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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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Both DM and DE in one shot Axions: tidal disruption of solitons
> Smith et al. 2024 [2410.11099] * Wechsler et al., 2022 PRD

° Ortega, TD, Koushiappas 2024 [2411.08911] Chern-Simons: parity violation, baryogenesis
o Alexander, Peskin & Sheikh-Jabbari, 2006 PRL
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Observational Windows

Gravitational waves
° GW generation: inspiral of compact objects, Bayesian parameter estimation

° 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
> |-Love-Q relations (Yagi & Yunes, 2013 PRD)
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CS-GB Waveforms
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Kalb-Ramond Dark Matter
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Kalb-Ramond Dark Matter (continued)

IAS Program on Fundamental Physics Tatsuya Daniel (McGill)



Kalb-Ramond Dark Matter (continued)
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Kalb-Ramond Dark Matter (continued)
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Kalb-Ramond Dark Matter Waveforms
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U(1) fields
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U(1) fields

1 174
Lom = =5 FuF" = A,J" = V(4)
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U(1) fields
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U(1) fields
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U(1) fields (continued)




U(1) fields (continued)

rr+ (2H + A)hg , + k*(1+ B)hr.y =0




U(1) fields (continued)

o+ (2H + Ay, +k*(1+ B)hr,L =0

L (52 — 253) 2 (62 — 263) d 5 AIexander,t
A= (Apa)? B (Agpa)? dT}B ’ [T2D5f0|.\322905?' o
(66— &) o 1 A& — & +38) d 5 1 &d o,
b (Agpa)? o k2 (Apa)? dn (HB") - )\Ri’k (Apa)? dnB




U(1) fields (continued)

rr+ (2H + A)hg, + k*(1 + B)hg,, =0

L (52_263) 2 (62—263) d 5 AIexander,t
A= (Apa)? B (Agpa)? dT}B’ [T2D5f0|.\322905?'2025

(66 &) 1A(G & +36) d 1 & d o,
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Waveforms for U(1) fields
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Waveforms for U(1) fields
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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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