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Quantum computation for real:

Develop novel algorithms
for practical problems:
-For small processors

-Quantum Machine learning
-Quantum simulation
-Optimization

Quantum annealer with
superconducting qubits

Explore new processor
architectures
with quantum gates



SUPERCONDUCTING QUANTUM TECHNOLOGIES

GENERAL CONSIDERATIONS ON PHOTON DETECTION

Di Vincenzo criteria: » A qubit-specific measurement capability.

» Not easy to find natural microwave absorber

kBT U hv
Optical photons T~ 104 K
W T
Microwave photons T ~ 50 mK
Photocounter: Y.F. Chenetal.,, PRL107,217401 (2011) (no sensitivity at single photon level)

Photon sensor: J. C. Besse et al., PRX 8, 021003 (2018)

(narrow bandwidth, gated)
K. Inomata et al., Nature Communications 7, 12303 (2016)

> Linear amplification
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QUANTUM-LIMITED AMPLIFICATION

» Ideally, we want a perfect phase-preserving amplifier

Signal: single-mode e.m. field:

A 1
B(t) = - (ae™™" + h.c.

Uout

&out — g&in?

No! violates unitarity (commutator)

(E(t)) = Re((a)e™"™")

&out — g&in + lA_/T

Added noise, internal d.o.f.

C. Caves, Phys. Rev. D 26, 1817
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QUANTUM-LIMITED AMPLIFICATION

» Noise from amplifier appears in second moments

Variance of modes:

<‘A&0ut|2> — 92<‘A&in|2> -+ <|AE‘2> &in \ &out

<|A&0ut‘2>/92 — <‘A&in‘2> + Na

Noise added by amplifier: Quantum-limited amplifier:
1 1 1 1
G = 5 PE QL =5 PE

C. Caves, Phys. Rev. D 26, 1817



A

Aout 1 1

S NoL==|1-=
e 2

FEin(t) = Eg coswt Fout(t) = gFEo cos wt

Im(a)

Im(a) | | "/

+;—* Re(a)
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SQUID-BASED PARAMETRIC RESONATORS
» SQUID principle

SQUID: 2 junctions in parallel
Tuneable, nonlinear,

Josephson junction :
nondissipative inductance : ‘

Ie X <= K Pext K

Josephson inductance

Do
(I) 1 : IC((I)ext) — 2]0 COS (7’(’ t)
2 2 E
o \/IC —1 5 Dy 1
Quantum of flux LJ((I)eXt) =
h 2m \/[C’((I)e:x:t)2 — I?
(I)O — L 207 X 10_15 Wb Flux-tunable, nonlinear inductance
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® Added Noise Photons, N,
= Quantum Limit
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O P,=54dBm 0O P,=52dBm & P,=-50dBm







SUPERCONDUCTING QUANTUM TECHNOLOGIES

CONCLUSIONS

» Photon amplifiers/detectors are crucial to quantum information

» Josephson parametric amplifiers are quantum-limited amplifiers

» JPAs integrate with qubit technology, even beyond superconducting circuits
» Almost any superconducting qubit-based experiment since ~2012 has a JPA

» JPAs enable quantum feedback, quantum teleportation, quantum state
tomography, etc.

@

» Thank youl!
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READING OUT QUANTUM BITS

Di Vincenzo criteria:
» A scalable physical system with well characterized qubits.
» The ability to initialize the state of the qubits to a simple fiducial state.
» Long relevant decoherence times.

|II

» A universal” set of quantum gates.

A q-specific measurement capability.

» The ability to interconvert stationary and flying qubits.

» The ability to faithfully transmit flying qubits between specified locations.



