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Einstein’s general relativity

: sourced by
dynamics of :
. affects evolution of matter matter
spacetime
content

two (of many) confirmed predictions:
* the Universe expands
* anisotropic stress sources gravitational waves
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Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.
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1st Stars
about 400 million yrs.

Big Bang Expansion

13.77 billion years
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Off resonance
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Fourier
mode
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On resonance
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On resonance
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Tachyonic production of gauge bosons
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Tachyonic production of gauge bosons




Tachyonic production of gauge bosons

. » ‘ »
N "
/ -
classical fields: PDE initial-value problem -

discretize onto a 3D grid

o)

-
-
—& - ‘,Iineara@il ion

small initial fluctuations

Zach Weiner, UIUC 15



Generation of gravitational waves
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Preheating generates anisotropic stress
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CMB curve: Clarke, Copeland, Moss 2004.11396



rapid development of inhomogeneities = gravitational waves!

axial coupling dilatonic coupling
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Indirect constraints

* Gravitational waves contribute to energy in radiation

* Experiments measure the energy budget with percent-level precision
* Next-gen: improve by an order of magnitude
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Indirect constraints
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Indirect constraints
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