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High-level Summary

• Signal


• Outlook
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Oscillating background B-field: Radio-Frequency up-conversion approach
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Parametric gain for small axion masses vs. static searches
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Prototype design underway @ SLAC


Discussions ongoing w/ PBC @ CERN 

Discussions ongoing w/ FNAL SQMS
10-12 10-10 10-8 10-6 10-4

10-20
10-19
10-18
10-17
10-16
10-15
10-14
10-13
10-12
10-11
10-10
10-9

kHz MHz GHz

108

1010

1012

1014

1016

ma [eV]

g a
��

[G
eV

-1
]

frequency = ma /2�

f a
[G
eV

]

A
D
M
X

re
so
na
nt

ca
vt
ies

QCD
axion

standard ALP dark
matter

SN1987A �

CAST

SRF upconversion

50L prototype

cubic meter

futuristic



Ioannina, June 29 2022
Sebastian A. R. Ellis — Heterodyne Detection of Axion Dark Matter in SRF Cavities

High-level Summary

• Signal


• Outlook

2

Oscillating background B-field: Radio-Frequency up-conversion approach
!sig = !0 ±ma

Parametric gain for small axion masses vs. static searches
SNR

SNRLC ⇠ !0 ±ma

ma

✓
Qint

QLC

◆1/2 ✓TLC

T

◆1/2 ✓ B0

BLC

◆2

Prototype design underway @ SLAC


Discussions ongoing w/ PBC @ CERN 

Discussions ongoing w/ FNAL SQMS
10-12 10-10 10-8 10-6 10-4

10-20
10-19
10-18
10-17
10-16
10-15
10-14
10-13
10-12
10-11
10-10
10-9

kHz MHz GHz

108

1010

1012

1014

1016

ma [eV]

g a
��

[G
eV

-1
]

frequency = ma /2�

f a
[G
eV

]

A
D
M
X

re
so
na
nt

ca
vt
ies

QCD
axion

standard ALP dark
matter

SN1987A �

CAST

SRF upconversion

50L prototype

cubic meter

futuristic

Works for Gravitational Waves



Ioannina, June 29 2022
Sebastian A. R. Ellis — Heterodyne Detection of Axion Dark Matter in SRF Cavities

Axion, ALPs and Axion Electrodynamics
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Axion-like particles (ALPs): generic shift-symmetric CP-odd scalar
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Motivations: a) One of ~few concrete predictions from known 
String compactifications (string axiverse)


b) ALPs as Dark Matter from misalignment

c) Technology to search for ALPs exists

Svrček & Witten (2006)
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Static-field Haloscope: 

e.g. ADMX

B0

ma !sig = ma

!sig = ma ⇠ V �1/3

ma

Heterodyne Resonator:

!sig ⇠ !0 ±ma ⇠ V �1/3

B0(t)!0

!sig

JHEP 07 (2020) 088, hep-ph/1912.11048

A. Berlin, R. T. D’Agnolo, SARE, P. Schuster, N. Toro, 

C. Nantista, J. Neilson, S. Tantawi, K. Zhou


Also: R. Lasenby hep-ph/1912.11467

LC Resonator:

e.g. DM Radio

B0

ma

!sig = ma = !LC
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A. Berlin, R. T. D’Agnolo, SARE, K. Zhou

https://arxiv.org/abs/2007.15656
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Experimental precedent
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Q~4x1011 @ B~0.1T

arXiv: 1810.03703 Romanenko et al.

Q-factor & B-field:
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Experimental precedent
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Mode rejection:

gr-qc/0502054   Ballantini et al.

Ɛ = 10-7 achieved

physics/0004031   Bernard, Gemme, Parodi, Picasso

Low-frequency 
seismic noise:

Scientific Reports 8, 15324 (2018)   Rosat & Hinderer

�!/! ⇠ � ⇠ 10�10

DarkSRF (2020)

More on this…

https://indico.physics.lbl.gov/event/939/contributions/4371/attachments/2162/2915/DarkSRF-Aspen-2.pdf
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Gravitational interaction with Electromagnetism:
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Gravitational interaction with Electromagnetism:
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Gertsenshtein effect, 1962

Also Zeldovich 1973

Gravitational interaction with Electromagnetism:
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Similar setup for Gravitational Waves — stay tuned

• Signal


• Outlook

Oscillating background B-field: Radio-Frequency up-conversion approach
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Parametric gain for small axion masses vs. static searches
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Prototype design underway @ SLAC


Discussions ongoing w/ PBC @ CERN 

Discussions ongoing w/ FNAL SQMS


