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® There are many field theories that
support inflationary phases. They
can be understood as EFT valid at
the inflationary energies.
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® There are many field theories that
support inflationary phases. They
can be understood as EFT valid at
the inflationary energies.

® Fields with masses m < H are
classically and quantum
mechanically active during
inflation.



Mg — - UV completion
My —
H— ) Spontaneously broken SUSY
\/1H— - Fine tuning or symmetry

This states will be active during inflation

[Inflation and String Theory, Baumann & McAllister]



Motion in Multi-Field Space
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® Multi-field eftects quite generally shift the spectrum toward the red.

® For any single-field model of inflation, the signal in the squezed limit must satisty:

lim (R Ry Ry ) & i o (ng— 1)

ky—0

Planck: 11\?]331 = —09+5.1

® |socurvature perturbations have not been seen in the CMB temperature ana

oolarization data so far.

® Adiabatic perturbations are frozen on super
uncertain physics of reheating. In contrast, t
isocurvature perturbations is strongly mode
intlationary evolution.
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WHY NOW: Rapid-Turn Multi-Field Inflation ?
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String Theory is our motivation to look into multi-tield models. What else

WHY NOW: Rapid-Turn Multi-Field Inflation ? |, string theory imply?

String Theory
, Energy scale (Quantum Gravity)
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[Oogquri, Vafa '06; Obied, Ooguri, Spodyneiko, Vafa '18; Ooguri, Palti, Shiu, Vata 18]



The Swampland Conjectures

[Ooguri, Vafa '06; Obied, Ooguri, Spodyneiko, Vata '18; Ooguri, Palti, Shiu, Vafa '18; Androit, Roupec'18; Garg, Krishnan "18; Denef,
Hebecker, Wrase 18]

® Asymptotic dS conjecture: Scalar field potentials arising from a consistent theory of guantum gravity

satisfy that either

O(1) v N min(V ) 3 O(1)

IVV] >

[Hertzberg, Tegmark, Kachru, Shelton, Ozcan '07; Flauger, SP, Robbins, Wrase '08]

e Distance conjecture: it a scalar tield moves a distance |A¢| > 0(1) in Planck units, a tower of light states

emerges that invalidates the EFT.

Disclaimer: We are agnostic about the Swampland conjectures. We want to
understand their implications for inflation.



WHY NOW: Rapid-Turn Multi-Field Inflation ?
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Multi-Field Intlation

Q: What conditions on V and G¥ guarantee multi-field inflation?




Two Examples of potentials with Rapid-turning and good phenomenology

Aragam, SP, Rosati: ArXiv:1905.07495

® Three fields, flat metric and potential
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Two Examples of potentials with Rapid-turning and good phenomenology

[Aragam, SP, Rosati: ArXiv:1905.07495]

® Two fields, with metric and potential (Orbital Inflation) (achucarro, weliing 1907.02020]
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(Quantum Ditference)
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7@@'%@% There are Planck compatible multi-fields models of rapid-turn inflation.

s there a criteria on the

ootential and field-space
geometry for determining it
slow-roll, rapid-turn, multi-
field inflation is possible?

Aragam, SP, Rosati: ArXiv:2010.15933
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Do these models have
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Q: What are the criteria on the potential and field-space geometry for determining it slow-roll, rapid-turn, multi-
field inflation is possible?

Bjorkmo, Marsh ArXiv:1901.08603; Bjorkmo: ArXiv:1902.10529; Aragam, SP, Rosati: ArXiv:2010.15933
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® \\Ve quantify a limit, which we dub extreme turning, in which rapid-turn solutions may be found efticiently and

develop methods to do so. In particular, simple results arise when the covariant Hessian of the potential has

an eigenvector in close alignment with the gradient -- a situation we find to be common and we prove
generic in two-field hyperbolic geometries.

® A sufficient condition is to have fat inflation: All tields heavier than H. It solves the ny—problem.
Chakraborty, Chiovolini, Loaiza-Brito, Niz, Zavala: ArXiv:1908.09797



Ny— Droblem: Quantum corrections tend to drive scalar masses to the cutoff scales, unless the fields
are protected by symmetries.

cutoff
_ M V]
N=TTTY



How generic are the

® Rapid-turn inflation in supergravity is rare and tachyonic

ootentials and field-space
metrics in SUGRA?

® | arge turning rates can be generated in a wide class of
models, at the cost of high tield space curvature.

Aragam, Chiovoloni, SP, Rosati, Zavala: ArXiv:2110.05516
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R =—4/(3a)

In the ‘large” regime (large volume, large complex
structure, weak coupling) this coefficient is certainly

a ~ O(1), but its value is unclear away from this limit
—A\. Lukas



® Sustained turning is hard to achieve, but sporadic turning is

pretty common. This, in turn, generates features in the

spectrum.

ohenomenological consequences?

® Observed scale invariance 107*Mpc™! < k < 107! Mpc™!

® PBHs if feauture with k > 10°Mpc~! and amplification of 10’
a I’ger th an CM B . Palma, Sypsas, Zenteno ArXiv:2004.06106

® Generation of SGWB, possibly visible at LISA
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For a specitic choice of masses,
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SGWB
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® Primordial scalar perturbations induce a gravitational wave spectrum.
Baumann, Steinhardt, Takahashi, Ichiki, hep-th/0703290
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Swmmany

® |nflation models with rapid-turning fields can be realized in potentials far too steep for standard
single-tield slow-roll inflation.

® These models’ predictions for n,, fy;, and P, are Planck compatible.
® |f the turning rate is large enough, modes experience exponential growth close to horizon exit. This
effect has two consequences:

** |f the turning rate is constant, matching the measured amplitude tfor P, forces H? to be small,

rendering r unobservable.
** For sporadic turning, it can seed PBH and SGWB

® |n known SUGRA models, rapid-turn inflation models are rare and tachyonic.
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single-tield slow-roll inflation.

® These models’ predictions for n,, fy;, and P, are Planck compatible.
® |f the turning rate is large enough, modes experience exponential growth close to horizon exit. This
effect has two consequences:

** |f the turning rate is constant, matching the measured amplitude tfor P, forces H? to be small,

rendering r unobservable.
** For sporadic turning, it can seed PBH and SGWB

® |n known SUGRA models, rapid-turn inflation models are rare and tachyonic.

Thank you {or your altention.



® Multi-field effects quite generally shift the spectrum toward the red.

NOT A PROBLEM: Enough freedom in the potential to match experiment.



® Multi-field effects quite generally shift the spectrum toward the red. Not a problem

® For any single-field model of inflation, the signal in the squezed limit must satisty:

3—)

Planck: 11\})f31 = —09+5.1

[Bjorkmo, Ferreira, Marsh: ArXiv:1908.1131¢]  PIrOVeE that the overall growth IS ||m|ted due to
interference between decaying modes and growing modes. Not a problem



® Multi-tield eftects quite generally shift the spectrum toward the red.

® For any single-field model of inflation, the signal in the squezed limit must satisty:
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® |socurvature perturbations have not been seen in the CMB temperature and
oolarization data so far.
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® Multi-tield eftects quite generally shift the spectrum toward the red. Not a
oroblem.

® For any single-field model of inflation, the signal in the squezed limit must satisty:

3—>

Planck: g’fal = —09+5.1

Not a problem.

® |socurvature perturbations have not been seen in the CMB temperature ana
polarization data so far. Not a problem.

® Adiabatic perturbations are frozen on superhorizon scales, regardless of the
uncertain physics of reheating. In contrast, the amplitude of primordial
isocurvature perturbations is strongly model-dependent and sensitive to post-
inflationary evolution. Still a problem.




