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Image: Gendreau et al.
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https://ui.adsabs.harvard.edu/abs/2012SPIE.8443E..13G/abstract
https://ui.adsabs.harvard.edu/abs/2018A&A...609A..74P/abstract
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WIMPs

muonic forces
neutrinos from 
muon decay

neutrinos from 
common-envelope 

evolution

axions
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Dark Matter Accumulation in Neutron Stars
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χ capture

thermalization
Image: NASA / Chandra / Hubble

https://www.flickr.com/photos/nasamarshall/5473561903
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Dark Matter Accumulation in Neutron Stars
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DM scatters on nucleon

bound orbit (intersecting the star)

DM settles down at the center

annihilation 
(indirect heating)

collapse 
to black hole

direct heating
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annihilation collapsedirect heating

Acevedo Bramante Leane Raj 1911.06334 

Idea: 
existence of cold neutron stars 
rules out anomalous heating

https://arxiv.org/abs/1911.06334
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Joglekar Raj Tanedo Yu 1911.13293 
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Bell Busoni Robles Virgato 
Chatterjee Garani Jain Kanodia Kumar Vempati 
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Chatterjee Garani Jain Kanodia Kumar Vempati 
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Idea: 
existence of cold neutron stars 
rules out anomalous heating

Garani Genolini Hambye 1812.08773 
see also Goldman Nussinov  1989 
Bramante Linden 1405.1031 

https://arxiv.org/abs/1911.13293
https://arxiv.org/abs/1911.06334
https://arxiv.org/abs/1812.08773
https://ui.adsabs.harvard.edu/abs/1989PhRvD..40.3221G/abstract
https://arxiv.org/abs/1405.1031
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annihilation collapsedirect heating

Joglekar Raj Tanedo Yu 1911.13293 
see also other works by Joglekar Raj Tanedo Yu 
Baryakhtar Bramante Li Linden Raj 
Bell Busoni Robles Virgato 
Chatterjee Garani Jain Kanodia Kumar Vempati 

Acevedo Bramante Leane Raj 1911.06334 

Idea: 
existence of cold neutron stars 
rules out anomalous heating

Garani Genolini Hambye 1812.08773 
see also Goldman Nussinov  1989 
Bramante Linden 1405.1031 

DM forms black hole, 
consumes neutron star

BH evaporates

https://arxiv.org/abs/1911.13293
https://arxiv.org/abs/1911.06334
https://arxiv.org/abs/1812.08773
https://ui.adsabs.harvard.edu/abs/1989PhRvD..40.3221G/abstract
https://arxiv.org/abs/1405.1031
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axion production 
via bremsstrahlung and 

Cooper pair formation / breaking 
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Axions in Neutron Stars
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axion production 
via bremsstrahlung and 

Cooper pair formation / breaking 

axion → X-ray conversion 
via coupling to magnetic field
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Axions in Neutron Stars
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Signatures 
anomalous cooling 
 
 

hard X-ray emission 

exciting targets: 
THE MAGNIFICENT SEVEN 
seven nearby, isolated, cold 
neutron stars with anomalous 
hard X-ray emission

Buschmann Co Dessert Safdi  1910.04164

Raffelt hep-ph/0611350 
Carenza Fore Giannotti Mirizzi Reddy 2010.02943 

Buschmann Dessert Foster Long Safdi  2111.09892 
Leinson 2105.14745

https://arxiv.org/abs/1910.04164
https://arxiv.org/abs/hep-ph/0611350
http://arxiv.org/abs/2010.02943
https://arxiv.org/abs/2111.09892
http://arxiv.org/abs/2105.14745
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Watanabe Yanase Yoshinaga 2020 

https://ui.adsabs.harvard.edu/abs/2020PTEP.2020j3E04W/abstract
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neutron stars harbor 
abundant quantities of muons

Watanabe Yanase Yoshinaga 2020 

https://ui.adsabs.harvard.edu/abs/2020PTEP.2020j3E04W/abstract
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can be exploited to search for 
new muonic force

Dror Laha Opferkuch 
1909.12845

Watanabe Yanase Yoshinaga 2020 

https://arxiv.org/abs/1909.12845
https://ui.adsabs.harvard.edu/abs/2020PTEP.2020j3E04W/abstract
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can be exploited to search for 
new muonic force

Dror Laha Opferkuch 
1909.12845

Watanabe Yanase Yoshinaga 2020 

Lμ–Lτ gauge boson

https://arxiv.org/abs/1909.12845
https://ui.adsabs.harvard.edu/abs/2020PTEP.2020j3E04W/abstract


macroscopic changes to the star 
(rotational velocity, magnetic field) 
… lead to change in core density 
… which leads to modified 
equilibrium muon abundance 
e.g.: tidal deformation prior to merger 
at t ≳ 104 yrs, weak interactions too 
slow to maintain equilibrium 
muons diffuse outward and decay 
➠ neutrinos! 
flux probably too low to be observable
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Muons in Neutron Stars
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can lead to new neutrino flux

JK Operkuch  in preparation

Watanabe Yanase Yoshinaga 2020 

https://ui.adsabs.harvard.edu/abs/2020PTEP.2020j3E04W/abstract
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neutron star may enter the outer layers 
of a companion in a binary system 
rate ≲ core collapse SN rate 
gigantic accretion rates (up to 0.1 M⊙/yr) 
sustained for months 
accreted material incorporated via 
weak interactions  (de-protonization) 
➠ neutrinos!

Taam Ricker 2010

Beacom Esteban JK  in preparation

https://ui.adsabs.harvard.edu/link_gateway/2010NewAR..54...65T/doi:10.1016/j.newar.2010.09.027
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WIMPs

muonic forces
neutrinos from 
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axions



Thank You!




