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Warm up: why effective theories? 
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•Multipole expansion in electrostatics 
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EFTs in quantum field theory
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Wilsonian EFT approach
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• Top-bottom: the UV theory is known
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UV constraints on IR Physics
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Can every EFT be UV completed into a full theory? No! Some low-energy EFT do not admit well defined UV completions 

<latexit sha1_base64="q7t+KKpud6Q1aVeVLhce7oevAV4="></latexit>

!IR

<latexit sha1_base64="7KmFu7BvP6R9mfAAFC1GjXRIcTc="></latexit>

!UV

<latexit sha1_base64="JrE/4T/HY/KPGX1MEfjbKtvWzvs="></latexit>

EFT

<latexit sha1_base64="NtLMmgXHd4jZ/XYdNjQfAGZ7l/g="></latexit>

Energy

<latexit sha1_base64="JrE/4T/HY/KPGX1MEfjbKtvWzvs="></latexit>

EF
T

<latexit sha1_base64="0ZqFYBV5b4tcl5/vYyCrEgqPB5I="></latexit>

LEFT[ω] = L0[ω] +
∑

i

ci
Oi[ω]

!di→4

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

• Self consistency with specific UV completions
String theory 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 IR 
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Positivity Bounds: a concrete example
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Cosmology aims to build a consistent history of the spatial correlations of perturbations measured across large scales
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ω(x)
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<latexit sha1_base64="4ykLdz+OYd7ydga43xBQbU/t60Q="></latexit>

nµ

<latexit sha1_base64="n/R7mdjI5joaShMNnf+p30Xic2M="></latexit>

xi <latexit sha1_base64="p/faQhmwZpYr+JcHyWMQQT4IiWs="></latexit>

xi + dxi

<latexit sha1_base64="gDA+fGeBoVLcXCtsvXVdh5yisCE=">AAACA3icbVC7TsNAEDyHVwivACWNRYQUmsgGFCgjaCiDIA/JsaLzZZ2ccvZZd2ukKErJJ9DCB9AhWj6Emh/hElyQhKlmd2a1uxMkgmt0nC8rt7K6tr6R3yxsbe/s7hX3D5papopBg0khVTugGgSPoYEcBbQTBTQKBLSC4c1Ubz2C0lzGDzhKwI9oP+YhZxRNy+vc835Eu+dlPO0WS07FmcFeJm5GSiRDvVv87vQkSyOIkQmqtec6CfpjqpAzAZNCJ9WQUDakffAMjWkE2h/PTp7YJ6FUNg7AntV/vWMaaT2KAuOJKA70ojZt/qd5KYZX/pjHSYoQM2MxWpgKG6U9/dzucQUMxcgQyhQ3V9psQBVlaPKZ28LMS6BiiZOCScVdzGCZNM8qbrVSvbso1a6zfPLkiByTMnHJJamRW1InDcKIJM/khbxaT9ab9W59/FpzVjZzSOZgff4Ait2X/w==</latexit>

!3(t)

<latexit sha1_base64="JCWWN/JmTfr0TOqUKD8Texr+iVA=">AAACBnicbVDLTgJBEJzFF+IL9ehlIzHBmJBdNeiR6MUjRnkksJLZoYEJs7ObmV4TsuHuJ3jVD/BmvPobnv0RB9yDgHWq7qpOd5cfCa7Rcb6szNLyyupadj23sbm1vZPf3avrMFYMaiwUoWr6VIPgEmrIUUAzUkADX0DDH15P9MYjKM1DeY+jCLyA9iXvcUbRtB7ad7wf0M5ZEU+6eNzJF5ySM4W9SNyUFEiKaif/3e6GLA5AIhNU65brROglVCFnAsa5dqwhomxI+9AyVNIAtJdMrx7bR71Q2TgAe1r/9SY00HoU+MYTUBzoeW3S/E9rxdi79BIuoxhBMmMxWi8WNob25Hm7yxUwFCNDKFPcXGmzAVWUoYloZgszL4GSIY5zJhV3PoNFUj8tueVS+fa8ULlK88mSA3JIisQlF6RCbkiV1AgjijyTF/JqPVlv1rv18WvNWOnMPpmB9fkDoAmZIA==</latexit>

!3(t+ dt)

<latexit sha1_base64="P/gnZmA+a49tyvqXhXNVoW1vFNI=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjaCiDRB5SYqLzZR2fcr6z7s5IURQ+gRY+gA7R8i/U/Ajn4IIkTDW7M6vdnSDhTBvX/XIKa+sbm1vF7dLO7t7+QfnwqK1lqii0qORSdQOigTMBLcMMh26igMQBh04wvsn0ziMozaS4N5ME/JiMBAsZJSZrDfVDbVCuuFV3DrxKvJxUUI7moPzdH0qaxiAM5UTrnucmxp8SZRjlMCv1Uw0JoWMygp6lgsSg/en81hk+C6XCJgI8r/96pyTWehIH1hMTE+llLWv+p/VSE175UyaS1ICg1mK1MOXYSJy9jIdMATV8YgmhitkrMY2IItTYYBa2UPsSKCHNrGRT8ZYzWCXtWtWrV+t3F5XGdZ5PEZ2gU3SOPHSJGugWNVELURShZ/SCXp0n5815dz5+rQUnnzlGC3A+fwDrkpV8</latexit>

ds2
<latexit sha1_base64="ZK7yj6vUckfhurei3jGwwiSTH+Y="></latexit>

Ndt

<latexit sha1_base64="wekfmheEfrYxOeWIpfq4YQz/fhk="></latexit>

N idt
<latexit sha1_base64="jXCZkyLwOL7vLBp4vYkMeVlAtYo="></latexit>

dxi

<latexit sha1_base64="ZKxyWhWVFId4hh6JV2Iwfo0ZnxA="></latexit>

S =

∫
d
4
x
→
↑g

[
M

2
Pl

2
R+M

2
PlḢg

00 ↑M
2
Pl(3H

2 + Ḣ) +
M

4
2 (t)

2!
(ωg00)2 +

M
4
3 (t)

3!
(ωg00)3

↑ M̄
3
1 (t)

2
(ωg00) ωKµ

µ ↑ M̄
2
2 (t)

2
(ωKµ

µ)
2 ↑ M̄

2
3 (t)

2
ωK

µ
ωωK

ω
µ + . . .

]

Explicitly

<latexit sha1_base64="IFwW5/YdFlcXGX/JR2x+J4d5jTw="></latexit>

S =

∫
d4x

→
↑gF

(
Rµωεϑ, g

00,Kµω ,↓µ, t
)

The most general action is given by

Following the bottom-up approach, the most general EFT (in unitary gauge) compatible with unbroken spatial diffs                         can be 
constructed through the 3+1 decomposition of spacetime (ADM formalism)                    

<latexit sha1_base64="PTtxlV/H3STfhDjZP52rUF2xXWM=">AAACCHicbVDLTgJBEJzFF+Jr1aOXiYQEoyG7xqBHohePmMgjYRcyO8zChNlHZnoVsuEH9Gf0ZNSbZ3/Av3FADgrWqbqrOukqLxZcgWV9GZml5ZXVtex6bmNza3vH3N2rqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENriZ6445JxaPwFkYxcwPSC7nPKQG96piFYZs7kvf6QKSM7rEe8TF2hrzNi3CSOp6Ph+Ojjpm3StYUeJHYM5JHM1Q75qfTjWgSsBCoIEq1bCsGNyUSOBVsnHMSxWJCB6THWpqGJGDKTadxxrjgRxJDn+Hp/NubkkCpUeBpT0Cgr+a1yfI/rZWAf+GmPIwTYCHVFq35icAQ4UkruMsloyBGmhAquf4S0z6RhILuLqfj2/NhF0n9tGSXS+Wbs3zlclZEFh2gQ1RENjpHFXSNqqiGKHpEz+gNvRsPxpPxYrz+WDPG7GYf/YHx8Q2+0ZkU</latexit>

xi → xi + ωi(t,x)
<latexit sha1_base64="SGmXdJL2q4TCdfQ5gq/66Emgg00=">AAACFHicbVDJTgJBFOzBDXFDPXrpSEw8kRkl6JHoxYsJLiwJQyZvmgY69CzpfqMhE35Df0ZPRr0Y7/6NDXJQsE7Vr6rzXpUfS6HRtr+szMLi0vJKdjW3tr6xuZXf3qnrKFGM11gkI9X0QXMpQl5DgZI3Y8Uh8CVv+IPzsd6440qLKLzFYczbAfRC0RUM0Iy8vOMGgH0GMr0ceSVXiV4fQanonk4E30+vRy6KgGv3RvQC8I69fMEu2hPQeeJMSYFMUfXyH24nYknAQ2QStG45doztFBQKJvko5yaax8AG0OMtQ0Mwy9rpJNqIHnQjRbHP6eT925tCoPUw8I1nfKme1cbD/7RWgt3TdirCOEEeMmMxWjeRFCM6boh2hOIM5dAQYEqYKynrgwKGpsecie/Mhp0n9aOiUy6Wr0qFytm0iCzZI/vkkDjkhFTIBamSGmHkkTyTN/JuPVhP1ov1+mPNWNM/u+QPrM9vLaWfeQ==</latexit>

M4 → R↑ !3 [Cheung et. Al (2007)]

<latexit sha1_base64="GKc08PiPh91xXqlWaRM9IpNo464="></latexit>

t → t+ ω(t, x)Time diff invariance can be restored through the Stückelberg procedure 
At energies               the Goldstone mode and gravitational fluctuations decouple<latexit sha1_base64="IbBllnEXQ0g08NsNbsbOFfyN0nA="></latexit>

E → H

<latexit sha1_base64="EdlHRZ+nbdEv5eNNnwoRQl++LH4="></latexit>

Sω =

∫
d
4
x

[
M

2
PlḢ(ωµε)

2 + 2M4
2

(
ε̇
2 + ε̇

3 → ε̇
1

a2
(ωiε)

2

)
→ 4

3
M

4
3 ε̇

3 → M̄
2

2

1

a4
(ω2

i ε)
2 + . . .

]

<latexit sha1_base64="qJtNEeMmINUVTB3wDoAyJiFijnM="></latexit>

Mi, M̄iCan we constrain the signs of             with positivity bounds? 

•Flat space  quasi dS 
•Scattering amplitudes  equal-time correlation functions     
•Lorentz invariance  spontaneously broken, bonus: no energy conservation

⟹
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