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Selected Topics in the Physics of
Quantum Hall Systems

John Chalker, Oxford University
Lecture One: Overview of the integer and factional
quantum Hall effects '
Plateau transitions as quantum critical points

The Laughlin wavefunction and fractionally charged

quasiparticles

Lecture Two: Broken symmetries in quantum Hall
systems

Stripe and bubble phases

Quantum Hall ferromagnets and Skyrmions

Bilayers

Seminar: Transport between coupled quantum Hall
edge states in multilayer samples

Multilayer samples and the Quantum Hall effect in 3D

Interaction and disorder effects in coupled edge states
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Direct observation of a
fractional charge

R. de-Picciotto, M. Reznikov, M. Heiblum, V. Umansky,

@. Bunin & D. Mahalu

Braun Center for Submicron Research, Department of Condensed Matter Physics,
Weizmann Institute of Science, Rehovot 76100, Israel
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Lecture I: Summary

Integer quantum Hall effect

- plateau transition as quantum phase transition

Fractional quantum Hall effect:

- Laughlin wavefunction and fractionally-charged
quasiparticles

Omissions:

Neutral excitations

Composite fermions

po=1/2

Topological order

Fractional quantum Hall edge states . ..



Lecture Il: Broken symmetries in
quantum Hall systems

Stripe and bubble phases

What takes the place of the FQHE in high Landau levels?

Quantum Hall ferromagnets and skyrmions
Electron spin as a degree of freedom

Charged quasiparticles with large spin

Bilayers
Spontaneous interlayer phase coherence

Excitonic superfluidity
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PHYSICAL REVIEW B VOLUME 19, NUMBER 10 15 MAY 1979

Two-dimensional electron gas in a strong magnetic field

\ H. Fukuyama _
The Institute for Solid State Physics, The University of Tokyo, Tokyo, Japan

P. M. Platzman and P. W. Anderson*
Bell Laboratories, Murray Hill, New Jersey 07974
(Received 15 May 1978; revised manuscript received 29 December 1978)

Some interesting properties of the phase diagram of a two-dimensional electron gas are calculated within
the framework of Hartree-Fock piciure. We find that the system is unstable to the formation of a charge-
density wave at temperatures well above the classical Wigner solid transition temperature.

[. INTRODUCTION

wmomszwgmnm:mmUmm:mmwmmﬁammyomgﬁmammﬁ
in the properties of quasi-two-dimensional elec- .
tron gases, ¢ *
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VOLUME 74, NUMBER 235 PHYSICAL REVIEW LETTERS 19 JuNE 1995

Optically Pumped NMR Evidence for Finite-Size Skyrmions in GaAs Quantum Wells
near Landau Level Filling » = 1

S. E. Barrett,* G. Dabbagh, L. N. Pfeiffer, K. W. West, and R. H%o_mc,f

AT&T Bell Laboratories, 600 Mountain Avenue, Murray Hill, New Jersey 07974
(Received 19 December 1994)
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Lecture Il: Summary

Ordering in high Landau levels

Crystallisation vs Laughlin states

Exchange energy and spin ordering
Spin textures and charge density

Topological excitations

Bilayers

Pseudospin order/exciton condensation



Seminar:
Interactions and Transport Between
Coupled Quantum Hall Edge States

Joe Tomlinson (Oxford)
J-S Caux (Amsterdam)
John_Chalker (Oxford)

Outline:
Edge states in multilayer quantum Hall systems
- Overview of experiments

Theory for coupled edge states in multilayer systems

Past work on multilayer quantum Hall systems and chiral metal:
JTC + Dohmen, PRL (1995)

Balents and Fisher, PRL (1996)

Cho, Balents and Fisher, PRB (1997)

Betouras + JTC, PRB (2000)

Experiments: Gwinn et al, UCSB



Edge States in Multilayer QH Systems
Single layer

Multilayer

= dliges b iy Hiny + Huopping
Heage + Himp = Y, [ dzwl(z)[—iv8; + Vi (2)|¢0n ()
Hint = Y J 42 [ d2'pn(2)Un—m(z — @) pim ()
po(z) = T (@)Y ()
Biepios = 11330 d:v[wn“( z)¢n(z) + h.c]
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Sample F5

Sample F3
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Scales in experimental system

Layer spacing a = 30nm

Sample Number of layers: 50 - 100

From transverse magnetoresistance

Disorder
lelastic ~ 40nm

From amplitude of conductance
fluctuations

Interactions
linelastic ~ 0.5 — 3pm

depending on sample and temperature

Thermal length
Temperature Lt = hv/kgT = 10pum

at 100 mK for sharp confining potential

Tunneling Tunneling length 1, ~ 40pm
From conductivity
o = ne’D. — o= (e*/h) - (a/lyL)

WLk D =gis ol =T



Classical treatment of surface modes
without tunneling

Current
]w(Fv t) =T Up(F, t)

JArit) =0

Continuity

electric field from p(7, t)

— = T = O
B L= =V glr )=,
. V Hall current to/from bulk

Surface magnetoplasmon dispersion

w(QCIZ? QZ) vy vqw[l + (q%+§§)1/2]

ne2 ok 62

2eep  2ee€pahv

Inverse screening length: kK =

experiment: ka ~ 2 if confining potential sharp



Essentials of calculations

Disorder and gauge transformations
Single edge
H = [ dayt(z)[—ihvd; + V(z)|Y(x)
Remeve V(z) by ¢ — e~ %)y
with 8(z) = (Av)™' [* V(z')dz’
Phases appear in tunneling:

ti], @) n(x) — tLePrt1@=0nEl gl (2)g,(x)
;_\\,_,Q__‘J

ti{n, =)

Kubo formula for conductivity

disorder avge

o(w) x fdx(t’i(n,.m)tj_(n, O))%fdt(e“"t — e~
X (P} (2, t)hng1 (2, )] 1 (0,0)9,(0, 02’

quantum avge -~

eGet o at leading order in t, from (yTepypTe))
calculated in system without tunneling



Bosonization

Get average conductance and mesoscopic fluctuations from

(W (z, t)nt1(z, )], (0,0)2,(0,0))

Only excitations are collective
- quantised surface magnetoplasmons

Transformation:

i s 2w 21/2 T
boson operator b = z(ﬁ) / ka ¢kw+q$,n¢km,n

fermion operator "M;(m)

ei¢n($)

With  ¢n(z) = —(FE)Y/2 (™" bgn + '1%0) )

Hamiltonian:

Hedge + Hing = Zq‘hw(qatv qz>b2;»bq’

Boson dispersion:

gy 9z) = 2|1 P e v e
w(ga, ) = va[l + 5]



mpucrm*m, muuv

Ly =

Y Y ) VA(00) (00 S = (1) &

itk

5o ¢fim o e -]

+ L sin (g0 - O, E) w



Results

Dependence of o(T) on T

Non-interacting system:

2
o = é 2t alejastic
h h2v2

Interactions —  Dispersion

— Ow z:49z
v = (g, g:) = 2]

Coulomb Interactions:

w(Qwa Qz> s ?qu[]. 1 (q%+2§)1/2]

For wide edge states

e2

471'660\/az(m—n)2+(a:—a:’)2-|—w2

Usian(@ =2 =

and

W(Gz, qz) = Vqe[1 + (2+¢2)172




Dependence of o(T) on T

Steep edge potential — Narrow edges
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Soft confining potential — Wide edges

Match to experiment with edge width 120 nm
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Conductance Fluctuations

At low T': scaling form

Function of AB and Lt = Av/kgT

(69(B)dg(B + AB)) = 4LLF,(AB/B)

B* = &y/aLr




Summary

e Weakly coupled quantum Hall edges: can treat
Coulomb interactions and disorder exactly using
bosonization.

e Dependence of o(T") on T reflects full
r-dependence of Coulomb interactions.

e Conductance fluctuations suppressed with
Increasing 1" - despite coherence of bosonic

~ excitations.



