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Schrodinger’s cat

EXPERIMENTAL
EYUP: (  posoN botfle
6 U thM(’( F / /box

rodioadive <

ol [ Macroscopic object
in @ quantum
dectol superposition of
macroscopically
distinct states.
cor

Drawing by Lara Hartjes, from W. P. Schleich et al. Applied Physics B (2016)



Schrodinger cat states: some examples
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Cat masses
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Macroscopically distinct states

Mechanical modes: harmonic oscillators Phase space picture
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Circuit QAD

Superconducting

qubit \

. Strain
Acoustic _ J Electric field
resonator\ r’
Hine =J¢-S-E;dV
>< = hgo(a + a (o} + o)
~ hgo(ao, +a'o.)

N

coupling strength phonon qubit



The strong coupling regime
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Quantum ground state: Aw > kgT
Strong coupling regime: go > K,y
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The strong dispersive regime

phonon number: 2 1 0
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Circuit QAD devices

Some examples

Phononic crystal

P. Arrangoiz-Arriola et al.
Nature (2019)
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Circuit QAD with bulk acoustic waves

HBAR: high overtone bulk
acoustic wave resonator
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Cat states of a mechanical resonator
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Cat states of a mechanical resonator
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Cat states of a mechanical resonator
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Cat size

* (CSS: coherent state superposition
* analytical: full Hamiltonian simulation

A: Displacement drive amplitude
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Mapping of qubit states
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The fate of a cat
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Cat facts
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Phase space distance: D = 1.61 (D2 = 2.6)
Physical delocalization: 2x1018 m

M. Bild, M. Fadel, Y. Yang et al. arXiv:2211.00449 (2022)



What are cat states good for?

Quantum information

P. Cochrane, G. Milburn, and W. Munro, PRA (1999)
M. Mirrahimi et al. New J. Phys. (2014)

R. Lescanne et al., Nat. Phys. (2020)

A. Grimm et al., Nature (2020)

C. Chamberland et al. PRX Quantum (2022)
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Quantum sensing/metrology
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A. Bassi et al., Rev. Mod. Phys (2013)

M. Gely and G. Steele, AVS Quantum Science (2021)
B. Schrinski et al. arXiv:2209.06635 (2022)



Hybrid quantum systems with BAWSs
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We're working on it!

4 ,; European
Research
z: er C| counci

*HyQu

1

i} .
Uwe von Lipke
i. Yu Yang |

N Marius Eii'ld :
Matteo Fadel S 3

21

QUANT[RA

Collaborators:

BAW optomechanics:
Peter Rakich (Yale)

Materials:

Frederic Mercier (Grenoble)
Debdeep Jena, John Wright (Cornell)
Brian Downey, Vikrant Gokhale (NRL)
Luis Guillermo Villanueva (EPFL)



