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The Need for an EFT 



How do we extract fundamental physics from CMB data?



It’s well known that correlation 
functions of light scalars in de Sitter 
space have IR/late time divergences 

How can we trust any 
perturbative corrections we 

calculate?

Need to find an effective theory for 
only the light degrees of freedom

So…



What is the EFT for super-Hubble modes?

What is the systematic way of 

integrating out short distance modes 
when horizons and red-shifting are 

present?

Or



Open EFT’s



The usual EFT story:
have heavy fields and light fields and we want to 

construct an effective action only using the light fields
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From this effective action one could generate all possible interactions 

of the light fields amongst themselves. Higher dimension operators will 

be needed to accommodate the effects of the heavy fields
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This defines the effective Hamiltonian involving only the light fields.

An Example:



Why does this work? 

Need to be sure heavy fields don’t get 

generated by light ones; energy-momentum 

conservation takes care of that!

• A separation of scales

• A way to keep separated scales from mixing

under time evolution. 



But what if… There’s no way to systematically stop the cross-talk 

between sectors?

This could happen for a particle moving through a medium it 

interacts with.

Or…if “heavy” modes keep getting converted to “light” modes.



Now consider an operator defined on 
the total Hilbert space for heavy and 

light fields acting only on the light 
fields:

Htot = HL ⌦HH , O = OL ⌦ IH

Then: TrH(⇢O)) = TrHL
(⇢redOL), ⇢red ⌘ TrHH

⇢

How does ⇢red evolve in time?

Let’s keep track of the full quantum state:
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IF: ⇢red(t) = Ured(t, t0)⇢red(t0)U
†
red(t, t0)

THEN:  We could define an effective Hamiltonian that would 
generate light field correlation functions via 
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BUT: This is not true in general!

The existence of open channels that the light 
fields can couple to means that the light field 

sector evolution CANNOT be unitary in 
general!



The upshot:

There’s no point in looking for an effective action formulation for 

open systems. 

BUT

This does NOT mean there is no EFT! It’s just that the systematics and the 

goal are different.



B

A

H = HA +HB + VAB

S’pose we want to focus on the physics of subsystem A.

We can set up something EFT-like, IF there is a hierarchy of time scales and IF 

we can assume that B does not change appreciably due to the presence of 

system A.



What time scales do we compare?  We’d like 

⌧c ⌧ ⌧p

time scale for appreciable 

autocorrelations of V in 

subsystem B

time scale for perturbation 

theory in V to break down

VAB ⌧p ⇠ 1
h�VAB(t)�VAB(t� ⌧c)iB ,

�VAB(t) ⌘ VAB(t)� hVABiB(t)



Then:

• Evolution of A is Markovian for times greater than the correlation time 

scale,

• Evolution is perturbative until the breakdown time scale.

It looks like we only have control of the evolution of A for time intervals

⌧c ⌧ t ⌧ ⌧p



But it’s better than this!

We can coarse grain the time derivative of the reduced density matrix of A 
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⌧c ⌧ �t ⌧ ⌧p Markovian 

assumption

This is valid for ANY time as long as we stay within the allowed window around it!



Applications to Inflation



System A: Super-Hubble modes with k

a(t)
⌧ H

System B: Sub-Hubble modes with k

a(t)
� H

The question is how to integrate out B. Redshifting makes this an open EFT 

question. 

Natural correlation scale for B: tc ⇠ H
�1



Stochastic Inflation



Starobinsky argues that the influx of short-wavelength modes 

into the long-wavelength regime makes the dynamics 

stochastic in nature.

Quantum Langevin 

equation for the 

long wavelength 

Heisenberg field
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From this a Fokker-Planck equation for the probability distribution for 

finding long-wavelength supported field configurations should follow:
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There is evidence from computing IR parts of 

correlators in deSitter space that SI does in fact 

resum late time secular behavior.



• How do we see the collapse of quantum 
expectation values into classical stochastic 
ones?

• How do we know that the probability is IR 
safe (or that the noise and drift) are? After 
all the variance of the field is not!

• How do we REALLY derive SI from tracing 
out short distance degrees of freedom? 
And how do we go beyond the Gaussian 
approximation?

Some issues:



Easiest to see how this works in 
the Schrodinger field theory 

formalism
Start with the wave functional describing the 

amplitude for finding a particular field 
configuration at a time t. 

This will satisfy the Schrodinger equation

Then use this to follow the time evolution of the 
probability of finding a field configuration 



To construct the 
probability distribution, start from the wavefunctional

Given the Hamiltonian, the Schrodinger equation then 
becomes a set of equations for the kernels 

Consider:



And so on…



On top of this, we can do a perturbative expansion in the coupling



Now we have to coarse grain over Hubble volumes using a 
window function. The net result is:



The stochastic noise is related to 
quantum noise as:

To leading order in the coupling and in a massless theory:

But now we can calculate for other expansion laws (eg power laws) 
and more importantly, we can compute next to leading order 

corrections to noise and drift

This recovers the Starobinsky result!



Leftover questions: 

• How is SI related to the DRG resummation of IR divergences?

• Can we use this on other theories such as SQED?

• What happens when we do this for the Mukhanov-Sasaki variable?



Let’s look at off-diagonal density matrix elements
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This is the Lindblad equation



Squeezing of super-Hubble modes implies 

Ai(�,⇧)|�i ! Ai(�, 0)|�i = ↵i(�)|�i

This means we can integrate the Lindblad equation in the field basis
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Suppose B sector operators have mass dimension d. Then 

we can argue:
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H(â)
⇤2d�4(â)



For modes with m<<H and a coherence time of 

order 1/H, we can estimate

1

�2
⇠
Z a

a0

â
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Using the fact that sector A operators have mass dimension 

4-d, we can write
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For effective decoherence, this needs to be >>1; the 

growth of the scale factor makes this easy to do.



Conclusions



Evolution of IR inflationary modes is described by an open EFT

This allows us to understand to develop a systematic 

approach to corrections to Stochastic inflation picture. In 

particular, we can check IR safety of observables.

I FINALLY understand how to get Stochastic inflation from a field theory! 

On top of that we can go beyond the Gaussian approximation.

We’ve also checked for other spacetimes (power law inflation with 

time varying sound speeds) that, at least in the Gaussian 

approximation, the noise and drift are IR safe. But here it’s a very 

delicate balance of terms that achieves this. 


