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Abstract: The Rabi oscillations of the exciton of the excited state in single semiconductor quantum dots were investigated by using the
photoluminesence and nano- spectroscopy technique. The population on the excited state oscillated as a function of phase angle of the qubit
were recorded, in which pulse- pairs with the adjustable time delay were used as the excitation. The quality factors of free rotation is about
9.8x10¢ and that of the dynamic rotation is about 18 for the single quantum dot excitonic qubit based on the experimental observations, The
decoherece mechanism of Rabi oscillation stem from the capture processes from wetting layer to quantum dot is also analyzed. The exciton
coherent control and the statistic characteristics of single photon emission in single semiconductor quantum dot are discussed as well.
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Fig. 2 Free rotation of the qubit excited by delayed 1t/2 pulses. (a) and (b)
. Trajectory of the pseudospin vector on the qubit sphere when the
1.3290 1.3276 1.3262 eV free rotation angles are 1r and 2m, respectively. (c) and (e)
1 @) . (b) Populations on the upper level as a function of the free rotation angle
1 (c) in the ranges of 0-2m and 22 0007 -22 002m, respectively. (d)
Envelope of the population oscillation as a function of phase angle.

Fig. 1 (a) The exciton level configuration of a semiconductor quantum dot;

(b) The qubit s
quantum dot.
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(c) Spectral image of the semiconductor
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Fig. 3 (a) and (b) Motion of the pseudospin vector corresponding to input
pulse areas m and 2m, respectively; (c) Population of the upper level
as a function of the input pulse area 6 when 6 increased from 0 to
10T,
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Fig. 4 (a) A schematic representation of the excitons leakage to wetting layer
and captured by excitonic ground state |2 > in this system; (b)
Numerical simulation of population of ground state p, as a function of
input pulse area 6.
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Fig. 5 Experimental evolution of the three - level V system, using single -
pulse (left) and two- pulse excitation (right). (a) y- polarized and (b) x-
polarized PL signal as a function of pulse area, for an excitation
polarization angle /4. The difference PL(y)- PL(x) is plotted in (c). (d)
y-polarized and (e) x- polarized PL signal as a function of pulse area,
using a Tt prepulse with angle 1/2. The temporal delay between the
two pulses was fixed, while the pulse area of the second pulse with
angle m/4 was varied. (f) Difference between the averages of PL(x)

and PL(y).
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