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‘ Introduction

n 1970s, Hawking and Beckenstein discovered the thermodynamic properties of bla%

holes. They attributed entropy to black holes that is defined as follows [1,2]

Sen = et 0)
where Area is the surface of the black hole. This relationship has a subtle physical inter-
pretation. From thermodynamics, we know that the entropy of the system is proportional
to its volume, so there is a relationship between the volume of the system and the area in
Eq. (1). We have to make a connection between these two geometric parts by entropy.
Therefore, it is interpreted as follows: The number of degrees of freedom of a gravitational
system in D-dimension is equal to the number of degrees of freedom of a non-gravitational
system (theory) in (D-1)-dimension.

Maldacena in 1999, using string theory, was able to find an example of this duality the-
oretically [3]. He showed that the non-gravitational physical system must be a gauge
theory. Now the interpretation is as follows: the partition function of a theory of gravity in
D-dimension equivalent to the partition function of a gauge theory in (D —1)-dimension
Zgraviey = Ziaiige- @
where Z is the system partition function and indicates the number of degrees of system
freedom [4]. This theory can be explained in geometric language as follows:

At the zero temperature state

[ground state in boundary] ~  [pure AdS field in bulk] 3)
And at a limited temperature
[An excited state in volume] ~  [AdS field and a field in bulk] “)

In general, we can say that “every geometry is equivalent to a state”. Information and
com- putation theory as a branch of mathematical and computer science have rapid and
increas- ing impact on research in various branches of physics, especially gravity-
quantum. Entropy and complexity are two key concepts in information theory that have
recently played a key role in understanding the physics of black holes in the context of the
AdS/CFT duality framework. In the following, we intend to deal with holographic

complexity. }

Holographic complexity

Complexity is a valuable concept in various branches of physics, including black hole
physics. The AdS/CFT duality suggests a correspondence between a geometric quantity in
the bulk and a boundary quantity. When complexity is viewed as a boundary quantity, it
prompts the question of its dual in the bulk. One strong candidate for this dual is the

classical action, leading to the "complexity-action" duality defined as € = % [7,8]. Here,

the classical action for the Wheeler-DeWitt patch correlates with the complexity of the
boundary state.

The Wheeler-DeWitt patch encompasses all space-like paths connecting selected time
pairs from the left and right boundaries. This duality implies that the action for this patch
is equivalent to the complexity at either boundary. However, challenges arise in
determining the nature of the bound, as Susskind and colleagues debated whether it should
be space-like or time-like. This led them to incorporate the York-Gibbons-Hawking
surface action into their calculations and to focus on the "rate of growth of complexity"
rather than direct complexity computation. Others, through careful boundary analysis,
\calculated complexity and found their results aligned with those of Susskind et al [9]. Y,

‘ The Rate of Growth of Complexity for Accelerating Black holes

6 he rate of growth of complexity has been studied for different types of AdS black holes [lm
11], and we intend to do this for accelerated black holes.
Typically, the metric of slowly accelerating black holes with a cosmological constant is

represer}fe by the follo&/rigg metri &bzﬂ dep?
2 _ 2 _ _ 2 g2
ds? = oy rf(r)dt o) r (g(&) + g(6)sin6 e )] &
Where
Q=1+4+Ar cosf,
2 (6)
f(r) = (1 — A%r?) (1 - sz) +

g(@) =1+2mA cosb,

In this section we are going to obtain the complexity growth according to “complex-
ity=action” conjecture (CA) in the accelerated black holes. The general action for the
Wheeler-DeWitt patch is written as follows

Sw = Sen + Syeu

@ EH action in D-dimensional space-time is as follows

Sgy = 16”va V=Igl(R =2 A)dPx.

(7

where includes a (negative) cosmological constant, A. In general, the relation between Ricc]l
scalar and cosmology constant is as follow:

-6
R—2A= 7z

®)

Then the action of The Einstein-Hilbert action (EH) is as follows:
dSgy _ -6 72 sin 0

Th (2T T
dt 167G £2 fO fO f"/z K(1+Ar cos 6)* dedgdr,
©

A York-Gibbons-Hawking (YGH) surface term is as below:

-1 — D1

Sven =55 Sz V—IRlkdPx,
(10)
where « is the extrinsic curvature tensor .
dSyu _ 1 2m m (er(r) sinf | r2f'sing _ 30'f(r)r?sin 9)

dt ~ 8mG fO fn/z Kor T2k KQ3 dode. (11)
By summing the two relations (15) and (18), numerical calculations show that the rate of growth of complexity i
inversely related to the acceleration, and in general it can be said that: the higher the degree of freedom of the blac!
hole, the lower the rate of growth of complexity.

The above three terms are the Einstein-Hilbert (EH) action and the York-Gibbons-Hawking
\LYGH) surface term respectively.

/

(The results of this paper indicate the existence of an inverse relationship between the growt}?
rate of complexity and the degrees of freedom of accelerated black holes. This findings allow
us to gain a deeper understanding of the dynamic behavior of gravitational systems and their
information structure. Also, the results can help develop new theories in the field of
Theoretical Physics and cosmology and provide new solutions for future research in the field
of holographic complexity and its connections to information theory. Finally, the importance
of symmetry in the complexity behavior of black holes is clearly evident, and this can be the
basis for further research in this area
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Conclusions

G] S. W. Hawking,“Particle creation by black holes”, Comm. Math. Phys. 43(3): 199-22
(1975)
[2] Jacob D. Bekenstein, “Black Holes and Entropy”, Phys. Rev. D 7, 2333 (1973).
[3] J. Maldacena, “The large N limit of superconformal field theories and supergravity,” AIH
Conference Proceedings, vol.484, no.1, pp.51-63, (1999).
[4] M. Natsuume. AdS/CFT duality user guide, vol.903. Springer, (2015).
[STN. Margolus and L. B. Levitin, “The maximum speed of dynamical evolution,” Phys-
ica D Nonlinear Phenomena, vol.120, pp.188-195, )1998(.
[6] Leonard Susskind, “The Typical-State Paradox: Diagnosing Horizons with Complexity”,
Fortschritte der Physik, Volume 64, Issue 1 pp. 84-91 (1908).
[71A. R. Brown, D. A. Roberts, L. Susskind, B. Swingle, and Y. Zhao, “Complexity Equals
Action,” Phys. Rev. Lett. 116, 191301 (2016); arXiv:1509.07876 [hep-th].
[8] M. Alishahiha, “Holographic complexity,” Phys. Rev. D, vol.92, p.126009, (2015)

arXiv:1509.06614 [hep-th].

[9] L. Lehner, R. C. Myers, E. Poisson, and R. D. Sorkin, “Gravitational action with nul
boundaries,” Phys. Rev. D, vol.94, p.084046, (2016); arXiv:1609.00207[hep-th].
[10] R.-G. Cai, S.-M. Ruan, S.-J. Wang, R.-Q. Yang, and R.-H. Peng, “Action growth fof
AdS black holes,” JHEP, vol.09, p.161, (2016); arXiv:1606.08307 [gr-qc]
[11] S. Baiguera, V. Balasubramanian, P. Caputa, Sh. Chapman, J. Haferkamp, M. P. Heller]
N. Yunger Halpern, “Quantum complexity in gravity, quantum field theory, and quantun
information science”, Quantum complexity in gravity, quantum field theory, and quantun]

information science; arXiv:2503.10753 thep-th].
[12] M. Appels, R. Gregory, D. Kubiznak, “Black Hole Thermodynamics with Conical Defects”, Journal of Hig]
Energy Physics, 2017(5); arXiv:1702.00490 [hep-th]. /

-




