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To Detecting Fields
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Why is the Electric Dipole Moment of the Neutron Small?

The .\;lznn;' CP Problem and the (__)(-i ) axion

Experimental bound: Ogcp < 10°17
/ Neutron
EDM
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The Parameter Space of the QCD Axion
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The Parameter Space of the QCD Axion
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Cavity Searches
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® Axion Force Detection with Nuclear Magnetic Resonance
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® Axion Signals from Black Hole Supvr-r;u|i.’mcv

\xion wavelength between 300 m and 300 km
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Short Range Interactions of the Axion
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Short Range Interactions of the Axion
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Precision Magnetometry

Nuclear Magnetic Resonance
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Precision Magnetometry

Nuclear ;'\1;15-:]c'li(‘ Resonance
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Precision Magnetometry

Nuclear Magnet ic Resonance

7/
*

. S )hllin: set }1\' B |ﬂ'|:|
B field ‘ £ -

In the
rotating y
frame

ln l}](‘ ('l.’lSSit'ilI ])i('illl"t‘: S]}il‘lh‘ pl‘vn‘vssing (ll'()lll‘l(] Il]l‘ pvrlurl)ing mngnvlic‘ IiL.‘l(l

Pirsa: 14100103 Page 14/44



Detection Strategy
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ARIADNE

Spin speed pattern /'
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ARIADNE

Spin speed pattern /'
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i\ﬂonopole- Dipole Interaction Reach
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Dipole-Dipole Interaction Reach
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Summary of axion force experiment

® Probes both monop()lc-(|ipo|c and dipolc-dipolc axion

Interactions

® Systematics controlled better due to signal modulation
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Black Hole Superradiance

Penrose Process
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Black Hole Bomb

Photons reflected back and forth from the black hole

and through the ergoregion
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Superradiance for a Massive Boson
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Superradiance Parametrics
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Superradiance Parametrics
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Superradiance Parametrics

Superradiance Rate
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Superradiance Parametrics

Superradiance Rate
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Why are black holes the best

superradiance probe?

® Superradiance is a kinematic effect

| ..2!|‘,||w-.1‘.‘|\l;‘ Vi

® Black Holes are relativistic

® Black Holes have quiet environments

| ton accretion tmd ..|. 10
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Evolution of Superradiance for an Axion

Supcrra(]iancc instal)“il.\'
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Evolution of Superradiance for an Axion

Supcrra(]iancc instal)“il.\'

Black Hole Accretion ticeretion ~ 10° years
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Evolution of Superradiance for an Axion

Supcrra(]iancc inslal)“il)'

Black Hole Accretion taccretion ~ 10° years

Axion sc|l'-inlul‘:u'ti(ms

Gravity wave transitions of axions between levels
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Evolution of Superradiance for an Axion
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Evolution of Superradiance
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Evolution of Superradiance
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Spin-Down of Astrophysical Black Holes
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Super-Radiance Signatures

GW transitions
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Super-Radiance Signatures

GW annihilations
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New Ideas for Axion Detection
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