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Describing
/Strong, local nd d Nonlocal A
Interaction quantum interference
2 2
\_ Mottness Y, \BEC Anderson Iocallzatlonj

in a unified theory.
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H:Z( u+U(bTb )b*b = th b; = (0[bi[0) + 4;
Z’ ;= (0[b;]0)

"
H=3"|(= —/1+U(bTb —1))blb, — > (Wb, + ;b] — )| — ¢34,
@)

.0

local Fock space Diagonalizing
R o local Hamiltonian

exactly in Fock space:

E.. many-body eigenenergy
Y. =Y(e, u,t/U)
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H=3" (s~ n+gbib, ~1)bib; - bebj bs = (0[bif0) +4;

= (0[b;]0)
¢ v SN
H = Z[( —;1+UbTb - )bTb7—z‘Z (Wb, + 9;bf — )| — ¢ o,
(7)

jnn.t

Fisher et al, PRB 40, 546 (1989)

Disorder: random & Bisbort, Hofstetter, EPL 86, 50007 (2009)
local Fock space Diagonalizing
| \L local Hamiltonian

— exactly in Fock space:

L] ? | ] E.. many-body eigenenergy
oy e :‘P(gi,,u,t/U,‘Pj)
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Local many-body bands: no disorder: W/U=0.0
20 \ T T 2.0 T r T T
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The spectra result from a combination of U
[ ] 1 . 0) _
local charging energy: EW =(e—u)n, +E (n,—-Dn,

= discreteness of particle numbern,
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Local many-body bands: adding disorder: W/U =0.6
20 \ T T 2.0 -
An, =n, —n,
-2 -2 ¥
1.5 2 2 N\ 1 1.5 IS
-6
E,-E, 102N =1 E,~Eo 1.0
-1 - 1 :
1 1
0.5 1 0.5 2
nO =1 nO =2 0
08005 10 15 20 25 30 80 05 10 15 20 25 30
w/\J u/J
t=0 t/U =0.021
The spectra result from a combination of U
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H= Z[(ez—m (bfb; —1))blb, — >~ (45b, + 5, b! —wrw)| — > 415,
(7)

.

no transport in the local many-body ground states: &, =b —-%¥. -2 <0i | 5. |0i> —

- Hopping transport of local many-body excitations

. AE,
Propagators for local Fock space eigenstates: |
A
r Vi o VT Ve Y- i
GH 03y = —I bbT - 7 0a 7 a0 _ 7 0a 7 a0 ' % UsW
1) \bsbs) Z”: LW — (Eja — Ejo) +in  w+ (Eja — Ejo) + i
- .o V:0a Vi . m-/\/W\’\/\/’»_ \T/W
F-R i e ) = j0a a0 _ Fjo0a ¥jal ’
JJ( ) < . J> %: LW — (Ej(x = Ej()) “+ ) &t 4 (ij(,v - EJ'()) -+ (a8
v
site number i

- For strong interaction, U >>t, W:
confinement to one Fock band |ia>
Wick’s theorem preserved!
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Effective single-particle Hamiltonian
for hopping of local, many-body excitations:

D D o Bia
H:ZBW (Ei, —Ei0)7B,, — Z B TiisB Bia=(B_+j

Ij o, f#0

Anomalous, renormalized hopping amplitudes:

* U>W
j Tijaﬂ =i, 0¥ jos ﬁaf

T {Tijaﬁ Sijaﬁ oW/ M AJ> [w
jaf | g* T,
ijap Jap Sija,B =1 Yiadl jogs
-
site number i

l/an <1 OIb’|10>
7o = (i 0[bli @)

1 o0
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Criterion for AL of BEC: vanishing of total superfluid transport

The superfluid current is carried by all ® <0 (hole-like) many-body excitations:

t dw
Ty =3 — Re/ b G;“- i — GzR' W b(w) = O(—w analogous to
i h 27T ( ) [ ]( ) j( )} ( ) ( ) SCjunctions!

SF current is driven by a phase difference between distant sites i and j:
Jij = 5% i ) Im / b(w) [GP 4 (w) — G F(w)]
AL of BECs amounts to the

AL of all hole-like many-body excitations!

Analysis with the selfconsistent AL theory
Vollhardt, Wolfle (1980)
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Phase diagram disorder: W/U =0.6
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is respected:
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05 PRL 103, 104402 (2009)

2.0f

u/U 1.5k

1.0f

= The phase boundary
0 reflects the charging
spectrum of the on-site
many-body excitations

0.5

0.0t; : : . . o
0.00 0.01 0.02 0.03 0.04 0.05

t/U




Bose glass phase diagram . "
universitatbonn

Phase diagram disorder: W/U =0.8
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@ For strong interaction: U>>t, W:
Mapping of full many-body problem onto
Transport theory of hopping many-body excitations

@ Simultaneous description of
Mott phase and Anderson localization (g.interference)
Stochastic dynamical mean-field theory for the avg local OP
local many-body spectrum in Fock space

@ The phase diagram
- respects the theorem of inclusions
- reflects the features of the local many-body excitation spectrum



