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•SM neutrinos 
•sterile neutrinos 
•axions 
•SUSY particles: neutralinos, sneutrinos, gravitinos, axinos 
•light scalar DM 
•“little Higgs” mechanism 
•Kaluza-Klein excited states 
•Wimpzillas 
•Q-balls, mirror particles, CHAMPs, D-matter, cryptons, 
super-weakly interacting DM, brane world DM, fourth 
generation neutrinos, etc., etc…

partial selection of DM particle candidates 
Bertone, Hooper & Silk (2004)
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Black Holes as particle accelerators



Pandurata: black hole particle playground



background/motivation

Black Holes as particle accelerators

• Penrose (1969) 
• Piran & Shaham (1977) 
• Blandford & Znajek (1977) 
• Baushev (2009) 
• Banados, Silk, & West (2009) and references to [200+] 
• Bejger+(2012), Harada+(2012), Zaslavskii(2012-16) 
• JS (2014,2015) 
• Ogasawara+(2016), Harada+(2016), Hedja & Bicak 
(2016)



black hole basics

rg = GM/c2



DM annihilation models



step 1: populate the distribution function



step 1: populate the distribution function



step 2: calculate annihilation rates



step 3: track photons to infinity

Ecom > 3mx



dependence on black hole spin



dependence on observer inclination



bound dark matter

Gondolo & Silk (1999); Sadeghian, Ferrer, & Will (2013)
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bound dark matter: depedence on spin



escape fractions: bound vs unbound



astrophysical observability

f

F~M3𝜌2/D2   rinfl/rg~M-1/2 
 F~M-3/2/D2 (unbound; no threshold) 
F~M3/2/D2 (unbound; threshold E) 

F~M0/D2 (bound)

source mass (Mo) D (Mpc) σ (km/s) flux factor 
(no thresh)

flux factor 
(thresh)

flux factor 
(bound)

Sgr A* 4x106 0.008 105 1 1 1
M87 6x109 16.7 320 4E-12 0.015 2E-07

omg Cen 4x104 0.004 10 4000 4E-03 4
NGC 1277 17x109 72 400 4E-14 4E-03 1E-08



conclusions, future work

f• black holes are very clean accelerators for dark matter 
• most uncertainties lie in particle physics models 
• enhanced annihilation for either bound population and/or 
energy threshold 

• systematic survey of nearby quiescent black holes with 
Fermi 

• HESS, VERITAS telescopes could probe TeV regime 
• start with upper limits, but might lead to actual detection! 
• spin measurements, Penrose process, explore dark sector
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