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Φ 𝑡, 𝑟, 𝜃, 𝜙 = 	𝑒!"#$𝑒"%&𝑅 𝑟 𝑆(𝜃)

In-going boundary-condition at event horizon ⟹𝜔 =	𝜔' + 𝑖𝜔(

⟹	𝑒!"#$ =	𝑒!"#!$𝑒#"$

Superradiance condition:     𝜔' 	< 	𝑚Ω) 	 ⟹ 	𝜔( 	> 	0
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• The Milky Way could have a population of extant axion clouds 

• How many resolvable sources can we expect?

• How do we characterize the confusion-limited noise foreground?

• LSD boson mass range: 10!""	𝑒𝑉  up to a few ×10!"#	𝑒𝑉
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𝑛 = 8,  𝑚 = 𝑙 = 7

𝜔*+ = 2𝜔'
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𝑛 = 8,  𝑚 = 𝑙 = 7
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𝜇 = 3×10!""	𝑒𝑉
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Galactic stellar-origin BH’s
• BH mass distribution 𝜙(𝑚):

• If a total mass 𝑀!"! is converted into stars, the number of stars 𝑁# in the 
interval (𝑚, 𝑚	 + 	𝑑𝑚) is given by

𝑁#𝑑𝑚 =	𝑀!"!𝜙 𝑚 𝑑𝑚

• Normalization:

,
#!"#

#!$%
𝜙(𝑚)𝑚𝑑𝑚 = 1
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Galactic stellar-origin BH’s

• BH mass distribution assumed to be of Salpeter form

𝜙 𝑚 𝑑𝑚 = 𝐾𝑚!,../𝑑𝑚	

• Spin distribution:

𝜒	~	𝑈[0.1, 1]
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Find fastest 
superradiant 
bound-state

Is 𝜏! < BH’s age? Is 𝜏"# > Time remaining 
to the present? 

If yes, cloud still 
present today

If no, a new cloud 
begins to grow
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𝜇 = 3×10!00	𝑒𝑉
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𝜌 =
ℎ 𝑇#$%
𝑆&(𝑓)
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Summary
• 100-m instrument could see 𝒪(10$ 	− 	10%) individual sources for boson 

masses ≲ 2×10&$'	𝑒𝑉 

• An optimistic upper limit
• Salpeter mass distribution might be ‘realistic’ if there is a population of 1	 − 3	𝑀⨀ 

isolated ‘rogue’ BH’s

• Still need to characterize the confusion foreground

• The foreground could be detectable by 1-m and 10-m instruments even if 
resolved sources are not 
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• GW sensors: Optically-trapped hexagonal NaYF disks

• Resonant detection of GW’s

• Widely-tunable trapping frequency 

• 10 kHz – a few hundred kHz

• 1-m prototype in development at Northwestern
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