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Dawn of gravitational wave era

Livingston Hanford

A new window into the universe
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- Phase Transitions

: - Cosmic strings
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- New forces
- Axions
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Multi-messenger astronomy
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Gravitational Waves + Photons

A probe for new physics

* Large scale neutrino detectors + photons
from SN1987a led to stringent
constraints on new physics.

* What can we learn from this new probe?
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Gamma-rays from dark sectors

* Neutron star mergers as factories for MeV
scale dark sectors

* Unstable dark sector particles — gamma-rays

* Gravitational waves + bright gamma-ray flash
as a new signal of dark sectors
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Dark sector portals
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Dark Photons
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Focus on visibly decaying scenario
Br(A' —ete )~ 1
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Visibly decaying dark photons
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Why binary neutron star mergers

Neutron stars about a solar mass in a
radius of about 10 km: p ~ (100MeV)*

At the final state of the merger the

orbital velocity is ~ 0.1c

Tidal heating + collision lead to a
remnant with 7' ~ 30MeV
Remnant can be long lived ~ 10-1000ms
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Proof of principle

Spherical shell emission
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Production rate in remnant
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Dark photon visible decays
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Important processes

Expansion Annihilation
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Thermal scenario

* If the annihilation and bremsstrahlung rates are faster

than expansion, the temperature drops below m, quickly

* At that point the number density of electrons becomes

small and photons can escape freely: T' oc ¢~ /T

(E~) ~ 100 keV
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Mixing Parameter €

Results
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Results
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Mixing Parameter €
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Conclusions & outlook

* Binary neutron stars are a promising environment to
search for dark sectors

* Future data should probe the window for DM freeze-in
through dark photons with masses 1-100 MeV

* Sensitivity can be significantly increased with mid-band
GW detectors
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