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Synthetic quantum systems

Ultracold atoms

c

a

Design dimensionality, lattice,interactions,…

image: Munich group

Unlike “conventional” materials

A platform to study non-equilibrium phenomena in interacting quantum systems

∼ 10
−3

s vs 10
−12

s
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

• Isolated (no phonon/heat bath)

• Long time scales



New opportunities
Synthetic systems

New setups, probes 

Single-site, real-time resolution Periodically driven systems

Materials

conductivity, 

heat capacity..

c

e
−iHt

time
Bloch group'16

c

Harvard, Munich,..



Non-equilibrium quantum matter

Cold atoms

Figure: Greiner group (Harvard) Figure: Bernien et al’17

Superconducting 

qubits

Figure: Google Quantum

Trapped ions

Rydberg atoms

Figure: Innsbruck group



Thermalisation and why it’s good to avoid it



Universality? New out-of-equilibrium phases/properties?  

   Efficient control of synthetic systems

e
−iHt

ψ(0) ψ(t)

Thermal equilibrium: universality, phase of matter  

Principle: symmetry breaking

Dynamics of isolated quantum systems

Non-equilibrium ???



Non-equilibrium Thermal equilibrium

Ergodicity



n̂(x) n̂(x)
e
−iHt
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a system in which an approach 

to equilibrium is impossible! Anderson’58

Anderson localization: Ergodicity breakdown in disordered 

quantum systems?
b

Memory of initial state retained



b

Anderson localization

Single-particle
Generic non-ergodic phase

New opportunities

c

Review: DA, Altman, Bloch, Serbyn, Rev. Mod. Phys. 2019

New paradigm: many-body localization (MBL)

Difficult: Interactions + disorder + highly non-equilibrium 

Anderson Fleischmann’80; Gornyi et al’05; Barsko et al’05

Many-body localization in 

interacting systems



Complexity and entanglement

Naively              parameters           How difficult to represent?  

|ψi
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spins wave function

Weakly entangled states can be 

efficiently “compressed”

A
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Sent(A) ∝ vol(∂A)
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“area-law”

Highly entangled states “hard”

Sent(A) ∝ vol(A)
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“volume-law”
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Ground states, “easy”

Tensor networks methods
Non-equilibrium states, “hard”

(Frédéric Mila talk)
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-Individual excited eigenstates of a quantum-ergodic Hamiltonian       

have thermal observables

Eigenstate  

Reduced density matrix:

-“Volume-law entanglement”

ρA(n) ≈ ρ
Thermal

A
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-System acts as a heat bath for its subsystems

Deutch’91, Srednicki’94
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SA(n) ≈ S
Thermal

A ∝ Vol(A)
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Eigenstate thermalisation hypothesis (ETH)

|ni
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Thermalisation        scrambling of quantum information

Why avoid thermalization?

e
−iHt

e
−iHt

Becomes unrecoverable

Protect coherence? New phases?

Write information into initial state

σ
z(t) = e

iHt
σ
z
e
−iHt
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Quantum information spreads over 

many spins        entanglement



MBL phase: insights from entanglement



Models of many-body localisation (MBL)

H =

X
hiσ

z
i + J

X

hiji

σ
+

i σ
−
j + V

X

hiji

σ
z
i σ

z
j

hi ∈ [−W,W ]

c

MBL=strong disorder + short-ranged interactions

Fermions Spins

disorder interactions

MBL Thermal

0 W∗
disorder strength

+highly non-equilibrium

Dynamical phase diagram



Are interactions important?

Conductivity

b

Anderson localization Many-body localization

c

single-particle

σ = 0
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Are interactions important?

Conductivity

b

Anderson localization Many-body localization

c

single-particle

σ = 0
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Conductivity σ = 0
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Evolution time
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Anderson

M
BLMBL: no particle transport, but “glassy” 

spreading of quantum information

Bardarson,Pollmann, Moore’12,  Serbyn, Papic, DA’13

Sent(t) ∼ log(t)
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???



Emergent integrability
Serbyn, Papic, DA’13; Oganesyan, Huse’14 Imbrie’16

H0 =

X
hiσ

z
i + V

X

hiji

σ
z
i σ

z
j

[σz

i
, H0] = 0

Trivially “integrable”

Infinite-disorder limit
Eigenstates: product states



“Action-angle” variables

Emergent integrability
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, Ĥ] = 0

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Serbyn, Papic, DA’13; Oganesyan, Huse’14 Imbrie’16

• qubits with T1 = ∞
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Trivially “integrable”

Infinite-disorder limit
Eigenstates: product states

MBL phase, finite disorder

canonical 
transformation 

Local integrals of motion

• quasi-local

Eigenstates: area-law entangled



“Action-angle” variables

Emergent integrability

[τ̂z
i
, Ĥ] = 0
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• qubits with T1 = ∞
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Trivially “integrable”

Infinite-disorder limit
Eigenstates: product states

MBL phase, finite disorder

canonical 
transformation 

Local integrals of motion

• quasi-local

Eigenstates: area-law entangled

Compress efficiently by tensor 

networks - new algorithms

Chandran et al’15, Serbyn et al’16, Wahl et al’17, …

Integrability supported by numerics & established 
rigorously at strong disorder in 1D



Dynamical properties of MBL phase

Logarithmic spread of entanglement

(a)xent(t) ∼ log t
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Jij ∼ e
−x/ξ

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>“Action-angle” variables 

Solve for dynamics t ∼
1

Jij
∼ e

x/ξ
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entanglement time

Equilibration to a highly non-thermal state hτz
i
i = const
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ergodic: linear spread of entanglement

Review: DA, Altman, Bloch, Serbyn, RMP’19



Ergodicity breaking: Classical vs quantum

Classical: Integrable, regular motion

Robustness to weak perturbations 

few-body only

Kolmogorov-Arnold-Moser (KAM) 

theory

Quantum

Disorder “protects” integrability
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“Quantum KAM”

A stable phase of matter
N ∼ 1
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System: disorder+short-range interactions

Experiments

e
−iHt
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Lack of relaxation signals MBL 

(exps in 1d, 2d)

Quantum quench setup

Slow entanglement growth measured

Evolution time
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Harvard group’18

Munich group’15-

Unique MBL signature

Measure fluctuations of 

particle number



MBL enables new non-equilibrium phases



Floquet operator

Periodically driven systems and the heating problem

H(t+ T ) = H(t)
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F = T exp

 

−i

Z

T

0

H(t)dt

!

Effective Hamiltonian F = e
−iHeffT
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Floquet eigenstates, quasi-energies



Floquet operator

Periodically driven systems and the heating problem

H(t+ T ) = H(t)
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Effective Hamiltonian F = e
−iHeffT
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Heating                nonlocal, non-uniqueHeff
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(no energy conservation!)

Floquet eigenstates, quasi-energies



• MBL in driven systems • Unique non-equilibrium phases

New topological 

invariants

Ponte, Papic, Huveneers DA’15  

Lazarides, Das, Moessner ’15         

DA, Huveneers, Roeck’15

Rudner et al’13, Potter 

et al’16, Nathan, DA, 

Berg, et al’18,…

Solves heating problem

New phases enabled by MBL

Time crystals

Khemani et al’16, Else 

et al’16

Experiment: Lukin group’17
Theory: Ho, Choi, Lukin, DA’18



Beyond MBL & Outlook



MBL and thermal systems: comparison

Ergodic MBL

Volume-law Area-law

Conserved 

quantities 

Only global 

(e.g. energy)

Local integrals 

of motion

Spreading of 

correlations 
xent(t) ∼ log t
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xent ∼ vt
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Eigenstate 

entanglement



MBL and thermal systems: comparison

Ergodic MBL

Volume-law Area-law

Conserved 

quantities 

Only global 

(e.g. energy)

Local integrals 

of motion

Spreading of 

correlations 
xent(t) ∼ log t
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Eigenstate 

entanglement

Phases with intermediate properties?

Different entanglement scaling?



Non-ergodicity beyond MBL

Non-ergodicity w/o disorder

•  non-thermalising initial states

• wave function revivals

Bernien et al’17

Rydberg atom simulator

Quantum many-body scars

Turner et al’18; Ho et al’18

Non-Abelian symmetries+disorder

• symmetry prohibits conventional MBL

• different entanglement pattern, 

scaling

Sent(L) ∼ log(L)
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New non-ergodic regime

Vasseur et al’17-, Protopopov, DA+Demler, 

Scardicchio group’18-

Prethermalization
Metastable non-thermal states

DA, Ho, Roeck, Huveneers’15-; Else, 

Bauer, Nayak’17-, Fendley et al’16



New approach to quantum dynamics: 

Influence Matrix

p

ℐL,p ℐR,p=

space

̂
2



Characterising a quantum bath by influence functional

“System” 
spin 1/2 
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Q(t)

“Bath” 
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Influence functional acts on system trajectory
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I(σ(t), σ̄(t))

Previously: bath of oscillators 
Leggett et al, RevModPhys’89,..



A new theoretical & numerical tool: influence matrix

Key idea: describe quantum many-body dynamics via Feynman-Vernon 

influence functional

“system” “environment”

p

ℐL,p ℐR,p=}̂F

space}ρ
0

̂Tp+2
time

⋯ +p 2p−p 1 ⋯+p 1

a)

}
̂F*

Trace out 

environment

Influence matrix

Tensor of dimension 
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T evolution time

Lerose, Sonner, DA, PRX’21, PRB’21,…

Temporal many-body 

“wave function”



From spatial to temporal entanglement

Complexity of IM: naively  
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Complexity characterized by temporal entanglement

Access to disorder-averaged observables — resonances included
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Lerose, Sonner, DA, PRX’21, PRB’21,…

Efficient description of MBL and thermalization
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T -evolution time

Direct, complete description of many-body system as bath

Sonner, Lerose, DA, PRB’22;  related work by Garratt, Chalker, PRL’21
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Non-equilibrium quantum impurity problems
Thoenniss, Lerose, DA,arXiv:2205.04995

Grassman path integral

Extend Fishman-White 
algorithm (2015) to convert 

Gaussian IM to MPS



Quench in an Anderson impurity model

For Fermi-sea initial states

Thoenniss, Sonner, Lerose, DA,arXiv:2205.04995+2210.xxxx

1d nearest-neighbour fermions, 
Fermi sea state

<latexit sha1_base64="eLcRghfTTVq0f+LUnYTiFn/3rH0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSLUS9lVUY9FLx4r9gvapWTTbBuaZJckK5Slf8GLB0W8+oe8+W/MtnvQ1gcDj/dmmJkXxJxp47rfzsrq2vrGZmGruL2zu7dfOjhs6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2M7zK//USVZpFsmElMfYGHkoWMYJNJj5XGWb9UdqvuDGiZeDkpQ456v/TVG0QkEVQawrHWXc+NjZ9iZRjhdFrsJZrGmIzxkHYtlVhQ7aezW6fo1CoDFEbKljRopv6eSLHQeiIC2ymwGelFLxP/87qJCW/8lMk4MVSS+aIw4chEKHscDZiixPCJJZgoZm9FZIQVJsbGU7QheIsvL5PWedW7ql48XJZrt3kcBTiGE6iAB9dQg3uoQxMIjOAZXuHNEc6L8+58zFtXnHzmCP7A+fwBG0KNog==</latexit>

S(T )

<latexit sha1_base64="QEuhP3LkFOu0JH8uub0yQ4EDSkQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegF48J5AXJEmYnvcmY2dllZlYIIV/gxYMiXv0kb/6Nk2QPmljQUFR1090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6n/mtJ1Sax7Juxgn6ER1IHnJGjZVq9V6x5JbdOcgq8TJSggzVXvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzQ6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeGtP+EySQ1KtlgUpoKYmMy+Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh71+XL2lWpcpfFkYcTOIVz8OAGKvAAVWgAA4RneIU359F5cd6dj0VrzslmjuEPnM8fskWM4A==</latexit>

T

<latexit sha1_base64="OpwLyIf3jT6AWy3558Rp0hs721w=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZRERV0WRXBZsS9oQphMJ+3QmUmYmQgl1I2/4saFIm79C3f+jdM2C209cOFwzr3ce0+YMKq043xbC4tLyyurhbXi+sbm1ra9s9tUcSoxaeCYxbIdIkUYFaShqWaknUiCeMhIKxxcj/3WA5GKxqKuhwnxOeoJGlGMtJECe/8+yDzJYf1mVK4fe4py6LG4B3Vgl5yKMwGcJ25OSiBHLbC/vG6MU06Exgwp1XGdRPsZkppiRkZFL1UkQXiAeqRjqECcKD+bfDCCR0bpwiiWpoSGE/X3RIa4UkMemk6OdF/NemPxP6+T6ujSz6hIUk0Eni6KUgZ1DMdxwC6VBGs2NARhSc2tEPeRRFib0IomBHf25XnSPKm455XTu7NS9SqPowAOwCEoAxdcgCq4BTXQABg8gmfwCt6sJ+vFerc+pq0LVj6zB/7A+vwB1m6V3Q==</latexit>

STE(T ) ∼ log t

<latexit sha1_base64="NT65T5hjAxx7BGwGsso/HS9vqT8=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQq6rJYBJcV+4ImhMl02g6dmYSZiRBC/RU3LhRx64e482+ctllo64ELh3Pu5d57wphRpR3n21pZXVvf2CxsFbd3dvf27YPDtooSiUkLRyyS3RApwqggLU01I91YEsRDRjrhuD71O49EKhqJpk5j4nM0FHRAMdJGCuzSQ5B5ksPm7aTSPPUU5bAe2GWn6swAl4mbkzLI0QjsL68f4YQToTFDSvVcJ9Z+hqSmmJFJ0UsUiREeoyHpGSoQJ8rPZsdP4IlR+nAQSVNCw5n6eyJDXKmUh6aTIz1Si95U/M/rJXpw7WdUxIkmAs8XDRIGdQSnScA+lQRrlhqCsKTmVohHSCKsTV5FE4K7+PIyaZ9V3cvq+f1FuXaTx1EAR+AYVIALrkAN3IEGaAEMUvAMXsGb9WS9WO/Wx7x1xcpnSuAPrM8fCk+TvA==</latexit>

STE(T ) ∼ C

(Most) non-equilibrium impurity problems can be efficiently solved

For finite-temperature initial states



Quench in an Anderson impurity model

For Fermi-sea initial states

Thoenniss, Sonner, Lerose, DA,arXiv:2205.04995+2210.xxxx

1d nearest-neighbour fermions, 
Fermi sea state

<latexit sha1_base64="eLcRghfTTVq0f+LUnYTiFn/3rH0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSLUS9lVUY9FLx4r9gvapWTTbBuaZJckK5Slf8GLB0W8+oe8+W/MtnvQ1gcDj/dmmJkXxJxp47rfzsrq2vrGZmGruL2zu7dfOjhs6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2M7zK//USVZpFsmElMfYGHkoWMYJNJj5XGWb9UdqvuDGiZeDkpQ456v/TVG0QkEVQawrHWXc+NjZ9iZRjhdFrsJZrGmIzxkHYtlVhQ7aezW6fo1CoDFEbKljRopv6eSLHQeiIC2ymwGelFLxP/87qJCW/8lMk4MVSS+aIw4chEKHscDZiixPCJJZgoZm9FZIQVJsbGU7QheIsvL5PWedW7ql48XJZrt3kcBTiGE6iAB9dQg3uoQxMIjOAZXuHNEc6L8+58zFtXnHzmCP7A+fwBG0KNog==</latexit>

S(T )

<latexit sha1_base64="QEuhP3LkFOu0JH8uub0yQ4EDSkQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegF48J5AXJEmYnvcmY2dllZlYIIV/gxYMiXv0kb/6Nk2QPmljQUFR1090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6n/mtJ1Sax7Juxgn6ER1IHnJGjZVq9V6x5JbdOcgq8TJSggzVXvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzQ6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeGtP+EySQ1KtlgUpoKYmMy+Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh71+XL2lWpcpfFkYcTOIVz8OAGKvAAVWgAA4RneIU359F5cd6dj0VrzslmjuEPnM8fskWM4A==</latexit>

T

<latexit sha1_base64="OpwLyIf3jT6AWy3558Rp0hs721w=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZRERV0WRXBZsS9oQphMJ+3QmUmYmQgl1I2/4saFIm79C3f+jdM2C209cOFwzr3ce0+YMKq043xbC4tLyyurhbXi+sbm1ra9s9tUcSoxaeCYxbIdIkUYFaShqWaknUiCeMhIKxxcj/3WA5GKxqKuhwnxOeoJGlGMtJECe/8+yDzJYf1mVK4fe4py6LG4B3Vgl5yKMwGcJ25OSiBHLbC/vG6MU06Exgwp1XGdRPsZkppiRkZFL1UkQXiAeqRjqECcKD+bfDCCR0bpwiiWpoSGE/X3RIa4UkMemk6OdF/NemPxP6+T6ujSz6hIUk0Eni6KUgZ1DMdxwC6VBGs2NARhSc2tEPeRRFib0IomBHf25XnSPKm455XTu7NS9SqPowAOwCEoAxdcgCq4BTXQABg8gmfwCt6sJ+vFerc+pq0LVj6zB/7A+vwB1m6V3Q==</latexit>

STE(T ) ∼ log t

<latexit sha1_base64="NT65T5hjAxx7BGwGsso/HS9vqT8=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQq6rJYBJcV+4ImhMl02g6dmYSZiRBC/RU3LhRx64e482+ctllo64ELh3Pu5d57wphRpR3n21pZXVvf2CxsFbd3dvf27YPDtooSiUkLRyyS3RApwqggLU01I91YEsRDRjrhuD71O49EKhqJpk5j4nM0FHRAMdJGCuzSQ5B5ksPm7aTSPPUU5bAe2GWn6swAl4mbkzLI0QjsL68f4YQToTFDSvVcJ9Z+hqSmmJFJ0UsUiREeoyHpGSoQJ8rPZsdP4IlR+nAQSVNCw5n6eyJDXKmUh6aTIz1Si95U/M/rJXpw7WdUxIkmAs8XDRIGdQSnScA+lQRrlhqCsKTmVohHSCKsTV5FE4K7+PIyaZ9V3cvq+f1FuXaTx1EAR+AYVIALrkAN3IEGaAEMUvAMXsGb9WS9WO/Wx7x1xcpnSuAPrM8fCk+TvA==</latexit>
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(Most) non-equilibrium impurity problems can be efficiently solved

For finite-temperature initial states
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Summary

Many-body localisation: ergodicity breakdown, integrability

No thermalisation    new dynamical phases

MBL protects coherence, enables new driven phases of matter

Influence matrix approach for many-body dynamics & 

quantum impurity models

New ways to control quantum matter

Entanglement: a tool for non-equilibrium states



Outlook

Classify non-ergodic phases?  Entanglement patterns?  

Practical ways to control synthetic matter

Control correlated materials by driving?

Non-equilibrium 

phenomena

Quantum 
information

Mathematical 
physics

Tensor networks, 
RG approaches

Condensed matter 
physics

Quantum chaos, 
field theory

Topological 
phenomena
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Open questions

MBL in 2d and “thermalisation avalanches”



Rare regions and resonances

Very strong disorder

Disorder small: resonance

Perturbation theory OK

Resonant regions are rare
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P (`) ∼ e
−`/a(W )

But: they act as a small thermal bath, can thermalise nearby spins 

Huveneers, Roeck’16,’18

Challenge: describe the growth of small bath 

In 2D such growth may be unbounded:  “thermalisation avalanche”

Imbrie’16



MBL in 2D

Experiment: signatures of MBL 

regime

Thermalization MBL

Bloch group’16

Numerics: -tensor-network 

simulations favour MBL in 2D 

-Time-dependent variational 

principle: critical disorder strength 

drifts with system size

Wahl et al’18

Theveniaut et al’19

Doggen et al’21

-MBL in 2d dimer models via exact 

diagonalization
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MBL in 2D

Experiment: signatures of MBL 

regime

Thermalization MBL

Bloch group’16

Numerics: -tensor-network 

simulations favour MBL in 2D 

-Time-dependent variational 

principle: critical disorder strength 

drifts with system size

Wahl et al’18

-MBL in 2d dimer models via exact 
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Challenge: how to access the limit                                   ?

Experiment/numerics limited to 
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Delocalisation in a “supercooled insulator”
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↑

Setup: Disordered Fermi-Hubbard model  

Finite density of spins-down       & single spin-up “impurity”
<latexit sha1_base64="sLSLd7QmF9gqWrnVwwIB+J367Nc=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZlRUZdFNy4r2Ae0w5BJ0zY0kwxJxlKHfokbF4q49VPc+Tem7Sy09UDgcM493JsTJZxp43nfzsrq2vrGZmGruL2zu1dy9w8aWqaK0DqRXKpWhDXlTNC6YYbTVqIojiNOm9Hwduo3H6nSTIoHM05oEOO+YD1GsLFS6JY6aiDDTleOBFZKjkK37FW8GdAy8XNShhy10P2yYZLGVBjCsdZt30tMkGFlGOF0UuykmiaYDHGfti0VOKY6yGaHT9CJVbqoJ5V9wqCZ+juR4VjrcRzZyRibgV70puJ/Xjs1vesgYyJJDRVkvqiXcmQkmraAukxRYvjYEkwUs7ciMsAKE2O7KtoS/MUvL5PGWcW/rJzfX5SrN3kdBTiCYzgFH66gCndQgzoQSOEZXuHNeXJenHfnYz664uSZQ/gD5/MHWMeTjA==</latexit>

ρ↓

<latexit sha1_base64="j7vi/POywWgkcZWCLtVHpXFxQDQ=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWwY0lUVHBTdGNywq2KbShTKaTduxkEmYmQg3FV3HjQhG3voc738Zpm4VWfxj4+M85nDN/kHCmtON8WYW5+YXFpeJyaWV1bX3D3txqqDiVhNZJzGPZDLCinAla10xz2kwkxVHAqRcMrsZ1755KxWJxq4cJ9SPcEyxkBGtjdeydNk0U4wbv2kyg1qF34fkdu+xUnInQX3BzKEOuWsf+bHdjkkZUaMKxUi3XSbSfYakZ4XRUaqeKJpgMcI+2DAocUeVnk+tHaN84XRTG0jyh0cT9OZHhSKlhFJjOCOu+mq2Nzf9qrVSH537GRJJqKsh0UZhypGM0jgJ1maRE86EBTCQztyLSxxITbQIrmRDc2S//hcZRxT2tHN+clKuXeRxF2IU9OAAXzqAK11CDOhB4gCd4gVfr0Xq23qz3aWvByme24Zesj2+xjZS7</latexit>

✏j ∈ [−W ;W ] localization length
<latexit sha1_base64="iSuSx6EyKOC/ZNxJKu7sgGcChzQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFfVY9OKxgv2AdinZNNvGZpMlyYpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywupn6rUeqNJPi3oxj6kd4IFjICDZWanafWLl12iuW3Io7A1omXkZKkKHeK351+5IkERWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LBY6o9tPZtRN0YpU+CqWyJQyaqb8nUhxpPY4C2xlhM9SL3lT8z+skJrzyUybixFBB5ovChCMj0fR11GeKEsPHlmCimL0VkSFWmBgbUMGG4C2+vEyaZxXvolK9Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIBneIU3RzovzrvzMW/NOdnMIfyB8/kD0EyOow==</latexit>

ξ(W )

For sufficiently large                   ,             a single 

impurity nucleates delocalisation      

<latexit sha1_base64="pqDpovhR1L14pbteC7Q77GFwFio=">AAAB+XicbZDLSgMxFIbP1Futt1GXboJFqJsyo6KupOjGZQV7gXYYMmmmDc1khiRTLEPfxI0LRdz6Ju58G9N2Ftp6IOTj/88hJ3+QcKa043xbhZXVtfWN4mZpa3tnd8/eP2iqOJWENkjMY9kOsKKcCdrQTHPaTiTFUcBpKxjeTf3WiErFYvGoxwn1ItwXLGQEayP5tt19YpXW6Y25fIIM+XbZqTqzQsvg5lCGvOq+/dXtxSSNqNCEY6U6rpNoL8NSM8LppNRNFU0wGeI+7RgUOKLKy2abT9CJUXoojKU5QqOZ+nsiw5FS4ygwnRHWA7XoTcX/vE6qw2svYyJJNRVk/lCYcqRjNI0B9ZikRPOxAUwkM7siMsASE23CKpkQ3MUvL0PzrOpeVs8fLsq12zyOIhzBMVTAhSuowT3UoQEERvAMr/BmZdaL9W59zFsLVj5zCH/K+vwBb++SPQ==</latexit>

ξ(W ) > ξc(W )

Shorter thermalisation timescales —> accessibility of 

critical properties in experiment and simulations

Krause, Brouwer, DA, 

Filippone, PRL’21

Brighi, Michailidis, DA, Serbyn’22
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Rydberg blockade:
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Many-body revivals, new non-

thermal behavior

No disorder, unlike in MBL

|Z2i =
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remarkable:                            
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dim(H) ∼ 2× 1015
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Haegeman et al’11

Scars & mixed phase space

A new connection b/w quantum many-body 

and classical chaos
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