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Dynamical systems & Schrodinger cat states
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Dynamical systems
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few-photon dynamical states

medium

Macroscopic switching times between [ |- ]

Muppalla PRB 2018

115
photons - Ultra-low power
classical logic
Andersen PRApp 2015
1 photon

0
Time (seconds)
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From dynamical bits to dynamical qubits
‘ ] 1)

|0)

qubit




Is dissipation good or bad ?

V()
T ;
potenticd Friction (dissipation)
bacecer - StCIbility
7 - Quantum decoherence
o /\ ~
¢ J\//Q' j( \'Cf‘Of\\/ ?. &




Agnostic dissipation
1

! - wdt | \/\/\

A




Agnostic dissipation
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Two-photon dissipation

Meta—potential V(1)
|| = 4
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Hamiltonian H/h = ie;a’ —ie; a r
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The cat-qubit



The dissipative cat-qubit
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The dissipative cat-qubit

, 1) V
Standard qubit: local errors
0)
Cat qubit: non-local
Exponential

{ suppression of
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 Linear increase in phase-flip errors
- Gates : rotations in phase-space




Biased-noise qubits reduce hardware overhead

Z 4+Bit-flips ?g?
Phase- ——~

¥ "v‘:_:)

Standard qubits

x10-100 less overhead
but requires bias
preserving operations

Biased-noise qubits
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Bias preserving operations

N

Universal set of fault-tolerant gates

Fault-tolerant operations
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Controllability versus coherence

uncontrollable
Fully protected

controllability / coherence tradeoff
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Superconducting circuits

High quality cavity f~5GHz, Q ~ 10°8

100 nmx100 nmr

Josephson junction
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Engineering 2-photon exchanges

buffer  memory

drive pump

L,

Wq Wq
% Wy Wp J\f\fw
R e R
a a)a
H = g,a’ bT + h.c + eb + h.c

Effective loss /x5 a* Effective drive ie,at” + h.c




Previous experiments plateaued around 1 ms
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Transmon limits the bit-flip time
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The transmon-free cat-qubit

Tmm

Buffer
S, a0 .

gs g g Memory : 5.25 GHz, T,em = 10 us
Buffer inf/out DC + Flux pump Buffer : 7.70 GHz, k;, /2m = 2.6 MHz
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The transmon-free cat-qubit

Tmm

gs g g Memory : 5.25 GHz, T,em = 10 us
Buffer inf/out DC + Flux pump Buffer : 7.70 GHz, k;, /2m = 2.6 MHz
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4 gadgets to replace the transmon

\, ,/\ ,/ Inflate
/n V \ Pump + buffer drive

é Zeno gate {ﬂ} Count number of photons
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Pump + buffer & Zeno drives
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m Count number of photons
H = g;ata (b + b")
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Inflate W, = 2w, Wp Deflate

\.{2\“( Drive ON Drive OFF
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Zeno gate
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Transmon-free tomography protocols
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Transmon-free tomography protocols

W(A) = %@(,\) exp(imala)D(=A))
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Transmon-free tomography protocols
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Transmon-free tomography examples
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Transmon-free tomography examples
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Transmon-free tomography examples  °**
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Transmon-free tomography examples
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Our qubit is noise-biased
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Our qubit is noise-biased
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Our qubit is noise-biased
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Our qubit is noise-biased under control
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Our qubit is noise-biased under control
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Noise bias scaling

O V Nozgate

o v Zgate active
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Noise bias scaling

Algorithmically relevant
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Parity measurements




Single-shot high-fidelity parity measurements

Repetition code with cat qubits

'\‘ CNOT gate \/ Macroscopic bit-flip times
o’ A
A ‘\ \i/ Was therga V Z(6) gate
/‘ /L phase-flip
5 T 5D npEerey \/ Measure of Z
]
v ;
= ‘ Measure of the parity M,

qubits Bias-preserving CNOT
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Optimal control
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Conclusion

Macroscopic Coherent
Tomography bit-flip time control
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Comparision
to numerical
simulations
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Fault-tolerant gates

Bias preserving operations

Fault-tolerant operations
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Guillaud, Mirrahimi, PRX 2019



ATS X[X(Asymmetrically threaded SQUID)
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Chip specs

wb,0/27r

7.70 GHz

0.29

g2 /2m

0.763 MHz

H.26 GHz

Iﬁ:b/27T
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42.76 GHz
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12.03 GHz
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