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Outline of the talk

● Comments of quantum chaos diagnostics
● Late-time KPZ scaling via the Krylov chain
● Towards the DSSYK-gravity duality via Krylov 

complexity fluctuation
● Geometry of the 2-dimensional parameter 

space and transition ergodic-> extended non-
ergodic->localized   phases 



  



  

--- Late time OTOC   Larkin-Ovchinnikov , Formulation of operator growth picture, scrambling
Black holes etc    Shenker,Susskind, Cotler, Stanford,Swingle,Sonner, Barbon,Caputa 
and many others 

---- Chaotic- extended non-ergodic, localized(integrable) phases. Via evaluation of the
Fractal dimension of eigenmodes.  NEE phase — since 2015 Amini, Kravtsov,
Khaymovich. Many recent examples

---- Krylov space approach   Parker, Cao, Avdoshkin, Suffidi, Altman 2019, 
Barbon-Rabinovich-Sonner (finite systems), Dymarsky-Smolkin(CFT),
Balasubramian, Caputa, Magan, Wu (survival amplitude as «order parameter»)

– Induced geometry of parameter space, Phase transitions-singularity in geometry 
Kolodrubetz,Gritzev, Polkovnikov 13, Gritsev-Polkovnikov-Liska 
Integrable point is attarctive Kim-Polkovnikov 23' . Geodesic motion in the 
Information metrics. 

Historical remarks 



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  





Scaling of fluctuations in DSSYK

(Valov, A.G. In progress)

The Lanczos coefficients for the DSSYK are known exactly hence we can
perform similar analysis for fluctuations of the Krylov complexity



KPZ-ballistic transition at the Euclidean Heisenberg time at critical q



  

Fluctuation of Krylov complexity 
versus subdiffusion-superdiffusion

DSSYK     

Sin-dilaton JT gravity 

3d de Sitter geometry

Krylov complexity in DSSYK Length of geodesics

Fluctuation of the Krylov complexity corresponds to the fuctuation of length in
gravity models. Transition from subdiffusion(KPZ) to superdiffusion

Superdiffusion in de Sitter (Milekhin-Xu)

Possible transition to de Sitter at large q (Susskind,Verlinde....



  

Hilbert space geometry
2411.11968



  





  



  

Parametrization used in RP model

Remarkably the geometric tensor
captures all three regimes :

The transition points are reproduced
Correctly.

The extended non-ergodic phase
found by Amini,Kravtsov,Khaymovich
2015 in RP model

In 2-parameter Russian Doll model
Motammari,Khaymovich, A.G. 2022

Extended non-ergodic phase 
Fractal dimension 0<D_q<1



Dependence on distributions in random energy model

Shifted distribution. We can control the presense or absence of the level crossing

(Lyubimov,A.G. In progress)

Singularity disappears when there is no level crossing in distributions



Berry ring. Surprise

Distribution of «vortexes» which 
generates the corresponding 
Berry curvature.

A kind of charged Berry ring
.



  

Conclusion and open questions

● Possible explanation of the KPZ scaling in late-
time autocorrelators in spin chains. Seems to 
be generic for finite systems

● KPZ-ballistic transition at some q-- additional 
argument in favor of duality  DSSYK-de Sitter

● Difference between the geometry of parameter 
space near chaotic and integrable points

● Non-ergodic extended phase is seen in the 
information Fisher metric



 

Open questions

● More general geometry around the
chaotic,integrable and intermediate regimes for
higher dimensional parameter space

● Double scaling limit in 2d gravity, Anderson
localization and KPZ in gravity in the Krylov
picture

● More about the DSSYK-de Sitter duality via
Krylov space and chord basis?

● Chord basis and knot invariants(in progress)
● Correlation of the Krylov chains
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