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Overview of boson superradiance
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Ultralight bosons

• Any boson with very light mass
10−33eV ≲ 𝜇 ≲ 10−5eV

• Possible particles in this category
- QCD axion
- Wave dark matter
- Dilatons in string theory
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Gravitational atom

• Superradiance of spinning BH
• Hydrogen-like cloud structure

• extracts BH’s energy and 
momentum

• BH spins down!

• Criterion: 𝜔𝜇 ≤ 𝑚Ω𝐻

• Coupling: 𝛼𝐺 =
𝑟BH

𝜆𝜇
=

𝐺𝑀𝐵𝐻𝜇

ℏ𝑐
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Ω𝐻(𝑀𝐵𝐻, 𝜒𝐵𝐻)

UL boson with angular frequency 

𝜔𝜇 ≈ 𝜇/ℏ

Arvanitaki+, PRD 83, 2011
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Existing constraints
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cf https://cajohare.github.io/AxionLimits/
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Lighter BHHeavier BH

𝛼𝐺 ∝ 𝜇𝑀𝐵𝐻



Superradiant timescale

• One e-folding timescale: 𝜏𝑛𝑙𝑚
inst ∝ 1/𝛼𝐺

4+2𝑙+2𝑚

• Smaller 𝛼𝐺, weaker effective potential, harder to form the cloud

• Clouds of higher modes grow slower

• Takes ~180 e-foldings to form the cloud

• Need to compare this with BH’s finite lifetime
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𝑴 = 𝟑𝟎𝐌⊙

𝝁𝒔 = 𝟏𝟎−𝟏𝟐𝐞𝐕

𝑙 = 𝑚 = 1 𝑙 = 𝑚 = 2 𝑙 = 𝑚 = 3

𝜏𝑛𝑙𝑚
inst 𝒪(< yr) 𝒪(< kyr) 𝒪(< Myr)



Superradiance effect on a binary black hole

14th July 2021 APS DPF 2021 meeting 7



Effect on binary black hole
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𝜇𝑠 = 10−12eV

~100 Myr

~ 1 kyr

< 1 yr
Superradiance can happen 

above the critical spin

Superradiance cannot happen

Black hole mass
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Signature of superradiance among many binary 
black holes
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Signatures in the BH population
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𝜇𝑠 = 10−12eV

𝑇age = 10Myr

Exclusion Region

Critical spin curve
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Search strategy

• BH mass & spin 
measurements from GWs 

• Rule out even if one BH is 
inside the exclusion region

• Confirm if there are enough 
BHs tracing the critical curve

• Bayesian framework to 
combine all measurements
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Exclusion Region
Critical spin curve



Results based on GWTC-2 BBHs
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GW190412 & GW190517
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• A large overlap with 
the exclusion region of
𝜇𝑠 = 2 × 10−13eV

• Are these two enough 
to set some 
constraints?

13

Ng+ 2011.06010

Primary black hole mass
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GWTC-2 constraints

• Only 0.01% posterior 
probability for

𝜇𝑠 ∈ 1.3, 2.7 × 10−13eV

• Need both GW190517 
and GW190412 to drive 
the constraints
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Q&A
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