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Fig. 1. The diagram of the single quantum dot system in
transport process , Feand FEgdenotes two energy levels in
quantum dot, FE; and Er denotes the left and right elec-
trode potentials It (g is the tunneling probability of the left
electron tunneling into the excited(ground) state energy
level, Igg) is the tunneling probability of the excited
(ground) state electron tunneling into the right electron lib-

rary.
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Fig. 2. The ratio of the quantum speed limit time 7qsL/7 varies with the driving time in the initial g state and the superposition
state: (a) The change of the qsy /7 with driving time when the initial state is coherent state; (b)the change of the Tqg/7 with driv-
ing time when the initial state is superposition state ; the left coupling strength parameter {2, = 1, tunneling probability of elec-
trons [y = 0.5.
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Fig. 3. The diagram of the quantum speed limit time ratio 7qsp/7 as a function of left tunneling probability and driving time for a
single quantum dot system: (a) Variation of TqgL/7 with driving time under the influence of left different tunneling probabilities in-
to excited states; (b) variation of 7qg/7 with driving time under the influence of left different tunneling probabilities into ground

states, the left coupling strength parameter 2 = 1, the energy displacement ¢ = 5(2;.
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Fig. 4. The diagram of the quantum speed limit time ratio 7qsr/7 as a function of right tunneling probability and driving time for a
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Abstract

We theoretically study the quantum speed limit (QSL) of the single dot system in dissipative environment
based on quantum dot transport theory and Bures angle metric method. The theoretical results show that in
the dissipative environment, different tunneling probabilities have different effects. The increase of left tunneling
probability has a weak effect on the accelerating capability of the system, due to the Coulomb blocking effect
and quantum coherence. On the other hand, the right tunneling probability has a significant influence on the
accelerating capability of the system, the accelerating capability is promoted with the increase of right tunneling
probability because of the effect of channel blocking and co-tunneling. The increase of energy displacement
promotes the accelerating capability of the system and changes the oscillation frequency of the system, owing to
its taking longer time for the system to evolve to a target state. The effect of the relaxation rate for the
system's accelerating capability is not monotonic, there is an interesting turning point due to the change of
electron layout number. When the relaxation rate is less than this point, the accelerating capability of the
system will oscillate. When the relaxation rate is higher than this point, the change of accelerating capability is
monotonically suppressed by the relaxation rate. In general, the increase of the relaxation rate weakens the
acceleration capability of the system. Our results provide theoretical reference for studying the QSL time in a

semiconductor device affected by numerous factors.
Keywords: quantum speed limits, quantume transport, dissipative environment, single quantum dots
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