Quantized Light — Matter Interactions

General Problem:
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Dipole Operator:
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2 polarization modes implicit

Pin down atom where /ULICF) =

(3) | E(F) = Et)= %zﬁgz (Gy*G5)




Quantized Light — Matter Interactions

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

2-levelatom ® (1,i)=(1,2):
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Combining (2) & (3):

where %%) :lp‘)/ﬁ—zéz

A

Rabi Freq., note sign convention

2-level atom ® (1,3)=(1,2):

With this notation (4)
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Putting it all together
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We changed the zero point for energy by subtracting
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With this notation
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Energy conservation?
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Putting it all together
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Foundational result for
remainder of course

We changed the zero point for energy by subtracting
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With this notation
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Putting it all together
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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

We changed the zero point for energy by subtracting

H -ﬁwa G+ ﬂcw,,%-f‘ﬁ( %G‘_\(az*aﬁ)
H, Hap




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
— 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 More about Single-mode Cavity QED

— Atom in high- ity ~ Aqa ~ A “\(Ort 0
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For simplicity /ﬁll i, ® %2=5§ =,

— Quantum dot in high-Q

— Rydberg atom in superconducting pw Cavity

— Superconducting qubit in superconducting

MW cavity .
Note: H,. conserves excitation number,

couples 12 n> e[t ne1d

-

Series of 2-level systems, one for each n

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

— Trapped ion with quantized COM motion *)

All 2-level systems are alike
*) Nobel Prize in Physics 2012 Rabi problem!

Switch to Interaction Picture, 6-7 in Notes:
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More about Single-mode Cavity QED
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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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