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Eigenstates in the middle of the many-body spectrum

Heisenberg chain

XX chain ("many-body Anderson")
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HEISENBERG: INTRODUCING INTERACTIONS
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EFFECT OF INTERACTIONS?

Interactions favor delocalization. Do they fully destroy localization?
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Do isolated quantum systems thermalize?

Thermal average 
?

ETH

Time average
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L. Fleischman, P. W. Anderson, PRB 2, 2336 (1980)  single-particle excitations and conditions for Anderson transition
B. Altschuler, Y. Gefen, A. Kamenev, L. S. Levitov, PRL 78,  2803, (1997)  quasi particle lifetime & localization in Fock space
P. Jacquod, D. L. Shepelyansky, PRL 79, 1837 (1997)  Gap ratio statistics, finite systems
I. V. Gornyi, A. D. Mirlin, D. G. Polyakov, PRL 95, 206603 (2005)  zero  conductivity at low temperature
*D. M. Basko, I. L. Aleiner, B. L. Altschuler, Annals of Physics 321, 1126 (2006)  metal-insulator transition, localization in Fock space
I.L. Aleiner, B. L. Altshuler, G. V Shlyapnikov, Nature Physics 6, 900-904 (2010)  weakly interacting bosons
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H = S S + S S + 2ΔS S −∑i 2
J ( i

+
i+1
−

i
−

i+1
+

i
z

i+1
z ) h S∑i i i

z

A few among many...

D. A. Abanin, E. Altman, I. Bloch, and M. Serbyn, Rev. Mod. Phys. 91, 021001 (2019)            F. Alet, N. Laflorencie, C. R. Phys. 19,498 (2018)

A. Pal, D. Huse, PRB 82, 174411 2010

(See series of works by V. Oganesyan, A. Pal, D. Huse, 2007-2010)

disorder

ga
p 

ra
ti

o

Exact diagonalization

Probes: gap ratio 
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Gaussian orthogonal
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 ergodic↔
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Anderson
No growth

of entanglement

A few among many...
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Probes: gap ratio  |  entanglement entropy 

Initial 
basis random
product state

+

TEBD

 

W = 5

Sz

J. H. Bardarson, F. Pollmann, and J. E. Moore, PRL 109, 017202 (2012)
M. Znidaric, T. Prosen, and P. Prelovsek PRB 77, 064426 (2008)
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Log growth

of entanglement
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D. J. Luitz, N. Laflorencie, F. Alet, PRB 91, 081103(R) (2015) 
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Probes: gap ratio  |  entanglement entropy  |  participation entropy 

∣Ψ⟩ = ψ ∣α⟩∑α=1
N

α

S =q ln ∣ψ ∣1−q
1 (∑α=1

N
α
2q)

Configuration space

S =q a ln(N )q
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Probes: gap ratio  |  entanglement entropy  |  participation entropy  | imbalance [...]

M. Schreiber et al. (I. Bloch) , Science 349, 842 (2015) 
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Immediate onset of quantum chaos? Intermediate phase(s)?
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Prethermal

regime?
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J. Šuntajs, J. Bonča, T. Prosen, and L. Vidmar, PRE 102, 062144 (2020); D.A. Abanin, et al, Annals of Physics 427, 168415, (2021); 

D. Sels, A. Polkovnikov, JCCM January 2023_1 (2023); Tyler LeBlond, Dries Sels, Anatoli Polkovnikov, and Marcos Rigol, PRB 104, L201117
(2021);  A. Morningstar et al, PRB 105, 174205 (2022); L. Colmenarez, D. Luitz, W. De Roeck, arXiv:2308.01350 (2023); P, Sierant and J.
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Immediate onset of quantum chaos? Intermediate phase(s)?
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For today :  Magnetization, ED data and comparison to the Anderson line

J. Šuntajs, J. Bonča, T. Prosen, and L. Vidmar, PRE 102, 062144 (2020); D.A. Abanin, et al, Annals of Physics 427, 168415, (2021); 
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High-energy eigenstates 

 

High density of eigenstates

 

Potential absence of thermalization
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MINIMAL DEVIATIONS IN THE XX CHAIN  - TOY MODEL



ED ON ONE SAMPLE - XX (ANDERSON) CHAIN

J. C., N. Laflorencie, arXiv:2305.10574
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− 1+α
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z 0



41EXPONENT
J.

 C
O

LB
O

IS
 | 

Q
IM

G
 2

0
23

 , 
KY

O
TO

 | 
27

.0
9.

20
23

At strong disorder, γ ∼ 1/ξ

γ

 Interpretation of the exponent as
related to a many-body localization

length

⇒

 
 

Laflorencie, Lemarié, Macé, PRR 2, 042033(R), (2020)
JC, N. Laflorencie, arXiv:2305.10574



42EXPONENT
J.

 C
O

LB
O

IS
 | 

Q
IM

G
 2

0
23

 , 
KY

O
TO

 | 
27

.0
9.

20
23

At strong disorder, γ ∼ 1/ξ

γ

 Interpretation of the exponent as
related to a many-body localization

length

⇒

 
 

Laflorencie, Lemarié, Macé, PRR 2, 042033(R), (2020)
JC, N. Laflorencie, arXiv:2305.10574

 : disorder-dependent non-ergodicity volume

 : interpreted as a localization length

Λ

λ
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KL(p∣q) = q ln∑i i pi

qi

Kullback-Leibler divergence :
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Transition in the extreme value distributions

J.
 C

O
LB

O
IS

 | 
Q

IM
G

 2
0

23
 , 

KY
O

TO
 | 

27
.0

9.
20

23

KL(p∣q) = q ln∑i i pi

qi

Kullback-Leibler divergence :



44CONSEQUENCES : HEISENBERG

Transition in the extreme value distributions

Coinciding with the MBL transition?
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W
No chain breaks Chain breaks

Excellent fits & collapses
with a Fréchet Law

Comparing  deviation in Heisenberg vs
Many-body Anderson:

Extreme value transition characterized by the

KL divergence.
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Thank you for your attention!
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https://slides.com/secure/decks/2690225/print?margin=0.05&pdfSeparateFragments=false&print-pdf=true&showNotes=false&slideNumber=false
https://arxiv.org/abs/2305.10574
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"Dynamical" probes "Static" probes

Entanglement
entropy (EE)

Multifractality
(participation

entropy)

Entanglement
spectrum (ES)

and these probes -->

Spectral
repulsion

Magnetization &
extremal

magnetization
-> Lcluster, delta

min

Evolution /
autocorrelation of a

prepared state

Out-of-Time-Order
Correlator (OTOC)

KL divergence
between

eigenstates

Increasing num
ber of involved states

Gap ratio

two-eigenstates
correlation
functions

Spectral form factor

Level compressibility

Imbalance

Dream: LIOMs

(minimal correlator)

Many-body resonances
between eigenstates

Minimal gap
Distribution of matrix

elements?


