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Plot from Graham and Scherlis ’18
See also Takahashi, Yin, & Guth ‘18
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Green: 100% DM = QCD axion
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Haloscope Searches 

Cornering some axions
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Cavity 

Haloscope

:  
𝑑𝜈

𝑑𝑡
 ∝  𝐵0

4  ⋅  𝑉2  ⋅ 𝑇𝑠𝑦𝑠
−2  ⋅  𝑄

Nb 

superconductive 

coating

Quantum 

    amplifiers

     (JPA, JTWPA)

ADMX-EFR ,

    High Tc magnets

Scan Rate for

Axion DM

@ 5 GHz the scan rate is down compared to 1 GHz  
                              by more than 4 orders of magnitude 

P. Sikivie  

Figure adapted from Irastorza & Redondo 2018

An axion  “Haloscope”



arXiv:2404.06627

https://arxiv.org/abs/2404.06627










First prototype , w ~ 2.0 cm

7 cm

A prototype tunable single-wedge cavity  (                     )

Readout 
antenna

arXiv:2402.01060

Taj Dyson et. al. to appear in 
Physical Review Applied

over 200 in-situ automated re-alignments

https://arxiv.org/abs/2402.01060


Taj+Sephora + VERA team

A larger, single-wedge prototype will be tested 

@ 100 mK

• 5.5-7 GHz

• Verification of high-𝑄

• Verification of in-situ alignment 

• Design complete, ~5 months to results 

• Cryogenic testbed for piezo-based tuning/alignment 

mechanisms, or other ADMX related testing  

• Integration with quantum amplifiers/microwave sensors

        (collaboration with Noah Kurinsky and Dave Schuster) 

Hexapod 
Positioner
(to be replaced w/ 
piezo motors+flexures)



Triple Wedge Prototype

● Fabricated, now being assembled using precision 
metrology + flexure based fine adjustments

● The three wedges move together, so there remains 
only five parameters to align.

Sephora Ruppert 

assembly 
internal 
alignment
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n=169
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arXiv:2404.06627

https://arxiv.org/abs/2404.06627
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• The inter-cell interactions encourage cells to 

oscillate in phase 

• With overlapping cells, the tolerance to 

variations in 

• rod radii relaxed from     𝛿𝑟 < 5 × 10−4 mm      

to   𝛿𝑟 < 0.039 mm

• rod centers relaxed from  𝛿𝑑 < 1.5 × 10−3mm  

to   𝛿𝑑 < 0.35 mm

Significantly relaxed mechanical tolerances

arXiv:2404.06627

https://arxiv.org/abs/2404.06627


Tunable volume-filling cavities with  

“Triple Wedge”
“Beehive”

Matt Withers Sephora Ruppert 



arXiv:2404.06627

https://arxiv.org/abs/2404.06627


The Dark Wave Lab



Triple Wedge in the DWL

(fine-) aligning 
the wedge 
assembly 
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Beehive in the DWL
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aligning and tuning 
(rod array)
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Beehive vs Multiple-Wedge

● Shared features 
○ 20%~30% tuning range 

○ Similar volume , a few 100 𝜆3

○ High-𝑄 (cold copper)   ∼ 104

○ Require fine alignment / mechanical tuning (piezo rotors + flexure mounts)

○ Require distributed readout, i.e., multiple antennas + summing tree 

● Differences
○ “Wedges” have all flat surfaces, but require one long travel for tuning; easier to 

implement a low-𝑄 version with high density summing tree

○ “Beehives” might have larger tolerance to errors, but harder to fab/do metrology 

○ Beehive 4-8 GHz;  Multiple-wedge 8-16 GHz 



ADMX-VERA in DWL

● Starting today, an  O(𝑚3)  4-5.5 GHz/10-13GHz Beehive/Triple-Wedge can be 

ready for the Dark Wave Lab by mid-2026. 

● It will be based on a single HEMT amplifier, cavity at 4K 

● Projected to run in FY27, with the goal of demonstrating 20% range, automated 

alignment/tuning, and high-𝑄 expected of cold copper

● Required R&D’s: coupling summing tree, piezo motor drive(s)/control system  

● Future upgrades: compact He3 sorption or dilution fridges, small region of field cancellation, 

JPA/TWPA operations, …   



Thank you !





( 𝛿𝜈 ∼ 30 ×  the line width)



Isocurvature limit from CMB E-mode polarization

30

Planck 2018



Outer shell 
moves to 

tune

Insert alignment 
5 DoF

assembly internal 
alignment
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