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Motivation:  
UV constraints on IR Physics



UV constraints on IR Physics
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Q: Can every EFT be UV completed ? 
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A: No! Some low-energy EFT do not admit well defined UV completions 

What are the requirements 
that an EFT must satisfy in 
order to be UV-completed?

• Self consistency with specific UV completions
Swampland Program 

• Weak gravity conjecture [Arkani-Hamed et. al. (2007)]
• Distance conjecture [Ooguri & Vafa (2007)]
• de Sitter conjecture [Obied et. Al. (2018)]
• No global symmetries [Banks & Seiberg (2010)] 
• . . . 

• Set of guiding principles
• Unitarity
• Locality
• Causality 
• Lorentz Invariance 

[Adams et. al. (2006)]

These general UV assumptions when applied 
to scattering amplitudes leave imprints on 
the IR EFTs as Positivity bounds on  <latexit sha1_base64="zLflU7wWDxFY1Wd3ClrjyNPIq08="></latexit>ci



Positivity Bounds: a concrete example
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• Low energy EFT of a massless shift symmetric scalar 
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Causality  positivity⟹

• If we were started from the UV theory of a broken U(1)
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Positivity Bounds from scattering amplitudes in flat space
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•Unitarity:  
•Locality:  
•Causality:           is analytic 
•Lorentz invariance
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Positivity Bounds
<latexit sha1_base64="kKSuikkcV4IhaEYNVeKFTGGezRg="></latexit>

ω2nA(s)

ωs2n

∣∣∣∣
s=0

→ 0

For the theory 

The corresponding 2-2 scattering amplitude
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t → t+ ω(t, x) decoupling limit Stückelberg action 

Can we say something about the signs of              ?
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Let’s try with a spherical cow

•Flat space  quasi dS 

•Scattering amplitudes  equal-time correlation functions     

•Lorentz invariance  spontaneously broken, bonus: no energy conservation

⟹

⟹

⟹

[Baumann et. al. (2015)] 
[Grall & S. Melville (2021)] 
[Creminelli et. al. (2023)] 
[Freytsis et. al. (2023)] 
[Green et. al. (2023)] 
[Serra & Trombetta (2024)] 
[Creminelli et. al. (2024)] 
[Gordon Lee & S. Melville  (2025)]



Lorentz breaking amplitudes 
and 

 Amplitudes from dS correlators
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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 

• Correlation functions 
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