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Abstract: Of all four forces only the weak interaction has experimentally exhibited parity violation. At the same time observations suggest that
general relativity may require modification to account for dark matter and dark energy. Could it be that this modification involves gravitational
parity violation? Many of the dominant approaches to quantum gravity, such as string theory and loop quantum gravity, point to an effective parity
violating extension to general relativity known as Chern-Simons General Relativity (CSGR). In this colloquium | will discuss the uniqueness and
phenomenological implications of parity violation in CSGR. In particular, | will discuss how CSGR can work together with inflation to generate the
cosmic baryon asymmetry in a most economical fashion, through gravitational waves, and its predictions for upcoming CMB polarization
experiments. | will also discuss current predictions of CSGR on binary pulsars, neutron stars and prospects for the LISA/LIGO gravitational wave
detectors. While we focus on a specific theory for concreteness, some of the results presented in this colloguium can be seen as model independent.
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(Grivitational Chiral
Anomaly

~ In the interaction the global lepton current is
classically conserved

One Loop Graviton Quantum correction ...
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GWs still travel at the speed of light, but their
amplitudes obey different evolution equations.
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Most Solar System tests passed (Schw. still a sol.)

« LAGEOS (I&II) are laser-ranged satellites, whose
orbit can be mapped accurately.

« The precession of the orbital is caused by Lense-
Thirring precession->CS corrected!
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» LAGEOS (I&II) are laser-ranged satellites, whose
orbit can be mapped accurately.
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First test of local, non-dynamical CS effects
for canonical CS feld

W0



| gV

o
| .

wes) r

WGR)







D | RS

N

Sw

™

(wes)
(WGR)




WS r2 @
R. +h \ rz/




LISA is capable of detecting
GWs from EMRIs far away.
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- Could measure evolution history of CS scalar, one order
of magnitude better than Solar System experiments.

- CS will modify perceived inclination angle.

- Only avenue to test dynamical CS theory is the strong
field because dynamical CS field highly 1/r suppressed.
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where we have defined the redshift-dependent CS form-factor £(z) via
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*We must uncerstand how GWs behave in dynamical CS,
thus, define the following program:

- IT1. Study EMRIs in this background.
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