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Model lass and objetives

3-d one-partile tight binding modelrandom, uniformly distributed �lattie�sites, unit densityno interation or external deoheringmehanism

Hamiltonian:Ĥ =
Xx 6=y R(x , y)â+x ây + h..hopping amplitudes (integrals)R(x , y) = exp(−|x − y |/l − iΦ(x , y))May the quantum motion of a partilein suh a system be desribed asdi�usive, loalized, ballisti, et.?If so what are di�usion oe�ients,mobilities, mean free paths, et?�rst model lass: random phases, i.e.,

Φ(x , y) random, uniformly distributed realnumbersH. Niemeyer, J.Gemmer quantum transport in disordered systems



Cheap hek of loalizationinverse partiipation ratio: P−1(E ) =
Xx |〈E |â+x âx |E 〉|4inverse part. ratio vs. energy
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mobility and band edges vs. energy
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Seems like above l ≈ 0.3 there is at least a substantial portion of extendedstates. Bauer et al. laim an Anderson transition at l ≈ 0.257 ( J. Phys. C. 21(1988)) H. Niemeyer, J.Gemmer quantum transport in disordered systems



Projetion onto density wavesPartition �lattie� into �slabs�. De�ne �slaboupation number� n̂(X )n̂(X ) =
XxfromX â+x âxDe�ne density wave operator m̂qm̂q =

XX os(qX )n̂(X )and exp. val. Tr{m̂q ρ̂(t)} = mq(t)di�usive implies: mq(t) ∝ e−q2DtDetermine mq(t) with a projetion operatormethod, e.g., �TCL�.projetor: P ρ̂ = 1̂ +
Xq mqTr{m̂2q} m̂q�perturbative approah� Ĥ = Ĥ0 + λV̂ , Ĥ0:intra-slab hopping, V̂ : inter-slab hopping

⇒ ṁq = −
Xn,q′ λnKn,q,q′(t)mq′ (n : even)�statistial periodiity�K2,q,q′ (t) ≈ δqq′q2D(t)di�usive if: K2,q,q(t)/q2 ≈ D(onst.)K2,q,q(t)/q2 vs. time
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looks nie but....H. Niemeyer, J.Gemmer quantum transport in disordered systems



Projetion onto density waves...is that orret in the sensethat the seond orderontains the relevantphysis?.......better ounterhek byanother method!n(x) di�usive impliesonstant inrease of spatialvariane ∂
∂t δ2n(t) = 2DChoose an initial state whihhas the partile onentratedat the enter of a ube.Calulate the inrease of thevariane by numerialdiagonalization ⇒ maximumube size ≈ 25X25X25.

inrease of variane vs. time
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Everything seems to �t niely ⇒ use projetive approahfor longer hopping lenghts ⇒H. Niemeyer, J.Gemmer quantum transport in disordered systems



Projetion onto density waves
di�usion oe�ient vs. hopping lengths
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quantum and lassial
reasonable suggestions for onretedi�usion oe�ients may be obtainedfor the totally disordered modelin a wide range the quantum result isin good aord with a lassial randomwalk on the sites with rates given by�Fermis Golden Rule�, i.e., 2π|R(x , y)|2

H. Niemeyer, J.Gemmer quantum transport in disordered systems



Failure of projetion onto density waves for �onstant phase model�Seond model lass: againĤ =
Xx,y R(x , y)â+x ây + h..R(x , y) = exp(−|x − y |/l − iΦ(x , y))but now, no phases of hopping amplitues,i.e., Φ(x , y) = 0.The above seond order projetive approahessentially yields unaltered results. Butounterheking with inrease of varianeno longer yields any agreement !no agreement with seond orderprojetion onto density wavesno onlusive result from exatdiagonalization due to �nite size e�ets

D(t) vs. time
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what to do now?Einstein relation implies
Z t0 Tr{̂j ĵ(t′)}dt′ = D(t)deay of urrent looks exponential !H. Niemeyer, J.Gemmer quantum transport in disordered systems



Projetion onto the urrenturrent deays exponentially likeexpeted for a periodi model featuringimpurities.
⇒ try to map the model onto animpurity model.we try ubi momentum lattiefeaturing a spaing of 2π/L. Thisyields a set of �momentum states�

|k〉 :=
1√N Xx e−ikx |x〉this set is:normalizedslightly non-orthogonalslightly under or overompletetransform nevertheless the Hamiltonianinto this basis, i.e., alulate

〈k|Ĥ|k ′〉 := Hkk′

We �nd:diagonal elements muh bigger:
|Hkk |2 >> |Hkk′ |2diagonal elements form a �dispersionrelation� Hkk =: E (k) ≈ (1 + l2k2)−2urrent operator takes the form
bJ ≈ |k〉∂E/∂kx〈k|thus we:take the diagonal part in themomentum basis for the unperturbedHamiltonain Ĥ0projet onto the urrent
Pρ = b1 + bJTr(bJρ)(Tr(bJ2))−1this yields:a urrent deay rate R:Tr“Ĵ(t)Ĵ”

≈ e−RtH. Niemeyer, J.Gemmer quantum transport in disordered systems



Projetion onto the urrent / ResultsD(t) vs. time
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Data from urrent projetion seem to �treasonably for l = 1. Thus we omputedi�usion oe�ients for larger l only fromurrent projetion

di�usion oe�ients vs. hopping lengths
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Constant phase model and random phasemodel show learly di�erent transportproperties.H. Niemeyer, J.Gemmer quantum transport in disordered systems



Mean free paths / Conlusions / Aknowledgementsmean free paths vs. hopping lengths
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Around l ≈ 0.8 the onstant phase modelundergoes a transition from hopping toband-type transport, inspite of its ompletetopologigal disorder. That does not ourfor the random phase model

Calulation of transport properties ofentirely disordered one partilequantum models seems feasibleEven topologially ompletelydisordered systems may show atransition from hopping to bandtransportThe transition may be �indued� byhanging the hopping lengthIf you are interested in Refs. just ask me.Thanks to Robin Steinigeweg and you theaudiene!H. Niemeyer, J.Gemmer quantum transport in disordered systems


