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Holographic duality

Maldacena, 1998



Holographic duality for Lifshitz-like gauge/gravity theory

Gauge theory: d-dim Nonrelativistic QFT following Lifshitz scaling 

Holographic dual : Gravity theory in d+1 dim Lifshitz spacetime

Scaling is different than the conformal one because of dynamical exponent ξ in the time scaling, causing a geometry different 
than AdS.

Anisotropy along time scaling causes breaking in the Lorentz symmetry.

Helpful for deeper understanding of strongly interacting nonrelativistic condensed matter systems.

Concrete holographic dictionary is yet to explore, bulk to boundary propagators, string and brane solutions, quantum 
entanglement properties are being studied in the context of Lifshitz holography.

Taylor, 2015



Asymptotically Lifshitz Black Hole

Danielsson, Thorlacius, 2009



Motif of this talk is to understand chaos in asymptotic Lifshitz black hole

We will use three different holography-based approach of deriving chaos, namely,

1. Entanglement Wedge Method

2. Pole-skipping

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



Chaos: Lyapunov Exponent and Butterfly Velocity

Maldacena, Shenker, Stanford, 2015



Holographic understanding of chaos 

• Operators in boundary field theory                   Field in the gravitational system inside the bulk spacetime.

• Chaos in the thermal field theory: Perturbation of boundary operator and eventual scrambling in late time.

• Holographic bulk picture: Infalling quanta which is initially close to boundary gets absorbed in the BH interior.

• Spreading of trajectories in terms of 2-pt functions :

• Large G(t)                 Significant chaos

• Holographically realised as exp [         ] up to the scrambling time where chaos becomes maximum. 

• In thermal Lifshitz black hole , chaos is characterized by its dynamical exponent ξ. 

Stanford, 2018

Shenker, Stanford, 2013



Entanglement wedge and holographic entanglement entropy

Entanglement entropy: Measure of classical and quantum correlation between the states in entangled Hilbert spaces

*Ryu-Takayanagi prescription gives holographic notion of entanglement entropy. Ryu, Takayanagi, 2006             

*RT prescription suggests: Entanglement entropy appears to be equivalent to the area of an extremal surface inside the bulk 

which has coinciding boundary as that of the bulk geometry.

• Extremal surface area is given by the minimisation of 

* Entanglement wedge: Slice in the bulk that bounded by the boundary 

and the extremal surface, captures all

quantum information. (Generally, constant time slice)

Pennington, 2019



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  Green’s function is governed by only                      due to                     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, 

AC, Baishya, Padhi, 2024



Out-of-time-ordered correlators and eikonal phase
Out-of-Time-Ordered Correlators in a boundary field theory: 

*Holographic realised as a consequence of a shockwave introduced in a 2-particle gravitational scattering 
between particles moving along the two horizons of double-sided black hole. 

Maldacena, Shenker, Stanford, Roberts, Susskind

* Perturbation due to the shockwave is understood in field theory 

as the double commutator

*Decrease in OTOC implies increase in C(t) causing significant chaos.

In holographic systems,

*Gravitational scattering amplitude assumes exponential form         , δ is termed as eikonal phase shift.



Quantum chaos from out-of-time-ordered correlators

We used a doubled sided version of 2+1D Lifshitz black hole by using Kruskal-Szekeres coordinates 

Perturbation in the metric by a shock wave along one of the horizons 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.

Parnachev, Sen, Ng, Kulaxizi, 2019, 2021

AC, Baishya, Padhi, 2024

Cardoso, Miranda, Berti, Witek, Zachin, 2009



Limitations on choice of turning point of null geodesic

AC, Baishya, Padhi, 2024



Summary :



Thank you


