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Spectral form factor (SFF)
IS @ measure of quantum chaos.
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Ramp behavior

IS a sign of chaos.
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Black Holes and

Random Matrices”

i[J. S. Cotler, G. Gur-Ari, M. Hanada,
1 J. Polchinski, P. Saad, S. H. Shenker,
1D. Stanford, A. Streicher, M. Tezuka,

2010]



Spread and Spectral Complexity

Spread Complexity: Krylov state complexity for

[V. Balasubramanian, P. Caputa, Spreading N Krylov Subspace
J. M. Magan, Q. Wu, 2022]

C(t) = Y _nlon(t)] () = > bnl(t)|Kn)

Spectral Complexity: Proposed as the dual of

L. V. lliesiu,_ M. Mezei, wormhole length
G. Sarosi, 2021]
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These complexities of TFD state are related to SFF,
and the connection with JT gravity has been discussed.

[E. Rabinovici, A. Sanchez-Garrido, o . .
L. V. I M. M G. 2021
R. Shir, J. Sonner, 2023] L V. lliesiu, M. Mezel, G. Sarosi, 20211
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Mixed-field Ising & next-to-nearest-neighbor
(NNN) deformed XXZ =7,

Spread Complexity  Spectral Complexity

104,

Mixed-field a

< lj

Ising oo

10~

107°
NNN

deformed S
XXZ
- 0.1 10000 107 10! 101

t




Outline

1. Review of random matrix, Spectral form factor,
Spread complexity, Spectral complexity

2. Numerical computations of spin chain models
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Random matrix and guantum chaos

BGS conjecture 0. Bohigas. M. J. Giannoni, C. Schmit, 1984]

Quantum spectrum of chaotic systems have same
properties as eigenvalues of random matrix.

Nearest-neighbor level spacing distribution P(AFE)

Chaotic Integrable
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Gaussian Unitary Ensemble (GUE)

Matrix element

distribution

~lgenvalue
distribution

Wigher-Dyson
level spacing

distribution
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SFF with eigenvalue correlation

(p(E1)p(E2)) = (p (F))0(s)
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wo-point function of spectral density (GUE)
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SFF without eigenvalue correlation

wo-point function without the sine kernel

(p(E1)p(E2)) = (p(E))d(s) + (p(E1))(p(E2))
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Spread Complexity [V. Balasubramanian, P. Caputa,

_ _ J. M. Magan, Q. Wu, 2022]
Time evolution of an initial state |¥)

(1) = e w) = 3 T gy

n!
n=0

1. Lanczos algorithm for orthonormalization

{H"|V)} — {|Kn)}
2. Expand |¥(¢)) by Krylov basis |K.)

= Z¢n(t)\Kn>

3. Define Spread CompleXIty C(t Zn|gbn

There Is an algorithm to compute Spread Comp exity

of TFD state |y) — \/Zl(ﬁ) Ze_ﬁi| i)  |i) from SFF.
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SpeCtraI Complexrty [L. V. lliesiu, M. Mezei, G. Sérosi, 2021]
Spectral Complexity was motivated from

the wormhole length in JT gravity.
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Spectral Complexity Is directly related to SFF.
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Outline

1. Review of Spectral form factor,
Spread complexity, Spectral complexity

2. Numerical computations of spin chain models
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Spin chain models
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Our numerical results

Spread Complexity
IN chaotic models
has a peak.
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Why Spread Complexity

In chaotic models has a peak?

This was observed in the original paper.
[V. Balasubramanian, P. Caputa, J. M. Magan, Q. Wu, 2022]

ann (> |w(t) qun KR > lon(t)]? =1
n=0

oo(t)|* = SFF(t)

) -
Po(t)|” is smaller than the ramp-plateau

plateau value In the middle time.

A peak does not appear It the ramp 1s not linear
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Z.-Y. Xian, 2023] 16



Why Spectral Complexity
in chaotic models saturates early?

100

. I Integrable/v
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] ] Cs) |
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[Hugo A. Camargo, Viktor Jahnke, Hyun-Sik Jeong, Kettm—Young Kim, MN, 2023]

Long-time average of Spectral complexity at 5 =0
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Timescales in chaotic mixed-field Ising
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From t = tqip, Spread and Spread Complexities
change their behaviors from t*to ¢.

We observe tdip < tpeak ,S tplatea,u < Tsat

taip ~ O(1) , which is different from RMT case tg4;, ~ d*/?
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