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Precision Physics is Possible

- Neutron star spin among the best measured quantities in physics.

NANOGrav Collaboration (1801.02617)

F =  218.8118437960826270 +/- 0.0000000000000988 s-1

F’ =  -4.083888637248 +/- 0.0000143324982645 x 10-16 s 

PSR J1713+0747
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A Multitude of Dark Matter Models
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How to Do Science in the High-Risk High-Reward Regime

1.) Avoid Two-Miracle Studies 

Standard model miracles cost half. 

Miracles can be correlated 

2.) Focus on observables 

When the risk is high, observers will not spend effort on studies. 

3.) Attack the biggest uncertainty, and then move on. 

Every individual study is individually unlikely.



How to Do Science in the High-Risk High-Reward Regime

1.) Avoid Two-Miracle Studies 

Standard model miracles cost half. 

Miracles can be correlated 

2.) Focus on observables 

When the risk is high, observers will not spend effort on studies. 

3.) Attack the biggest uncertainty, and then move on. 

Every individual study is individually unlikely.

A − M ≥ 0 Possible detections



How to Do Science in the High-Risk High-Reward Regime

“Wear your character theory as lightly as a cap.”





A Few Recent Studies

1.) SuperK Neutrino Searches in the Sun (2501.14864)  

2.) Stellar Heating at the Galactic Center (2311.16228; 2405.12267) 

3.) Missing Pulsars at the Galactic Center (1405.1031, 1706.00001) 



1.) Astrophysical Target: The Sun 

2.) Dark Matter Target: Annihilating Leptophilic Dark Matter 

3.) Detection Technique: Escaping Signals (Neutrinos)

Super-Kamiokande Searches for the Sun
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Dark Matter Capture in the Sun



Super-Kamiokande

“Miracle” - Dark Matter 
must be leptophilic. 

Standard annihilation 
cross-sections and 
unconstrained 
scattering rate. 

Significant annihilation 
rate to neutrinos (or 
taus).
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Super-Kamiokande

When the cross-sections are velocity or momentum dependent, the high 
velocity of electrons makes constraints much stronger, probing the 
theoretical targets for leptophilic DM.



How to Do Science in the High-Risk High-Reward Regime
1.) Avoid Two-Miracle Studies 
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Immortal Stars at the Galactic Center

See also: work on Dark Stars (e.g., Spolyar & Freese)



Immortal Stars at the Galactic Center

1.) Astrophysical Target: Galactic Center Stars 

2.) Dark Matter Target: DM with Scattering and Annihilation Cross-Section 

3.) Detection Technique: Stellar Heating (Optical)



Immortal Stars at the Galactic Center

Many stars  

within 0.016 pc



Immortal Stars at the Galactic Center

Paradox of Youth: Spectroscopically middle-aged but bright as young stars 

Conundrum of Old Age:   Lack of very old stars 

Top-heavy initial mass function: large abundance of massive stars



Immortal Stars at the Galactic Center
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power source that heats 
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The star maintains 
equilibrium - it expands if 
too much power is 
injected.
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Immortal Stars at the Galactic Center
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“Miracle” - Very high dark 
matter densities at the 
galactic center. 

Standard WIMP DM 

Lower Mass WIMPs (to 
avoid direct detection 
constraints)
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Multiple Stars in DM-Dense Regions

(Assuming Geometric Capture cross-sections)





Immortal Stars at the Galactic Center
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Immortal Stars at the Galactic Center



But: 

How Can You Use the Absence of a Star to Detect Something?
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Immortal Stars

The type of signature observers can actually 
search for.
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Super-Kamiokande Searches for the Sun





Neutron Stars are the Coolest Object in Physics

1.4 Mo compressed into a 10 km radius 

Spinning up to 700 s-1 (42000 rpm) -> velocity of 0.2c at the equator. 

Oblate spheroid to within 0.1 part in a million and spin-down power known to 
a part in 1020. 

Magnetic field of 1010 T at the surface, electric field produces a potential of 
1000 PV.



Neutron Stars as the Optimal Dark Matter Detectors

Direct detection cross-sections 
near 10-46 cm2 produce                              
~1 event/(ton yr) 

Sensitivity peaks near Xenon 
mass, and falls off significantly at 
higher or lower masses.
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Energy Injection is Roughly Independent of Mass
Paul Blocking (< 1 GeV) Multi-Scattering (>1 PeV)
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The 2013 GC Magnetar Detection

Before 2013, it was thought that 
pulse dispersion made GC pulsars 
invisible. 

Magnetar observed (First in X-rays!) 
in 2013. 

Largest pulse dispersion of any 
existing pulsar, but not sufficient to 
make GC pulsars invisible.



Dark Matter interactions in NS
Dark Matter accumulation can 
eliminate these pulsars: 

Need DM to either be non-
annihilating massive fermions or 
bosons (to avoid Fermi degeneracy 
pressure) 
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Super-Kamiokande

When the cross-sections are velocity or momentum dependent, the high 
velocity of electrons makes constraints much stronger, probing the 
theoretical targets for leptophilic DM.
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A Note Regarding 2503.07713 
Gould, 1987a (Astrophys.J. 321 (1987) 560)

Garani & Palomares-Ruiz (1702.02768)



A Note Regarding 2503.07713 

Gould, 1987b (Astrophys.J. 321 (1987) 571)



A Note Regarding 2503.07713 

Incorrectly adding a zero-
temperature kinematic 
cutoff significantly 
suppresses the leptophilic 
dark matter capture rate in 
the Sun (by a factor of ~7). 

Correcting this error leads to 
stronger limits in many 
studies.


