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Weak

Purcell effect ‘

l

Tz

Strong

Quantum Rabi oscillations

* Ultralow-threshold lasers
¢ Single-photon sources

l

Second-generation
quantum technologies

0.1

Ultrastrong

j—

-

Deep strong

Higher-order and non-perturbative effects

l

|

* Modified optoelectrics
* Quantum vacuum emission

* Virtual photon engineering
¢ Light—-matter decoupling
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Cavity QED

Cavity quantum electrodynamics (Cavity QED)

Traditional form...

=1

E,; - driving fi eld

wy - driving frequency

g - coupling

K - cavity decay

Y - spontaneous atomic decay
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Cavity QED analogy With on-chip superconducting circuits...
~ 1 cm
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Perot waveguide ~ 200 nm :
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Nonlinear response of the vacuum Rabi splitting
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Mollow triplet
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Mollow triplet

1.5K: 300K

ADC

I l :
Vdri\.re E S
: ||CQ
Vprobe E 1
E Cs
—= Resonator
(90wl ) (55b Cagns

M. Baur, et al, Measurement of Autler-Townes and
Mollow transitions in a strongly driven
superconducting qubit, Phys. Rev. Lett. 102 (2009)

S (1024 W/Hz)

dw/2m (MHz)

O. Astafiev, et al, Resonance fluorescence of a single
artificial atom, Science 327 (2010)
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Autler—Townes doublet or ac Stark effect
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EIT Optical EIT Circuit EIT

= e
2, | e
Qin > Qout
Qin '
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EIT

(a) E (b) DC SQUID
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Autler—Townes doublet & EIT
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Single photon generation
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Transferring quantum information between two stationary qubits via a cavity
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Antibunching

thermal light time

A comparison between different light sources:

(photon bunching)

intensity

T"\N\' g (photon antibunching) |
single photon E HHHH'H” . -
source time time
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Hanbury-Brown Twiss

Vacuum
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Source Splitter
P Photon detector
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Sideband Transition- Entanglement between a qubit and the resonator
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Squeezed states

Amplitude

Amplitude

AxzAp =h/2,
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Quantum Zeno effect

Lamb Shift

Lasing without population inversion
Superradiance

Photon blockade

Quantum jumps

Sisyphus cooling

Coherent population trapping
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