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non-relativistic, sub-horizon, fluid-like system in an expanding  
universe
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•mass conservation 
•momentum conservation 
•Galilean invariance
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one-loop terms
power spectrum

bispectrum

<latexit sha1_base64="TeT/DezCrIvNOh5X/0+Glssl1cE="></latexit>

�(1)r,h(
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redshift space distortions
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�r,h(~k, ẑ) = �h(~k) +

Z
d
3
x e

�i~k·~x

 
exp

"
�i
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renormalization
higher-derivative halo bias and counterterms
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new momentum counterterm
dark matter

let’s write the DM EOM in terms of the scalar and vector parts of π
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ẑ
j
@i⇡

j
(2)(~x) ⇠ ẑ
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new momentum counterterm
biased tracers
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this means that we must include a counterterm of 
the following form for the tracer momentum 
renormalization

which can indeed be checked to be needed to 
cancel the following in the UV limit of the loops

the equivalence principle and 
locality actually force the DM 
and tracer counterterms to be 
equal
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data - bispectrum
the BOSS analysis D’Amico, Donath, ML,


Senatore, Zhang 22
BOSS DR12 LRG sample

monopole quadrupole

for results of 
data analysis, 
see talk by 
D’Amico

D’Amico, Donath, ML, 

Senatore, Zhang 22



the road ahead - baryons and DE





baryons in large-scale structure
percent-level effects

unique challenge: 
baryonic physics makes 

using simulations difficult

time to shine for 
analytic methods



EFT for two fluids
effective force and stress tensors
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3 independent EFT parameters per fluid 
+ linear counterterm g(a)
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EFT for two fluids
effective force and stress tensors
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lensing potential
baryons in large-scale structure Bragança, ML, Sekera


Senatore, Sgier 20
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baryon simulations
baryons in large-scale structure

Chung, Foreman, van Engelen 20



massive neutrinos
baryons in large-scale structure

CMB-S4 science book

2016



dark energy



EFT of DE action - Horndeski
non-linear EFT of DE
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EFT of DE action - Horndeski
perturbation theory vertices
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EFT of DE for EFT of LSS
beyond CDM/dark energyΛ

Bose, Koyama, ML, Vernizzi, Winther 18



EFT of DE for EFT of LSS
beyond CDM/dark energyΛ
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violation of LSS consistency conditions

LCDM

DHOST

Horndeski

CDMΛ

ML 20

Crisostomi, ML, Vernizzi 19

beyond CDM/dark energyΛ



conclusions
• after many years of theoretical development, the 

EFT of LSS has been successfully applied to real 
data, by multiple groups 

• going to higher orders has revealed some interesting 
theoretical developments 

• there are many directions to go in the future - 
baryons, dark energy, massive neutrinos, fuzzy DM/
ALPs, more observables, higher precision, numerical 
insights, computational techniques, … 

• a lot of great physics opportunity! Thank 
You!

for more info on EFTs in cosmology, 
see our Snowmass paper: 
Cabass, Ivanov, ML, Mirbabayi,

Simonović 22
M. Baumgart, F. Bishara, T. Brauner, 
J. Brod, ML, et al.
D. Green, J. T. Ruderman, B. R. 
Safdi, J. Shelton, ML, et al.


