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Protected qubit

Engineering non-local ground-states

Smith et. al PRX 2022



Towards non-local and non-overlapping ground states
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The generalized Josephson element

o H=2 (plg)f
>
H = 4E¢ (;) + EEL(QD — QPext)” — Ey cos(uep)

o0

cos(ugp) = 5 Y, (INXN+ il + IN + k)N

N=—c0




Two-Cooper-pair tunneling elements
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Model reduction: Born-Oppenheimer approximation
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Model reduction: tight-binding approximation

Low-energy Hamiltonian has two degrees of freedom:
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Experimental implementation

in/out

215 total junctions
2 loops

3 control lines

4 electromagnetic modes




External flux dependance
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Flux dispersion measures phase fluctuations

Pzpf = Pzpf = 4




Measured transition energies
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Measured transition energies
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Exploring a new regime of quantum optics

Spectral signature of high-order photon processes

Smith* & Borgognoni* et. al in preparation



Nonlinear oscillators in superconducting circuits
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Nonlinear oscillators in superconducting circuits
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Time evolution of an Initial coherent state

Kerr interaction
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Spectra of nonlinear oscillators
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Spectra of nonlinear oscillators
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Experimental realization: two technical challenges

1. Large @, — ultra-high impedance 2. Small E; — ultra-small junction
: : : E; Ey, Ec
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1 Ef , T
— ———(CO0S €L
2, (Z2¢)

*opposite regime €, < E; explored Iin
Smith et al. PRX (2022)



Experimental realization: physical device

One aluminum double-angle deposition



Readout resonator vs. flux
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Transition frequencies vs. flux
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Transition frequencies vs. flux
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Transition frequencies vs. flux

Frequency saturation pulse (GHz)
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Transition frequencies vs. flux
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Transition frequencies vs. flux
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Conclusion and perspectives



Conclusion

Transition frequency (GHz)

€r << E]

~

[{plg)|?

w
1

—
a1l

Transition frequency (GHz)
N

0 +——r——+———1r—+71 0-

0.0 0.5 0.0 0.5 1.0

1.0
Pext/2T

X 10 reduction in flux sensitivity
X 2 magnification of phase fluctuations

Transition frequency (GHz)

\S)
N
I
O

L_.
—
o
o
o
—
(@]
[\
o
w
o
~
o
(&)}
(@]
(o)}

— Interlacing spectra
— High order photon-photon interactions



Qubit protected by Cooper-pair pairing (open position)
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Closing the metrological triangle

I
V(t) < cos—t
2e

el
@ Quantum Hall effect @

| 1=(e?/h)V !

Manucharyan PhD thesis (2012), Shaikhaidarov et al. Nature (2022), Crescini et al. Nature Phys (2023)
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