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Background

• Good evidence for dark matter in the universe
• The axion is a promising candidate

• Strong CP problem -> PQ -> axion
• Invisible axion

• Sikivie’s axion haloscope made the axion visible
• As we heard this morning, ADMX is sensitive to the 

most weakly coupled (DFSZ) axions

Ü Dark matter: “invisible axions”
20 µeV ó 5 GHz 
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Cavity axion detector
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ADMX should procure a new magnet

Higher field è Smaller volume è Search higher frequencies, 
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The signals are very weak

• Power from the cavity goes as B  2V

• 1 GHz ó 4 µeV ó 50 mK

• 130 yW is about 200 photons/sec

• Axion signal (mc2 + kinetic energy) ~ kHz in width @ GHz

• C n l is a form factor, overlap of              in the cavity ~ 0.5

• g γ ~   0.36 (DFSZ) while g γ ~  0.97 (KSVZ) 

• Q L ~ 120,000 (GHz/f )2/3 (ASE) so bandwidth is 10 kHz
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Search rate set by radiometer equation

• Search rate is set by desired snr, emitted power^2, cavity Q , and 
system noise temperature

• SQUID amplifiers have excess noise about half their physical 
temperature (~100 mK)

• When hf ~  kT ,  shot noise appears

• System noise temperature  ~ T + T/2 +  hf/k
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• Length as well as diameter 
changes because the cavity 
cannot get too long
– The longer the cavity, the 

more TE/TEM modes there 
are

– Typically:
L ~ 4.4r

Strawman: Single cavity

• Volume decreases as f -3,  the Q decreases as f -2/3 while the 
mass increases as f

• Single cylinder, 8 T field; change size to resonate at search 
frequency 
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Strawman: Single cavity

• Power and scan rate decrease  as frequency goes up L
• Just the opposite of what we want.
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Multiple cavities

• Fix 1: Use multiple cavities, tuned 
together and added in phase

• 4 cavities will allow search over 1.4–2 
GHz (5.8–8.3 µeV)

• To start  fall 2019
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Prototype: 1/3 scale model
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All four cavities track each other reasonably well (servo 
matches them within Q/20)


