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Figure 1: Summary of case studies presented in this document, shown in the context of a sketch of the
coupling-mass plane including the parameter space typical of some of the rich variety of DM theories possible.
The rounded rectangles highlight the classic minimal WIMP paradigm, vector-portal dark matter (e.g. DM-
SM interactions mediated by a Z ′ or dark photon), sterile neutrino dark matter, and wave-like (axion) dark
matter examples discussed in subsequent sections.
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GOALS
• ALP search over wide mass range
• Demo of LC resonator and cryomechanical scale-up
• Testbed for new, low-frequency quantum sensors 

for DMRadio-GUT
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(Jon Ouellet)
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GOALS
• DFSZ axion search 30 - 200 MHz (120 – 800 neV)
• Secondary science: KSVZ 10 – 30 MHz (41 – 120 neV)

Brouwer et al. Phys.Rev.D, 2022a
Benabou et al. arxiv:2211.00008, 2022
AlShirawi et al. arxiv:2302.14084, 2023
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AlShirawi et al. arxiv:2302.14084, 2023
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Axion fields simulation
(Nicholas Rapidis, Alex Droster, Josh Foster)

Calculated scan rate and gaƔƔ reach with six coaxes
(Nicholas Rapidis)

AlShirawi et al. arxiv:2302.14084, 2023



C. Salemi  54

°1.0 °0.5 0.0 0.5 1.0
Radial Dimension [m]

°0.5

0.0

0.5

1.0

1.5

2.0

V
er

ti
ca

l
D

im
en

si
on

[m
]

Main Magnet Coils

Bucking Coil

Coaxial Pickup

Necking
Shielded Box

h
co

ax

1

2

3

4

5

6

|B
|[

T
]

°0.5 0.0 0.5
Radial Dimension [m]

0.0

0.5

1.0

1.5

2.0

V
er

ti
ca

l
D

im
en

si
on

[m
]

Surface Current

Axion Current

Ztuning(ω)

Lumped capacitive or

inductive tuning element

B

Zp(ω), |V (ω)|

Generic pickup structure

including axion source

voltage

A

(b)(a)

(c)

BB A

Preparing for design review.
Will be located at SLAC

0 50 100 150 200
Frequency [MHz]

10°20

10°18

10°16

10°14

10°12

g a
∞
∞

[G
eV

°
1 ]

KSVZ

DFSZ

C
oa

x
6

C
oa

x
5

C
oa

x
4

C
oa

x
3

C
oa

x
4

C
oa

x
2

Coax 2

C
oa

x
1

C
oa

x
1

Primary and Secondary Science Goals

Extended Goal

(b)

0 50 100 150 200
Frequency [MHz]

10°1

100

101

102

103

104

Sc
an

R
at

e
[M

H
z/

yr
]

C
oa

x
1

C
oa

x
1

C
oa

x
2

Coax 2

C
oa

x
4

C
oa

x
3

C
oa

x
4

C
oa

x
5

C
oa

x
6

¥ = 9 ¥ = 12

¥ = 20

¥ = 24

(a)

0 50 100 150 200
Frequency [MHz]

10°20

10°18

10°16

10°14

10°12

g a
∞
∞

[G
eV

°
1 ]

KSVZ

DFSZ

C
oa

x
6

C
oa

x
5

C
oa

x
4

C
oa

x
3

C
oa

x
4

C
oa

x
2

Coax 2

C
oa

x
1

C
oa

x
1

Primary and Secondary Science Goals

Extended Goal

(b)

0 50 100 150 200
Frequency [MHz]

10°1

100

101

102

103

104

Sc
an

R
at

e
[M

H
z/

yr
]

C
oa

x
1

C
oa

x
1

C
oa

x
2

Coax 2

C
oa

x
4

C
oa

x
3

C
oa

x
4

C
oa

x
5

C
oa

x
6

¥ = 9 ¥ = 12

¥ = 20

¥ = 24

(a)

Axion fields simulation
(Nicholas Rapidis, Alex Droster, Josh Foster)

Bartram et al., in prep

Developing SQUID readout chain
(Cady van Assendelft)

AlShirawi et al. arxiv:2302.14084, 2023

Calculated scan rate and gaƔƔ reach with six coaxes
(Nicholas Rapidis)
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GOALS
• Definitive QCD axion search 100 kHz -

30 MHz (0.4  - 120 neV)
• Platform for new technologies in 

magnets and quantum sensing

Brouwer et al. Phys.Rev.D, 2022b
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50 L volume, 1T field

optimized axion-detector coupling
with pickup sheath

h

ba
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solenoidal magnet,
1 m3 volume, 4-5T field

*ABRA-10cm ~ 0.9 L *1 m3 = 1000 L
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solenoidal magnet,
1 m3 volume, 4T field

coaxial pickup 
sheath

solenoidal magnet

coaxial sheath
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solenoidal magnet,
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solenoidal magnet,
1 m3 volume, 4T field

coaxial pickup 
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improve SNRimprove bandwidth
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Ouellet, Salemi et al. Phys.Rev.Lett. 2019
Ouellet, Salemi et al. Phys.Rev.D 2019



Resonant readout
—improving the scan rate

C. Salemi  71

DAQ
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Foster, Rodd, Safdi 2018
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4 Basic ABRA configuration option 3
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ma~neV, “GUT-scale”
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40 K
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Accelerometer 
loses sensitivity 
above a few kHz
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Axion effective current 
distributed in magnetic field

Axion magnetic field 
oscillates in toroid bore

Current induced in pickup

Current propagates 
through wiring
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Run 1 Runs 2&3
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