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Direct Dark Matter Detection: Experimental Efforts
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Neutron Stars: The Optimal Direct Detection Laboratory
Neutron Star 

• 3 x 1030 kg 
• 2 x 1010 days 

6 x 1040 kg day

Xenon-1T 

• 1000 kg 
• 700 days 

7 x 105 kg day



• Neutron stars are so dense that 
they are optically thick to dark 
matter.

• This saturates the sensitivity of neutron stars to dark matter.

Neutron Stars: The Optimal Direct Detection Laboratory



How Do We Observe These Interactions?



Detecting DM-NS Interactions
• What about the dark matter itself?

• Capture - DM hits neutron and elastically scatters - injects energy 
into the neutron star (Baryakhtar et al. 1704.01577) 

• Thermalization - Trapped dark matter thermalizes with neutron 
superfluid. If dark matter can annihilate, it will. 

• Collapse - Dark matter degeneracy pressure not capable of 
preventing collapse.



Neutron Stars: A Direct Detection Collider

• Neutron stars gravitationally attract nearby dark matter 
particles. 

Interaction scales as vx-1



Neutron Stars: A Direct Detection Collider

• When dark matter particles hit the NS surface, they are 
moving relativistically

Can probe p-wave suppressed or dark matter 
mass splittings



Neutron Stars: Particle Physics Complications

• NS are supported by Fermi Degeneracy Pressure

Typical NS neutron momentum is:

This suppresses the interaction cross-section for low mass DM:



Neutron Stars: Particle Physics Complications

• Kinetic Energy may not be efficiently transferred in 
interaction.

Dark Matter kinetic energy lost in a scatter with a proton is:

If this is smaller than the DM kinetic energy  at infinity the dark matter 
will not remain bound after a single interaction:



Neutron Stars: Particle Physics Complications



•Dark Matter thermalization is always 
suppressed by Pauli blocking. 

•Superfluidity and superconductivity 
effects in the NS core also have a 
sizable effect.

Bertoni et al. (2013; 1309.1721)

•However, if DM is trapped within the NS, interactions are inevitable. in 
pessimistic scenarios, DM thermalizes in a timeframe:

Dark Matter Thermalization



Dark Matter Collapse

• Two paths are possible: 

• If dark matter can annihilate, the large densities make annihilation 
inevitable. 

• If dark matter cannot annihilate, dark matter builds mass until it exceeds 
its own degeneracy pressure. It then collapses on a timescale:



Detecting DM-NS Interactions
• Requires dark matter to be non-annihilating, and additionally

• PeV Fermionic Dark Matter 

• Bosonic Dark Matter 

• Attractive Self-Interacting Dark Matter





Strong Constraints on Direct Detection

McDermott et al. (1103.5472)



A Signal?

10% of Star Formation in central 200 pc of Milky Way 

Only one (very young) pulsar detected



A Signal?

10% of Star Formation in central 200 pc of Milky Way 

Only one (very young) pulsar detected

Bramante & TL (1405.1031) 

Local Pulsar Constraints
Destroys GC Pulsars



An Electromagnetic Signal?
Bramante, TL, Tsai (1706.00001)



An Electromagnetic Signal? Fermi GBM Collaboration (1710.05834)



An Electromagnetic Signal?
Margutti et al. (1801.03531)



An Electromagnetic Signal?



An Electromagnetic Signal?
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DM Induced Collapse
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Light
Gravity 
Waves Light

Gravity 
Waves

Merger Kilonovae  
Electromagnetic signals and 
gravitational waves jointly 

identified.                   

(inversely proportional to ρDM) 

Quiet Kilonovae 
Electromagnetic signals 

identified without 
gravitational waves. 

(proportional to ρDM).

Dark Mergers 
Gravitational waves identified 

without an electromagnetic 
counterpart. 

(proportional to ρDM).



Finding Dark Matter

•1.) Look in regions with where the dark matter signal should be dominant. 

•2.) Look at the distribution of events in galactic systems.



Dwarf Galaxies

•Reticulum II dSph  

• Discovered by DES in 2015 

• Spectroscopic follow-up determined r-
process abundances. 

• Large r-process abundance, but low 
metallicity! 

• Rare-Formation Channel (NS mergers?)



•Supernovae produce ~100 events. 

•Mergers produce ~0.0005 events 

•DM induced collapse produces 
~0.1-3 events.

•Normalize the nuclear cross-section to the 
missing pulsar problem. 

Bramante & TL (1601.06784)

Dwarf Galaxies



• Search for a component correlated with 
the dark matter density.  

• Can alternatively look only at the 
morphology of standard merger 
kilonovae. 

• ADM2 model already in tension with             
GW 170817.

Merger Kilonovae  
= 1-y

FRBs too!

Milky Way Galaxies



Constraining Dark Matter - Merger Kilonovae



Finding Dark Matter - Fast Radio Bursts



What Do We Need?
1. New Observations of NS Mergers (gravitational waves, electromagnetic 

emission, fast radio bursts). 

2. Localization of the electromagnetic signatures within galaxies. 

3. Improved models for the electromagnetic signals from dark matter 
induced NS collapse. 









• Asymmetric dark matter can produce neutron star collapse in regions 
with high dark matter density or low velocity dispersion. 

• There are many astrophysical signals (and hints!) of such interactions. 

• (Very) near-term observations can be definitive!

Conclusions


