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Introduction n 

Quasi-particless play an important role in physics and form the key to the under-
standingg of many phenomena. The most famous example is found in Landau's 
Fermii  liquid theory, which uses quasi-particles that are 'dressed1 versions of the 
originall  particles in the system. This theory has been very successful in describing 
thee properties of for example liquid He3 and normal metals. Another successful 
theoryy in which quasi-particles play an important role is BCS-theory of supercon-
ductivityy in which the excitations over the ground-state are broken BCS-pairs or 
Bogoliubovv quasi-particles. Both theories show that identification of the correct 
ground-statee and the correct quasi-particle excitations simplifies the description of 
thee physics, and allows an description of the phenomenon with only a few effective 
parameters. . 
Inn fractional quantum Hall systems (fqH-systems) many important aspects of the 
loww temperature and low energy dynamics of the system are captured by a one-
dimensionall  edge theory. In lower dimension new possibilities for the nature of 
quasi-particless open up. Most notably, low dimensional systems can possess quasi-
particless with fractional charge and statistics . 
Thee study of these quasi-particles forms an active field of research. However, an ap-
proachh which describes interactions between two fqH-systems using quasi-particles 
withh fractional quantum numbers has been missing in literature. Until now such 
interactionss were mostly studied within bosonized versions of the theories. In this 
thesiss we will use the quasi-particles with fractional charge and statistics to de-
scribee tunneling between two fqH-systems. 

Thee material in this thesis has been organized as follows. To motivate our choice of 
quasi-particless for fqH-edges, we present some of the general theory of fqH-systems. 
Wee use Laughlin's gauge argument to extract the charge structure of the edge and 
wee use Wen's hydrodynamical picture to find the chiral Luttinger liquid which 
describess fractional quantum Hall edges at simple filling  fractions. We give a short 
introductionn to quasi-particle tunneling experiments and theories. For our purposes 
itt is important that these experiments confirm the statements about the charge of 
thee quasi-particles on the fractional quantum Hall edge. We will conclude that it is 
desirablee to see if a theoretical picture which is closer to the usual interpretation of 
thesee experiments can be constructed. With the existing bosonic description it is 
hardd to decide whether the correlations in a tunneling current between fqH-edges 
cann be accounted for by unusual properties of quasi-particles. 
Thee first step in the direction of a full quasi-particle description of a fqH-edge is 
aa quasi-particle formulation of the thermodynamics of the U(l) conformal field 
theoryy (CFT) which describes an fqH-edge in isolation. We separated this anal-
ysiss in two parts: first, ch. 2, a state counting procedure and secondly, ch. 3, a 
recursivee construction of the partition sum. We will give an explicit derivation of 
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thee distribution functions of edge quasi-particles using the recursive construction 
off  the partition sum. In principle the distribution functions can be obtained from 
thee state counting procedure, but the recursive construction of the partition sum 
seemss to be the more elegant, and the more general method to obtain the distribu-
tionn functions. The chapter on state counting makes an explicit connection with 
literaturee on generalized exclusion statistics and makes clear the conceptual differ-
encee between generalized exclusion statistics and the spectral shift statistics found 
inn r ( l ) -CFT. 
Then,, the second step is to study form factors which describe addition and re-
movall  of edge quasi-particles. We used Jack polynomial technology and explicit 
calculationss with the operator algebra to find information about these form factors. 
Thee third and last step is to combine the form factors with the distribution func-
tionss to obtain the Green's functions needed to describe finite temperature trans-
portt between two edges. This last step we performed numerically for a few examples 
andd for these examples comparison with known exact results shows that the quasi-
particlee approach is very effective. It gives good approximations to the exact result 
takingg into account only one and two quasi-particle processes. 

Ourr results show that, in fractional quantum Hall systems, quasi-particles with 
fractionall  exclusion statistics can be used to do (perturbative) calculations of trans-
portt properties at finite temperature and bias voltages. For many similar quantum 
impurityy problems exact solutions are not available. We expect that our approach 
cann be extended to these problems. 
Onee of the most important lessons from the whole analysis is that it is incorrect to 
thinkk of the fqH-edge quasi-particles as satisfying Haldane's generalized exclusion 
statistics,, which in this context is a too naive generalization of concepts which are 
applicablee to bosons and fermions. Furthermore, it is also misleading to think of 
thesee quasi-particles as an ideal gas satisfying a straightforward second quantized 
description.. Instead it is possible to describe the equilibrium behavior of the col-
lectivee quantum numbers in energy space using distribution functions to indicate 
thee occupation of a collective quantum number. 
Anotherr important lesson learned is about the nature of the quasi-particle statistics, 
forr which we propose the terminology spectral shift statistics. It is a new concept 
off  statistics, which has often been called generalized exclusion statistics because 
itt leads to the same state counting. The reason to make the distinction between 
generalizedd exclusion statistics and spectral shift statistics is that the conceptual 
differencess between the two are reflected in the physics. The need for a form factor 
approachh is immediately clear from spectral shift statistics whereas generalized 
exclusionn statistics is in essence a second quantized description which shows no 
directt need for incorporating non-trivial form factors. 
Yett another important lesson from this analysis concerns the way the non-equilibrium 
behaviorr of twro weakly coupled fractional quantum Hall systems can be described 
withinn the tunneling Hamiltonian approach. The Green's functions in the two sub-
systemss can be constructed from products of the equilibrium distribution functions 
forr the collective quantum numbers with irreducible matrix elements {{ f j}|Ö|{f,} ) 
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off  the operator O = ^^{f)^(f) . For non-interacting fermions the Green's func-
tionn would simply reduce to a Fenni-Dirac distribution, but for non-interacting 
quasi-parr tides satisfying fractional spectral shift statistics the correct expression 
wil ll  be 

<e}r=£<{^ioi{ej)nM^^ (o.i) 
wheree riT(e,) is the distribution function for quasi-particle species i. Although 
thiss expression looks conceptually simple, the evaluation is difficult because the 
calculationss needed to obtain the (irreducible) matrix elements are involved and 
wee have not yet obtained a complete picture of their mathematical properties. 
Thee validity of the quasi-particle approach has been tested in the third step. We 
calculatedd approximate electron Green's functions for the v — ~ fqH-edge. and 
wee did a more complete calculation for a v' =  ̂ theory, which obeys a much 
simplerr algebra. Although the fillin g fraction v' — | is not an allowed fqH-fillmg 
fractionn it provides a useful testing ground for the quasi-particle approach. As we 
mentionedd before, what we found is that taking into account only one and two 
quasi-particlee processes we already obtained very good agreement of the quasi-
particlee approximation with the exact, result. 
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