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Dark Matter Direct Detection
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Axion Dark Matter
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[Abbott, Sikivie, 1983] 

[Dine, Fischler, 1983]

• Misalignment and variations

• Topological defects in early universe

…
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QCD axion and axion like particles

QCD axion: 

a solution to the strong CP problem

Pseudo-Nambu-Goldstone bosons from the 

spontaneous breaking of global symmetries

Axion like particles
[Peccei, Quinn 1977] [Wilzeck, 1978] [Weinberg, 1978]

[Chikashige et al. 78; Gelmini,Roncadelli 80]

[Wilczek 82; Berezhiani,Khlopov 90]

[Witten 84; ….]
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Axion Searches
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Figure 1: Diagrams contributing to the e↵ective interaction.
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with momentum ~p = ma~va and energy ! = ma.
Electromagnetic waves in resonant cavities can be employed to absorb such axion fields. In the

present of external electromagnetic fields, axion fields can be absorbed to excite a cavity mode whose
frequency mathces the axion energy. Alternatively, the axion energy can match the di↵erence between
frequencies of two di↵erent cavity modes. In both cases, the reach to axion masses largely depend on
the cavity size or geometry, e.g. in birefringent cavities. In this work, we propose to absorb axions
into optomechanical cavity, where the axion energy matches the frequency of a mechanical excitation,
i.e. phonon n(~r). Phonon excitations couple to cavity modes due to polarizability via
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Axion Searches
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ADMX-G2(EFR), ALPHA, LAMPOST, MADMAX, …

E.g. ADMX-G2(EFR)

• Cavity arrays

• Better magnetic field and cavity quality factor

• Squeezed light
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DM-Radio, SRF cavity, WISPLC, DANCE, CASPEr …

E.g. Lumped element

(From Maria Simanovskaia’s slides)

[Jaeckel1, Rybka, Winslow, and the Wave-like Dark Matter Community, 2022]
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Axion direct detection

with optomechanical cavities 

Phonon

 Phonons provide the kinematic matching: 
break the scaling between  and the cavity size;ma

 Coherent enhancement from the large population 
of photons and/or phonons;
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Narrowband detection
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Summary and outlook

 Axioptomechical coupling allows the decoupling of the axion mass from the resonance 
frequency of the system, thus the system size, for resonance searches of the axion dark matter;


 Highly coherent acoustic modes that can be hosted in well developed optomechanical 
systems can coherently enhance the axion absorption rate on top of the coherent enhancement 
from optical modes;


Theory prediction shows promising observational prospects of QCD axion and axion like particles 
with laboratory constructible optomechanical cavities.

 Gravitational wave? 


 Filtering of reducible backgrounds for single photon detection;


 Thermal model that will limit the injecting laser power and acoustic mode coherence;


 Strong coupling regime ;


 A concrete experimental proposal.

g0 Ñϕ ≥ 1

Ongoing:

Thank you!
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The reach
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Sensitivity and scanning

Scanning: covering an extended mass range
<latexit sha1_base64="wSQumMPuNtEHg+UOhLF5o/FdnHo="></latexit>

�sig /
Z

d!2 Bma(!2 + ⌦nm � !pump)L(!2 � !probe, 2L)E.g.

<latexit sha1_base64="g4RjnpW4INsA6HEQp0HdnlQEPfo="></latexit>

SNR � 3 ! ga�� > f(ma, cavity, lasers,material)
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<latexit sha1_base64="zYcVSWnt1TjgSFO9vVPO9/LM2dY="></latexit>
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2κL
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Sensitivity and scanning

Scanning: covering an extended mass range
<latexit sha1_base64="wSQumMPuNtEHg+UOhLF5o/FdnHo="></latexit>

�sig /
Z
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