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AXions
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Axions are a particularly compelling dark matter cana

their existence could also help solve the Strong C

-

Idate because
P problem

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

The introduction of this term modifies Ampere's law, giving rise to an

effective axion current that we try to detect :

J ~ gaw\/QpDM cos (mqt)B

Detector Design

- N
DMRadio-m? is a search for DM QCD axions in the range:

. 40neV < mge? <800neV (10 MHz < v < 200 MHz) )

ALP sensitivity down to:
mec” ~ 20neV (5MHz)

DMRadio-m3 consists of a resonant coaxial pickup in a >4.7 T static magnetic field

generated by a solenoidal magnet.
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Lumped capacitive or
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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.

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.

DMRadio-m3 will need 6 exchangeable coaxial -1

pickups to: e G b e
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The heights of these pickups will range from 0.56 m 10-201 et

(Coax 6) — 1.68 m (Coax 1). For each Coax, outer
diameter 7, ~ .628m, inner diameter r; ~ .336m.
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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 detecto
this regime?

r. How do we deal with

Laurent expand the coaxial ) Z(w) =~ Rlwn) + iwl i

~ 0 WL\ W
pickup’s impedance around ) (o) (o) wC'(wo)
each frequency Wy This expansion looks like series RLC circuit!

To achieve resonance at a given
frequency, add a tuning element

in series with the coaxial pickup
such that:

" Such a tuning element
tunable coax transmissi
have both inductor-like
impedance depending

Xtuning(w) — —Xcoax(w) Kconditions

may look like a h
on line, which can

and capacitor-like

on its boundary
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DC SQUID Chain L

Vojas ‘ consists of a two-stage SQUID system

B followed by either a cryogenic or room
V gg temperature pre-amplifier

sta
series array \() ”)

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

Input Svv Si1+ Siiref Lin
resonator The second stage SQUID array will take one of
e i iR three forms to optimize bandwidth & noise
- erformance
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Y (i) High Bandwidth: 16x1 series array SQUID

/A tunable transformer modulates N

. (i) Medium Bandwidth: 32x2 series array SQUID
the coupling between the resonator

and the TC SQUID, ensuring that (ili) Low Bandwidth: 48x3 series array SQUID
the chain is optimally noise-matched
to maximize scan rate
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Parameterize noise performance of
the chain in terms of the ratio

between minimum noise temperature chain
and the SQL: configurations
77(V ) L kamin . /
T o L
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o Frequency [MHz]
Minimizing 1) dv _ 1

maximizes scan rate: It X Q[Vm T, 77(”7“)] X
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DMRadio-GUT is O 10-15
a proposed future
experiment
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