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Fig. 1. A double quantum dot detected by a quantum point
contact: (a) The electron occupies the left quantum dot in-
creases the potential barrier of the detector and reduces the
tunneling of electrons in the detector; (b) the electron occu-
pies the right quantum dot reduces the potential barrier of
the detector and increases the tunneling of electrons in the
detector. p; and pur represent the chemical potentials in
the left and right reservoirs of the detector, V' = pj — pr is
the bias voltage of the detector, (2;,- and QZT are the hop-
ping amplitudes between the states E; and E: of the de-
tector for electron in the left and right quantum dots, re-
spectively.
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Fig. 2. Distributions of the average current and the Fano factor versus ¢ for different values of I'y in the dissipative environment:

(a) The average current in symmetric case (¢ = 0); (b) the average current in asymmetric case (¢ = 10A); (c) the Fano factor in

symmetric case (¢ = 0); (d) the Fano factor in asymmetric case (¢ = 104).
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Fig. 3. Distributions of the average current and the Fano factor versus ¢ for different values of I7 in the dissipative environment:
(a) The average current in symmetric case (¢ = 0); (b) the average current in asymmetric case (¢ = 104 ); (c¢) the Fano factor in

symmetric case (¢ = 0); (d) the Fano factor in asymmetric case (¢ = 10A).
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Fig. 4. Distribution of the electron transfer probability versus ¢ for different values of I'y and I} in the dissipative environment,
€ =0: (a) The probability of 0 electron transfer at different values of Iy; (b) the probability of O electron transfer at different
values of I7; (c) the probability of 1 electron transfer at different values of Iy ; (d) the probability of 1 electron transfer at differ-
ent values of I3 ); (e) the probability of 2 electrons transfer at different values of Iy ; (f) the probability of 2 electrons transfer at
different values of I .
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Fig. 5. Distributions of the average current and the Fano factor versus ¢ for different values of I'y in the pure dephasing environ-

ment: (a) The average current in symmetric case (¢ = 0); (b) the average current in asymmetric case (¢ = 104 ); (c¢) the Fano

factor in symmetric case (¢ = 0); (d) the Fano factor in asymmetric case (¢ = 10A).
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Fig. 6. Distributions of the average current and the Fano factor versus ¢ for different values of Iy in the pure dephasing environ-

ment: (a) The average current in symmetric case (¢ = 0); (b) the average current in asymmetric case (¢ = 104 ); (c¢) the Fano

factor in symmetric case (¢ = 0); (d) the Fano factor in asymmetric case (¢ = 104 ).
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Fig. 7. Distribution of the electron transfer probability versus t for different values of I'y and Iy in the pure dephasing environ-
ment, £ = 0: (a) The probability of 0 electron transfer at different values of I'y; (b) the probability of 0 electron transfer at differ-
ent values of I'y; (c) the probability of 1 electron transfer at different values of I'y; (d) the probability of 1 electron transfer at dif-
ferent values of I ); (e) the probability of 2 electrons transfer at different values of I'y; (f) the probability of 2 electrons transfer
at different values of I'y.
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Abstract

We theoretically study the electron transfer properties of a double quantum dot system in dissipative and
pure dephasing environments based on a quantum dot contact detector. Theoretical results show that in the
dissipative environment, the decoherence caused by the detector would increase the stable value of the average
current and Fano factor as functions of time. Meanwhile, we find the existence of the quantum Zeno effect
during the process of dynamical evolution. In the case of symmetric DQD, the relaxation caused by the
dissipative environment would decrease the amplitude of the average current with time evolution and increase
the value of the Fano factor in the long time limit. In the case of asymmetric DQD, the relaxation reduces the
peak value of Fano factor over time. In the pure dephasing environment, we find that the frequent measurement
would hinder the switch between different current channels during the cotunneling process. This results in a
high value of Fano factor. In the case of symmetric DQD, increasing the pure dephasing rate would improve the
value of Fano factor. In the case of asymmetric DQD, the dynamical evolution with time is not sensitive to the
pure dephasing rate. In addition, it is indicated that the transfer probability of electron in the detector is only
affected by the coupling between QPC and DQD. The environments have no effect on the transfer of a single
electron in the detector. Our theoretical results provide theoretical references for experimental researchers to

study the electron transport properties.
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