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Why this geometry?

Why do we find ourselves 1n a spatially flat FRW
(homogeneous and 1sotropic) spacetime?
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Tensor-to-scalar ratio (ro.002)

0.05 0.10 0.15 0.20 0.25

0.00

Large [ield inllation

Planck TT+lowP
Planck TT+lowP+BKP
Planck TT+lowP+BKP+BAO
Natural inflation

Hilltop quartic model

o attractors

Power-law inflation

Low scale SB SUSY

R? inflation

V x ¢

V x ¢?

Vo pf?

Voo

V o 23

N.=50

N.=60

0.94 0.96 0.98 1.00
Primordial tilt (7.)




UV sensitivity. ..

(+4290)
_|.

(-4673218943712894637281978923)
_|_

(+47583920542)
_|.

(+7458392157829013278190547825)
_|.

(-321)
+

.. (UNKNOWN, BUT LARGE CONTRIBUTIONY)

ORDER (1) NUMBER!

..possible but extremely peculiar!

E.g. vacuum energy, Higgs mass, flatness of inflaton potential.



Extranatural Inflation...

» Resolves UV sensitivity (at the level of QFT),

» Makes use of gauge symmetry (and not global
symmetry) and extra dimensions,

 Inflaton candidate is 4D scalar.
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Extranatural Inflation...
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Noteworthy...

* No potential at tree level,
» Potential generated because of
* loop corrections (bulk matter),
* compactification of the Sth dimension,
» field dependent part of the potential 1s UV finite!
» the potential 1s “protected” from unknown heavy physics.

N. Arkani-Hamed, H. C. Cheng, P. Creminelli, and L. Randall, “Extra
Natural Inflation”, Phys. Rev. Lett. 90, 221302 (2003).




Tensor-to-scalar ratio (ro.002)
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Extranatural Inflation Redux

Can we use CMB observations to constrain light bulk matter?

NaRafaQ f :

Mansi Dhuria, Gaurav Goswami and Jayanti Prasad, “Extra Natural
Inflation Redux”, Phys. Rev. D 96, 083529 (2017), arXiv:1705.11071.
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Extranatural Inflation Redux

Can we use CMB observations to constrain I|ght bulk matter?
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Mansi Dhuria, Gaurav Goswami and Jayanti Prasad, “Extra Natural
Inflation Redux”, Phys. Rev. D 96, 083529 (2017), arXiv:1705.11071.




Extranatural Inflation Redux

Can we use CMB observations to constrain light bulk matter?
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Mansi Dhuria, Gaurav Goswami and Jayanti Prasad, “Extra Natural
Inflation Redux”, Phys. Rev. D 96, 083529 (2017), arXiv:1705.11071.




Extranatural Inflation Redux
Can we use CMB observations to constrain light bulk matter?
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Mansi Dhuria, Gaurav Goswami and Jayanti Prasad, “Extra Natural
Inflation Redux”, Phys. Rev. D 96, 083529 (2017), arXiv:1705.11071.




Extranatural Inflation Redux

Can we use CMB observations
to constrain light bulk matter?

Yes!

N =2 R=29Mp;, Q=058 f=25Mp,.

gJq — 0.0022

Mansi Dhuria, Gaurav Goswami and Jayanti Prasad, “Extra Natural
Inflation Redux”, Phys. Rev. D 96, 083529 (2017), arXiv:1705.11071.




A protected potential?

(1) Uncharged heavy particles: no eftect on potential,

(2) Charged heavy particles: ~ exp(-RM),

(3) no dangerous higher-dimension operator can be
generated in a local higher-dimensional theory,

(4) Non-local effects are exponentially suppressed.
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N. Arkani-Hamed, H. C. Cheng, P. Creminelli, and L. Randall, “Extra
Natural Inflation”, Phys. Rev. Lett. 90, 221302 (2003).




A protected potential?

Natural inflation

The potential of a PNGB generated by gauge instantons...

772
Seauge = — = V ~ cos 6
g

The effect of gravitational instantons (Giddings Strominger)...
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A protected potential?

How much is the effect of gravitational instantons”

£

The answer depends on the dirty details of compactification!

Arthur Hebecker, Patrick Mangat, Stefan Theisen, Lukas T. Witkowski,
“Can Gravitational Instantons Really Constrain Axion Inflation?”, JHEP
1702 (2017) 097, arXiv:1607.06814.




lssues. ..

» Recent literature on Weak Gravity Conjecture...
« Is UV sensitivity really resolved? (gravitational
instantons etc),
» Can this be UV completed?
 look for the compactifications which give
- Small value of gauge coupling,
- fermions with the right properties.
» Study realistic compactifications of string theory
- stabilise all modulsi,

» obtain correct particle physics, obtain correct
cosmology.



Thank You



The natural world at various length scales...

Hubble Neutrinos Standard , Planck

Dark En ergy Model
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From microphysics...

A typical microscopie theory is speeified by...

* @auge group,

* Representation of fermions,

* Represegntation of scalars, and,
* the scalar potential.




The “Standard Model” of Cosmology

At early enough times (T ~ few MeV)

(1) Gravity: General Relativity
(2) To leading order: spacetime geometry 1s spatially tlat FRW metric (space-
like hypersurfaces: homogeneous, 1sotropic and flat),
(3) Matter
+ Dark Matter: cold, collisionless
+ cosmological constant (with a very tiny value: £5,A~ 3 x1071%%)
+ SM particles: photons, neutrinos (and anti-neutrinos), electrons (and
positrons), protons and neutrons
(4) Imtially,
e baryon to photon ratio is @(107°)
e asymmetry in neutral leptons negligible
e asymmetry in charged leptons s.t. the net electric charge 1s zero.
(5) At sub-leading order: scalar metric perturbations:
e adiabatic,
¢ Gaussian
* nearly scale-invarant (tilted red)



Vacuum energy?




