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DMRadio-m3 consists of a resonant coaxial pickup in a >4.7 T static magnetic field 
generated by a solenoidal magnet. 

Axions are a particularly compelling dark matter candidate because 
their existence could also help solve the Strong CP problem

We can look for axions using their coupling to photons. Axions can be converted to 
photons in the presence of a magnetic field.

The introduction of this term modifies Ampere’s law, giving rise to an 
effective axion current that we try to detect :

DMRadio-m3 is a search for DM QCD axions in the range:  

To scan the entire frequency range, the resonant frequency of the coaxial pickup needs to 
be tunable. This is accomplished by the addition of capacitive or inductive tuning elements, 
also located in the low field region above the pickup. 

Static Magnetic 
Field 

Oscillating 
axion effective 
current  

Oscillating 
azimuthal 
magnetic field 

Current along 
the walls of the 
coaxial pickup

Current flowing along the walls of the pickup produces an axion signal voltage at the top 
of the coax between nodes A and B. The voltage is amplified and read out using DC 
SQUIDs housed in a low-field region located at the top of the coaxial pickup. 

DMRadio-m3 will need 6 exchangeable coaxial 
pickups to:

1) Optimize scan rate
2) Ensure tuning elements can be physically realized
3) Avoid  TE111 modes

The heights of these pickups will range from 0.56 m 
(Coax 6) – 1.68 m (Coax 1). For each Coax, outer 
diameter                   , inner diameter                    .      

Lumped Element Operation
The frequency range of DMRadio-m3 spans from the low-frequency lumped element 
limit—where axion Compton wavelength >> detector size—to frequencies for which 
axion Compton wavelength is ~ 2 times larger than the detector. How do we deal with 
this regime? 

This expansion looks like series RLC circuit!

Laurent expand the coaxial 
pickup’s impedance around 
each frequency 

To achieve resonance at a given 
frequency, add a tuning element 
in series with the coaxial pickup 
such that:

Such a tuning element may look like a 
tunable coax transmission line, which can 
have both inductor-like and capacitor-like 
impedance depending on its boundary 
conditions

Scan Rate 
DM Halo Physics Axion-Induced Voltage

Quality factor of the resonator 
at resonant frequency

Noise Physics

Exclusion plots 
use SNR = 3

Tori Ankel on behalf of the DMRadio collaboration
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The second stage SQUID array will take one of 
three forms to optimize bandwidth & noise 
performance

The DMRadio-m3 amplifier chain 
consists of a two-stage SQUID system 
followed by either a cryogenic or room 
temperature pre-amplifier

The first stage SQUID is voltage biased and can 
be described by Tesche-Clark theory

(i) High Bandwidth: 16x1 series array SQUID 

(ii)  Medium Bandwidth: 32x2 series array SQUID

(iii) Low Bandwidth: 48x3 series array SQUID

Parameterize noise performance of 
the chain in terms of the ratio 
between minimum noise temperature 
and the SQL: 

A tunable transformer modulates 
the coupling between the resonator 
and  the TC SQUID, ensuring that 
the chain is optimally noise-matched 
to maximize scan rate 

Minimizing 
maximizes scan rate:

as a function of 
frequency for 
different amplifier 
chain 
configurations

DMRadio-GUT is 
a proposed future 
experiment

ALP sensitivity down to:  


