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Fig. 2. (color online) Experimental setup. LD1, LD2:
795 nm diode lasers (providing the probe and coupling
field, respectively); R: 45°reflectors; A/4: quarter-
wave plates; A/2: half wave plates; PBS: polarization
beam splitters; Cell: Rb atomic vapor cell; PD: pho-

todetector.
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Fig. 3. (color online) Experimental and theoretically
fitted EIT curves for a resonant coupling-field. Red
solid line: fitted for a four-level system; Blue dashed
line: fitted for a three-level system; Black dots: exper-

imental results.
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Fig. 4. (color online) EIT signal (arbitrary units, z-
axis) as a function of coupling-field frequency (MHz,
y-axis) for different probe field detuning frequencies
(MHz, z-axis).
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Fig. 6. (color online) Comparison of the EIT win-

dow’s relative depth calculated for a three-level and
a four-level system for different excited level energy
gaps A’. Black dotted line: three-level system; Other
curves are fitted for a four-level system. The posi-
tion of the maximum relative depth is at the resonance
point in the three-level system. In the four-level sys-
tem, the positions of the maximum relative depth ap-
proaches the resonant frequency point as A’ increases:
A’ = 90 MHz — Ay = 270 MHz, A’ = 180 MHz
— Ag = 270 MHz, A’ = 360 MHz — As = 180 MHz,
A’ =540 MHz — Ay = 90 MHz.
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Abstract
The phenomenon of electromagnetically induced transparency (EIT) in 3Rb atomic vapor is studied in a A-type
of four-level system with the coupling laser frequency detuned from the atomic resonance frequency. We find that
the EIT intensity grows weaker as the coupling laser frequency is detuned from resonance, but the relative depth
of the transparency window increases. The maximum depth appears when the coupling frequency is detuned at about
4180 MHz, not at the resonance frequency. We demonstrate that this is a result of the combined effect of the two excited
states, and present a theoretical analysis based on the four-level system, which agrees quite well with the experimental

results.

Keywords: four-level system, electromagnetically induced transparency, frequency detuning
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