Particle-Number-Conditioned Master Equation and Its

Application in Quantum Measurement and
In Quantum Transport

Xin-Qi Li (ZE#HE)

Dept. of Physics, Beijing Normal University

Collaborators

J.S. Jin, and J.Y. Luo (HKUST & CAS)

F. Li, S-K Wang, and H.J. Jiao (CAS)

Prof. Y.J. Yan (HKUST)

Prof. S.A. Gurvitz (Weizmann Institute of Science )
Prof. W.M. Zhang (Cheng Kong Univ., Taiwan)



Outline:

Master equation approach to quantum transport

Quantum measurement of solid-state qubit
- Example: SET detector, signal-to-noise ratio, etc

Quantum transport
- Current fluctuation, full counting statistics
- Example: double-dot interferometer
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Full counting statistics @
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Gurvitz: PRB 56, 15215 (1997)
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FIG. 1. The crowit of a qubit and a SET used as a meter.
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Continuous weak measurement of quantum coherent oscillations
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K-A bound:

1) Itisshown that the interplay between the
Information acquisition and the backaction
dephasing of the oscillations by the detector
Imposes a fundamental limit, equal to “4”, on
the signal-to-noise ratio of the measurement.

2) The limitis universal, e.g., independent of
the coupling strength between the detector and
system, and results from the tendency of
guantum measurement to localize the system
In one of the measured eigenstates.
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Linear Response Theory:
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Smax = Ag/(Qr) — EQAQ/SQ
A=-2Im3,, Ih

H2\2 = 4(11115(_.21)2 < 4‘SQI|2 < 45@’51

R = Smax / Sr <4

The two conditions needed to reach
the “Heisenberg efficiency”:

(G_’..) RESQI — 0, (b) ‘SQIF — SQSI.

They indicate no lost information either through
(a) phase or (b) energy averaging
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H.J. Jiao et al, “Weak Measurement of Qubit Oscillations with Strong
Response Detectors: Violation of the Fundamental Bound Imposed on
Linear Detectors”, Phys. Rev. B 79, 075320 (2009)
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Understanding the violation of Korotkov-Averin bound

1(t) = al, () +bl (1)

(110)): St =(1.(1)1:(0)+ 1, (1)1.(0))

Cross correlation function

A. N. Jordan and M. Buttiker, Phys. Rev. Lett. 95, 220401 (2005).



XIABRS e ARG R, TAT RS

200
800 A B
0 1150
3 600
— B
- : 1100
2 400}
f —
o _
1
N 200l \_JL {50
5 10 15 205 10 15 20

o/T w/I”



= 13015 73 E I A



K. Ensslin & A.C. Gossard etal, PRL 96, 076605 (2006)

| Counting Statistics of Single Electron Transport in a Quantum Dot |
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Bidirectional Counting
of Single Electrons

Toshimasa Fujisawa,™** Toshiaki Hayashi,® Ritsuya Tomita
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Quantum Transport through Parallel Quantum Dots
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Buttiker, PRL 57, 1761 (1986)

Based on current conservation and time-reversal invariance, the Onsager
relation, say, the symmetry relation of transport coefficients under

inversion of magnetic feld, will lock the current peaks at ..., for any two-
terminal linear transport.



Harmonic Analysis
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Strongly super-Poissonian fluctuations, giant Fano factor

SR(LU) =
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We have investigated the noise properties of the tunneling current through vertically coupled self-
assembled InAs quantum dots. We observe super-Poissonian shot noise at low temperatures. For increased
temperature this effect is suppressed. The super-Poissonian noise is explained by capacitive couplin
Wtacks of quantum dots.
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Summary

Master equation approach to quantum transport

Quantum measurement of solid-state qubit
- Example: SET detector, signal-to-noise ratio, etc

Quantum transport
- Current fluctuation, counting statistics
- Example: double-dot interferometer
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