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Outline
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• Entropy perspective
• Bunch Davies Vacuum

ii) Measures
B) Connections to modern research topics, 

and ultimately surveys 
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What is the point of cosmic inflation?
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Guth (1981) The point of cosmic inflation is to 
solve cosmological tuning problems
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Starobinsky (1981) The point of cosmic inflation is 
to “help find” a unique highly symmetric (highly 
tuned!) initial state with no singularity



Planck Data
‐‐‐ Cosmic Inflation theory
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Generic Cosmologist (2017): The point of cosmic 
inflation is to have a theory to fit the data
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most solve the 
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problems 
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Starobinsky (2015): Inflation is a way to connect 
cosmic structure with fundamental physics
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Starobinsky (2015): Inflation is a way to connect 
cosmic structure with fundamental physics
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Reflections on fine tuning
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Reflections on fine tuning

Use entropy to get some 
perspective



• 2nd law tells us that the early universe was 
dynamically “unusual” (low entropy, past 
hypothesis)
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• 2nd law tells us that the early universe was 
dynamically “unusual” (low entropy, past 
hypothesis)

• Inflation is supposed to teach us that the early 
universe was dynamically “typical” 
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Statistical 
arguments
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Today
What we 
actually 
believe

• The thermodynamic 
arrow of time

• The “past hypothesis”

= “Fine tuning”

Adding reheating and 
inflation seems to 
make all this worse
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The thermodynamic arrow of time originates with the very 
special initial conditions of the cosmos:

The early universe is very homogeneous on scales      

 very far from Eqm. (= black hole)

35 35 210 10 4Univ bh Max UnivS S M 
 

Cosmic Microwave Background 
uniform to one part in 105

Penrose

Jeansl l

Entropy increase is realized mainly 
through gravitational collapse 
(destruction of homogeneity)
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The tendency to slip in assumptions about 
(and thus tunings of initial conditions) 
without even realizing it

Related issues:
• Arrival Terminals

0S 

* L. Susskind

Beware “temporal provincialism*”:
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Beware “temporal provincialism”:

The tendency to slip in assumptions about 
(and thus tunings of initial conditions) 
without even realizing it

Related issues:
• Arrival Terminals
• Tuning assumptions in infinite universes (eternal)
• Various discussions about tuning in SBB (with or without 

inflation) 
• Belief in “naturalness” of high energy density starts

0S 
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Entropy arguments 
give exponential 

suppression of higher 
V values
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Statistical 
arguments

S

t

Today
What we 
actually 
believe

• The thermodynamic 
arrow of time

• The “past hypothesis”

= “Fine tuning”

Adding reheating and 
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No satisfactory 
“resolution” at 
this point. (Do 
we need one?)
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Outline

A) Open Questions
i) Tuning

• Entropy perspective
• Bunch Davies Vacuum

ii) Measures
B) Connections to modern research topics, 

and ultimately surveys 
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Reflections on fine tuning

Use the evolution of length 
scales to get some 
perspective
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In what state 
does the 
universe 

emerge from 
the singularity?
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We think we know 
that these modes 
must be in the 
Bunch Davies 

vacuum (= “free 
tuning” because we 
don’t worry about 

it)
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We think we know 
that these modes 
must be in the 
Bunch Davies 

vacuum (= “free 
tuning” because we 
don’t worry about 

it)

Entropy arguments 
still an issue re how 
to make inflation 

happen



?
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When
considering the 
tuning needed 
to get inflation, 
maybe SBB is 
still better

Who needs 
inflation?
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Guth: Anything that 
can happen will 

happen infinitely many 
times
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Guth: Anything that 
can happen will 
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times
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Q

(not to scale)
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 500km this way to 
eternal inflation



Albrecht CosKASI April 17 2016 56

Outline

A) Open Questions
i) Tuning

• Entropy perspective
• Bunch Davies Vacuum

ii) Measures
B) Connections to modern research topics, 

and ultimately surveys 



Albrecht CosKASI April 17 2016 57

Current questions
• What is the vacuum?, Firewalls
• Holography, AdS/CFT
• The nature of horizons, singularities
• Entanglement/Geometry duality
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inflation



Planck Data
‐‐‐ Cosmic Inflation theory

Albrecht CosKASI April 17 2016 61

Starobinsky (2015): Inflation is a way to connect 
cosmic structure with fundamental physics
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Planck 
Length
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 500km this way to 
eternal inflation
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Observable 
Universe

?
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Observable 
Universe

?

Breakdow
n of EFT?
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Guth: Anything that 
can happen will 

happen infinitely many 
times

Ultimately 
requires a 

better grip on 
the physics
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Guth: Anything that 
can happen will 

happen infinitely many 
times

Ultimately 
requires a 

better grip on 
the physics

AA and Phillips
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“holography” may limit 
inflation to “just 
enough”

Banks and 
Fischler, AA, 
Phillips et al, 
Carroll etc

?



?

Albrecht CosKASI April 17 2016 71

“holography” may limit 
inflation to “just 
enough”

Banks and 
Fischler, AA, 
Phillips et al, 
Carroll etc

?
Cosmology 

motivations from 
“measure” and 
tuning issues
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Bolis et al
arXiv:1605.01008

Possible 
signatures of 

“short 
inflation” and 
quantum 

entanglement
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Bolis et al
arXiv:1605.01008

(In progress) Full 
MCMC exploration

With Andrew Arrasmith
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See also

• Small observable curvature (AA, Linde, etc) !!
• L. Knox & Z. Knight, interpreting the large scale CMB 
power. 

• More to come!!
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 500km this way to 
eternal inflation

Exciting 
Fundamental 

Physics
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Alternatively, 
“holography” may limit 
inflation to “just 
enough”

Banks and 
Fischler, AA, 
Phillips et al, 
Carroll etc
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Exciting 
Fundamental 

Physics

Who needs 
inflation?
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Current questions
• What is the vacuum?, Firewalls
• Holography, AdS/CFT
• The nature of horizons, singularities
• Entanglement/Geometry duality
• Emergence of spacetime 

Inflation, and cosmology in general, 
have a deep capacity to link these 

issues with observational 
signatures. 
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needed to 

resolve open 
questions with 

inflation
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Inflation, and cosmology in general, 
have a deep capacity to link these 

issues with observational 
signatures. 

Likely what is 
needed to 

resolve open 
questions with 

inflation

?

Exciting prospects for 
future surveys!


