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21st century particle physics owes a lot to astronomy & compact objects



Ford, Rubin
Astrophys.J. 159(1970)379-403

Dark Matter 

OB Stars in Andromeda

Particle physics owes a lot to astronomy & compact objects



Dark Energy

Supernova Search Team, Riess et al
Astron.J. 116(1998)1009-1038 

Type Ia Supernovae

Particle physics owes a lot to astronomy & compact objects



Particle physics owes a lot to astronomy & compact objects
Cosmic Microwave Background

Penzias & Wilson, Astrophysical Journal, vol. 142, p.419 -421 1965



Particle physics owes a lot to astronomy & compact objects
Indirect Detection of Gravitational Waves

J.H. Taylor and J.M. Weisberg 
Astrophys.J. 253 (1982) 908.



Pulsar Timing

Arzoumanian et al. (NANOGrav), Astrophys. J. Lett. 905, L34 (2020)

Goncharov et al., Astrophys. J. Lett. 917, L19 (2021)

Chen et al. (EPTA), Mon. Not. Roy. Astron. Soc. 508,4970 (2021)

Tarafdar et al., Publ. Astron. Soc. Austral. 39, e053 (2022)

Particle physics owes a lot to astronomy & compact objects
Indirect Detection of Gravitational Waves



Particle physics owes a lot to astronomy & compact objects

Detection of Gravitational Waves

Phys. Rev. Lett.116(2016)6, 061102
LIGO Scientific Collaboration and Virgo Collaboration



Useful Reading: https://arxiv.org/pdf/1501.06570
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EM Waves
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Inspired by
Y. B. üĲũќĬŸƻŔĦő ÂŔƚќůċ Zh. Eksp. Teor. Fiz. 14 (1971) 270 [JETP Lett. 14, 180 (1971)].
Y. B. üĲũќĬŸƻŔĦő Zh. Eksp. Teor. Fiz 62 (1972) 2076 [Sov.Phys. JETP 35, 1085 (1972)].

Resistive Cylinder
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EM fields a bit complicated 

Superradiance  - Toy Systems
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Exercise.

Superradiance  - Toy Systems

Z >0 energy extraction

Z< 0 energy absorption



https:// physicsworld.com/a/rotating-cylinder-amplifies-electromagnetic-fields/
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Superradiance  - Kerr Black Holes
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KerrPRL11 (1963)237-238
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Roy Kerr 

G=1



Superradiance  - Kerr Black Holes
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Effective Potential For Fields



5ŜǘǿŜƛƭŜǊ άYƭŜƛƴ DƻǊŘƻƴ Ŝǉǳŀǘƛƻƴ ŀƴŘ ǊƻǘŀǘƛƴƎ ōƭŀŎƪ ƘƻƭŜǎέ tw522(1980)2323-2326

Superradiance  - Kerr Black Holes
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Superradiance  - Kerr Black Holes
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Instabilities 
‪ Ὡ   ‪ ὶ3Љ

Arvanitaki, Baryakhtar, Huang PRD 91(2015)8, 084011

Superradiance  - Kerr Black Holes



Self Interactions Ὢ QCD axion

Superradiance  - Kerr Black Holes



Constraining Axions with BH Superradiance 
Exploring the String Axiverse  with Precision Black Hole Physics

Arvanitaki, Dubovsky
https://arxiv.org/abs/1004.3558

Bosenova  collapse of axion cloud around a rotating black hole
Yoshino, Kodama

https://arxiv.org/pdf/1203.5070

Discovering the QCD Axion with Black Holes and Gravitational Waves
Arvanitaki, Baryakhtar, Huang
https://arxiv.org/pdf/1411.2263

Superradiance
Brito, Cardoso, Pani
https://arxiv.org/pdf/1501.06570

Black hole superradiance  of self -interacting scalar fields
Baryakhtar, Galanis, Lasenby, Simon
https://arxiv.org/pdf/2011.11646

Superradiance  Exclusions in the Landscape of Type IIB String Theory
Mehtaa, Demirtasb, Longb,Marsh, McAllister, Stott
https://arxiv.org/pdf/2011.08693

Properties of Ultralight Bosons from Heavy Quasar Spins via Superradiance
Unal, Pacucci, Loeb
https://arxiv.org/pdf/2012.12790

Getting More Out of Black Hole Superradiance : a Statistically Rigorous Approach to Ultralight Boson Constraints
Hoof, Marsh, Sisk-Reynés, Matthews, Reynolds
https://arxiv.org/pdf/2406.10337

Stepping Up Superradiance  Constraints on Axions
Witte, Mummery
 https://arxiv.org/pdf/2412.03655
 

https://arxiv.org/abs/1004.3558
https://arxiv.org/pdf/1203.5070
https://arxiv.org/pdf/1411.2263
https://arxiv.org/pdf/1501.06570
https://arxiv.org/pdf/2011.11646
https://arxiv.org/pdf/2011.08693
https://arxiv.org/pdf/2012.12790
https://arxiv.org/pdf/2406.10337
https://arxiv.org/pdf/2412.03655


Constraints on Light Fields
- State of the art 

State of the art 
https://arxiv.org/pdf/2412.03655

Superradiance  - Kerr Black Holes

https://arxiv.org/pdf/2412.03655


Superradiance in Stars 
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Cardoso, Brito, Rosa
PRD 91 (2015)12, 124026

Superradiance  - stars
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Superradiance in Stars
Superradiance in Stars: Non -equilibrium approach to damping of fields in stellar media
Chadha-Day, Garbrecht, JM 
JCAP12 (2022)008 

Superradiance in Stars
Cardoso, Brito, Rosa 
Phys. Rev. D91 (2015)12, 124026

Superradiance  in rotating stars and pulsar -timing constraints on dark photons
Cardoso, Pani, Yu
Phys. Rev. D 95, 124056 (2017)

Axion Superradiance in Rotating Neutron Stars 
Day, JM
JCAP 10 (2019) 051

Particle Probes with Superradiance Pulsars
Kaplan, Rajendran, Riggins 
[hep-ph1908.10440]



Cardoso, Brito, Rosa Phys. Rev. D91 (2015)12,124026
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Superradiance in Stars: Non -equilibrium approach to damping of fields in stellar media

Chadha-Day,  Garbrecht, JM, (2022)

https://arxiv.org/search/hep-ph?searchtype=author&query=Chadha-Day,+F
https://arxiv.org/search/hep-ph?searchtype=author&query=Chadha-Day,+F
https://arxiv.org/search/hep-ph?searchtype=author&query=Chadha-Day,+F
https://arxiv.org/search/hep-ph?searchtype=author&query=Garbrecht,+B
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Inverse mean free path

Interesting NS 
timescales







sΜΦΡΞҽΜΣΜΤ

Other Interactions with Bosons
Bai, Cardoso , Chen, Li, JM, Seong (to appear soon)

94407859
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Axion DM Detection with 
Neutron Stars



Invited Speakers Topics
https://indico.global/event/15247/19-23 Jan 2026

https://indico.global/event/15247/


Part I

Part II
High-Frequency Gravitational Waves

axion dark matter
ALP detection
X-ray detection 



- Axions can be dark matter

- Could provide a solution to strong CP problem*

- Huge network of experiments

L  ὥ Ὂ  Ὂ  = Ὣ ὥ ╔Ȣ║

Motivating Axions/ALPs

*there may be no strong-CP problem 
Ai, Cruz, Garbrecht, Tamarit, Phys. Lett. B822(2021)136616

       Consistent with experiment, predicts zero nEDM  (—-term physically redundant)
       ÉŔůƓũĲƚƣШĲǂƓũċŰċƣŔŸŰШаШƖĲƕƨŔƖĲƚШŰŸШŰĲƽШƓőǃƚŔĦƚШы§ĦĦċůќƚШƖċǍŸƖь

9Ш§ќcċƖĲ

ὥ ‎

Ἄ



Neutron Stars are 
Incredible Objects!
Extremely Compact
 ὓ ḗὓṩ, ὙḗρπὯά

Spin 100s of times a second 
Superradiance in stars: 
JCAP12 (2022)008 Chadha-Day, Garbrecht, JM 
Cardoso, Brito, Rosa Phys. Rev. D91(2015)12,124026

Strongest magnetic fields in Universe ║ḗ  ╖

Great axion labs 
In radio and X-ray

Accurate clocks 
Ultra-light dark matter tests 

Khmelnitskya, Rubakovb JCAP02(2014)019

ŰĬШƣőĲŰШƣőĲƖĲќƚШƣőĲШŔŰƚŔĬĲв
e.g. stellar cooling, DM capture, etc etc
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Early Proposals: 


