Contents

Abstract i
Zusammenfassung it
Contents v
1 Introduction 1
1.1 Anomalous dynamics . . . . . ... ... ... 1
1.2 Critical dynamics at phase transitions . . . . .. ... ... ..... 4
1.3 The dissipative central spinmodel . . . . . .. ... ... ... ... 7
1.4 Outlineof thisthesis . . .. ... ................... 9

2 The quantum dot central spin model 13
2.1 Semiconductor quantumdots . . . ... ... ... ... ...... 13
2.2 The central electronspin . . . . . ... ... .. ... ... 15
2.2.1 Electron Zeeman interaction . . . . . .. . ... ... .. .. 15

2.2.2 Continuous wave laser excitation . ... .. ... ... ... 16

2.2.3 Periodic pulsed laser excitation . . ... ... ........ 19

2.2.4 Dissipation by spontaneous emission . . .. ... .... .. 23

2.2.5 Electron master equation in the absence of nuclear spins . . 24

2.3 The nuclear environment . . . . . .. ... ... .. ... ... ... 26
2.3.1 Nuclear Zeeman interaction . ... .............. 26

2.3.2 Dipolarinteractions . . . . . . ... ... ... . ... ... 27

2.3.3 Quadrupolar interactions . . . . . . ... ... ... ... .. 27

2.3.4 Collective nuclear spinstates . . . . ... ... ....... 28

2.4 The electron—nuclei interactions . . . . ... ... ... ... ... 31
2.4.1 Hyperfine interaction . . . . .. .. ... ... ... 32

2.4.2 Non—collinear interaction . . . . . .. ... ... ... .... 38

2.5 Coupled dynamics in the quantum dot spin system . . . .. .. .. 39
2.5.1 Electron spin decoherence . . . .. ... ... ..... ... 39

2.5.2 Dynamic nuclear polarization . ... ............. 43

2.5.3 Summary of electron-nuclei feedback discussed in this thesis 45

3 Nuclear spin cooling using Overhauser field selective coherent pop-

ulation trapping 49

3.1 Motivation . . . . .. .. ... L 49

3.2 Driven-dissipative electron-nuclei system . . . . .. . ... ... .. 51

3.3 Description of the coupled electron-nuclei dynamics . . . . . .. .. 53

33.1 Derivations . ... ... ... ... . ... ... ... ... 53

3.3.2 Qualitative description of the coupled dynamics . . . . . . . 59

v

Issler, Mena Elisabeth 1988- (DE-588)1084611384 digitalisiert durch

Anomalous and critical dynamics in a dissipative ... IDS Basel/Bern, im Auftrag der

2015 Schweizerischen Nationalbibliothek



Contents

3.4 Nuclear spin cooling and spectroscopic signatures . . ... ... ..

3.4.1 Homogeneous hyperfine coupling . . . . ... ... .....

3.42 Inhomogeneous hyperfine coupling . . . . ... ........

3.4.3 Suppression of T; decoherence . . . . . .. .. ..... ...
3.44 Spectrum and density of states of the generalized Over-

hauser field . . ... ... ... ... .. ... .. .. ...

3.4.5 Generalization to multiple nuclear spin species . . . . . . . .

3.4.6 Nuclear spin decoherence . . . . . . ... ... ........

3.5 Anomalous nuclear spin diffusion . . ... ... ... ... ..., .

36 Conclusion. . .. ... ... .. ... ... ... .. ... ...

4 Real-time monitoring of Lévy flights in a single quantum system

4.1 Introduction . . . ... .. ... . ... ...
4.2 System . . . ... .. e e
4.3 Periodic optical excitation of the electron . . . . . .. ... ... ..

431 Derivations . . ... .. ... ... ... ...
4.4 Coupled electron—nuclei dynamics . . . . . ... .. ... ......

4.4.1 Schrieffer—-Wolff transformation . . . .. ... .. ... ...
4.5 Lévy flights in the nuclear environment . . . . . ... ........
4.6 Real-time monitoring of the Lévy flights . . . . ... ... .. ...
4.7 Limitations of thescheme . .. ... ... ... . ..... . ....

4.7.1 Modified trapping time distribution . . . ... ... ... ..

4.7.2 Physical origin of the limitations . . . . ... .. ... ...
473 Electrondephasing . . . .. ... ... . ... ... ...
4.7.4 Imperfect laser polarization . .. ... ......... ...
4.7.5 Intrinsic limitation . . ... ... .. ... ..........

4.7.6 Displaced echosequence . . ... ... ............
4.8 Conclusion andoutlook . . . . ... ... ... ...... . ...,

5 Signatures of a dissipative phase transition controlled by a single

quantum system

5.1 Introduction . .. ... .. ... ... ... . ... ... ... ..

5.2 System . . .. .. e

5.3 Master equation for the spin environment . . . . ... ... ... ..
5.3.1 Adiabatic elimination of the excited central system state . .
5.3.2 Adiabatic elimination of environmental spin coherences . . .
5.3.3 Tracing over the degrees of freedom of the central spin

5.4 Signatures of criticality . . . . . .. ... ... .. L L.
5.4.1 Realization in quantumdots . . . . . ... ... ... . ...
5.4.2 Phase characterization by dynamic nuclear polarization . . .
5.4.3 Continuous change in the dynamic nuclear polarization . . .
5.4.4 Evolution of the nuclear distribution . . ... ... ... ..
5.4.5 Multiple nuclear species . . . .. ... .... ... ...,
546 Spectralgap . . . . . .. .. e
54.7 Thermodynamic limit . . . . . .. . ... . ..... . ... .
548 Constant hyperfine coupling . . . . . .. ... ... .. ...

5.5 Conclusion andoutlook . . . . ... ... ... .. ..........

6 Conclusion and outlook

vi

111



Contents

List of figures 147
Curriculum vitae 152
155

Acknowledgments

vii



	vtls001805683 [TOC]
	Inhalt
	Seite 1
	Seite 2
	Seite 3



