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Exercise 14 The Dark state in a Λ-system

Let us consider three-level system consisting of the two low-energy states |g1,2〉 and the
high-energy state |e〉, see Fig. 1.

Figure 1: Scheme of atomic states in the Λ-type three-level system. Here

Ω1,2 = 1
~

∣∣∣~deg1,2 ~E1,2(t)
∣∣∣ are the Rabi frequencies and ∆1,2 = ωeg1,2 − ω1,2 are the corre-

sponding detunings.

a) Within the rotating-wave approximation, derive the Hamiltonian, which describes
the time dynamics of the Λ-system, Fig. 1, interacting with the two electric fields

~E1,2 = ~E1,2(t) cos(ω1,2t+ ϕ1,2) .

For simplicity, we can take Ee = 0 and the diagonal matrix elements ~dk,k = 0 with
k = e, g1, or g2.

(2 points)

b) By making the linear transformation, reduce the Schrödinger equation for the coef-
ficients ce, cg1 , cg2 of the state vector

|ψ(t)〉 = ce(t) |e〉+ cg1 |g1〉+ cg2 |g2〉

to the form
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with ∆̃1,2 ≡ ∆1,2 + ϕ̇1,2.



Find the condition under which the Hamiltonian ĤΛ has an eigenvalue independent
of Ω1,2 and obtain the corresponding eigenvector in terms of |e〉, |g1〉, and |g2〉 state
vectors.
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