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Expectation Values in Rotating Frame
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Three-level System in Harmonic Trap
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Hamiltonians
HY = o |1) (1] + wsg [2) (2| Atom energy levels
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Hél\f) = hu <aT(L -+ —) Atom motion in harmonic potential

Atom-light interaction
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Interaction Hamiltonian — Schrodinger Picture
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Amplitude Polarization
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Rotating Frame Hamiltonian
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Rotating Frame - Interaction
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Relevant Frequency Scales

(Near) resonantly driven:

wo2, Wi, Wo1 > A) ['>v >0
wavelength around 600 nm
w ~ 21 - 500 THz
'~ 27 - 10 MHz
AT
v~ 27 -1MHz
0 < 2m-10kHz

Raman (Far off resonance):

W, Wiz > A S wp > >v >0
A ~ 10°T — 10°T




Rotating Wave Approximation
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Motion Dependence — Lamb-Dicke Regime
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Lindblad Dissipation Term — Rotating Frame
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Lindblad Dissipation Term — Rotating Frame
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Trace-preserving terms

Population and coherence decay terms



Three-level Hamiltonian Summary

1

>~ DIL)() = (2010) (0] + 1 1) (1)) pon = 22228 (2) (205 + 512) (20

=i + i ) / \
h 2)

—iMy at+a *x _1Mp at+a N I
=3 (Qpe w(aia) |0) (2] 4 Qe |2) <oy)
h . )
+ 5 (Qeem 1) (2] - Qe |2) (1) V20

1
Hoy— Hp = —ho|1) (1] — RA|2) (2| + hv <aTa + 5)




Matrix Form, No Motion (Carrier Transition)
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Far Detuned (Raman)
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Adiabatic Elimination
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Effectively a two-level system!
Adiabatically eliminated the excited state



Effective Two-level System
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Noteworthy Details
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Differential AC Stark shift
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Differential phase shift
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Scaling: 1/A

Spontaneous emission rate scaling: 1/A2

For good Raman transitions: ¢ High laser intensity
* Large detuning



