
“Bulge” Microwave Cavity

Cooling Technique

Increased trapped antihydrogen production
The ALPHA experiment performs both spectroscopic and gravitational measurements on 
antihydrogen.
 
Apparatus can trap only about one atom at a time!

All proposed measurements are difficult to perform on a single (anti-) atom

Proposal: Increase the number of antihydrogen atoms available to experiments 
by cooling  positrons as they bind to antiprotons.
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Cavity Cooling: The Purcell Effect
Enhance spontaneous emission rate by coupling positrons to resonantly absorbing 
environment. The spontaneous emission rate is set by the density of states for emitted 
photons

Positrons in a magnetic field cool via spontaneous emission of cyclotron radiation

At resonance, the density of states is large!
(predicts cooling rate enhancements by factors of ~1000  for a single particle)
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A microwave resonator is 
incorporated into a Penning trap 
which stores leptons.

Cyclotron radiation is resonantly 
absorbed in the cavity, cooling 
the leptons

Example Resonance: TE131 
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Abrupt changes in the cavity 
inner diameter cause 
conversion to microwave 
modes which propagate out 
the ends of the resonator. 
This also allows warm 
microwaves into the cavity, 
possibly heating the plasma.

Geometry

By scanning the magnetic field (cyclotron frequency) through 
the cavity resonance and tuning the plasma position in the 
cavity, enhanced cooling is observed. 

A thin layer of resistive 
alloy (nichrome) lowers 
the cavity Q 

Anti-static shielding

Preliminary Results

A short plasma, with ~20,000 electrons 
shows strong cooling when placed in 
regions of strong electric fields. The 
cyclotron frequency is near the TE
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This is likely because large dense 
plasmas can cause microwaves to 
scatter into untrapped waveguide 
modes which leave the cavity

Mysterious result
A medium length plasma of ~ 105 
electrons cools best at electric 
field nodes!
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The typical gold anti-static shielding layer is replaced with graphite which will not 
shield microwaves from losses in the underlying nichrome,

Too many leptons reduce the cooling rate below the single lepton value. By lowering 
the Q of the cavity more leptons can be cooled at the cost of a slower cooling rate. A 
compromising (lower) value for the Q is obtained by electroplating a resistive alloy to the inner 
surface of the cavity.

A simulation (without nichrome) 
shows that the cavity Q can be 
increased with “smoother” bulges that 
reduce radiation leakage This work is supported by NSERC (Canada); and the NSF, and DOE (USA)


