Raman Coupling in 3-level Atoms

Raman Coupling in 3-Level Systems

Consider an atom with this 3-level structure
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Rotating Wave Approximation.
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Rotating Wave Approximation.
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This S.E. has no explicit time dependence
Easy to solve numerically...
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We consider the relative magnitude of (A) & ()
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We consider the relative magnitude of (4) & (3)
(1) Let Rabi freqs be of the same order, Y, ~ X, ~ X
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(5) Finally, the last term < -e-A'—- can be ignored

because it averages to zero on the timescale
on which /61 , &, evolve,

Note:

The ground state amplitudes evolve slowly
Because X,/A,¥,/A 4«1, while the excited
state amplitude evolves fast and adiabatically
follows the instantaneous values of ,(91 Ay

Plug the solution for.b, (£) into the egs. for ,61,,(”;3
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(5) Finally, the last term « %— can be ignored

because it averages to zero on the timescale
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Note:
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We simplify by making a final change of variables
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Physical Discussion: We have an effective 2-level
atom with effective Rabi Frequency and detuning.
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Note that ) ~ X/ while the excited state population
(p X/i This means that for large X /\ we can have
large Vo and no opportunity for spontaneous decay.
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Coherent Rabi oscillations and long lived
superposition states
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We simplify by making a final change of variables
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Physical Discussion: We have an effective 2-level
atom with effective Rabi Frequency and detuning.
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Note that \  ~ X/ while the excited state population
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Note also: The effective Raman detuning is shifted.

HW Set 2: Dressed-states of a 2-level atom
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Final note: The atomic dipole (/ﬁ} will have

components that match the frequency and
polarization of both driving fields, with
amplitudes that depend on both fields.
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Non-Linear wave mixing,
Breakdown of superposition principle
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Note also: The effective Raman detuning is shifted.

HW Set 2: Dressed-states of a 2-level atom
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Final note: The atomic dipole (x@) will have

components that match the frequency and
polarization of both driving fields, with
amplitudes that depend on both fields.
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Breakdown of superposition principle

Example: Velocity dependent Raman Coupling
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co-moving frame Raman detuning
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Applications:

— Doppler velocimetry
— Raman Cooling by velocity selective
momentum transfer

— What if we apply a 7/5. Raman pulse?
— Atom Interferometry



