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Traditional Two Qubit Entanglement
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Why Use Acoustics?

Separation of scale of signals! : '
Engineer large couplings ot
Small spatial footprint
Classically understood very well!
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Surface Acoustic Waves (SAWs)

° SAWn:c elastic wave propagating on
a surface _

e Piezoelectric substrate: :f:_ fgﬂg m/s
co-propagating electric field 2=1um
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Modeling of a SAW Device
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Modeling of a SAW Device

Transfer function:
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Here we have totally
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Modeling of a SAW Device

e Resonant structures require reflections
e Describe the dynamics of SAWSs via the P-matrix
e Allows us to cascade independent elements into a single structure
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Model of a SAW Resonator
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Model of a SAW Resonator
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Superconducting qubits: a brief intro
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How do we make a coherent quantum system from a circuit?

Well resolved energy levels — narrow linewidth — low loss — superconductors
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Superconducting qubits: a brief intro

Introduce anharmonicity via a Josephson junction
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) Cs 2w/ Ip? — I?
Quantum numbers: Cooper & n 9 o
S S pair number and phase H =4FE.(h — ng) — Ejcos¢
MW Nww
<X

Charging and Josephson ) .
X energies set by fabrication Lo =e /2027 By = hIO/Qe

11




Superconducting qubits: a brief intro

Introduce anharmonicity via a Josephson junction
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Goal of our Experiments E%“mmx m-lx

a quantum node 1 phononic quantum node 2
quantum channel
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A Small Amount of COM- UDT and IDT

Free Propagation Distance (um)
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Conductance (mS)

A Small Amount of COM- UDT and IDT
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Characterizing the Qubit(s)
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Quantum Time of Flight
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Load excitations into Q1, transfer into
Q2 via itinerant phonons! (both UDT
and IDT variations)

~4.5 increase in signal!
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Quantum State (and Process) Tomography

With qubits we always measure: <0'Z>

How can | reconstruct the density matrix??
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Quantum State (and Process) Tomography

With qubits we always measure: <O’Z>

n/2-pulse (phase 0)
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Quantum State (and Process) Tomography

Pre-rotation Process Post-rotation
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Phonon Mediated Quantum State Transfer

UDT regime much more
efficient than IDT regime!
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Generation of Bell State via Phonons
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Generation of Bell State via Phonons
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Generation of Bell State via Phonons
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Density Matrix Reconstruction of Bell State




Phonons as a Probe of “Arbitrary” Quantum Systems

e Goal-learn about another quantum system using a single qubit + phonon
e Use standard cQED as building blocks!
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We should expect the qubit state to dispersively shift the phonon!
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Phonons as a Probe of “Arbitrary” Quantum Systems
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Phonons as a Probe of “Arbitrary” Quantum Systems
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Again, but phase sensitive!

phonon detection  interferometric

source target readout
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Again, but phase sensitive!

« No Q, 1T pulse
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