Quantized Light — Matter Interactions

Putting it all together

a oY A

‘{'H&’f“ HAF = (5)

A=
%&% gl p Ao Sy 28(g3 S, At 955 ag)

Foundational result for
remainder of course

We changed the zero point for energy by subtracting
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Interaction with Single-mode Fields

Good approx. in small, high-Q Cavity

Gaussian beam mode
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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
— Rydberg atom in superconducting pw Cavity

— Superconducting qubit in superconducting
KW cavity

— Superconducting qubit in superconducting
uw stripline cavity (circuit QED)

— Trapped ion with quantized COM motion *)

*) Nobel Prize in Physics 2012
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Paradigm for spin-1/2 coupled to QHO
— Atom in high-Q cavity *)
— Quantum dot in high-Q
— Rydberg atom in superconducting pw Cavity

— Superconducting qubit in superconducting
MW cavity

— Superconducting qubit in superconducting
uw stripline cavity (circuit QED)

— Trapped ion with quantized COM motion *)

*) Nobel Prize in Physics 2012

More about Single-mode Cavity QED
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Note: H,. conserves excitation number,
couples 12 n> e[t ne1d
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Series of 2-level systems, one for each n

All 2-level systems are alike
Rabi problem!

Switch to Interaction Picture, 6-7 in Notes:
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RWA and resonant approximation
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Cavity QED version of the Rabi Problem
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Cavity QED version of the Rabi Problem
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Looks exactly like Semiclassical Rabi problem
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Rabi Oscillations
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Rabi Oscillations

Example: A=0

Vacuum Rabi Oscillations

If 1%(0)> = [2,0> ®» no photons in field
yet |12 0> evolvesinto 11,1

Uniquely QED phenomenon!

12,n=0Y — 11 n=1>
Asymmetry
[11=0>— 11 n=0>

holds germ of Spontaneous Decay
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Vacuum Rabi Oscillations

If 13(0)> = [2,0> B no photons in field
yet |12 0> evolvesinto 11,1

Uniquely QED phenomenon!
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Asymmetry
[11=0>— 11 n=1>

holds germ of Spontaneous Decay

Next: More Cavity QED

2-level atom
@
A

Single cavity mode

What happens with a Coherent State
in the Cavity mode?

(Quantum-Classical correspondence)

Initial atom-field state:
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Next: More Cavity QED
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2-level atom

Single cavity mode

What happens with a Coherent State
in the Cavity mode?

(Quantum-Classical correspondence)
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Therefore uncoupled — Poisson weighted average of sinusoids
/ — Sinusoids gradually dephase over time
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— Poisson weighted average of sinusoids
— Sinusoids gradually dephase over time
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Collapse of oscillation amplitude

P(n) Frequency domain
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— Poisson weighted average of sinusoids

— Sinusoids gradually dephase over time

~-

Collapse of oscillation amplitude

P(n) Frequency domain
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Rephasing: when (-0 )£, = 1Twm

Similar arguments -> Revival time
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Use An=Vn ® Af~ A —~A8D; &
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Rephasing: when (-0 )t = 1Twm

Similar arguments -> Revival time
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Collapse & Revival Dynamics
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Pure Quantum Phenomenon

(“graininess” of photons)
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