBphjI+NEuIokWaExlP190VOYqVGcWA2Y6IHat6biP953UxHl37ORJppEHT2UJRxbPJO+sAhk0A1HxlCqGTmr5gOiCRUm9YqpgR3PvIiaZ3W3POae3dWrV8VdZTRITpCJ8hFF6iOblADNRFFj+gZvaI368l6sd6tj9lqySpu9tEfWJ8/3S+XGg==</latexit>

⌦ ! ⌦̃



Thank you


