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Tests of general relativity
GR agrees remarkably well with observations

Solar system tests
◦ Gravitational lensing, Shapiro delay

Binary pulsars

Gravitational waves 

Black hole observations
◦ EHT, X-rays from accretion disks
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Credit: University College London, HEP Group

DM: Axion 
• Peccei & Quinn, 1977 PRD

DE: Quintessence 
• Peebles & Ratra, 1988 PRD
• Wetterich, 1988 Nuclear Physics B 
• Caldwell, Dave & Steinhardt, 1998 PRL
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◦ Smith et al. 2024 [2410.11099]

◦ Ortega, TD, Koushiappas 2024 [2411.08911]

Possible resolution to Hubble tension
◦ Bernardo, Brandenberger & Fröhlich, 2022 JCAP

◦ Alexander, Bernardo & Toomey, 2023 JCAP

Axions: tidal disruption of solitons 
◦ Wechsler et al., 2022 PRD

Chern-Simons: parity violation, baryogenesis
◦ Alexander, Peskin & Sheikh-Jabbari, 2006 PRL
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◦ Parametrize beyond-GR effects in GW propagation (Jenks et al., 2023 PRD; TD, Jenks & Alexander, 2024 
PRD)

◦ Modifications to GR amplitude and phase: parametrized-post-Einsteinian formalism (e.g. Yunes & 
Pretorius, 2009 PRD)

Neutron stars
◦ TOV equations

◦ Mass-radius relation

◦ I-Love-Q relations (Yagi & Yunes, 2013 PRD)
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Alexander, 
TD & Manton, 
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Capanelli et al., 
2024 JHEP
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Summary
GR agrees well with observations, but challenges

◦ Dark matter and dark energy

Discussed model that gives both (CS-GB gravity)
◦ Also has parity violation

Probe parity violation using GWs and other methods

Extended framework to DM theories
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