Title: Can the radiation era extend back to the bang?

Speakers: Vatsalya Vaibhav

Collection/Series: Cosmological Frontiers in Fundamental Physics 2026
Subject: Cosmology

Date: April 28, 2026 - 6:20 PM

URL: https://pirsa.org/26040119

Abstract:

Recent work has shown that a cosmological model in which the radiation era extends back to the Big Bang, with CPT-symmetric
initial conditions, can provide a minimalistic explanation for many of the observed features of the early universe (homogeneity,
isotropy, flatness, the CMB acoustic oscillations, dark matter,...). But is it consistent for the radiation era to extend back to the
bang? Does this lead to over-production of dark matter? Does it lead to a relic thermal graviton background? We answer these
questions in the context of quadratic gravity (aka Stelle gravity).
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Big-Bang as a Mirror
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] ) Reflecting boundary conditions!
» Adiabatic
» Gaussian alt) = -abTy
» No anisotropic tensor/vector modes -
* .

» In phase 0
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Problems with Extending Radiation Era to the Bang

» Horizon Problem
» Overproduction of dark matter/ thermalization of gravitons

» How to get scale-invariant power spectrum?
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Horizon Problem
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Horizon Problem
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Horizon Problem

» N. Turok and L. Boyle, Gravitational entropy and the flatness,
homogeneity and isotropy puzzles, Phys. Lett. B 849, 138443
(2024), arXiv:2201.07279 [hep-th].
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Thermalization of Dark Matter

SM Vi

SM VR

Standard Model particles interacting with the Dark matter through the
graviton channel.
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Thermalization of Dark Matter (Einstein Gravity)
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The transition rate for Dark Matter- Standard Model interaction shoots
Hubble rate in Einstein gravity
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Thermalization of Dark Matter (Quadratic Corrections)
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» The form factor from the scalar mode is proportional to the
mass of the particle, and so can be ignored in comparison to

the Planck mass.
1
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B f24 3 (3)
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Thermalization of Dark Matter
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The transition rate is suppressed in the UV when quadratic curvature
terms start dominating. f» < 1.79 ensures [ < H.
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Dark Matter Yield Through Thermal Channel

» Stronger constraint coming from conservation of yield
(assuming no first order phase transition)

) 50

» The number of dark matter particle produced per particle in

radiation;
1 o0
N fam 1 /F(t)dt (6)
Ny S )

» The integral above gives the following yield:

1/2
LN S : g (7)
s 3.6 128 x 3.62m3g3
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Dark Matter Production through Cosmic Evolution

» Dark matter can also be produced through cosmic evolution,
as the late time observer sees a different state corresponding
to the vacuum state of an early observer.

» The dark matter yield from this effect has been calculated
before. (Boyle, Finn, Turok 1803.08930)

» The total yield is the sum of the yield produced through
cosmic evolution and through graviton mediated interaction
with the Standard Model. Conservation of this yield places a
constraint on the dark matter mass my,,, and the coupling .

Pirsa: 26040119 Page 13/16



Contour Plot of f, and Dark Matter Mass my;,
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Constraint on the Weyl squared coupling , and the dark matter my,,
coming from conservation of dark matter yield.
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Constraints from the Tensor to Scalar Ratio

» The PIANCK + BICEP constraint on the tensor to scalar
ratio (r) also constraints the Weyl squared coupling:
f2

= % <0.036 = f, < 8.69 x 107° (8)

» For this very small value of the coupling f>, the mass of the
dark matter right-handed neutrino is predicted to be
4.8 x 10°GeV.
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Summary and Future Work

» We see that it is consistent to extend radiation era all the way
to the Big Bang without overproducing dark matter.

» To do so we require higher derivative corrections to Einstein
Gravity.

» Weyl squared coupling is constrained to be very small < 107°

» Scale invariant power spectrum? Constraint on the R?
coupling? (Grab me after the talk!)
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