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Multimessenger Astrophysics

Event rate (counts/s)

Event rate (counts/s)

Event rate (counts/s)

Frequency (Hz)

2500 4
Lax)
20004 |
1750 {13 |
1500 1

1250 4

1750 1
1500 1
1250 1
1000 4 gigllL|

750 1

Lighteurve from INTEGRAL/SPI-ACS
120000 4 (> 100 keV)

117500 1 ‘ ; ull,

112500 A

115000 {1 ‘i.iy-l i “.“ I 1‘ L fls .. l.n' I I i l; 4 i

400
300
200

100

50 \
10 -8 £ 4 2 v
Time from merger (s)

SN1987a
Neutrinos + photons=
broad constraints on new physics

GW 170817
Gravitational waves + photons=
A new probe of extreme physics

How can we use Binary Neutron
Star Mergers to probe new physics?



Binary Neutron Star Mergers
A Window into the Dark Sector

Neutron star merger produce MeV scale particles
Dark sector decay -> produce gamma ray signal

Detect unique dark sector signals using gravitational
waves and photons together



Dark photons

Lo——p2_Spp m” A’
> ——F'2—_FF' -
4 2 2

* Massive Vector @,

* Kinematically mixes with the
photon

 Connects dark sector to
standard model Q.




Dark photon parameter space
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Why Binary Neutron Star Mergers?

e Solar massin a 10 km region
p~(100 MeV)*

* Friction and tidal heating heat the
remnantto T~ 30 MeV

* Merger remnant long lived,
remaining hot for 1 -1000 ms

e Debris contained within ~1000 km




BNM Characteristics

p ~4* 10** g cm?
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Dark Photon Emission—Proof of Concept

fFor Comparison:\

GRB 170817A
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From Merger to Observable signal
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From Merger to Observable signal
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From Merger to Observable signal
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From Merger to Observable signal

Thermal Fireball
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The Thermal Fireball Case

 Plasma shell is initially opaque to photons and cooling by expansion

 Plasma thermalizes if pair annihilation and bremsstrahlung happen
quickly compared to the expansion rate

 Bremsstrahlung drives the plasma temperature below m,, number of
electrons in plasma drops, and photons are free to escape

* Resulting signal should be roughly thermal and isotropic

(E,)~100 KeV
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Conclusion and Outlook

 Binary neutron star mergers provide a new way to investigate the dark sector

* Future merger events should give information about the viable freeze in parameter
space for dark photons with masses between 1-100 MeV

* Detection prospects will improve as midband gravitational wave detectors and new
MeV telescopes come online

Thank you!
mdiamon8@jhu.edu




Results
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Dark photon decay

Plasma Shell
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Fireball reprocessing
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