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Axion Motivation 

• The QCD Axion was proposed as a 

solution to the strong CP problem 

• Axions weakly couple to photons in a 

strong magnetic field 

• Axions are a promising dark matter 

candidate!
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Current Axion Limits
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Detector Scale

5



Haloscopes
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Haloscope Power
Resonant Cavity: ADMX Multilayer Haloscope: Orpheus

Dish Antenna: BREAD Disordered Dielectric: DPHASE
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Resonant Cavity Haloscope

★ Cavity 

★ Rod  

★ Antenna 

★ Amplifiers 
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DPHaSE Concept
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Disordered Dielectric Haloscope

★ Dielectric Powder 

★ Superconducting Nanowire 

Single Photon Detector 

(SNSPD)
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Disordered Dielectric Haloscope
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Photon Collection Chamber 
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Single Sphere Conversion
Bad Oscillations
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Conversion on Many Spheres
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DPHaSE Experimental Projection

Currently targeting Band A

Projected parameters for DPHaSE:
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DPHaSE Projected Sensitivity

16 credit: Koppell et al. 10.1103

Where dotted line is for pathfinder and solid and dashed lines are for phase I and II respectively. 
The blue line corresponds with band A with a mean radius of 0.8um, magenta corresponds to 
band B with mean radius of 2um, and green corresponds to band C with mean radius of 20um. 



Powder Characterization
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Radius Characterization
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Characteristic Lengths



Projected Pathfinder Sensitivity 

20 credit: Bittencourt



Status Summary and Next Steps

We’re searching for axions using a new technique with disordered 
dielectrics. 
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Next: Build the detector!
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Radius Characterization
Copper Silica

Zirconia Alumina
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Characteristic Lengths
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• Sample case consisting of glass slides 
with a 3D printed spacer 

• Tested eight thicknesses of samples: 

• 0.1, 0.25, 0.5, …, 2mm 

• Followed DJ’s technique:  

• Powder does not free fall due to 
gravity  

• Powder moves when strongly shaken
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IR beam enters 
through window

IR beam passes through 
sample and continues to 
detector

Fourier Transform Infrared Spectrometer (FTIR)
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Diffuse Reflectance Integrating Sphere

IR beam enters 
through window

IR beam reflects off 
powder and continues to 
integrating sphere
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Detector Design

• Powder suspended in epoxy 

• Powder Box with Transparent 
walls 

• Plastic: PTFE, FEP, PEN 

• Glass or Sapphire

Either: 
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Single Photon Detectors

credit: Berggren 



Grinding Sapphire!
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