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Dark Matter
• First observed in 1933


• Constitutes roughly 23% of the universe


• Is likely non-baryonic, outside of the 
standard model


• A necessary component of modern 
cosmology


• Has been observed for about 100 years
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Axions as Dark Matter
• Neutron EDM measurements set θ < 10-11


• Multiple possible creation mechanisms, 
however…


• The misalignment mechanism produces a 
relation between the axion mass and the dark 
matter density


• Prefers axion masses 1-100 μeV
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Axion Detection — Modified Maxwell Equations
• Axions couple to the E and B fields


• Treat the dark matter halo as a 
background axion field


• This axion field mixes the magnetic 
and the electric fields


• A static magnetic field now 
produces an oscillating electric field

photon conversion



Axion Haloscopes
• External magnetic field Be


• Electric field oscillates at the 
axion Compton frequency due 
to oscillations in the axion field


• The resonant Cavity stores  
the energy of these  
oscillations.







Resonant Cavity Design — Frequency Limitation

• Higher frequencies are limited 
by cavity volume


• Coupling to higher order 
modes is suppressed by the 
effective volume:


• This is the motivation for new 
cavity designs
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Fabry-Perot Interferometer as a Resonant Cavity
• TEM Standing Waves between two mirrors
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Dielectrics allow us to couple to higher order modes

} }
10



The Orpheus Resonator
• Built by Raphael Cervantes 

(FNAL)


• Coupling with the 18th order 
mode


• ~1 GHz bandwidth with 3mm 
thick dielectric plates


• Tuning range can be expanded 
by replacing dielectric plates
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Resonator Tuning
• The resonator needs to be 

tuned to conduct a 
scientifically interesting 
axion search.


• Three room temperature 
motors control three 
independent degrees of 
freedom in the cold 
space.


• The Fabry-Perot resonator 
has very few mode-
crossings.



Cavity Simulations
• Our Effective Volume is approximated with simulations


• The effective volume is roughly 67 mL, we could double this by 
adding more plates


• ~10x increase in effective volume at this frequency, compared to 
closed cylindrical cavity
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Orpheus Magnet
• Two-Coil Dipole Magnet


• Max field of ~0.50 Tesla


• Was damaged last year in a 
quench


• Should have a max field of about 
1.0 Tesla


• Was wound and potted by hand 
at CENPA



Data Taking (August)
• We ran with a low field, about 0.25 Tesla


• Cooled with Liquid Helium to 4.2 K


• Problem with digitizer drastically reduced 
our effective integration time


• Tuning system worked well



We are nearly competitive with solar limits

But both are far from the QCD axion at this mass…

(preliminary)



But there are many improvements to make
• Existing technology allows for:


• ~20x reduction of noise temperature


• Greater than ~2x improvement of effective volume


• ~10x improvement of magnetic field strength


• ~1000x increase in integration time


• This leads to a ~2 order of magnitude increase in sensitivity:



In Conclusion
• Orpheus is an axion haloscope using dielectrics to couple to higher order modes 

of a resonator


• Orpheus has distinct advantages as an axion haloscope design:


• Robust tuning mechanism without mode-crossings


• Increased Effective Volume


• Low-cost resonator that is not sensitive to perturbations


• Orpheus has a lot of obvious room for improvement, but scaling it to QCD axion 
sensitivity will require more research.


• Less obvious improvements (coupling, mirror geometry)


• Magnetic field strength (dipole magnets with fields >2 Tesla)


• Using multiple cavities
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Data Taking (August)
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Sensitivity to dielectric position error
• Simulations show at most about a 7% reduction in effective volume per 

milliimeter displacement of the dielectric plates


• Precision of the motion system is about 0.2 millimeters.
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