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Ĥ =� J
X

i

⇣
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â†i âi+1 + h.c.

⌘
+

X

i

Win̂i +
U

2

X

i

n̂i (n̂i � 1)

Localized eigenstates

Fleishman, Anderson (1980) 
Basko Aleiner,  Altshuler (2006) 
Huse and Oganesyan (2007) 
Imbrie (2014)

Breakdown of ergodicity: 
Michael Schreiber, et. al. (2015) 
Jacob Smith, et. al. (2016) 
J. Choi, et. al. (2016)



Many-body localization (MBL)
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Two types of entanglement 

Number entanglement Configurational entanglement

particle tunneling non-local quantum correlations

distribution  
between the blocks

number of populated states  
within the blocks
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Ĥ =
X

i,j

U ij
eff⌧i⌧j |00i+ |01i+ |10i+ |11i ! |0i |0i+ |1i |1i

phase effects are cumulative



Configurational entanglement in MBL

0.0

0.4

0.8

1.2

1.6

N
um

be
re

nt
ro

py
S
n

0.0

0.2

0.4

0.6

0.8

N
um

berentropy
S
n

10-1 100 101 102

0.0

0.2

0.4

0.6

Evolution time t (�)

C
on

fig
ur

at
io

na
lc

or
re

la
to

rC

10-1 100 101 102

0.0

0.1

0.2

0.3

Evolution time t (�)

C
onfigurationalcorrelatorC

A BThermal (W = 0J) MBL (W = 8.9J)

Tunneling dynamics
Interaction dynamics

Tunneling dynamics
Interaction dynamics

Configurational entanglement

C =
X

{An},{Bn}

|p(An ⌦Bn)� p(An)p(Bn)|

10-1 10-0 101 102

Tunneling time t(𝛕)

C
on

fig
ur

at
io

na
l c

or
re

la
to

r C
  

0.1

0.2

0.3

0.0

Ĥ =
X

i,j

U ij
eff⌧i⌧j |00i+ |01i+ |10i+ |11i ! |0i |0i+ |1i |1i

phase effects are cumulative



Logarithmic grows of entanglement



Logarithmic grows of entanglement



10-1 100 101 102

0.0

0.1

0.2

0.3

Evolution time t (�)

C
on
fig
ur
at
io
na
lc
or
re
la
to
rC

MBL (W � 8.9J)

10-1 100 101 102
0.0

0.3

0.6

Thermal (W = 0J)

t (�)

C

10-1 100 101 102

0.0

0.2

0.4

0.6

0.8

Evolution time t (�)

N
um
be
re
nt
ro
py
S
n

MBL (W � 8.9J)

10-1 100 101 102
0.0

0.8

1.6

Thermal (W = 0J)

t (�)

S
n

A

B

C

reduced
transport

non-local
entanglement

logarithmic
entropy growth

Sn Sc SvN

Sc

Sn

log t log t log t

+ =

10-1 100 101 102

0.0

0.1

0.2

0.3

Evolution time t (�)

C
on
fig
ur
at
io
na
lc
or
re
la
to
rC

MBL (W � 8.9J)

10-1 100 101 102
0.0

0.3

0.6

Thermal (W = 0J)

t (�)

C

10-1 100 101 102

0.0

0.2

0.4

0.6

0.8

Evolution time t (�)

N
um
be
re
nt
ro
py
S
n

MBL (W � 8.9J)

10-1 100 101 102
0.0

0.8

1.6

Thermal (W = 0J)

t (�)

S
n

A

B

C

reduced
transport

non-local
entanglement

logarithmic
entropy growth

Sn Sc SvN

Sc

Sn

log t log t log t

+ =

Logarithmic grows of entanglement

10-1 10-0 101 102

Tunneling time t(𝛕)

C
on

fig
ur

at
io

na
l c

or
re

la
to

r C
  

0.1

0.2

0.3

0.0

0.0

0.4

0.8

N
um

be
r E

nt
ro

py
 S

n

system is limited by finite evolution time, rather then size



Entanglement scaling
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Conclusions

• Breakdown of thermalization 
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• Spatial localization

• Entanglement growth



Outlook

• Study critical dynamics at the phase transition
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Outlook

• Study critical dynamics at the phase transition

• Explore quantum thermodynamics by locally coupling MBL 
to a thermal region.
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Disorder potential

Simple quasiperiodic potential

Zero-derivative potential used in our experiments
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Configurational entropy and correlator
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Disorder potential calibration
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