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Summary

• Dark matter candidates
• Axion detection
• WIMP detection
• Energy thresholds
• Current methods
• Some new detector ideas…
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Dark Matter Candidates

• WIMPs – stretching down
• Axions – stretching up
• Biiiiig gap…
• Or is there?

https://arxiv.org/abs/1707.04591
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Axion Detection

• Inverse Primakoff effect
• Usually detecting that photon
• Lots of ways to do it, but resonant

cavities common
• Depends on DM mass
• Mass range: neV – 𝜇eV common
• Much interest in pushing to meV+
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WIMP Detection

• Nuclear recoil
• Lots of different channels:

electrons, photons, phonons…
• Boils down to detecting some

energy imparted in recoil
• Heavily DM mass and target mass dependent
• Mass range: GeV common
• Much interest in pushing into keV - MeV
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Axion Detection – Energy Thresholds

• Axions: photon energy

𝐸 = ℎ𝑓 ≈ 𝑚!𝑐"

• Commonly neV – 𝜇eV for established axion detectors
• We just dump all the mass



Axion Detection – Energy Thresholds

• Established experiments (ADMX, HAYSTAC, ORGAN) use 
linear amplification



Axion Detection – Energy Thresholds

• Established experiments (ADMX, HAYSTAC, ORGAN) use 
linear amplification
• SQUIDs, JPAs, etc – quantum limited (maybe squeezed…)

𝑃#$% = 𝐺(𝑃&' + 𝑃')
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• Established experiments (ADMX, HAYSTAC, ORGAN) use 
linear amplification
• SQUIDs, JPAs, etc – quantum limited (maybe squeezed…)

𝑃#$% = 𝐺(𝑃&' + 𝑃')

• Mature-ish technology
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Axion Detection – Energy Thresholds

• Works well for ~ 𝜇eV mass range
• Can be shown that it is better (in fact sort of essential) to 

move to SPD for > 𝜇eV masses

• Not many good detectors around the 𝜇eV – meV energy 
range of high interest…

http://arxiv.org/abs/1306.3591v2
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• WIMPS – recoil energy
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• Commonly ~keV for GeV WIMPs
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WIMP Detection - Energy Thresholds

• Use PMTs, TES, etc for detecting in the GeV mass range–
lots of different technologies
• But energy can be much lower for lower mass WIMPs

• ~meV-eV for MeV WIMPs...
• ~𝜇eV - meV for keV WIMPs…

• Not many good detectors in this energy range…
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Energy Thresholds

• The energy thresholds 
for frontiers in axions 
and WIMP detectors 
are VERY SIMILAR
• Our “big gap” is gone…
• The kinds of

technologies we need
for future of both fields
might be the SAME
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“Low” Energy Threshold Detectors
• A couple of options:
• SIS Josephson Junctions
• SNSPDs – superconducting nanowire single photon detectors
• MKIDs – microwave kinetic inductance devices

• All of these things exist, various degrees of maturity, various 
energy ranges
• Can manufacture them within CDMPP
• Can we extend their range?
• Can we apply them to high mass axions, or low mass WIMPs?
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SIS Josephson Junctions
• Layer of superconductor – insulator – superconductor
• Exhibits Josephson effect: supercurrent across junction until 

critical current reached -> becomes resistive

L. S. Kuzmin et al., IEEE Transactions 
on Applied Superconductivity, 2018
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SIS Josephson Junctions
• Can be used as weak current sensor in the GHz range...in 

principle
• 10s of 𝜇eV+ energy thresholds
• Gets easier at higher energy…
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SIS Josephson Junctions
• Dominant issue – balance dark counts 

and efficiency
• For axions - need to couple it to

cavity – impedance matching issue
• Can it be used for WIMPs?
• How to couple the recoil energy

into the JJ current?
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SIS Josephson Junctions
• Some samples from Chalmers at UWA node under testing for 

axions
• One group reporting some good

tentative results (0.3 efficiency)
• Can also probably make these

at Swinburne!
• Is there interest for something like

this?
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SNSPDs
• Superconducting nanowire

single photon detector
• Similar to SIS junction
• Simple meander of 

superconducting wire
• IV curve different to SIS 

junction

Nicolo Petrini, Masters Thesis, MIT, 2019.
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– thing is very small
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SNSPDs
• Well established technology at ~eV energy photon absorption
• High efficiencies (98%)
• Can also make these at Swinburne (collaborating with others 

on this now)
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MKIDs
• Microwave Kinetic Inductance Devices
• Similar to SNSPD, but different

detection methodology
• Length of superconductor, coupled 

to resonant circuit
• Relies on kinetic inductance

Mazin Lab, UCSB
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MKIDs
• Particle enters breaks Cooper pairs, changes kinetic 

inductance of superconductor
• Shifts circuit parameters
• Can measure energy by size

of shifts
• Have been developed from 10s of

GHz to X-ray and beyond
• Potentially 100s of 𝜇eV+
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MKIDs
• Similar to SNSPD – direct absorption of particle into the 

superconductor
• How to couple to axion detectors? 
• How to couple to WIMP detectors?
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MKIDs
• These exist, are used in astronomy currently
• Can be multiplexed
• So maybe can be made bigger 

by having arrays
• Can also (probably) make

these at Swinburne



Conclusions
• We are not so different after all…
• Some superconducting cryogenic R&D options
• Actively spinning up CDM capacity in this area
• Open questions:
• Which is the best device?
• How best to couple to WIMPs/axions?

• Open to collaborations and interested parties!


