Cavity QED with quantum dots
IN Mmicrocavities

Martin van Exter, Morten Bakker,
Thomas Ruytenberg, Wolfgang Loffler,
Dirk Bouwmeester (Leiden)

Ajit Barve, Larry Coldren (UCSB)

]

Universiteit Leiden



Cavity QED (= Quantum Electro Dynamics)

e Weak coupling: g < {y, k}

@iate coupling: |y < g <k

Cooperativity:

_—

e Strong coupling: | g > {y, k}
(Dressed states)

Now: Quantum dots (artificial atoms)

& micropillar cavities
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Semiconductor quantum dots in cavities

a) Photonic crystal cavity
b) Microdisk cavity

E, near-heid
(d) GoDo00|[0
sie T age 15l Ta

500 a el 1
00 nm n-AlGaAs azimuthal

c)-e) Micropillar cavities

Morten Bakker - Quantum Optics group - University of Leiden




Semiconductor quantum dots in cavities

c)-e) Micropillar cavities

Au-contact

(d) Fibre+DBR

mirrors
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Outline

 Motivation
 Introduction of system: Qdots & microcavities

e Various experiments:
1. Resonant spectroscopy
2. Hysteresis effects & charge memory
3. Coherence measurements

Morten Bakker - Quantum Optics group - University of Leiden



Motivation

Quantum dots (artificial atoms) and micropillar cavities
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Motivation

Quantum dots (artificial atoms) and micropillar cavities
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Towards QD-photon entanglement
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InAs Quantum dots

Artificial atoms
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Artificial atoms
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Voltage control

Voltage control of charge and energy (through Stark effect)
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Micropillar cavities

Small volume (~2um3) and high Q ~30k,

4|

(Maximum Purcell factor = 20)

Oxide
apertu re_

tapered oxidation aperture
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Viewing the aperture

Reflectance at 1064 nm

tapered oxidation aperture
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Sample

~ N-contact
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Setup
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1. Resonant spectroscopy

‘Empty’ cavity:

Scanning
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1.Resonant spectroscopy

QD-cavity coupling
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1. Resonant spectroscopy

QD-cavity coupling
0.707V
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QD-cavity coupling
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QD-cavity coupling

Avoided crossing:
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Conclusion 1: QD-cavity coupling

Avoided crossing:
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* First Polarization degenerate
CQED system!
* Voltage control ~
 Single-photon transistor! i
e Polarization properties

can be observed more easily AFreq (GH2)
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Polarization resolved scans

Neutral QD: (b)
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Transitions are linearly polarized
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Polarization resolved scans

Negative QD:

Crossed-polarizer
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2. Modified lineshapes & hysteris at higher intensities

1pW laser intensity:
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2. Modified lineshapes & hysteris at higher intensities

1pW laser intensity:
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Hysteresis effects

Reflectivity
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Morten Bakker - Quantum Optics group - University of Leiden



Hysteresis effects
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Charges trapped behind oxide aperture

Resonant laser excites charges, trapped by aperture
Electric field over QDs decreases

Oxide
aperture
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Hysteresis: red side

Input: QD blueshift when larger field in cavity
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Hysteresis: red side

Input: QD blueshift when larger field in cavity
1
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Hysteresis: blue side

Input: QD blueshift when larger field in cavity
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Hysteresis: red side

Input: QD blueshift when larger field in cavity
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QD dragging: on which time scale?

Weak probing: Weak probe + pump laser:

Fix probe laser here
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Measuring charge build up and decay

Switch pump ON:

Probe (a.u.)
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Probing charge build-up and decay

Charge buildup: Charge decay:
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+ slow ~15 ms decay
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Probing charge build-up and decay
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Conclusion 2: Hysteresis & charge memory

Hysteresis effects observed at higher power (> 10 pW)
Slow dynamics: time scale O ms

Intriguing power dependence: OPP with =0.35

Most likely cause: carriers trapped at oxide aperture
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3. Coherence measurements
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3.

Coherence around neutral Qdot resonance < 1
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3. Coherence around charged Qdot resonance < 0.05
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3. Phase variations around resonance
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Conclusion

« Quantum dot in microcavity = versatile qguantum system

1. Resonant spectroscopy
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