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Inflation and naturalness
• Inflation was invented to explain the universe naturally - ie to “outlaw” a 

huge, bad, portion of the space of initial conditions

• Prior to inflation, our universe a set of measure zero in GR (Collins & 
Hawking, 1973).

• In turn: “Cosmological” naturalness now becomes naturalness of the 
EFT of inflation

• In semiclassical gravity: easy-peasy: a derivatively coupled inflaton with a 
flat potential, et voila

• What about full-on QG? Current lore: no global symmetries survive, 
and field range should be short

• A possible answer: monodromy inflation (lots of nonlinearly 
realized gauge symmetries come to the rescue)



• Eg. quadratic potential

• Inflation occurs at large field vevs

• Getting > 60 efolds from        requires

• BUT: Can we trust EFT arguments beyond Planck scale?

Slow Roll Inflation
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<latexit sha1_base64="8YdOAcqqw/VrD801dcbZMGK/M7s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoicJevEiRDAPSJYwO+kkQ2Zn15nZQFjyHV48KOLVj/Hm3zhJ9qCJBQ1FVTfdXUEsuDau++3kVlbX1jfym4Wt7Z3dveL+QV1HiWJYY5GIVDOgGgWXWDPcCGzGCmkYCGwEw9up3xih0jySj2Ycox/SvuQ9zqixkt+OB5xck/tOWhWTTrHklt0ZyDLxMlKCDNVO8avdjVgSojRMUK1bnhsbP6XKcCZwUmgnGmPKhrSPLUslDVH76ezoCTmxSpf0ImVLGjJTf0+kNNR6HAa2M6RmoBe9qfif10pM78pPuYwTg5LNF/USQUxEpgmQLlfIjBhbQpni9lbCBlRRZmxOBRuCt/jyMqmflb2LsvtwXqrcZHHk4QiO4RQ8uIQK3EEVasDgCZ7hFd6ckfPivDsf89ack80cwh84nz/RkJF7</latexit>

� > MPl
<latexit sha1_base64="0hy72gPv/qY01Q+6/SsHnDeKYpE=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiRF0ZUU3bgRKtgHNKFMppN26GQSZyZCCfkAN/6KGxeKuPUD3Pk3TtsstPXAwOGcc7lzjx9zprRtf1uFpeWV1bXiemljc2t7p7y711JRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P7qa+O0HKhWLxJ0ex9QL8UCwgBGsjdQrV9xAYpK68ZBl6U0vbfAsQxfIVfdSp07NRiJDJmVX7SnQInFyUoEcjV75y+1HJAmp0IRjpbqOHWsvxVIzwmlWchNFY0xGeEC7hgocUuWl02MydGSUPgoiaZ7QaKr+nkhxqNQ49E0yxHqo5r2J+J/XTXRw7qVMxImmgswWBQlHOkKTZlCfSUo0HxuCiWTmr4gMsWlHm/5KpgRn/uRF0qpVndOqfXtSqV/mdRThAA7hGBw4gzpcQwOaQOARnuEV3qwn68V6tz5m0YKVz+zDH1ifP9Yims8=</latexit>

�

MPl
>

p
120n

<latexit sha1_base64="OF5aWNm3jL5iEQhVm8s4fmgSwn8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A9o15JNs21sNglJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0M/VbT1QbJsW9HSsaJnggWMwItk5qdtWQPYheueJX/RnQMglyUoEc9V75q9uXJE2osIRjYzqBr2yYYW0Z4XRS6qaGKkxGeEA7jgqcUBNms2sn6MQpfRRL7UpYNFN/T2Q4MWacRK4zwXZoFr2p+J/XSW18FWZMqNRSQeaL4pQjK9H0ddRnmhLLx45gopm7FZEh1phYF1DJhRAsvrxMmmfV4KLq351Xatd5HEU4gmM4hQAuoQa3UIcGEHiEZ3iFN096L9679zFvLXj5zCH8gff5A5eHjyM=</latexit>

�n

Guth, Linde, Albrecht & Steinhardt 80’s



• Meaning: “running around singly”

• In other words: get large field excursion in (small) compact field 
space, such that theory is under control

• Physical realization: a particle in a magnetic field

Monodromy Inflation
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Fitting theory and data
• Issues with first principles constructions and `swampland 

conjectures’

• Backreaction of large field variations. when monodromy works, 
backreaction flattens the potential — very helpful

• At the end, data are the ultimate judge of theories, and they are not 
kind… nor cruel. They are indifferent!



Is there a way out?

• We would like to shorten the field variation

• We would like to have red spectrum, and weaker tensors

ROLLERCOASTER DYNAMICS!

… let’s go for a ride…



Rollercoaster cosmology
• We address and relax both theoretical worries and data issues

• A key insight: observationally, we do not need 60 efolds in one go: we 
only probe the first 10-15

• And then? Accelerated expansion may stop and go; from the bottom-
up side this may look like a fine tuning (a soft tuning of a few 
parameters). But who’s to say what a fine tuning is from the top-down?

• Bottomline: several stages of accelerated expansion just fine!

• So far we are only probing the first (CMB) stage - party time! CMB 
constraints on models will be modified and interesting predictions for 
short-scale experiments have to be figured out

• A win-win: even if new predictions don’t pan out, we are testing 
longevity of inflation - an assumption that is not necessary; but driven 
by perhaps too naive a sense of  “simplicity”



“Bring me that horizon…”

: PROBLEM

SOLUTION:



Rollercoaster (simplest) architecture
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The Horizon Problem
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This solves horizon problem in rollercoaster



The Horizon Problem
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The Curvature (and Homogeneity & Isotropy) Problem(s)

INFLATION



The Curvature Problem
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The Curvature Problem
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Perturbations I
• Tensors are straightforward, by equivalence principle - there is 

metric and theory is covariant

• Scalar perturbations are a dynamical input since GR has no scalar 
mode, we need to provide it; it is the order parameter controlling 
the `substrate’ yielding accelerated expansion

• Generically modeled as a scalar field to preserve covariance

• Multiple stages, multiple fields. 
They need to be governed by little hierarchies, clearly a tuning; yet 
this is no worse a tuning than the standard selection of “right” 
parameters in any inflation

• What is needed is approximate scale invariance of the theory for long 
enough



Perturbations II
• Prototype: Starobinsky - as done by Chibisov and Mukhanov

• This is GR + matter in disguise! ANY solution breaks 
conformal symmetry spontaneously so there is a Goldstone 
scalar; CC is an integration constant

• Fluctuating mode is buried in (or fed to) the curvature term

SStarobinsky !
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A Different Way to Phrase…
• This may be the `ultimate’ EFT of the background and leading 

order perturbations for inflationary cosmology

• The task is to develop an EFT coupled to gravity which has an 
approximate scaling symmetry

• The challenge is to get scaling symmetry from full UV theory - aka 
quantum gravity - and not have it too disrupted 

• Rollercoaster idea: maybe we can do it piecemeal - a little bit at a 
time…

• An interesting aside:

• Tensors measure the difference between inflation scale and gravity 
strong coupling  
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Perturbations III
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The rest is just the standard approach to quantizing & 
computing 2pt function - use Mukhanov-Sasaki formalism



Perturbations IV
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Cosmologia con quattro stagioni

-5 0 5 10 15 20 25 30
10-5

0.001

0.100

10

N

�-1



Cosmologia con quattro stagioni
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Cosmologia con quattro stagioni
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See also S. Pi, M. Sasaki and Y. l. Zhang, JCAP 06, 049 (2019) 



Power spectrum, more realistic case
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Power-law inflation, viable again!
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Model building open again
Nontrivial job: not everything goes; for example consider exponential 
potentials…



Doublecoaster cosmology

Two stages of monodromy inflation, separated by matter 
domination when the first ends
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• reduced field ranges
• probably more generic 

in UV setups



CMB predictions
• Solution is easy given the hierarchy: effective single-field 

with different pivot scale

• First stage can last only 30-40 efolds. The rest of inflation is 
given by the second stage.
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Additional benefits
• Compatible with CMB. Moreover, very predictive since 

lower bound on r

• More surprises, from string theory constructions it is 
natural to expect couplings to gauge fields
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• In 4D, we study the coupling to a dark U(1)



The coupled axion-gauge field system
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Solutions…

Full solution is complicated.

For constant ξ, we have exponential production
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Solutions…
• Exponentials are never physical all the way: energy 

conservation gives saturation.

• We can trust the solutions up to “end of inflation”, where 
we switch regimes and match to numerical solutions

• Observables? At small scales large, non-Gaussian scalar 
perturbations and gravitational waves!

• Gravitational waves are chiral, and they are given by
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Small-scale predictions
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Summary
• Why does inflation have to happen all in one go?

• Interrupting may help with naturalness relieving the pressure 
from the UV;  it definitely helps with fitting data for large-field 
models; tuning to accomplish this is minimal

• Horizon and curvature problems are easily solved

• Model building reopens: possibility of correlated signals at large 
and small scales; what are the other interesting observables?

• An interesting realistic example: Double monodromy inflation: a 
gravity waves factory for CMB and LISA

• Let’s find more examples!
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