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The past: great fun 
(certainly)

“Quien es mas macho” beard growing competition
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A man with a 
passion
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A man with a 
passion

also, physics.
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A man with a 
passion

loyal european?
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Administrative 
genius

Observed during moves on many visits over the years
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Shared many 
projects

“Import-export” business…(1985)
8



Ideal collaborator

54 ‘classic’ papers together, starting from “Burgess, 
Font & Me” in 1985 (including non-renormalisation 
theorem) to this year (2016) 

Heterotic EFT, Bosonization/duality, Int-Scale strings, String 
inflation, 6D and the CC Problem, Branonium… 

Pioneers in social media: 1986 IAS-CERN e-gossip pipeline 

My role: bad advice. The ideas I told him wouldn’t 
work include (but are not limited to): 

S duality, LVS, research w move to ICTP, etc etc etc
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Fernando Network

Seven of the “Racetrack” Eight
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The Future is 
Stochastic

IR problems for inflationary calcs 

EFT for super-Hubble modes 

Quantum optics 

Stochastic inflation 

Schrodinger’s cosmologist 

Information loss in BHs?
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Outline

Motivation 

Open EFTs 

Secular evolution 

Stochastic inflation 

Decoherence
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Motivation

Extra-Hubble modes 
are key to success 
of inflationary 
predictions 

What is their 
EFT? 

What quantifies 
theoretical error?
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Hubble length

wavelength



Motivation
Late-time and IR effects make finding an EFT 
even more important
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Motivation

Secular effects have their root in a general issue
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Motivation
Normally IR divergences cancel for physical 
quantities (a la Bloch-Nordsieck)
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Senatore, Zaldarriagga

This appears to be true as well for single-field 
inflationary models with IR effects gauge artefacts

General statement (multiple scalars, other massless 
fields, tensor modes, etc) not known



Motivation
Normally IR divergences cancel for physical 
quantities (a la Bloch-Nordsieck)
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Often large logarithms survive IR cancellation, with 
IR scale that is system-dependent (not universal)
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Motivation
Usually define EFT in terms of effective action (or 
hamiltonian), but *none* has emerged for inflation
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Open EFTs
Better analogy for inflation is effective description 
of a particle moving through a medium
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Information can be exchanged 
so Hamiltonian description 
need not exist



Open EFTs
Better analogy for inflation is effective description 
of a particle moving through a medium
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Information can be exchanged 
so Hamiltonian description 
need not exist

Naive perturbation theory fails 
at late times

Can nevertheless simplify when 
there is a hierarchy of scales



Open EFTs
Open EFTs: consider the evolution of a subset A of 
a larger system B
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eg: light in glass or neutrinos in Sun
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Open EFTs
Open EFTs: direct perturbative evolution shows state 
generically depends on entire entanglement history
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Open EFTs
The point: if you can integrate the coarse-grained 
evolution equation
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can trust the solution even for t >> tp provided there are 
overlapping regions each of which satisfies tc << Dt << tp
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Stochastic Inflation
For super-Hubble modes in cosmology:         
sector A consists of modes with k/a << H and it 
is crossing of modes through Hubble scale that 
makes Open EFT the more useful framework 

Stochastic inflation corresponds to dropping all 
interactions at horizon exit except those with the 
background spacetime 

Useful to compute < f | rA | f’ > for f position-
space field coarse grained over Hubble scale
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Stochastic Inflation
In stochastic formulation diagonal 
elements (P = < f | rA | f’ >) is governed by  
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Stochastic Inflation
For V = l f4 this FP equation is known to 
capture the IR singular part of the field theory 
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late-time is described by static solution, dP/dt = 0:
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Stochastic Inflation
Derivation as leading part of Master equation 
shows why FP equation should resum the late-
time behaviour in more general systems 

Must also include corrections (eg in m/H and 
e): these needed to give results that are IR safe: 

Expect late-time P(f) to be finite because this 
appears in the expression for any observable
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Stochastic Inflation
For example if we compute N and F as 
functions of m/H and e = -(dH/dt)/H^2 
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Stochastic Inflation
Variance of field is IR singular 

Although variance is IR singular, 
corrections ensure N and F(f) are not; 
guaranteeing IR finite P(f) at late times
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Conclusions
IR and secular issues in cosmology are a special case of the 
general problem of perturbative failure at late times 

Similar statement for BH information loss? 

Solution and late-time resummation is provided by same 
methods as are useful elsewhere 

Master-equation methods for reduced density matrix 

For inflation find Stochastic inflation as leading description, 
and this explains evidence for stochastic inflation resumming 
IR divergences in simple examples  

Spin-off: shows why primordial quantum fluctuations decohere 
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Happy 60th B-day

may there be many more!
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