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Anderson model

Hamiltonian on a d-dimensional lattice:

L(EW)@' = v+ D ¥y,
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(v;) = 0, (viv) = w8y, ]

d<2 eigenstates are localized

d>2 metal-insulator transition:
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Solvable models
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Recursion relation:

sizeN =—> sjze N+1

Necessary condition:
absence of the loops
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Simplex model

d=1
d=2
d=3
d=4

Hamiltonian:

| 1

v; Gaussian random variable (v;) = 0, (v?) = w?

Spectrum of the clean system w = O :
Tfo=fo, fo=(1,1,...,1)7 wep r=1
Tf=0 VfLljf, =& X\=0 (N — 1)-folddegenerate

In the presence of disorder w #% 0 :

Expectation:w > 1 localization, w < 1 delocalization? 5



Moments of the eigenstates

1

lin)= 7 D (|fa(m) 3(E - Ea))

(0%

p(E) - the density of states Hfy = Eyfa
I, N—dala—1)

Extended states: d, = 1 Localized states: d; =0

Green’s functions: GR/A — (E =+ i€ — H)_1

Kim(n,e) = (GE) (GA)™, I,m=1,2,...

Cbm iy (261 (K m(ny€)), g =1+m

Iﬁi‘(n) — p(E) c—0
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Supersymmetric representation
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SR, SA commutative (bosonic) variables

sp(2)
®; = ( XR(1) ) O ) ) =

XR> XA anti-commutative (fermionic) variables

4 N p
Kim(n,€) = 2 [ T] dpd®] (sp(n)sp(n)) (sh(n)sa(m)™

|
['ml! p=1

N N
exp !@ Z (Hpg — Ebpq) (Pp, Pq) — € Z (Pp, A\Pp)
p,q=1 p=1 !

\_

N = diag(1,1,—-1,-1)
(Pp, Pg) = S*R(p)SR(QHX*R(p)XR(Q)—qu(p)SA(q)—Fx*A(p)XA(Sq)



Reduced representation

7 out 8 variables can be integrated out in the limit € — O

t
Bpq = —qu+5quTméa p,gq=1,....,N; p,g#n
T
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Anderson model on a simplex
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Anderson model on a simplex

1 2.2 .
£(s,0) = / = B m O L
— 00

o0 1 2.2,
g(s,0) = / dip 29— 2 252 % T 0T
— 00

12



Moments of the eigenstates
in the thermodynamic limit

a= N6, t= Ns

T oo s o0 - B ! o ¢ o
Iq(N) = sz_l /;OO doe 1w f_oo dt |t|2q 3fN 1 (N}N>g (?)

() = oo () 0]

— — 22 it Ing—1— (2g — 2)!
Fq(z) = /e p;o 2P(—2z2)4 pp!@q ey

f (i,g) — 1—\/5%6_(% ° g%erf (‘%D-I—O(N_Q)
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Moments of the eigenstates
in the thermodynamic limit

Eigenstates are localized at any strength of disorder

2
- [4z2w2+2 (7 + VA Izl erf(l=)) ] |

_ 1 11
Fq=r(q—§) Py (q——,—,—zz), g> 1

Ilm Iq: 14



Comparison with
numerical simulations
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Why eigenstates are localized?

Mathematical explanation:

H=V—|—T=V—|—%|s)(s|, sy =(1,1,..., 1), (s| = (1,1,...

V ~ w - diagonal matrix

T - rank one matrix is a small perturbation at any w

Physical explanation:

Eigenstates are degenerate at w = 0

At w > 0 energy band of the width ~ w ===

Disorder is always strong

31)
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Summary

Field-theoretical representation for the moments
of the eigenstates in the generalized Anderson

model

Simplex model: localization at any disorder strength

Analytical and numerical results for the moments
of the eigenstates
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