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Krylov complexity and chaos

iIn quantum mechanics
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o  NAR7EBWigner—-Dyson%3 %1 [Bohigas, Giannoni, Schmit 1984]

P(s) = gse_mz/4 (1) ~ 0.536

o W[ EH7EBPoisson%y i [Berry, Tabor 1977] /T
[Bohigas, Giannoni, Schmit 1984}

P(s)=¢€e"° (7Y ~ 0.386

T:bes ﬁ?‘ﬁ’&ﬁﬁ%{’ﬁl'}é/\"%)‘—'}? <7’:> | Oganesyan, Huse 2007] [Atas, Bogomolny, Giraud, Roux 2013]
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Classical Lyapunov exponent
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Classical/quantum chaos in the stadium billiard

The geometry is characterized by a/R

a/R = 0: non-chaotic

a/R > 0: chaotic
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The variance becomes larger in the non-chaotic regime compared to the chaotic regime.

The Krylov complexity does not grow exponentially.
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Correlation in the stadium billiard

Correlation coefficients

A vs o | -0.720372
(7) vs 0% | -0.391709
Avs (r) | 0.741396

Correlation coefficients between data 4 and B = \/E
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Significant correlations exist among o%, A, and (7).

2

0“ can be a measure of quantum chaos.

Bl(4 - ElA))(B — E|B])]

(A = E[A])?|E[(B — E|B])*]
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Krylov state complexity

[Balasubramanian, Caputa, Magan, Wu 2022]
The Krylov state complexity (spread complexity) for a Schrodinger state

= (i)™

[P(8)) = e ) = H™ )

n!
n=0

is defined as follows:

1. Orthonormalization (Lanczos): {H"|y)} - orthonormal basis {|K,)}

(There are two kinds of Lanczos coefficients a,,, b,, in this case)

2. Expand again the Schrodinger state as [y(t)) = Ewn(t)\Kn)

3. Krylov complexity C,(t) = Znh/)n(t)lz

n
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The variance becomes larger in the non-chaotic regime
compared to the chaotic regime.

The Krylov complexity does not grow exponentially.
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The peak value of Krylov state complexity depends on a/R.

The peak behavior [Balasubramanian, Caputa, Magan, Wu 2022]
[Erdmenger, Jian, Xian 2023]




Correlation in the stadium billiard
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b, 400+t

2001

Universality: the Sinai billiard

* Again, the variance of Lanczos coefficients becomes larger in
the non-chaotic regime compared to the chaotic regime.

, * The result may be universal for generic qguantum mechanics.
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