Sequence of Ramsey pulses
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Solution: To describe the dynamics of a two-level atom during a Ramsey cycle let
us consider the general solutions (2.54) for two specific cases. For Q =0, we get

P55 = pn(0)  and P} =p1a(0)  and  pf) =0=pf) = ply = p3 .

Hence,
2) , 3)
paa(t) = ply + P53 € + plye ™" = p2s(0)
~ 2) o 3) — ~ —1
pra(t) = pis + pi e’ + piY e = pro(0)e A
For A =0, we get

psy =3
Py = L1=(1— 2p2(0)) + p12<o> p12(0)]
P53 = L1=(1 — 2p22(0)) — F55(0) + p1(0)]
P15 = L [p1a(0) + p12(0)]
P13 = L1 = 2p22(0)) = 755(0) + f12(0)]
Py = L1 = 2p2(0)) — 51(0) + f12(0)] -
Hence,
paa(t) = pb) + pP et 4 pBe—rt — L _ 11— 2p22(0)] cos Ut + TIm p12(0) sin Q2

(1) (2) 0t

pra(t) = pi5) + pi3 e 4 T e — Re p15(0) + £ [1 — 222(0)] sin Q + 1Im fy2(0) cos Ot .

At the beginning the atom is in pa2(0) = 0 = p12(0). For this case, the equations
simplify to,
poa(t) =5 — 2cosQt  and  pra(t) = LsinQt .

The application of the first w/2-pulse raises the population of the state to p11(0) =
p22(0) = % and the coherence is p12(0) = 5. We now imagine that the laser source is
a little detuned, so little that the population of the coupled state is not affected. But if
A # 0, looking at solutions for Q2 = 0, we find that the Bloch vector begins to precess.
After a time T, il rotated by a certain angle ¢ = TA. After this time, we turn on the
laser a second time and apply a second w/2-pulse. We look now at the solutions for
A =0, using the new starting conditions, pss(0) = l and p12(0) = %e_w,

p2a(t) = 5 +Jm *
pia(t) = Re “;Z +12Jm “; cosQt = Lsing .

ginQt = 1 5+ 2cos¢

That is, we find a phase-dependent oscillation of the excited state population between
0 and 1. Thus, this population, which can be measured experimentally, provides in-
formation about the laser detuning.
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Figure 2.10: (code for download) Ramsey fringes.

Derive the stationary solution of the Bloch equations including spontaneous emis-

sion.


https://www.ifsc.usp.br/~strontium/Publication/Scripts/Figures/LightMatter/LM_Bloch_RamseyFringes.m

