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Abstract:  
 
The Anderson model with decoherence features a temporal evolution from localized eigenstates  to 

a uniform spatial distribution bar any interference features. We discuss the growth and decay of 

pronounced interference peaks on transient time-scales and develop an analytic understanding for 

the emergence of these peaks.  
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FIG
. 1.

Exem
plific

ation
of th

e time evol
utio

n for one
part

icula
r reali

zatio
n of d

isord
er.

Figu
re (a) depi

cts the

syst
em

grou
nd state

occu
pati

on,
and

(b)
to (d)

depi
ct the

time-ev
olve

d dens
ities

for thre
e di↵e

rent
deph

asin
g

rate
s, in

clud
ing weak

deph
asin

g (� = 10
�9 T ) in

(b),
inter

media
te deph

asin
g (� = 3 · 10

�3 T ) in
(c),

and
stron

g

deph
asin

g (� = T ) in (d).
The

thre
e insta

nces
in time depi

cted
in (b)

to (d)
are

chos
en such

that
the

cent
ral

peak
has

deca
yed

to 1/2,
1/4

and
1/8

of it
s origi

nal
heig

ht (dep
icted

in blac
k (dar

k), b
lue

(mediu
m) and

red

(ligh
t)).

A clear
ly pron

ounc
ed side-

peak
is gr

owin
g and

subs
eque

ntly
deca

ying
in the

case
of w

eak
deph

asin
g (b),

but
inter

media
te and

stron
g deph

asin
g do not

resu
lt in

the
emerge

nce
of su

ch stru
ctur

es.

[�T /10,
T /10]

and
use

the
syste

m grou
nd state

as th
e ini

tial
state

. Fig
. 1 depi

cts s
ome exp

licit
re-

aliza
tions

of de
cohe

renc
e-ind

uced
dyna

mics in
the

And
erson

model
for t

hree
di↵e

rent
regim

es of
de-

phas
ing stren

gth but
the s

ame rea
lizat

ion of di
sor-

der
givin

g rise
to a part

icula
rly pron

ounc
ed side-

peak
. Sinc

e the
time-sca

le on whic
h inter

feren
ce

struc
ture

s de
cay

depe
nds

non-
linea

rly on the
sys-

tem
para

meters
, the

di↵e
rent

poin
ts in

time are
not

defin
ed expl

icitly
in term

s of �
and

T , but
they

are

chos
en such

that
the

cent
ral p

eak
has

deca
yed

to

1/2,
1/4

and
1/8

of it
s origi

nal
heig

ht in each
of

the s
ub-fi

gure
s (b)

to (d).

In the
fast

deph
asing

regim
e (� ' T ), th

e ini-

tially
loca

lized
peak

wide
ns and

resem
bles

qual
-

itati
vely

a Gauss
ian

distr
ibut

ion
that

beco
mes

broa
der

as time evolv
es.

In an inter
media

te de-

phas
ing

regim
e, the

distr
ibut

ion
of occu

patio
n

broa
dens

as a resu
lt of deco

here
nce;

fine
struc

-

ture
s give

evid
ence

of so
me cohe

rent
char

acte
r of

the
dyna

mics but
no large

new
struc

ture
s arise

.

This
is fund

amenta
lly di↵e

rent
in the

slow
de-

phas
ing

regim
e, wher

e the
cohe

rent
dyna

mics is

much
faste

r than
the

deph
asing

. In this
regim

e,

an entir
ely new

peak
arise

s aro
und

the l
attic

e sit
e

x
= 169.

At tT ' 8 · 10
7 (dep

icted
in blac

k

(dar
k)) t

his p
eak

is st
ill n

early
a facto

r 3 smaller

than
the r

emains
of th

e ori
gina

l pea
k, bu

t wh
erea

s

the heig
ht o

f the
origi

nal p
eak

decr
ease

s by
a fac-

tor
4, by the

time tT ' 1.8 · 10
8 (dep

icted
in

blue
(mediu

m)), t
he new

peak
hard

ly chan
ges i

ts

heig
ht, a

nd both
peak

s are almost o
f com

para
ble

heig
ht.

Veri
fying

that
the

qual
itati

ve obse
rvat

ions
ac-

cord
ing

to Fig.
1 are

large
ly inde

pend
ent

of th
e

reali
zatio

n of d
isord

er requ
ires

a prop
er stati

sti-

cal a
naly

sis.
Sinc

e di↵
eren

t rea
lizat

ions
of di

sord
er

resu
lt in

grou
nd state

s loc
alize

d at d
i↵ere

nt p
osi-

tions
on the

chai
n, w

e only
cons

ider
reali

zatio
ns

with
grou

nd state
s tha

t ha
ve their

cent
er of

mass

in the
inter

val [
249.

5, 25
0.5]

arou
nd the

cent
er of

the
chai

n. The
resu

lting
ense

mble aver
age

P̄ (x
)

for 1000
of su

ch disor
der

reali
zatio

ns is depi
cted

in Fig.
2, af

ter a
prop

agat
ion time chos

en for t
he

thre
e de

phas
ing regim

es su
ch that

the p
eak

heig
ht

of th
e en

semble a
vera

ge h
as re

ache
d half

of it
s ini

-

tial v
alue

. As
one

can
see,

stron
g de

phas
ing r

esult
s

in a rat
her b

road
peak

but
negl

igibl
e tai

ls, w
here

as

weak
deph

asing
yield

s more n
arro

w peak
s bu

t pro
-

noun
ced tails

. Clo
se to

the c
ente

r of
the c

hain
, i.e.

close
to the

initi
al p

eak,
and

far out
in the

tails
,

the
ense

mble aver
age

for inter
media

te deph
asing

lies
betw

een
the

corre
spon

ding
data

for w
eak

and

stron
g deph

asing
; be

twee
n thos

e regim
es (in this

case
betw

een
appr

ox. x
= 270

and
x = 300)

, how
-

ever
, the

inter
media

te deph
asing

resu
lts in

an av-

erag
e popu

latio
n P̄ (x

) that
is large

r than
in the

two
extr

eme reg
imes.

The
exist

ence
of a

pron
ounc

ed side-
peak

as v
is-

ible
in Fig.

1 in the
weak

deph
asing

regim
e, is

clear
ly cons

isten
t with

the
narr

ow peak
and

pro-

noun
ced

tails
in the

ense
mble

aver
age

show
n in

Fig.
2, b

ut since
the

dista
nce

betw
een

side-
peak

and
main peak

depe
nds

on the
reali

zatio
n of d

is-

orde
r, su

ch side-
peak

s can
not

be unam
bigu

ously

verifi
ed in the

ense
mble aver

age.
We will

ther
e-

fore
char

acte
rize

peak
s in

inter
feren

ce patt
erns

in

term
s of

their
topo

grap
hic p

rominen
ce [1

0], w
hich

char
acte

rizes
to wha

t ext
ent a

peak
stan

ds o
ut in

front
of th

e back
grou

nd.
In the

pres
ent

case
of

one-
dimensio

nal s
truc

ture
s, th

e sid
e pro

minen
ce of

a peak
with

resp
ect

to its left/
right

side
can

be

defin
ed as the

di↵e
renc

e betw
een

its heig
ht and

the
heig

ht of th
e lowe

st poin
t betw

een
itsel

f an
d

the
next

high
er peak

to the
left/

right
. The

over
-

all p
rominen

ce P for any
peak

is then
given

by

the s
maller

valu
e of

the t
wo side

prom
inen

ces.
We

defin
e the

grow
th G = maxtf

P(tf)
� P(0)

of a


