
Implementing on-demand microwave coupling between 
superconducting rf cavities with a SNAIL-based three-

wave mixing component

Components

• Flow of Cooper pairs 
makes the supercurrent

• Cosine potential energy 
which adds 
anharmonicity to the 
circuit, making the 
energy spacing unequal

Typical harmonic oscillator (even 
energy spacing): LC circuit

Exhibits nonlinearity, like the transmon, 
but also has a fourth order coupling 

term that can be tuned via external flux.
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Replace the linear inductor with a Josephson Junction and you 
get an anharmonic oscillator: the fixed frequency Transmon

Motivation

Transmon coupled to 
3D cavity

What is a SNAIL?

Simulating the Hamiltonian of this system in Qutip and obtaining the coupling 
rate for the SNAIL.

Next Steps
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Resonator

Artificial Atom
Josephson Junction

Artificial Atom Coupled to Resonator 

• Coupling to a 3D 
cavity enables a 
longer coherence 
time because the 
cavity has a larger 
quality factor Equivalent Circuit

Introduction
• A distributed computational 

paradigm is necessary to scale 
up and enhance computation 
power of a quantum computer

• To enact information exchange 
between computational nodes, a 
tunable parametric coupler 
would be extremely beneficial  

• SNAIL = Superconducting Nonlinear Asymmetric Inductive eLement
• The SNAIL has a cubic nonlinearity and a fourth order Kerr term that can 

be manipulated by tuning the external flux
• The SNAIL can act as a switch, either maximally coupling the two cavity 

modes together or disabling coupling entirely 

• Preserve the quantum state and be able to 
retrieve it on command without disrupting the 
system 

• SNAIL is a good candidate to realize module-
module tunable-coupler-mediated 
communication:
• Flux-tunable
• Wide parameter space
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