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ExperimentalMotivation

HighmobilitysiliconMOSFETSshowevidenceforMIT.
Kravchenkoetal(1994)

Scalingbehaviorstrengthenscaseforseparatemetal/insulatorphases.
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Similarexperimentsatfixedcarrierdensitybutvaryingmagneticfield:
Simonianetal(1997)

AssociatedscalingplotsagainsuggestMIT.
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TheoreticalMotivation

ScalingtheoryofLocalization(1979)
Enhancedbackscatteringfromstaticimpurities
Noquantumdiffusionintwodimensions
Assumesnoelectron-electroninteractions
LaterperturbativeRGtheories(1980’s)
Incorporateelectron-electroninteractionsanddisorder
Metallicphasepossible
Interactionparameterscalestostrongcoupling
QuantumMonteCarlo
Incorporateselectron-electroninteractionsanddisorderexactly
Finitesizelattices:severalhundrede

−

FinitetemperatureT>0.02W

Superconductor-InsulatorTransitions
Actually,QMCfirstusedtostudySC–IratherthanMIT
Welldefinedthermodynamicorderparameterρs

NorestrictionontemperatureTinsimulations
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SheetResistanceofBismuthFilms
Thicknesses4.36Å(topcurve)to74.27Å(bottomcurve)
Y.Liuetal(1991)
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HUBBARDHAMILTONIAN
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HUBBARDHAMILTONIAN-BASICPHYSICS

(NODISORDERORZEEMANFIELD)
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Awayfromhalf-filling:paramagneticmetal(d-wavesuperconductor?)
Stripes(chargeinhomogeneities)?
Uverylarge:ferromagneticphases.
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HUBBARDHAMILTONIAN-BASICPHYSICS

WITHDISORDER(ANDZEEMANFIELD)

?????

Nointeractions(U=0)Withinteractions(U6=0)

AndersonInsulatorDelocalizeelectrons

Zeemanfield:ReduceU,returntoinsulator
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DETERMINANTQUANTUMMONTECARLO

BasicFeatures
ExactTreatmentofinteractions,disorder,...
CanmeasureanyfiniteTquantity〈c

†
iσ1c

†
jσ2...ckσ3clσ4...〉

Dynamics(realtime)responsemoredifficult(analyticcontinuation)
Systemsofupto≈4x10

2
electrons

Insomemodels,downtozeroT,inothersT>0.02W.

TechnicalDetails
PathintegralforpartitionfunctionZ=e

−βH

InteractiontermsdecoupledwithHubbard-Stratonovichfieldx(lτ)
Non-interactingelectronsmovingin(classical)auxiliaryfield
Integrateouttheelectronsanalytically
Z=

∫

Dx(lτ)detM↑(x)detM↓(x)
MonteCarlosamplingoverthisfield
Eliminate‘Trottererror’:β=L∆τbytaking∆τ→0.
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OBSERVABLES
KineticEnergy
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Compressibility

κ=∂n/∂µ

Realspacecharge,spin,pairingcorrelations/structurefactors
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Current-currentcorrelationfunction
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EFFECTOFDISORDERONPAIRCORRELATIONS

INTHEATTRACTIVEHUBBARDMODEL

∆µ=0:longrangepaircorrelations(SC)atlowT.

P
s
j=〈∆

s
l+j∆

s†
l〉

∆
s†
l=c

†
l↑c

†
l↓

∆µ6=0:Paircorrelationsaredriventozero.
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LongitudinalCurrent-CurrentCorrelationFunction

Current-currentcorrelationfunction:
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Thelongitudinalpartmustsatisfytheequality,

Λ
L
≡limqx→0Λxx(qx,qy=0;iωn=0)=−Kx.
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TransverseCurrent-CurrentCorrelationFunction
Thetransversepartmeasuresthesuperfluidstiffness,

Λ
T

≡limqy→0Λxx(qx=0,qy;iωn=0)

ρs=[Λ
L
−Λ

T
]=[Kx−Λ

T
].
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TransportEvidencefortheSuperconductor-InsulatorPhaseTransition

Λ(τ)=

∫

+∞

−∞

dω

π

exp(−ωτ)

[1−exp(−βω)]
ImΛ(ω)

Inthenormalstate,ImΛ(ω)∼ωσdcatlowfrequencies,

σdc=β
2
/πΛ(τ=β/2)·
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REPULSIVEHUBBARDMODEL
EffectofInteractionsontheAndersonInsulator

H=−
∑

〈i,j〉σ

ti,j(c
†
iσcjσ+c

†
jσciσ)1−∆t<ti,j<1+∆t

WhenUisturnedon,conductivityrisesasTislowered.

∆t=2

ρ=1/2
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.

EffectofIncreasedDisorderontheMetal
Increasedisorderstrengthinmetallicphase.

H=−
∑

〈i,j〉σ

ti,j(c
†
iσcjσ+c

†
jσciσ)

Systemreturnstoinsulating.MIT(tunedbydisorderstrength).
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DisorderedMott-HubbardInsulator
Wejustshowed:Hubbardmodelatquarterfilling(ρ=1/2):
InteractionscauseAndersoninsulatortogometallic.
Furtherincreaseofbonddisorderconvertsbacktoinsulator.
Interactionsanddisordercompete.
Athalf-filling,((ρ=1)Mott-Hubbardinsulator.
Electronslocalizetoavoiddoubleoccupation.Effectofbonddisorder?
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BonddisordermakestheMott-HubbardInsulatormorerobust.
ConductivityturnsdownwardmorestronglyasTislowered.
Interactionsanddisordercooperate.
Bonddisorderdoesdestroylong-rangeantiferromagnetism.
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ParticleHoleSymmetry
Bonddisorder:particle-holesymmetric.
BonddisorderstrengthensMott-Hubbardinsulator.
Sitedisorder

∑

i

µi(ni↑+ni↓)−∆µ<µi<+∆µ

notparticle-holesymmetric.ItdestroystheMott-Hubbardinsulator.
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AnotherViewofParticle-HoleSymmetry
ExaminetheMott-Hubbardgapbyevaluatingρ(µ)
P-Hsymmetricdisorder,∆t=2tand∆

′
µ=2t,Mottgapenlarges.

Canonicalsitedisorderhaslittleeffect,for∆µ=2t=U/2.
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FieldTunedMetalInsulatorTransition
HubbardHamiltonianwitha(Zeeman)magneticfield,

H=−
∑

〈i,j〉σ

ti,j(c
†
iσcjσ+c

†
jσciσ)+U

∑

i

ni↑ni,↓+B‖

∑

i

(ni↑−ni↓)

AsB‖isturnedon,themetallicphaseisdestroyed.
Simplepicture:spinpolarizationreduceseffectiveinteractionU.
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LocationofCriticalPoint
LargeB‖andnonzerodisorder:conductivitityσdcshouldvanish.
(Effectively,nointeractions).
SubtractlargeUpieceofσdctocorrectforfiniteNandT.
δσdc→0forB‖≈0.4t.
Alternatively,lookatcrossingofρvs.B‖.
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ResistivitySaturationoccursbelowpointoffullspinpolarization.
∆t=2.0tisfairlyclosetocriticalvalue∆t(crit)=2.4twherebond
disorderdestroysmetallicphase.
Zeemanfielddoesnotneedtobeverybigtodrivetoinsulator.
Inparticular,getinsulatorwellbeforefullspinpolarization.
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Conclusions

QMCshowsclearevidenceforMITinthedisorderedHubbardmodel

*AsafunctionofinteractionstrengthU

*Asafunctionofdegreeofdisorder

*Asafunctionofmagneticfield

*Field–drivenMIToccurspriortofullspinpolarization

*Particle–Holesymmetryappearstoplayanimportantrole
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