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Motivation:

UV constraints on IR Physics



UV constraints on IR Physics

Q: Can every EFT be UV completed ?
Lerr|o| = Lolo] + Z C; f;}ibl A: No! Some low-energy EFT do not admit well defined UV completions

m Self consistency with specific UV completions

Energy Swampland Program
A * Weak gravity conjecture [Arkani-Hamed et. al. (2007)]

* Distance conjecture [Ooguri & Vafa (2007)]
* de Sitter conjecture [Obied et. Al. (2018)]

What are the requirements * No global symmetries [Banks & Seiberg (2010)]
that an EF T must satisfy in . e
order to be UV-completed?
T s Set of guiding principles
ERT * Unita.rity
AIR S * Locality
* Causality

®* Lorentz Invariance

Kl'hese general UV assumptions when applied\

to scattering amplitudes leave imprints on
the IR EFTs as Positivity bounds on ¢;

\ [Adams et. al. (2006)] j




Positivity Bounds: a concrete example

= Low energy EFT of a massless shift symmetric scalar

1 Cq
£:—§ L mOH T A4(8u7r8“7r)2 T—>mT4+c, W —T
Expanding around a constant background gradient background 90,79 = C|, T =Tg+ om
C
kPR, + 4A—14(C : k)2 =0 (C-k)? >0 Subluminality =—|c7; > O}

(Causality — positivity)

= If we were started from the UV theory of a broken U(1)

1

L= (1+h)(@m) - A

1
5(ah)2 — M*h* — Z(h2 + 2vh)?

Integrating out h at tree-level

Lepr|T| = —5 L mof T A (é’u'ﬁ(p)’“w)Q ()\ > O}



Positivity Bounds from scattering amplitudes in flat space

2 — 2 scattering for identical massive scalars of mass m

4 M
D1 D3 Properties Positivity Bounds
21
(Unitarity: STS =1 = Im.A(s,0) X 800t (5) _B 0 A(S) >0
= Locality: |A| < Cslog2 S 0s2m s—0 -
= Causality: A(s,t) is analytic - ~
[Adams et. Al (2006)]
Do D4 Q_Orentz Invariance S <> —S J [Arkani-Hamed, Huang, Huang (2020)]
s+t 4 u=4m?
1 A(z,t
1z A(s.t) = —— b dz 2B
2t Jo 2z —8
f For the theory x
/
C C : : C [ — 1 OM C1 O, TOH 2
We can expand the amplitude in the forward limit ¢ — 0O as — 5 pTO"T 4 F( L TOHT)
> A(S O) _ A(O ()) 4+ SA’(S O) 4 i /OO ImA(z, O) dz + ... The corresponding 2-2 scattering amplitude
> > | | | T Jam2 2°(2 — 8) C1
R @ (—— A(S,O):2F82
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<
’ 9 [o0 Tm.A(z, 0) 9 [oO Tiot(2) The positivity bound implies Cq 2 0
AN(O,O) — _/ dz - ) — _/ dz tot2 > 0 K /
T J4am?2 < T Jam?2 <



The EFT of inflation

Unitary gauge action

M2 . : M2t
S=/d4w—g Mg g ag frg® — a,3E2 4 By + M2 500y
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[Cheung et. Al (2007)]

t - t+ m(t,x) decoupling limit Stiickelberg action

. 1 4 M? 1
4 2 2 a (-2 -3 2 4.3 2_\2
SW:/CZ T {MPIH(@LW) + 2M, <7T + 7 —7'('?(87;7'(') > — gMzm — — a4(8i7r) + ...
Can we say something about the signs of M;, M;?
[Baumann et. al. (2015)]
Grall & S. Melville (2021)] » Flap&pace = quasi dS
[Creminelli et. al. (2023)]
Freytsis et. al. (2023)] . Scatteri%plitudes —> equal-time correlation functions
(Green et. al. (2023)]
Serra & Trombetta (2024)] _ _
Creminelli et. al. (2024)] » Lorent2{nvariance = spontaneously broken, bonus: no energy conservation
(Gordon Lee & S. Melville (2025)]

Let's try with a spherical cow
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Lorentz breaking amplitudes

and

Amplitudes from dS correlators



The amplitude limit of cosmological correlators

Cosmological correlators contain flat scattering amplitudes! [Maldacena & Pimentel (2011)

[Arkani-Hamed & Maldacena (2015)
[Arkani-Hamed, Benincasa & Postnikov (2017)]
[Pajer (2020)]
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= Scattering Amplitudes

A / dtHeeEat = 2m0(Er)
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. Mass dimension of the operator The mode functions are the

same that in Minkowski
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