Optical Detection of Quantum Do
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1. Motivation

Optical measurements Transport mea
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2. Sample and set-up

surements Conduction band structure

m Resonance fluorescence (RF) = Characterization of tunneling processes

of a single quantum dot (QD) in a single Q
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Is it possible to observe every tunneling
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m Si-doped GaAs as charge reservoir T
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m QD can be charged with single charge = Charge reservoir[ |
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single self-assembled QD?

cumulants [3]

3. Quantum jumps of single electron tunneling

m Resonance fluorescence of the fine-structure
splitted exciton

m [ime-resolved RF of the Exciton (X) while an electron
tunnels into the QD
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m Nuclear spin polarization in an magnetic field
m Stabilization of the resonant excitation on the
exciton transition
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5. Counting statistics
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m [he electron in the QD switches the resonance
fluorescence signal off and on

m \We observe quantum jumps of the electron tunneling
iInto and out of the dot

m Time-resolution: 100 us

and spin relaxation
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6. Conclusion

Optical measurements of the electron tunneling dynamics

m Single-electron tunneling events (quantum jumps) in a RF
telegraph signal

m Full counting statistics demonstrates Sub-Poissonian
distribution for equal tunneling rates

m Factorial cumulants enable to observe the spin dynamics
In an equilibrium charge measurement
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4. Tunneling rates

Tunneling rates as
probability distribution in a
100 ms time interval (from
the telegraph signal)
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m Tunneling rate into the QD
exceeds the tunneling rate for
electron tunneling out of the
dot by a factor of two, due to
spin degeneracy [4]
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m Factorial cumulants in a three-state model with spin relaxation v,
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