Ergodicity in Hilbert Space:
From Porter-Thomas to Entanglement

and Quantum Designs
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Delocalization in the Fock-Space
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Delocalization in the Fock-Space under time evolution




Hilbert Space



Dual-Unitary Circuits
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Self-Dual Kicked Ising Model
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Self-Dual Ising Model
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Intermezzo:
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Stability to Perturbations
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Recap!

Q Emergence of the Porter-Thomas Distribution

O) The approach is exponentially fast and
time scales do not depend on the system size

~ lOg L. X Turkeshi, P. Sierant Entropy 2024, 26, 471 (2024)
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Entanglement Entropy
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Sparse Random Pure States
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Warm-up: Local Observable
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“Fading ergodicity”
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Local Observables know about fractal dimension.
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Application: Strong-Fragmentation
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What about fluctuations?
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How random is a fractal state?
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Frame Potential for Fractal States
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Frame Potential for Multi-fractal States

1 O E EIOX g Yy ey pe——
U7 .,..s‘*é@gggt
,‘tf"é:‘ &
‘.:”:::: A
KR o
RO &
S_ 107" B
T R
N L olm
\ “‘ o‘“.‘ﬂ . ...'A
=S 6 . N Y MBL Floquet Model
N—
[45 o [m] E )
AR V4
A

107247

qp~. O, O,
PR

o

h

]

<

h

]

p—t

—_t

0.2 0.4 0.6 0.8

(k) Z (b |

7 Haar < min| 1, N 7 Haar ~ min(l,N(k_l)@D'znm_l))
F max (E, IPR;)?

L )




I, x 2Ea=1) /4!

[
3
—

[
3
w

—_
3
ot

—_
3
\]

P. Claeys
Trinity College Dublin

MI

lvan
CNRS Toulouse

D=0.7

20

40

60

0 20 40 60

M
B 200
00 0.2 04 06 08 1.0




Conclusions:

O Emergence of the Porter-Thomas Distribution

ﬁL Approach to PT distribution with finite-depth l

P.W .Claeys, GDT, PRL 134 (5), 050405 (2025)

O Entanglement vs Inverse Participation Ratio
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. Entanglement Entropy can have an ergodic behavior even though

's the wave- function is highly non-ergodic
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GDT, I.M. Khaymovich PRL 124 (20), 200602 (2020)
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