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• DM mass? • DM interactions with baryons?

Dark Matter (DM)

https://wmap.gsfc.nasa.gov/universe/uni_matter.html

From: Bertone and Hooper, 
Rev. Mod. Physics (2016) 



• Light DM, Heavy DM and Strongly-interacting DM

From: Lin (2019), 1904.07915 

— “3” Blind-spots to the underground detectors.

Results: Underground DetectorsDirect Detection of Dark Matter 32

Figure 12. The current experimental parameter space for spin-independent WIMP-
nucleon cross sections. Not all published results are shown. The space above the
lines is excluded at a 90% confidence level. The two contours for DAMA interpret
the observed annual modulation in terms of scattering of iodine (I) and sodium (Na),
respectively. The dashed line limiting the parameter space from below represents the
“neutrino floor” [112] from the irreducible background from coherent neutrino-nucleus
scattering (CNNS), see Sect. 3.4.

below m� = 1.8GeV/c2 [120], extending the mass range into the sub-GeV regime down

to 0.14GeV/c2. The result for the lowest masses was achieved using a 0.5 g sapphire-

crystal (Al2O3) with a threshold of 20 eV. The cryogenic crystal was operated above

ground without significant shielding for 2.27 hours, the background level in the region

of interest was 1.2⇥ 105 events/(kg⇥ d⇥ keVee) [121].

In a small window around 0.5-06GeV/c2 the best exclusion limit around 3 ⇥

10�37 cm2 is from NEWS-G, a spherical proportional counter with 60 cm diameter and

filled with a Ne+CH4 (0.7%) gas-mixture at 3.1 bar (corresponding to 283 g) [122]. With

its low threshold of 36.5 eVee and the use of the low-A gas neon the instrument was

optimized to search for low-mass WIMPs.

Spin-dependent interactions As discussed in Sect. 2.1, bubble chambers filled with

targets containing the isotope 19F have the highest sensitivity to spin-dependent WIMP-

proton couplings. The best limit to date is from PICO-60, operated with 52 kg of C3F8

(octafluoropropane), see Fig. 13 (top). No excess of WIMP candidates was observed
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Take Away

• Celestial objects because of their large size and 
cosmologically long lifetime naturally act as gigantic 
DM detectors.

naturally providing sensitivity to the tiny flux of heavy DM

• In the weakly interacting regime, DM can be trapped 
in a significant number inside compact stars.

• We show DM capture in celestial objects can provide 
unprecedented sensitivity to these blind-spots.

M⊙ − Gyr ≫ kT − year

• In the strongly interacting regime, stellar objects with 
larger size are the most optimal for accumulation. 

Non-compact objects are ideal



Dark Matter Accumulation Dark Core Collapse Transmutation

DM-induced Collapse

1. DM accumulation      2. DM thermalisation       3. DM distribution

4. Dark Core Collapse   5. Growth of micro-BH    6. Destruction of host   



Results

• DM parameters which predicts successful BH formation 
are excluded because we see Sun, Jupiter, Earth, 
Moon!
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Ray (2023), 2301.03625 (PRD)



Results
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*** Stellar objects with larger size and the low core-temperature (Jupiter) 
are the ideal targets. Larger size implies more DM capture, and lower 
temperature implies easier BH formation.

Ray (2023), 2301.03625 (PRD)



Summary

• Binary neutron stars can be transmuted to anomalously 
low mass binary BHs via gradual accumulation of non-
annihilating DM.

• Non detection of such binary BHs in the existing GW 
data provide novel constraints on weakly-interacting 
heavy DM interactions. LIGO as a novel DM detector

Transmuted Black Holes (TBHs)
Dasgupta, Laha, Ray (PRL, 2021)

arXiv: 2302.07898Bhattacharya, Dasgupta, Laha, Ray (2023)



Results

arXiv: 2302.07898Bhattacharya, Dasgupta, Laha, Ray (2023)

 (Left) Bosonic DM                                (Right) Fermionic DM

See Sulagna’s talk!



Earth-Bound DM

 (captured)vf ≤ vesc

DM density ∼ mχ

πR2 ρχ

mχ
v̄tage

4
3 πR3

∼ 1015 GeV/cm3

GeV mass DM almost uniformly distribute over the Earth volume.

16 orders of magnitude larger than the Galactic DM density!

Gould & Raffelt (1990, APJ), Leane & Smirnov (2022),… 



How to detect them?

• By looking at their annihilation signatures inside Large 
volume neutrino detectors such as Super-K.

McKeen, Morrissey, Pospelov, Ramani, Ray (2023),  2303.03416



Summary

• DM capture in celestial objects provides a prominent 
astrophysical probe of DM interactions.

• For non-annihilating DM: existence of celestial objects, 
GW observations of low mass compact objects provide 
novel constraints on heavy DM.

much more stringent than the underground/surface detectors

• For annihilating DM: local annihilation inside Super-K 
volume provide unprecedented sensitivity to DM 
interactions (even in the limit of minuscule fraction of the 
DM density).


