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Holographic duality



Asymptotically Lifshitz Black Hole

Danielsson, Thorlacius, 2009



Chaos: Lyapunov Exponent and Butterfly Velocity

Maldacena, Shenker, Stanford, 2015



Chaos in systems with Lifshitz scaling

• Chaos appears in Lifshitz theories due to dynamical critical exponent.

• Probe circular strings in holographic Lifshitz bulk are chaotic.              Giataganas, Sfetsos, 2014

• Marginally irrelevant operators in Quantum Lifshitz Model show chaotic growth.    Plamadeala, Fradkin, 2018

• Scrambling properties are holographically explored in generic asymptotic black holes. Sircar,  Sonnenschein, Tangarife, 2016

We will show the equivalence between three competent methods to derive chaos in 

asymptotic Lifshitz black hole:

1. Entanglement Wedge Method

2. Pole-skipping

3. Measurement of Out-of-Time-Ordered correlators



Quantum chaos by entanglement wedge method:

AC, Baishya, Padhi, 2024



Quantum chaos from pole-skipping

• Pole-skipping: Lines of poles and zeros of retarded Green’s function intersect----A would-be pole gets skipped !

Pole-skipping points of 2-point energy density correlation functions

Blake, Lee, Liu, Davison, Grozdanov,2018; Ahn, Jahnke, Jeong, Kim, 2019

Holographic dual to perturbation in bulk metric

• At pole-skipping points, chaos is measured by frequency                     and momentum                   of the 2-point correlators. 

• 2+1D Lifshitz BH in Eddington-Finkelstein coordinates, perturbation of the metric:

• Retarded energy density Green’s function is governed by only                      due to the                     and

• Perturbed Einstein’s equation in near horizon limit is vanishing only for

• This is obtained for pole skipping points  

• For 2+1D Lifshitz black hole, 
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Quantum chaos from out-of-time-ordered correlators

Out-of-Time-Ordered Correlators: Two-particle gravitational scattering between particles moving along the two horizons

of Kruskal geometry.                        Maldacena, Shenker, Stanford, Roberts, Susskind

Holographically,

 Decrease in OTOC             Increase in C(t), Significant butterfly effect

• Perturbation in the metric by a shock wave along one horizon in the Kruskal form of 2+1D Lifshitz BH.

• Back-reacted Einstein’s equation :                                                          gives  C(t, x)  =  

• in near-horizon limit.  This yields  

AC, Baishya, Padhi, 2024



All the above methods are equivalent and 
equally competent to study chaos in 
asymptotically Lifshitz black hole



Eikonal phase and Lyapunov exponent from classical approach

•Lyapunov exponent : 

Effective potential for radial motion

•For circular motion, 

• For any unstable orbit, Lyapunov exponent is real.

• Classical and quantum Lyapunov exponent 
matches for

Parnachev, Sen, Ng, Kulaxizi, 2019, 2021
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Cardoso, Miranda, Berti, Witek, Zachin, 2009



Summary :

• Butterfly effects in asymptotically 2+1D Lifshitz black hole using three different holography based methods –EW, PS and 
OTOC.

• All of these methods yield exactly same results for butterfly velocity and Lyapunov exponent, hence equivalent to study 
chaos.

• Classical chaos is studied by bulk phase shift (eikonal phase) and Lyapunov exponent. 

• Classical/Quantum correspondence is achieved from both of these studied at specific scenarios.

• All chaotic features have nontrivial dependence on the anisotropy index.

• Different scattering scenarios at near-horizon and near-boundary limits.

Future scope :

• Explicit study of classical/quantum correspondence.

• Probing critical phase transition using chaotic features of asymptotically Lifshitz black hole.

• Construction of dual thermofield double states for thermal Lifshitz field theories and study of OTOCs.
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