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One electron in a magnetic field.
The minima occur because the electron wavefunction
picks up 2r phase shift in circulation around a flux line.

At Landau Level filling factor, v=1.
The number of flux quanta equals the number of electrons.
The Slater determinant wavefunction is the m = 1 Laughlin wavefunction.
The m = 1 Laughlin wavefunction...
is odd under electron exchange.
picks up 2r phase shift when one electron circulates around another.



(9

A possible configuration at Landau Level filling factor, v = 1/3.
The number of fiux quanta is three times the number of electrons.
There are many equivalent permutations.

The avoidance of flux quanta positions not associated with an electron wastes energy.

, lling factor, v = 1/3.
The Ground State at Landau ra.<o_ fi
The number of flux quanta is three times the number of electrons.
The m = 3 Laughlin wavefunction...
i der electron exchange. .
M%Macwsm: phase shift when one electron circulates around another.



One electron in a magnetic field v =1, one fiux per electron

v = 1/3, three flux minima Ground state at v = 1/3,
for electron minimum three flux tied to each electron

J. P. Eisenstein and H.L. Stormer, Science 248 (1990) 1510

QUASIHOLES and QUASIPARTICLES at v =1/3

To generate a quasihole or quasielectron at z,, Laughlin employs raising and lowering operators
representing the addition and removal of a single flux quantum from the system.

gAY e

A QUASIHOLE atv=1/3....
is one extra flux quantum moving freely (which forms a first-order minimum).
is avoided by other electrons, yielding a local electric charge of (+1/3 e).

Mwﬂ\u...m - M&w T(x -z)

g.st

A QUASIPARTICLE atv=1/3....
is a deficit of one flux quantum (one electron moving with only two flux quanta).
is avoided less by other electrons, yielding a local excess of 1/3 electrons (with a -1/3 e charge).

Laughlin, PRL 50 (1983) 1395.
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INSULATOR-TO-METAL CROSSOVER
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Metal-Insulator Crossover in the @ - @
Low-Temperature Normal State Bi,Sr,_La,CuO,,s Single Crystals
of BipSrp,La,Cu0ss p}i o
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60 Tesla Pulsed Magnetic Fields Suppressing Superconductivity
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Revealing the Low-Temperature Normal Staté
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Estimating Hole Concentration
in Bi,Sr,_La,CuQq,;
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Similar Hall data for optimally-doped BSLCO, L5CO, T1-2201.

Estimate BSLCO hole concentration by comparing with LSCO.
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Proposed Bi,Sr, ,La,CuO,,; Phase Diagram
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Insulator-to-Metal Crossover in BSLCO in underdoped regime.

@
Conclusions:

Metal-Insulator Crossover in the Low-Temperature Normal State
---occurs near p=1/8 in Bi,Sr, La CuO,;
---occurs near optimum doping in La,_ Sr, CuO,

Similarities between BSLCO and LSCO:
Insulator-to-Metal Crossover
---observed when superconductivity is suppressed.
---occurs at relatively low normalized resistivities, k.| ~15,
Insulating Behavior exhibits Log-T divergence.

Differences between BSLCO and LSCO:
Insulator-to-Metal Crossover occurs gradually in BSLCO.
B85LCO data suggest the underdoped regime contains

a metallic state exhibiting unusual localization behavior.
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