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.. Dark Sector Phenomenology
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NS ~ 10 km

DM Accretion onto Neutron Stars

For a concise recent review see Kouvaris (201 3)
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Self-Gravitation:
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Formation of BEC triggers collapse.



Black-hole Formation

ldea: Asymmetric bosonic dark matter can induce the collapse of the
NS to a black hole. Goldman & Nussinov (1989)

e Kouvaris and Tinyakov (201 1)

o e McDermott,Yu and Zurek (2012
This idea has o Kouvaris (2012) & (2013) o
been explored IN ¢ Guver, Erkoca, Reno, Sarcevic (2012)
more detail b)’: * Fan,Yang, Chang (2012)

e Bell, Melatos and Petraki (2013)
* Jamison (201 3)
*Bertoni, Nelson, Reddy (2015)
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Existence of old neutron Sreludes

stars with estimated ages
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strong constraints on d m GeV

asymmetric DM.

p = 10°GeV/cm 3

Hawking radiation prevents BH growth

Kouvaris (201 3)
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Dark Photons

Chang, Essig, McDermott (2017)



Dark Photons
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Dark Baryon Number Gauge Boson

« Neutrino burst
from SN87a
provides
stringent
constraints.

« Constraints from t“| = SRA: Cooling
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Rrapaj and Reddy (2016)



SN87a bound on energy loss to exotic particles

Raffelt’s “local” bound:

019 Crgs

E(p=3 X 10 g/cmS,T = 30 MeV) < Erafielr = 1
o S

This bound was found empirically by comparing to a suite of
proto-neutron star simulations.

The corresponding bound on the luminosity is
M ergs
M@ S

2
Lexotic < gRaffelt X MNS ~ 2 X 105

Requires gp < 107 for me <100 MeV



Dark Matter and Neutron Star Structure

Trace amounts of dark matter can influence the structure of
neutron stars.

dark-core

dark-halo +

dark-halo anti-dark core

Ann Nelson, Sanjay Reddy, Dake Zhou, ArXiV:1803.03266



Equation of State of Dark Matter
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Large coherent enhancement of interactions when Compton
wavelength of mediator is larger than the inter-particle separation.



Equation of State of Dark Matter
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Large coherent enhancement of interactions when Compton
wavelength of mediator is larger than the inter-particle separation.



Equation of State of Dark Matter
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Large coherent enhancement of interactions when Compton
wavelength of mediator is larger than the inter-particle separation.



Profile of a Dark Neutron Star
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1.4 Msoiar Neutron star with 104 Msoiar of dark matter.

Dark matter: m, = 100 MeV

Interactions: g,/moe = (0.5/MeV) or (0.5x10-6/eV)

Ann Nelson, Sanjay Reddy, Dake Zhou, ArXiV:1803.03266



For light mediators, only trace amounts are needed
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Ann Nelson, Sanjay Reddy, Dake Zhou, ArXiV:1803.03266



Bosons, My =10"% M,
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Could/should NS contain dark matter ?

« Supernova can easily produce 104 Msolar of < 100 MeV dark matter.
 Coupling to baryons allows for dark charge separation.

» Dark matter might be clumpy.

» Dark clumps might seed star formation.

* Might be the best place to find them ?
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Conclusions

MeV-GeV dark matter can play a role in mergers. Trace
amounts of interacting dark matter in the neutron star can
enhance their tidal polarizability (A) to discernible values.

Neutron stars can accrete, inherit, or create their own dark
matter. Dark matter production during supernova and mergers
can be significant even for very weak coupling.

If Ad. LIGO suggests either large A or a large variability in A, it
may reveal the particle nature of dark matter - gravitationally !

If not, it provides useful constraints on generic dark matter
models with light mediators.



