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Recent progress on applications of holographic gravity 

Outlines 

How to construct the bulk geometry to reproduce the phenomenon 
observed in lab?  

The key issue: 
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•  Holographic principle in quantum gravity 
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Kovtun-Son-Starinets (KSS) bound 

Transport property and universal bound 
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Gauge/Gravity Duality  
Donos and Hartnoll, Nature Phys.9, 649 (2013).  

0ω →

Infrared (IR) physics  (Scaling symmetry) Horizon formula  

,   ,   ,   D BD
s
η σ ν

4 2,    ,     ...AdS AdS HL

Transport property and universal bound 



1.  Kovtun-Son-Starinets (KSS) bound  
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3.  In general holographic models with hyperscaling violation 
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2( 0)e =•  Neutral black holes 
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•  Neutral black holes 
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2( 0)e ≠•  Charged black holes 
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RG flow of QPT 

Relevant operator deformations  
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Phase diagram of the second order QPT 
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Scaling formula: 
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AdS-AdS domain wall  

•  Numerical check: 

Transport property and universal bound 



Doubly holographic setup 
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•  The geometric description of entanglement 
entropy sheds light on the black hole 
information loss paradox 

•   Doubly holographic setup provides new 
framework for the measure of entanglement 
entropy of the radiation. 
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Background: 

•   Black hole information loss paradox is 
attacked. 



•  HEE： 

•  PHEE 

( )
4
AS
G
γ= γ

A 

( )
4
AS
G
γ=

B 

A B 

γ

Takayanagi and Umemoto, Nature Phys. 14, 573{577 (2018), arXiv:1708.09393  

Doubly holographic setup 



•  PHEE in Doubly holographic setup： 
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Quantum Extremal Surface (QES) 



•  Island in doubly holographic setup 
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•  Page-like curve： 

Doubly holographic setup 



Liu, Xian, Peng, Ling, JHEP 09 (2022) 179 

(a) (b) (c)

Figure 1. (a): Boundary perspective. The (d ≠ 1)-dimensional quantum systems B
1L

, B
1R

and
B

2L

, B
2R

are in equilibrium with two d-dimensional finite-sized baths. (b): Brane perspective. Two
d-dimensional eternal black holes are in equilibrium with two d-dimensional finite-sized baths. (c):
Bulk gravity perspective. The Planck branes are back-reacted to the ambient geometry.

each eternal black hole Bi. Specifically, the asymptotic boundaries between black holes and
finite-sized baths are glued together, where we impose the transparent boundary condition
on the matter sector. This setup is called the brane perspective in literature [49], and there
are two other equivalent perspectives. The first is the boundary perspective, where two
d-dimensional eternal black holes together with the matter sectors are replaced by (d ≠ 1)-
dimensional quantum systems B1L, B1R and B2L, B2R – Fig. 1(a). The second is the bulk
gravity perspective, where the matter sector is dual to a (d + 1)-dimensional bulk and B1
and B2 are described by Planck branes pl1 and pl2 in the bulk, as shown in Fig. 1(c).
In the first model, the setup will be constructed from the bulk gravity perspective, while
the dynamical processes will be described from both the bulk gravity perspective and the
brane perspective.

From the bulk gravity perspective, the action of the (d+1)-dimensional gravity theory
is specified as
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Here Kˆ is the extrinsic curvature on the conformal boundary ˆ. The electromagnetic
curvature is F = dA. Ki is the extrinsic curvature and the parameter –i is proportional
to the tension on the brane pli, which will be fixed later. The last term in the second line
is the junction term at the intersection of the brane pli and the conformal boundary ˆ,
where ◊i is the angle between the brane pli and the boundary, while �i is the metric on
pli fl ˆ. The first term in the last line is the DGP term [45], where G

(d)
b,i is the additional

Newton constant on each brane and Rh
i

is the intrinsic curvature on each brane. The
second term in the last line is the junction term at the intersection pli fl ˆ of the brane
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Doubly holographic setup 
•  Radiation between two black holes： 



•  Radiation between two black holes： 

(a) (b)

(c) (d)

Figure 5. The configurations of HRT surfaces in four possible phases: (a): the trivial phase; (b):
the half-island phase; (c): the island phase; (d): the wormhole phase, with the HRT surfaces being
plotted in blue.

3.2 The entropy and mutual information in di�erent phases

From now on, to avoid cumbersome statements we will call the trivial, half-island, island
and wormhole phase simply as Ph-T, Ph-H, Ph-I, and Ph-W respectively. From (3.1), the
entropy density of the radiation subsystem R can be determined by

s[R] =4G
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Ld≠1V

= 1
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;
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A[“I1 ] + A[“I2 ] + A[ˆI1] + A[ˆI2], A[“W ]
<

. (3.2)

Here V is the infinite volume of the relevant spatial directions. For instance, for d = 3 we
have V =

s
dw1. A[G] is the area of the corresponding extremal surface G. Moreover, in

the second line, we have set L = 1. While for each black hole subsystem Bi (i = 1, 2), the
formula of entropy density is the same as that in the ordinary double holography with one
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Deep learning and holographic gravity 
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Non-fermi liquid theory  Gauge/Gravity duality 

1、Linear resistivity  

2、Hall angle  

？ 

Deep learning and holographic gravity 

Universal behavior of strange metals 
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Deep learning and holographic gravity 
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•  The background： 

•  The perturbations： 
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Deep learning and holographic gravity 
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Generalization of conductivity: 



Deep learning and holographic gravity 

The weight matrix: 

The bias term: 



Deep learning and holographic gravity 

•  The training result： 
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Summary 

•  The scaling symmetry near the horizon plays a significant role in controlling  
   the universal behavior of transport quantities in holography.  

•   Doubly holographic setup is powerful to take the quantum entanglement of matter  
   in the bulk into account.  

•   Deep learning would be helpful for us to construct the appropriate holographic 
   model for the specific phenomenon observed in strongly coupled system.  
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Holographic Butterfly Effect 

Classical Butterfly Effect 

•   Lyapunov exponent: Lλ

Early perturbations increase with time exponentially 

The criteria for butterfly effect 
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Holographic Butterfly Effect 

Arxiv:1306.0622, Shenker and Stanford 

Holographic Butterfly Effect 
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A freely falling particle with  

•   Shock wave solution as a result  
   of backreaction  



HBE in Quantum Critical Region 
•  The simplest model with Einstein gravity and scalar field in d+2 dimensions 
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HBE in Quantum Critical Region 
•  Outlines of scalar deformations over AdS BH: 
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The scalar field back-reacts to the metric at order                  ,  
and affects the butterfly velocity through the horizon formula  
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HBE in Quantum Critical Region 
•  Appendix: Details of deformation  
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HBE in Quantum Critical Region 
•  The standard quantization method 
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For single trace deformation 

2
2 3

2/

1 1 ( )
2

s
B sv

dv O
d T

κγ κ⎛ ⎞+= − +⎜ ⎟
⎝ ⎠

[ ]( ) ,     1/ sW O O vφ φ κ −= = = Δsκ φ−=

2/( 1) ( ) 1
2 4

vd I d
d

θγ
π

+ +⎛ ⎞= ⎜ ⎟⎝ ⎠

For double trace deformation 

[ ]2 21( ) ,    =2 1,  1/ 0
2 sW O O O d vφ φ φ κ+ − +⎡ ⎤= Δ > + = = Δ −Δ <⎣ ⎦

Such deformation is irrelevant. 



HBE in Quantum Critical Region 
•  The charge diffusion constant  

For single trace deformation 
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HBE in Quantum Critical Region 

(1 + 1) Bose-Hubbard model 

Mott insulator-superfluid transition happens at U/J ≈ 3.4 
BKT transition 
a peak of       near U/J ≈ 3 

(2 + 1) O(N) nonlinear sigma model 

well defined quasi-particles [Sachdev:1999]; 

a QPT with broken-symmetry at    . 

Finite T dynamic depends on dispersion relation                           ,  
where thermal mass      is monotonous with respect to g: 

•  Comparison with many body system: 
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Maximization behavior of                   may be absent at          in such weak chaos  
system. 

{ }, ,L Bvφτ τ cg g;



[ ]
[ ] e

d
cliS i d xJ

boundaryZ J D φ οφ + ∫= ∫

2

( 0)

[ ]( ) ( ) ( )
( ) ( )

cl
QFT

z J

SG x y i T x y
J x J y φ

δ φο ο
δ δ = =

− = − = −

0

( , )lim ( )cl

z

z x J x
z

φ
Δ→

=

[ ] 1[ ] . . depends on JJ gravL SN
b QG EOMCFT
Z J e Z b c e− −∫= = ⎯⎯⎯→?

附录：格林函数与输运系数 
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附录：引力/流体对偶 
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•   流体动力学量 


