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Particle scattering
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[Knapen, Lin, Zurek, 2017]
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Standard Optomechanics
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Standard Optomechanics
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Standard Optomechanics
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Standard Optomechanics
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Standard Optomechanics

a ~
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Qm — 2Cs wOpt
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Y pump I%J&Z’I’LZCS, n C 7
bi )
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> |[Kashkanova et al.. 2017]

Qm W [Reningner et al., 2017]



Standard Axioptomechanics
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Standard Axioptomechanics
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Coherent enhancement: Phonons
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Curves: heavy axion regime

[CM, Y. Wang, K. M. Zurek. 2022]
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Conclusions

Importance of exploiting potential of existing /upcoming experiments to explore

dark matter possibilities.

Atom Interferometers

:D Already (or will) exist!

l:{} No minimum energy deposition — decoherence

l={> Coherent enhancement

Axioptomechanics

l:{} Decoupling length — axion mass: phonons!

l:{} ~ background-free experiment

l={> Complementary to other axion searches



Thank you!



Als: Collisional Decoherence

Multi-atom system (distinguishable)
|[Badurina, CM, Plestid, 2024]
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Als: Collisional Decoherence

Multi-atom system (distinguishable)
|[Badurina, CM, Plestid, 2024]
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Als: Collisional Decoherence

Multi-atom system (distinguishable)
[Badurina, CM, Plestid, 2024]
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Axioptomechanics: Rates
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Axioptomechanics: Sensitivity

SNR = PSigIEtint/ Ta) >3 5> Gayy > f(ma, cavity, lasers, material)
back

Phonon populated

}/aom

X N,

- y-pump
ICM, Y. Wang, K. M. Zurek. 2022]
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Axioptomechanics: Sensitivity

SNR = PSigIgtint/ Ta) >3 5> Gayy > f(ma, cavity, lasers, material)
back

Sources of noise

Dark Count Rate Laser frequency noise Thermal phonons

A~ (ﬂm lirreducible noise] 4 p(W) Ypump
Wi Iut o
Pth .-

]__‘ .
SNR = —% >3 w _
I'bcr nfbh[T] = (e /T — 1)~




Curves: heavy axion regime

[CM, Y. Wang, K. M. Zurek. 2022]
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Curves: heavy axion regime

[CM, Y. Wang, K. M. Zurek. 2022]
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RadioOptemechanics: Numbers

[A.D. Kashkanova, A.B. Shkarin, C.D. Brown, et al. , 2017] =20 Yale University Jack Harris Lab

E What could be feasible to achieve:
+ Npump =~ 107 Poump ~ 1 W
> N¢ ~ 1014 L~1m

]:opt/ﬂ' ~ ].06

Yogesh Patil Jack Harris

Yale University

Yale University

[A. L. De Lorenzo, K. C. Schwab, 2017]

Keith Schwab T, [005-1.6K| 42K 300 K Lock-In
Caltech
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> Npump = 1012 Poymp ~ 1 uW
> Ny ~ 10%° L ~4cm
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Axioptomechanics: Numbers

E What could be feasible to achieve:

> Npump ~ 10"  Poump ~1 W
= Ny ~ 10" L ~10cm
fopt/ﬂ' ~ 106

Rana Adhikari

Caltech

Yuta Michimura
Caltech, U. Tokyo

L. McCuller, 2022]
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