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Intro — why single photon detection in the microwaves
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Recent progresses in the ability to measure and manipulate individual quanta such as microwave-photons, phonons and
magnons are opening new directions in the detection of Dark Matter and of Fifth Forces, in tests of Quantum Gravity and
of Quantum Mechanics in macroscopic objects.




Dark Matter Searches with SC Qubits - State of Art
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New Phenomena & Applications with Hybrid-Spin Systems
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Light Dark Matter and GW with Mechanical Resonators

Light Dark Matter or high frequency GW can induce oscillation
(from MHz to GHz) of piezoelectric quartz bulk acoustic wave
(BAW) resonators cooled at mK temperatures.

" M Goryachev and M E Tobar, “Gravitational wave detector with high
frequency phonon trapping acoustic cavities "PHYSICAL REVIEWV D 90,
102005 (2014)

= D Carney et al,““Mechanical quantum sensing in the search for dark
matter;” Quantum Sci. Technol. 6 (2021) 024002.

= A Arvanitaki et al,“The sound of dark matter: searching for light scalars
with resonant-mass detectors”, Phis Rev Lett 116 031102 (2016).




week ending

PRL 116, 031102 (2016) PHYSICAL REVIEW LETTERS 22 JANUARY 2016

Sound of Dark Matter: Searching for Light Scalars with Resonant-Mass Detectors

Asimina Arvanitaki,"” Savas Dimopoulos,” and Ken Van Tilburgz’i
YPerimeter Institute for Theoretical Physics, Waterloo, Ontario N2L 2Y5, Canada
2Stanford Institute for Theoretical Physics, Stanford University, Stanford, California 94305, USA
(Received 23 August 2015; revised manuscript received 17 October 2015; published 22 January 2016)

The fine-structure constant and the electron mass in string theory are determined by the values of scalar
fields called moduli. If the dark matter takes on the form of such a light modulus, it oscillates with a frequency
equal to its mass and an amplitude determined by the local dark-matter density. This translates into an
oscillation of the size of a solid that can be observed by resonant-mass antennas. Existing and planned
experiments, combined with a dedicated resonant-mass detector proposed in this Letter, can probe dark-matter
moduli with frequencies between 1 kHz and 1 GHz, with much better sensitivity than searches for fifth forces.
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QUANTUM OPTICS EXPERIMENTS WITH TWPAS - MOTIVATIONS
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Microwave frequencies:

Quantum enhanced detection

Squeezed Vacuum Used to Accelerate the Search for a Weak Article nature

Classical Signal A quantum enhanced search for dark
M. Malnou, D. A. Palken, B. M. Brubaker, Leila R. Vale, Gene C. Hilton, and K. W. Lehnert 1
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K. van Bibber® & H. Wang'
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Simulating Physics with Computers

Richard P. Feynman
Depariment of Physics, California Institute of Technology, Pasadena, California 91107

Received May 7, 1981

. ®“The physical world is quantum mechanical, and therefore the proper
Quantum Information problem is the simulation of quantum physics”




SUPERCONDUCTING QUANTUM PROCESSOR

See talks by Corti, Tancredi, Preti

G Tancredi
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ANALOGUES

Non Euclidean Geometries

Violations of discrete symmetries Many body effects
such as Charge and Parity
Conijugation and Time Reversal
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See talks by Kollar, Roch, Paraoanu, Crescini, Rastelli



Future challenges: Quantum fluids of light in arrays of cavities/qubits
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First expt: Ma et al. Nature 2019

Mott insulator of impenetrable photons — all the contrary we have learnt in undergrad e.m.

Review: IC,... A.]. Kollar, ... Photonic materials in circuit QED, Nature Physics 2020



Future challenges: analog gravity, a.k.a. quantum simulation of QFTs on curved space-time
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Big question: what is long-time fate of a BH ?

Baby toy model: friction force on dynamical Casimir emission
(extends Wilson-Delsing & Paraoanu’s expts)
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S. G. Butera & IC, Quantum fluctuations of the friction force induced by the dynamical Casimir emission, EPL 128, 24002 (2020).



Workshop Round Table

Which are the recent advances in these fields?

What are the offered possibilities?

What kind of physics can be explored through circuit engineering?
Which are the future technologies for fundamental and applied physics!?



