





Experimental advances in the

optical spectroscopy of carrier spin noise

Dissertation

presented to the Faculty of Physics of the
TU Dortmund University, Germany, for partial fulfillment
of the requirements for the academic degree of

Dr. rer. nat.

by

Philipp Glasenapp

technische universitat
dortmund

Dortmund, July 2016



Accepted by the Faculty of Physics of the TU Dortmund University,
Germany.

Day of the submission: 21th July 2016
Day of the disputation: 16th September 2016

Examination board:

Prof. Dr. Manfred Bayer
Prof. Dr. Metin Tolan
Prof. Dr. Joachim Stolze
Dr. Jorg Debus



Berichte aus der Physik

Philipp Glasenapp

Experimental advances in the

optical spectroscopy of carrier spin noise

D 290 (Diss. Technische Universitit Dortmund)

Shaker Verlag
Aachen 2016



Bibliographic information published by the Deutsche Nationalbibliothek
The Deutsche Nationalbibliothek lists this publication in the Deutsche
Nationalbibliografie; detailed bibliographic data are available in the Internet

at http://dnb.d-nb.de.

Zugl.: Dortmund, Technische Univ., Diss., 2016

Copyright Shaker Verlag 2016

All rights reserved. No part of this publication may be reproduced, stored in

a retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, without the prior permission
of the publishers.

Printed in Germany.

ISBN 978-3-8440-4935-0

ISSN 0945-0963

Shaker Verlag GmbH ¢ PO.BOX 101818 * D-52018 Aachen

Phone: 0049/2407/9596-0 ¢ Telefax: 0049/2407/9596-9
Internet: www.shaker.de ¢ e-mail: info@shaker.de



Contents

Motivation

1 Fundamentals
1.1 Magnetic properties of angular momentum . . . . . . .. ... ... ... ..
1.2 Theelectron spin . . . . . . . . . . L
1.3 Spin interactions . . . . . . . . . . ..
1.4 1III-V compound semiconductors and nanostructures . . . .. .. .. .. ..

1.5 Summary . . . . ... e

2 Theoretical considerations on carrier spin noise
2.1 Ensemble spinnoise . . . . .. . ... ...
2.2 Faraday rotation noise . . . . . ... ... Lo
2.3 Polarimetric detection . . . . . . . ... .. L

2.4 Summary ...

3 Basic experimental setup
3.1 Optical setup . . . . . . . . L
3.2 Sample environment . . . . . ... L
3.3 Polarimetric setup . . . . . . ..o
3.4 Power spectrum computation . . . . ... ..o 0oL
3.5 Time lapse of a spin noise measurement . . . . . . . . .. .. ... .....

3.6 Summary . .. ... e

4 Investigations on self-assembled semiconductor quantum dots
4.1 Supplemental section . . . . . . . ..
4.2 Spin dynamics and modeling . . . . . ... Lo Lo
4.3 Experimental settings and sample characterization . . . . . ... ... ...
4.4 Results and discussion . . . . . . ...
4.4.1 Spin noise in zero magnetic field . . . . .. ..o oL
4.4.2 Long-term carrier spin relaxation . . . . . . . .. ... ... ... ..
4.4.3 Spin noise in transverse magnetic fields . . . . .. ... ... L.
4.4.4 Spin noise in longitudinal magnetic fields . . . . . .. ... ... ..

4.5 Summary ... oL e

5 Investigations on n-type bulk GaAs

5.1 DPolarimetric extinction . . . . . . . . . . L

11
15
20

21
21
25
29
32

33
33
35
36
37
39
40

41
42
43
47
50
50
56
o8
62
68

69



5.2  Supplemental information on n-type bulk GaAs . . . . . .. ... ... ... 73

5.3 Sample properties and experimental settings . . . . . . .. . ... ... ... 75
5.4 Results and discussion . . . . . . .. ..o 76
5.4.1 Performance of the standard polarimetric geometry . . . . . . . . .. 76

5.4.2 Measurements with the attenuated standard geometry . . . . . . .. 80

5.4.3 SNR enhancement using strong polarimetric extinction . . . . . . . . 81

5.4.4 Wavelength dependent measurements . . . . . .. ... ... .... 83

5.5 SUMMATY . . . . o oo e e e e e e 85

6 Investigations on atomic vapors 87
6.1 Supplemental section . . . . . .. .. Lo L L 87
6.2 Experimental details and RF setup . . . . . ... ... ... ... ..., 90
6.3 The dressed-atom model . . . . . .. .. oL L L L 92
6.4 Equilibrium spin noise spectrum . . . . . ... ..o oL 94
6.5 Results and discussion . . . . . . .. .. Lo L L L 95
6.5.1 The RF sweep experiment . . . . . . . .. ... ... ... ... 95

6.5.2 On-resonance experiments . . . . . . . . . . ... ... ... .. 96

6.5.3 Discussion of the dressed-atom model . . . . . . .. ... ... ... 99

6.5.4 Second-order anticrossings . . . . . . . . . ... ... 107

6.5.5 The AC-Zeeman effect . . . . . . . . . ... ... ... 115

6.6 Summary . . . . ... e 118
Conclusion 119
Bibliography 121
Symbols, natural constants and abbreviations 129
List of Figures 133
List of Tables 135
Publications 137

Acknowledgments 139





