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Ultra-light bosons are “Extensive” and “Elusive”

➢ Dark matter (10−24 − 1 eV)

➢ Axion like particles

➢ Dark photons

➢ Particles associated with fields of extra dimensions

➢ Mediator of fifth force

Direct detection experiments: ADMX ,ARIADNE, CASPEr (Axions)

                                                       DM Radio (Dark photons)

                                                       GNOME (Moduli)

Indirect detection methods: Cosmic birefringence, ALP-photon 

conversion, GW and 𝝂-flux through superradiance .
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Mechanical analogue of Superradinace:

➢ In case of a stationary cylinder: loss of energy/ angular momentum due 

to friction(dissipation).

➢ In case of rotating cylinder: energy/angular momentum can be 
extracted if Ω𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟 > 𝜗𝑏𝑎𝑙𝑙

                                     “Dissipation in this case leads to enhancement”

                                                                               

Credit: Olivier 

Simon YT video
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Wave analogue: 

➢ A wave incident on a 

rotating dissipative surface 

can extract energy and 

angular momentum if

Ω𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟 >
𝜔

𝑚

➢ Mechanism of extracting 

energy and angular 

momentum from  compact 

objects. 
Credit: Olivier 

Simon YT video 5



Black hole superradiance:

➢ Black holes with non-zero 

spin can trigger 

superradiance.

➢ Any field can extract energy 

and angular momentum 

from the BH.

Ω𝐵𝐻 >
𝜔

𝑚

Credit: Olivier 

Simon YT video
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➢ The scalar field can extract angular momentum from the rotating BH to form ULB cloud.

➢ ULB can form a gravitationally bound state with discrete energy levels similar to 

hydrogen atom.

➢ Superradiating ULB ∈ 10−24 − 1 𝑒𝑉 ⟹ 1014𝑀⊙ − 10−10𝑀⊙

➢ The efficiency of superradiance:

                       𝜶𝒈 =
𝑮𝑴𝑩𝑯𝒎𝝋

𝒉𝒄
≈ 𝓞(𝟎. 𝟏)

(Credit: 
arXiv:1501.06570v8)
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Quenched Superradiance

➢ Non trivial case of bosons having self interactions or interactions with other SM or BSM 

particles.

➢ In this study, the energy extracted by the bosonic cloud from BH is taken away from the 

cloud by the fermions.

➢ For scalar, the production rate through parametric excitation for a coupling 𝑔𝑆𝜙 ҧ𝑓𝑓,

                                

 𝜞𝑺 =
𝒈𝒔

𝟐𝝓𝟎
𝟐𝒎𝝓

𝟐

𝟒𝟖𝝅𝟑

𝒎𝝓

𝒈𝒔𝝓𝟎

➢ For vector bosons, fermionic production rate through Schwinger pair production for a 

coupling 𝑔𝑣𝐴′𝜇 ҧ𝑓𝛾𝜇𝑓,

𝜞𝒗 =
𝒈𝒗

𝟐𝑬𝑨′
𝟐

𝟒𝟖𝝅

➢ These fermions can have very high energies,

                                        𝑬𝒇 = ቊ
𝟎. 𝟐𝟕𝒈𝒔𝜳𝟎,  𝒔𝒄𝒂𝒍𝒂𝒓
𝟎. 𝟑𝟓𝒈𝒗𝜳𝟎,  𝒗𝒆𝒄𝒕𝒐𝒓
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➢ The differential flux of these fermions,

 𝜱𝒇 =
𝟏. 𝟐 × 𝟏𝟎−𝟏𝟕 𝜳𝟎

𝟒.𝟖×𝟏𝟎𝟕𝑮𝒆𝑽

𝟏/𝟐 𝑵𝒇

𝟑

𝟏𝟎−𝟏𝟐𝒆𝑽

𝒎𝝓

𝟏/𝟐
𝟎.𝟑

𝜶

𝟑 𝒈𝒔

𝟏𝟎−𝟖

𝟏/𝟐 𝟓 𝒌𝒑𝒄

𝒅

𝟐
 𝒄𝒎−𝟐𝒔−𝟏𝒆𝑽−𝟏 𝒔𝒄𝒂𝒍𝒂𝒓

𝟏. 𝟑 × 𝟏𝟎−𝟔 𝜳𝟎

𝟓.𝟕×𝟏𝟎𝟏𝟒𝑮𝒆𝑽

𝑵𝒇

𝟏

𝟏𝟎−𝟏𝟐𝒆𝑽

𝒎𝑨′

𝟎.𝟑

𝜶

𝟑 𝒈𝒗

𝟏𝟎−𝟏𝟐

𝟓 𝒌𝒑𝒄

𝒅

𝟐
 𝒄𝒎−𝟐𝒔−𝟏𝒆𝑽−𝟏 𝒗𝒆𝒄𝒕𝒐𝒓

➢ The critical value of the peak bosonic field value,

                  𝜳𝟎
𝒄 =

𝟒. 𝟖 × 𝟏𝟎𝟏𝟔 𝟑

𝑵𝒇

𝟐
𝒎𝝓

𝟏𝟎−𝟏𝟐𝒆𝑽

𝜶

𝟎.𝟑

𝟏𝟔 𝟏𝟎−𝟕

𝒈𝒔

𝟓
𝒂∗

𝟎.𝟗

𝟐
 𝒆𝑽 𝒔𝒄𝒂𝒍𝒂𝒓

𝟓. 𝟕 × 𝟏𝟎𝟐𝟑 𝟏

𝑵𝒇

𝒎
𝑨′

𝟏𝟎−𝟏𝟐𝒆𝑽

𝜶

𝟎.𝟑

𝟔 𝟏𝟎−𝟏𝟐

𝒈𝒗

𝟑
𝒂∗

𝟎.𝟗
𝒆𝑽 𝒗𝒆𝒄𝒕𝒐𝒓
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Conditions for quenched superradiance:

                                                                     𝑴𝒄 ≪ 𝟎. 𝟏 𝑴𝑩𝑯

                                                                 𝜳𝑪 ≪ 𝜳𝟏𝟎%

Fig: Allowed value of critical field for quenched superradiance.
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Timelines in QS:

𝒅𝑴𝒄

𝒅𝒕
= 𝜞𝑺𝑹𝑴𝑪 − 𝟐𝑬𝒇 න 𝜞𝑺/𝒗𝒅𝟑𝒙 −

𝒅𝑬𝑮𝑾

𝒅𝒕

Fig: Timelines for ultra-light bosons and evolution of boson cloud for 𝛼 = 0.3, 𝑎∗ = 0.9,  𝑔𝜙𝜐 =

10−7, 10−8, 10−12, 10−10. 



Generation of GW:

➢ GW waves can be created from annihilation of ULB particles to gravitons, transition 

of energy levels of gravitational atom, abrupt collapse of cloud due to self 

interactions.

➢ Ideal case: Full sky analysis to predict the GW spectra
➢ For simplicity we consider  monochromatic transient GW whose energy,

𝒅𝑬𝑮𝑾

𝒅𝒕
= 𝑨𝝓/𝑨′

𝑴𝑪

𝑴𝑩𝑯

𝟐

𝜶𝒈
𝟒𝒍+𝟏𝟎

➢ Relevant GW parameters:

𝒇𝑮𝑾~ 𝟓 ×
𝒎𝝓/𝑨′

𝟏𝟎−𝟏𝟐𝒆𝑽
𝒌𝑯𝒛 

𝒉𝒓𝒎𝒔 =

𝟓. 𝟑𝟕 × 𝟏𝟎−𝟐𝟕
𝒎𝝓

𝟏𝟎−𝟏𝟐𝒆𝑽

𝜶𝒈

𝟎. 𝟑

𝟑𝟑 𝒌𝒑𝒄

𝒅

𝟏𝟎−𝟖

𝒈𝝓𝝊

𝟏𝟎
𝒂∗

𝟎. 𝟗

𝟒

 𝒔𝒄𝒂𝒍𝒂𝒓

𝟏. 𝟗𝟓 × 𝟏𝟎−𝟑𝟐
𝒎𝑨′

𝟏𝟎−𝟏𝟐𝒆𝑽

𝜶𝒈

𝟎. 𝟑

𝟏𝟒 𝒌𝒑𝒄

𝒅

𝟏𝟎−𝟏𝟐

𝒈𝑨′𝝊

𝟔
𝒂∗

𝟎. 𝟗

𝟐

 𝒗𝒆𝒄𝒕𝒐𝒓
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Generation of neutrino flux:

➢ If there exists a coupling between ULB and neutrinos then neutrino flux can be generated.

➢ Cosmological bounds:  𝑔𝜙𝜐 < 3 × 10−7

➢ When certain resonance conditions are met, physical neutrinos are produced that follow 

relevant geodesic such the neutrino energy and flux,

➢ For scalar case, due to the instability at energies higher than 140 MeV, we consider 

coupling of scalars with sterile neutrino.

𝑬𝒇 = ቊ
𝟎. 𝟐𝟕𝒈𝒔𝜳𝟎 𝒔𝒄𝒂𝒍𝒂𝒓
𝟎. 𝟑𝟓𝒈𝒗𝜳𝟎 𝒗𝒆𝒄𝒕𝒐𝒓

𝜱𝒇 =

𝟏. 𝟐 × 𝟏𝟎−𝟏𝟕
𝜳𝟎

𝟒. 𝟖 × 𝟏𝟎𝟕𝑮𝒆𝑽

𝟏/𝟐
𝑵𝒇

𝟑

𝟏𝟎−𝟏𝟐𝒆𝑽

𝒎𝝓

𝟏/𝟐
𝟎. 𝟑

𝜶

𝟑
𝒈𝒔

𝟏𝟎−𝟖

𝟏/𝟐 𝟓 𝒌𝒑𝒄

𝒅

𝟐

 𝒄𝒎−𝟐𝒔−𝟏𝒆𝑽−𝟏 𝒔𝒄𝒂𝒍𝒂𝒓

𝟏. 𝟑 × 𝟏𝟎−𝟔
𝜳𝟎

𝟓. 𝟕 × 𝟏𝟎𝟏𝟒𝑮𝒆𝑽

𝑵𝒇

𝟏

𝟏𝟎−𝟏𝟐𝒆𝑽

𝒎𝑨′

𝟎. 𝟑

𝜶

𝟑
𝒈𝒗

𝟏𝟎−𝟏𝟐

𝟓 𝒌𝒑𝒄

𝒅

𝟐

 𝒄𝒎−𝟐𝒔−𝟏𝒆𝑽−𝟏 𝒗𝒆𝒄𝒕𝒐𝒓
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Results: Combination of messengers

𝛼𝑔 = 0.3

Figure: (Left) The relation of gravitational wave frequency and neutrino flux energy with varying 
coupling 𝑔𝜙𝜈. (Right) The relation of gravitational wave strain and neutrino flux with varying mass of 

the ultra-light boson.
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Benchmark Parameters:

BP 𝑴𝑩𝑯 (𝑀⊙)  𝑔𝜙𝜈 𝒂∗

d 
(kpc)

Ps1 3.9 x 106 10−9 0.9 100

Ps2 3900 3.98 x 10−9

      

0.95 50

Ps3 9.8 5 x 10−9 0.95 30

Ps4 3.9 x 10−7 10−7 0.9 10

15

BP 𝑴𝑩𝑯 (𝑀⊙)  𝑔𝜙𝜈 𝒂∗

d 
(kpc)

Pv1 3.9 x 104 10−12 0.9 100

Pv2 1950 7.94 x 10−14

      

0.95 10

Pv3 19.5 10−12 0.95 7

Pv4 3.9 x 10−7 10−10 0.9 5



Figure: GW and neutrino flux due to benchmark cases.
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Summary and Conclusion:

➢Ultra-light bosons undergo superrradiance around rotating black 

holes.

➢ For the non- trivial case of quenched superradiance, given the 

existence of some coupling, neutrino flux can be expected.

➢GW are produced through the same superradiating cloud.

➢Combined study of the signals can result in much better 

understanding of the ultra-light bosons. 
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