Quantum States of the Quantized Field

Coherent States from

Classical Dipole Radiation Recall from Semi-Classical Laser Theory
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Quantum States of the Quantized Field

Squeezed States

Minimum uncertainty states w/assymmetry
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Phase Squeezing

Amplitude Squeezing

Requires interaction with Nonlinear medium




Quantum States of the Quantized Field

Odds and Ends — Thermal States
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Optical Frequencies, Room Temperature:
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Quantum States of the Quantized Field

Odds and Ends — Quantum-Classical
Correspondence

Define a Translation Operator
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Validates Semiclassical Optics
for strong Coherent Fields!






Quantized Light — Matter Interactions

General Problem:

Quantum
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Electric Dipole
Interaction

Quantized Modes
Of EM Field

Starting Point: System Hamiltonian
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Quantized Light — Matter Interactions

Dipole Operator:
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Combining (2) & (3):
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Rabi Freq., note sign convention

2-level atom ® (1,3)=(1,2)
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Quantized Light — Matter Interactions

Combining (2) & (3): With this notation (4)
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Quantized Light — Matter Interactions

With this notation (4)
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Foundational result for
remainder of course

We changed the zero point for energy by subtracting




Quantized Light — Matter Interactions

With this notation (4)

Yoo A a A A a A a}
Hae= ’@% (9307 O + S5ty + 38007+ 958 )
Energy conservation?

P
HAF = 7&% (92&.{.5(2 +9£€: 5%\

Putting it all together

a " A

+H&+ HAF = (5)

50
> fwg azam‘—ﬁ“u%‘* ZHSJ&W 0595 Oy)
e

Interaction with Single-mode Fields

Good approx. in small, high-Q Cavity

Gaussian beam mode
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Single-mode (Jaynes-Cummings) Hamiltonian
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Quantized Light—Matter Interactions

Interaction with Single-mode Fields

Good approx. in small, high-Q Cavity

Gaussian beam mode
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Single-mode (Jaynes-Cummings) Hamiltonian
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Paradigm for spin-1/2 coupled to QHO
— Atom in high-Q Cavity *)
— Quantum dot in high-Q Cavity
— Rydberg atom in superconducting pw Cavity

— Superconducting qubit in superconducting
pw Cavity

— Superconducting qubit in superconducting
puw stripline Cavity (Circuit QED)

— Trapped ion with quantized COM motion *)

*) Nobel Prize in Physics 2012



