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Problem to understand:

Cold elections moving on a surface in a perpendicullar
magnetic Peld.

(+disorder)

» Groundstate and v energy excitations
determine eerything.

What are they?
Is the system gapped?



ONE ELECTRN IN A MAGNETIC FIELLB

(two dimensions)
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(within a Landau level)
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The crucial parameter!



Fixed area per state  (one state per flux quantum "o = hc/e)

empty one electon state

0 Plled one electyn state

IQHE ' =1 FQHE ! = 13
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(Real samples much bigger)
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incompressible liquid

degenerate states



Our approach:a one-dimensional we

(and a solvable limit)

Consider sample with lenghtsLi, L2

Two dim electron gas L, choose

/ (OLandau gauge!

Lo
Each electrn state has ked area Q

(any shape is OK)




One-dimensional lattice model

Lo
Each ba is either empty O or blled 1
Ly i 2y 1 (xl k22
y !kwe'kLlye' (x.kLl)/2
l x (Landau gauge)

100110001000010 A possible state at v = 1/ 3

Hamiltonian(ee-interaction) (eg Coulomb V(r)=¢’/r)  No kinetic energ!

1.0...0.1!" 0O.1..1.0 Vk,m (all ee-terms that preserve position of CM)
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Exact maping of a single Landawead



ldeaphysics as; varies
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Experimental situation

(we claim)



Exact solution Paper 11, VI

Hopping 1..0.....0..1 — 0..1.....1..0 makes gound state complicated.

But, whenL,; " O
hopping vanishes and grdlectiostatic repulsion emains:1......1

This is a simple classical electrostatics problem!

States with electyns in bPed positions a& the energ eigenstates -
groundstate obtainedypseparating the eleains as mch as possible:

Unit cell
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At v = p/g ground state I9 T-state withp electrons in unit cell of length.
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oapped crystal’



Excited statesfractional charge asL* o
v=1/3
Quasielectons with charge -e/3 arobtained ly inseting al0:

10010010100100100100100100 ayrndstate

100100.0100100100100100100 -e/3
(domain wall separating degenerate groundstates)

Charge determinedyp Su-Schriegf® counting argument:
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1
= e =1 ¢e/3

(At! = plq, quasiparticles with charge € = +elq)



Paents and daughters - the hieidy aisane 3 Hapern 84)

Add mary quasielecons10to 1/3, lowest enery states: Peper I”’V’V”
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The obsewred states:

stability !é!

@ States observed by
Pan et al (2003)
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Stability ~ 1/g agres with experiment



Going to the bulkz " # —the crucial question

TT-states 100...develop smoothy into bulk QH-states

@ Same qualitate/properties (gap, quasiparticles, ...)
@ Proven br Laughlin states assuming pseudopotential interaction

@ New unique bulk wee function br any state that is obtainedyb
success® condensation of quasieleof¥s.  (conformal field theory construction)

PQ)er V, VII, VIII ©  GivesTTstatesas L" 0

O  Gives Laughlin/Jain wave functions where these exist
©  Supported by numerics for simplest non-L/| state ! = 4/11

O  Same structure from a different perspective

@ Numerical studies (exact diagalization and DMRG)

@ Overall pictue. (Read the thesis.-) )



Non-abelian statesioore-Read pfafban K
Paper IVIX

Supposedidescribes the! = 5/2 (! 1/2) state

(Moore and Read ‘91,
Greiter, Wen and Wilczek ‘9 1)

Six gound states

101010101010101010101010  Three-body interaction-—-ner three
110011001100110011001100 electrons on bur sites

OHa quasiholes as domain walls
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mp c*=c/4



Gapless states B=1/2

Paer LI, VI

@ TT-state 10101010.ground state whenL " 0 (has a gap )
But: metallic, ie gapless state as L " # @v};j;f (experiment & theory) 7|
’ (Jiang et al ‘89, Halperin, Lee and
Read 93)

@ Phase transition to gdess state at Pnite

- exact solution dr ggpless state (valid at small but finite L)

Leading terms => free neutral particles inl D

/ o
SR e

composite €rmions!? * °

@ Corrections =p» Luttinger liquid (RG and numerics)



Towards the bulk..(L

Bulk state belieed to be described ypthe Rezgi-Read wee function

A

1 Ofee 2d compositedrmionsO g;@ lg (Rezayi and Read '94)
¥ U
Exact diagnalization:
Smooth transitions
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Solvable! Solvable!
Luttinger liquid



Conclusions

The quantum Hall pblem is exacyl solvable in a limit
that accommodate the rich structarof the system.

The solutions a& smoothy connected to the
experimental egime

(Conformal Peld theoy construction gigs pomising wae functions
for the bulk.)




