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Observables & Fundamental Principles

1 Can we put constraints on which state can propagate during inflation
in a completely model independent way?

2 What is the imprint of the inflationary physics in the analytic
structure of the relevant observables?

3 What are the rules governing physical processes at energies as large as
H|infl ∼ 1014 GeV ?



Why Combinatorics?

Deeper understanding of the physics encoded
into cosmological observables

Novel rules which can allow to go beyond the regime
in which the combinatorial description has been formulated
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External kinematics: Xs :=
∑
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∣∣⃗p(j)
∣∣, ye :=
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(Weighted) cosmological polytopes capture

the singularity structure of IG



From Graphs to Polytopes

A flavour of cosmological polytopes

x1 x2

y



From Graphs to Polytopes

A flavour of cosmological polytopes

x1 x2

y

x1 + x2 = 0



From Graphs to Polytopes

A flavour of cosmological polytopes

x1 x2

y

x1 + x2 = 0

x1 + y = 0



From Graphs to Polytopes

A flavour of cosmological polytopes

x1 x2

y

x1 + x2 = 0

x1 + y = 0

y + x2 = 0



From Graphs to Polytopes

A flavour of cosmological polytopes

x1 x2

y

x1 + x2 = 0

x1 + y = 0

y + x2 = 0

The singularities form a bounded region to which a function Ω is naturally associated

Ω =
1

(x1 + x2)(x1 + y)(y + x2)
≡ nδ
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From Graphs to Polytopes

A flavour of cosmological polytopes
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Triangulation of the polytope
≡

Representation for the integrand



(Weighted) Cosmological Polytopes & IG : A dictionary

Cosmological Polytope PG Cosmological Integral IG

Canonical form ω Integrand of IG

Triangulations Representations for the intgrand

Boundaries (Faces) Residues of the integrands

Canonical form pre-
serving transformations

Symmetries of
the integrand

Paths along con-
tiguous vertices Symbols for IG



Towards a combinatorial RG: The IR/UV structure of IG

x1 x2

y12 =
∫

R+

2∏
j=1

[
dxj
xj

xα
j

]
1

(x1 + x2 + XG)(x1 + Xg1)(x2 + X22)



Towards a combinatorial RG: The IR/UV structure of IG

x1 x2

y12 =
∫

R+

2∏
j=1

[
dxj
xj

xα
j

]
1

(x1
1 x0

2 + x0
1 x1

2 + XGx0
1 x0

2 )(x1
1 x0

2 + Xg1x0
1 x0

2 )(x0
1 x1

2 + Xg2x0
1 x0

2 )

The integral converges for values of α that
identifies points inside the Newton polytope



Towards a combinatorial RG: The IR/UV structure of IG

x1 x2

y12 =
∫

R+

2∏
j=1

[
dxj
xj

xα
j

]
1

(x1
1 x0

2 + x0
1 x1

2 + XGx0
1 x0

2 )(x1
1 x0

2 + Xg1x0
1 x0

2 )(x0
1 x1

2 + Xg2x0
1 x0

2 )

The integral converges for values of α that
identifies points inside the Newton polytope

W
′(2)

W
′(1)

W(2)

W(1)

W(12)

W
(j1 . . . j

n(g)s
)

=

λ
(j1 . . . j

n(g)s
)

e(j1 . . . j
n(g)s

)



λ
(j1 . . . j

n(g)s
)

= n(g)
s α − (tubings)

The integral diverges in the direction e if
the related λ is ≥ 0



Towards a combinatorial RG: The IR/UV structure of IG

x1 x2

y12 =
∫

R+

2∏
j=1

[
dxj
xj

xα
j

]
1

(x1
1 x0

2 + x0
1 x1

2 + XGx0
1 x0

2 )(x1
1 x0

2 + Xg1x0
1 x0

2 )(x0
1 x1

2 + Xg2x0
1 x0

2 )

W
′(2)

W
′(1)

W(2)

W(1)

W(12)
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Towards a combinatorial RG: The IR/UV structure of IG
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Conclusion

First clues on constraints on cosmological processes:
perturbative unitarity, flat-space limit,

factorisations, higher-codimensions singularities

General framework to have a direct formulation
with IR safe observables

Combinatorics allows to recast physical questions into
easier mathematical questions

Something to say for LSS?


