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Celestial Bodies vs. Direct Detection

Xenon-1T 

- 1000 kg 
- 700 days 

7 x 105 kg day

Celestial Body 

- 3 x 1030 kg 
- 2 x 1010 days 

6 x 1040 kg day



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



A Multitude of Targets



A Multitude of Signatures

ω

ω

ω Extra
Energy

DM Heating

Energy  

Transport

Explosive  

Events

DM Signals



A Multitude of Dark Matter Models
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A Cacophony Of Studies



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 Few Recent Studies

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

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

3.) Unusual Supernovae (2211.00013)



Immortal Stars at the Galactic Center

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



Immortal Stars at the Galactic Center
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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 

Standard (though relatively 
high) dark matter density 
(low mass WIMPs)
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Immortal Stars at the Galactic Center

Many stars  

within 0.016 pc





Immortal Stars at the Galactic Center



Immortal Stars at the Galactic Center
Origin not well understood: in situ formation or migration? 

Paradox of Youth: Spectroscopically old but bright as young stars 

Conundrum of Old Age:   Lack of old stars 

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

The type of signature observers can actually 
search for.



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.

✅

✅

✅



Super-Kamiokande



Super-Kamiokande

“Miracle” - Dark Matter 
must be leptophilic. 

Standard annihilation 
cross-sections and 
unproved 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.



A Note Regarding 2503.07713 



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.
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Fitting both the Number and Distribution of Ca-Rich Transients

Low-luminosity and high-calcium 
content of Ca-rich population 
indicates low-mass progenitors 
(~0.6 Mo, far below the 
Chandrasekhar mass) 

Distribution of events in galactic 
center radius is also unusual.







Fitting both the Number and Distribution of Ca-Rich Transients

“Miracle” - Dark Matter must be 
relatively low-mass black holes (but 
can be a subdominant portion of the 
total dark matter density). 

Standard kinematic interactions 
rates and dark matter abundance. 



Observational Follow-Ups are Motivated

Searches for Ca-Rich SNe are a key science component for upcoming LSST 
analyses. 

JWST follow-ups of these sources can potentially detect nearby dwarf 
galaxies. 



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.

✅

✅

✅



Conclusions



Conclusions


