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Chapter 1IntrodutionMesosopi systems, a rapidly progressing �eld of physial researh in the lasttwo deades, are of inreasing tehnologial and ommerial interest. Semilassialapproximations, i. e. expansions of quantum mehanial equations to leading orderin �h, are appropriate tools for the theoretial desription of these systems in betweenthe mirosopi and the marosopi regime. The validity of these approximationsrequires higher-order �h orretions to be negligible. The inuene of higher-order or-retions is studied theoretially using model systems, and their ontributions are traeddown in experimental data on magnetoondutane.Sine the early days of quantum mehanis the question how the wave approah is relatedto the lassial desription has not been satisfatorily settled. For nearly one entury nowphysiists work with either the lassial or the quantum approah, 'well knowing' in whihases the one or the other theoretial desription is appropriate. Although the generalbelief is that quantum mehanis is the basi theory and that lassial behavior orrespondsto the limit for large systems1, this relation has not been rigorously established. The openquestions onern on the one hand the properties of the transition region between quantummehanial and lassial behavior, the so-alled mesosopi regime. On the other handthe nature of the lassial and the quantum measurement proess is not ompletely learby now.In the present work, only the �rst question is onsidered. Readers interested in morefundamental questions onerning alternative interpretations of quantum mehanis [109℄,onsistent formulations of the measurement proess [116, 102℄, and the problems whiharise when the interpretation of the Copenhagen Shool is applied to marosopi sys-tems [108, 115℄ are referred to the literature. In the ontext of this thesis the standardquantum mehanial desription following the Copenhagen interpretation is assumed tobe exat for arbitrary system sizes, even on lassial length sales.In reent years the rapid development in nanostruture tehnology has triggered inreasinginterests in mesosopi systems. The most remarkable progress has been ahieved in thetehnology of growing and proessing semiondutor heterostrutures. These build the ba-sis of two-dimensional eletron gases (2DEG). Using advaned lithographi tehniques onhigh-mobility samples it has beome feasible to laterally on�ne the 2DEG on size salessmaller than the phase oherene lengths. In these experiments, quantum interferene1Large means in this ontext large quantum numbers.



2 Chapter 1: Introdutione�ets beome relevant. For natural quantum systems like atoms, nulei or lusters only afew (if any) parameters an be ontrolled experimentally. The semiondutor nanostru-tures, in ontrast, an be tailored to very spei� needs and prepared in virtually arbitraryshapes. This new experimental freedom led to the disovery of a variety of novel, oftensurprising e�ets emerging from quantum interferene. Among the most prominent areweak loalization [88, 94, 90℄, quantized ondutane [99℄, universal ondutane utua-tions [93℄ and ommensurability osillations [83, 55, 84, 63, 41℄. The rapid developmentin this area and the ontinued interest from a large ommunity of both theoretial andexperimental researh groups promises exiting new e�ets within the next years.Mesosopi systems, however, are not only hallenging for people in basi researh, butthey also attrat huge ommerial interest. This is mainly evoked by the fat that thestrutures on today's highly integrated semiondutor devies have reahed a sale wherequantum interferene e�ets are no longer negligible. Future development of memoryomponents and logi devies { whih inludes further miniaturization { an be ahievedfollowing two strategies: The �rst approah is to hoose a geometri design of iruits thatstrongly suppresses quantum interferene e�ets. This approah allows the vast existingknowledge about onventional hip design to be transferred { at least partially { to thequantum regime. Another, more innovative strategy exploits quantum e�ets expliitly bythe development of a new kind of eletronis based on interferene. The suess of bothstrategies obviously relies on a detailed understanding of mesosopi physis.Therefore, an appropriate theoretial desription of mesosopi systems is strongly desiredfor basi researh as well as for ommerial appliations. Mesosopi systems generiallyinlude a large number of eletrons, so that aording to the Pauli priniple a huge num-ber of eigenstates of the system have to be determined in a quantum alulation. For thisreason quantum alulations are often prohibitive due to the numerial e�ort involved.Muh of the detailed interferene information, however, is lost in the experimental realiza-tion. This is mainly due to �nite temperature and impurity e�ets whih broaden the linewidths. Semilassial methods provide an alternative approah. In the form applied inthis dissertation, they naturally introdue a hierarhy of energy resolutions. This makessemilassial approximations a well adapted tool for the desription of systems whih aresubjet to �nite temperature and impurity e�ets (see Se. 3 for details on this point). Thesemilassial ansatz onsiderably redues the numerial e�ort involved in the theoretialdesription of mesosopi systems.Formally, semilassial approximations are approximations of quantum mehanial equa-tions in leading order in �h. They yield asymptotially orret desriptions for states withhigh quantum numbers. In pratie, however, even the ground state is usually well repro-dued. For integrable systems the basi ideas for an expansion of quantum mehanis inorders of �h were set up by Wetzel, Kramers and Brillouin [85, 51, 20℄ soon after the formu-lation of wave mehanis. Completely haoti systems, in ontrast, ould not be treatedwith this approah. For those, it took until the late 60's to derive an appropriate formu-lation, the famous Gutzwiller trae formula. This Fourier-like sum has lassial periodiorbits as individual Fourier omponents, so that this theory is also termed periodi orbittheory (POT). This new ansatz led to a revival of semilassial approximations, whihattrated more and more interest. The trae formula was extended to a large variety ofsystems, inluding systems with ontinuous symmetries or mixed phase spae. Analogousformulae were developed for other observables than the level density, e. g. ondutaneand suseptibility.



1.0 3An appealing feature of the trae formula is that it an be expressed in terms of thelassial properties of the system. It establishes as suh a onnetion between the quantumosillations and the lassial dynamis of the system. The POT is therefore not only aonvenient tool alulating the properties of mesosopi systems. It additionally opens upthe possibility of an intuitive interpretation of the observed quantum interferene e�etsin terms of lassial periodi orbits. This often underestimated feature removes the 'blakbox' harater of quantum alulations. An intuitive understanding of the origin of theinterferene e�ets provides a powerful guideline for designing devies with ertain desiredproperties.A entral problem for all semilassial approximations is the question of the range ofappliability. Under whih onditions does the leading order in �h ontain the essentialphysis, and when are higher-order ontributions to be inluded? A possible approah tothis question is to onsider higher-order expansions in �h. There are attempts followingthis ansatz [30℄, but they are both analytially and numerially extremely involved. Theaim of the present work is to examine higher-order �h orretions without loosing themain advantages of semilassial approximations, namely their numerial and oneptualsimpliity. This work therefore onsiders some prominent orretions in higher order of �h,alulates their inuene and gives an intuitive explanation of their origin and strength.The goal is to provide rules based on easily aessible data whether ertain �h orretionshave to be taken into aount. This knowledge is �nally used to desribe the experimentallyobserved features of the magnetoondutane of a mesosopi devie.This thesis is strutured as follows: The �rst part (hapter 4) is dediated to the ex-amination of a model system, the irular disk. Its simpliity will allow quite detailedinvestigations, sine �h orretions an be inluded analytially. The appliability to ex-periment is limited, so that the results are only ompared to the orresponding quantumdata. The seond part of this work applies the semilassial approah to experimentson magnetoondutane. First the free eletron gas is onsidered as a simple example(hapter 6). Later in hapter 7 the hannel with entral antidots is treated exemplarilyfor realisti, and thus more ompliated situations. The merits and limitations of thesemilassial approximation are onsidered, and higher order �h e�ets are examined boththeoretially and in the experimental data.Eah of these two parts is preeded by a hapter providing an overview of the appliedmethods. They give a summary of the relevant literature and present the tehniquesdeveloped in this thesis.The last hapter is both a summary and an outlook, olleting the main results andpointing out open questions whih seem worth further investigations.Please note that, apart from the short setion on the integer hall e�et in hapter 6 thisthesis only ontains information published2 in refereed journals. Whenever possible,please ite the original publiations instead of this work.2Chapter 4 on the disk billiard, inluding the work on the orret implementation of smoothing presentedin Se. 3.4 and Se. 3.2, is ontained in Refs. [4, 5℄. The relation between disloations and bifurations ofthe hannel with antidots of hapter 7 is submitted and available as preprint [6℄, the remaining part ofhapter 7 is presently prepared for publiation [7℄.



4 Chapter 1:Misprints

Before starting out I want to apologize sinerely for all the errors on the followingpages. They somehow found a way to esape my notie. All readers willing to on-tribute to the olletion of misprints are invited to ommuniate their �ndings tomail�joahim-blashke.de. Thanks for your kind ooperation.


