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Quantum Sensing: requirements

“Use of a quantum system, quantum properties o quantum
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“Why a phenomenologist is given me this talk?”
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Dark Matter: where to look?
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Dark Matter: where to look?
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Dark Matter: where to
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Dark Matter: where to look?
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Beyond-the SM: “how” to look?
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Quantum Sensing: examples
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Quantum Sensing: examples
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Standard Optomechanics

[Review: M. Aspelmeyer, T. J. Kippenberg, F. Marquardt, 2013. Thesis at J. Harris lab.]
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Standard Optomechanics

[Review: M. Aspelmeyer, T. J. Kippenberg, F. Marquardt, 2013. Thesis at J. Harris lab.]

Poump

/pump

T
]

_ %a Jaﬁr n(r) E(r) - E(r)




Standard Optomechanics

[Review: M. Aspelmeyer, T. J. Kippenberg, F. Marquardt, 2013. Thesis at J. Harris lab.]
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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
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Standard Optomechanics
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Standard Optomechanics
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Standard Axioptomechanics
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Standard Axioptomechanics
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Standard Axioptomechanics
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Coherent enhancement: Phonons
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Axioptomechanics: Rates
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Axioptomechanics: Sensitivity
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Axioptomechanics: Sensitivity
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Axioptomechanics: Numbers
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Axioptomechanics: Numbers
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RadioOptemechanics: Numbers

[A.D. Kashkanova, A.B. Shkarin, C.D. Brown, et al. , 2017] < YVale University Jack Harris Lab

E What could be feasible to achieve:
> Npump = ]‘017 Ppump ~1W
-FOpt/ﬂ' ~ 106

Yogesh Patil Jack Harris

Yale University

Yale University

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

Keith Schwab

Caltech

T 0.05-1.6 K| 42K 300 K Lock-In

Qe [

=> Npump =~ 1012 Ppump ~ 1 :uw
= Ny~ 10%° L ~4cm |
]:opt/ﬂ- ~ 10° PZT

OS2

—Q—>




Axioptomechanics: Numbers
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Axioptomechanics: Numbers
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Sensitivity: heavy axion regime

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

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

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

High-Frequency Gravitational Waves with Optically Levitated Sensors
[Arvanitaki, Geraci, 2013]
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Optomechanics

High-Frequency Gravitational Waves with Optically Levitated Sensors
[Arvanitaki, Geraci, 2013]

Dark Matter searches with optically levitated sensors

Monteiro et al., 2020] 4
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Optomechanics
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Optomechanics

High-Frequency Gravitational Waves with Optically Levitated Sensors
[Arvanitaki, Geraci, 2013]

Dark Matter searches with optically levitated sensors

Monteiro et al., 2020] _—
Afek, et. al., 2021]
Carney, et al., 2021]
Afek, Carney, Moore, 2022]
D

Axion searches via the piezoaxionic effect
|Arvanitaki, Madden, et al., 2023]




Quantum Sensing: examples

Atom interferometers




Als: the Principle
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Als: the Principle

Review: arXiv:2003.12516
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Als: the Principle
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Als: the Principle
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Als: Decoherence
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Als: Decoherence
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Als: Decoherence

distance

Fdecon(d) =1 — exp(iq - Ax)

[Joss, Zeh, 1985]
[Gallis, Fleming, 1990]
[Hornberger, Sipe, 2003]
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Als: Decoherence

Decoherence Effect
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Als: Decoherence
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Als: single measurement
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Als: single measurement
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Als: single measurement

_ 1
Pr = 35

(assume fully decohered)



Als: single measurement
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Als: Nind measurements
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Als: Nind measurements
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Als: Nind measurements
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Beating the classical sensitivity
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Beating the classical sensitivity
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Beating the classical sensitivity
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Beating the classical sensitivity
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Phase Shifts in Atom Interferometers
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Als: the Rate
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Y. Du, CM, et al. 2022]
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Als: Constraints

[Knapen, Lin, Zurek, 2017]
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Atomic Clocks



Atomic Clocks

|[Adhikari, Hamilton, et. al, 2014]



Atomic Clocks
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Co-Magnetometers

sensitive to the difference between the magnetic fields measured by

two strongly interacting magnetometers

Hspin — %g + Hanomalous

Noble-alkali comagnetometers

[Kornack, Romalis, 2002] e.g. K —3He

'Bloch, Hochberg et al 2020]
|(Graham, Kaplan, et al. 2018] [Agrawal, Hutzler et al 2023]
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Collective excitations
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Quantum Sensing: impact

e.g. Atomic clocks
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Conclusions

l={> WE NEED quantum sensors to detect elusive phenomena / particles

<& Will allow us to access unexplored parameter space

=>WE SHOULD BE EXCITED!

Quantum sensing is an emmergent field: lots of improvement expected
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