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Introduction

@ An asymptotically Anti-de-Sitter (AdS) black hole in 4-dimensions is a
solution of Einstein equation

1

R+ =

(a2 + 2

where A is the cosmological constant parametrized by the AdS radius
| according to

8w + /\guu = Tuv, (1)

3

and T, is the stress-energy tensor.
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@ An asymptotically Anti-de-Sitter (AdS) black hole in 4-dimensions is a
solution of Einstein equation

1
RH‘V + §guy + /\guy = Tuy, (1)

where A is the cosmological constant parametrized by the AdS radius

| according to
3

and T, is the stress-energy tensor.
@ In the vacuum (T, = 0), the metric of a static spherically symmetric
black holes reads
2 p  dr 2 1062
r
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Introduction

@ An asymptotically Anti-de-Sitter (AdS) black hole in 4-dimensions is a
solution of Einstein equation

1
Ruu + iguu + /\guu = Tuu; (1)

where A is the cosmological constant parametrized by the AdS radius

| according to

3
and T, is the stress-energy tensor.

@ In the vacuum (T, = 0), the metric of a static spherically symmetric
black holes reads

dr?
f(r)
@ The black hole horizon is located at r, such that

f(rn) =0. (4)
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Black Hole as a Thermodynamic System

The black hole mass M plays the role of enthalpy, such that the first law
of thermodynamics reads

SM = T3S + V6P + Q5J + 96Q, (5)
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Black Hole as a Thermodynamic System

The black hole mass M plays the role of enthalpy, such that the first law
of thermodynamics reads
OM = T6S + VOP 4+ QiJ + 9iQ, (5)

Thermodynamics correspondence with black hole :

Thermodynamics Black hole
Enthalpy H=U+ PV Mass M
Temperature T Surface gravity 5
Entropy S Horizon area %
Pressure P Cosmological constant —8%
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@ The Lagrangian of Born-Infeld nonlinear electrodynamics is :

F, FH
Lp=4b%|1- 1+“2T : (6)

the constant b is the Born-Infeld parameter with the dimension of
mass that relates to the string tension o/ as b =1/ (2mwd/).
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@ The Lagrangian of Born-Infeld nonlinear electrodynamics is :

| FuFm
Lpg = 4b? (1— 1+ “sz ) (6)

the constant b is the Born-Infeld parameter with the dimension of
mass that relates to the string tension o/ as b =1/ (2mwd/).

@ The metric function f(r) is given by

2 2,2 212
f(r):1+r——w+2br (1— 1+167TQ)+

/2 r 3 b2r2

64712 Q2 115 1672Q2
Z-Fl [452547_ b2r2 . (7)
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@ The Lagrangian of Born-Infeld nonlinear electrodynamics is :

| FuFm
Lpg = 4b? (1— 1+ #2b2 ) (6)

the constant b is the Born-Infeld parameter with the dimension of
mass that relates to the string tension o/ as b =1/ (2mwd/).

@ The metric function f(r) is given by

2 2,2 212
f(r):1+r——w+2br (1— 1+167TQ)+

I? r 3 b2r?
64712 Q2 115 1672Q2
T a5 21| s AY Ay T T 1o o |- (7)
3r2 4’2’ 4 b2r?
e Using f(r) function, we can compute all thermodynamic variables

(M, T,S,V,®,...) characterizing the black hole
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@ In order to study different stable phases and the thermodynamic
transitions between them, we define the free energy :

G=M-TS (8)
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@ In order to study different stable phases and the thermodynamic
transitions between them, we define the free energy :

G=M-TS (8)

Large black holes
Thermal radiations
Small black holes

Triple point
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@ In order to study different stable phases and the thermodynamic
transitions between them, we define the free energy :

G=M-TS

Large black holes
Thermal radiations
Small black holes

Triple point

0.0092
0.0091
0.0090
0.0089

G(r)

0.0088
0.0087

0.0086

0.0085
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The Fokker-Planck equation for the probabilistic evolution on the free
energy landscape is explicitly given by

Op(rit) _ 0 [ —s6(n 2 [ s6(r)
8t - Dar |:e 8!’ |:e p(r7 t):|:| ) (9)
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The Fokker-Planck equation for the probabilistic evolution on the free
energy landscape is explicitly given by

Op(rit) _ 0 [ —s6(n 2 [ s6(r) ]
6t - Dar |:e 6r |:e p(r7 t)j| ) (9)

1.0000

p(rY)
Pmax (1)
0.9939

0.001 0.010 0.100 1
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Description

@ Behaviors of the probability p(r, t) at the triple point, when the initial
Gaussian wave packet is peaked at the large and small black hole

states
—
10 10
1 1
.1 .1
Pl 100 p(ry 0100
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104 L 104 =
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Description

@ Behaviors of the probability p(r, t) at the triple point, when the initial
Gaussian wave packet is peaked at the large and small black hole
states

prt) 0.100 ., prt) 0.100

0.010} b 0.010

0.001 0.001

104 104 =
104 0001 0010 0100 1 10 104 0001 0010 0100 1 10
t t

o First passage time is defined as the time required for the state of the
black hole to reach an unstable black hole phase, represented by the
peak of the free energy. The distribution of first passage times by

Fp(ij)(t)
Fou(0) = =A% [ olr.0)d (10)
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Conclusion

@ We have explored the thermodynamic structure of Born-Infeld AdS
black hole considering a free energy landscape approach.
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@ We have studied the thermodynamic stability of different phases and
thermodynamic phase transitions between them.
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Conclusion

@ We have explored the thermodynamic structure of Born-Infeld AdS
black hole considering a free energy landscape approach.

@ We have studied the thermodynamic stability of different phases and
thermodynamic phase transitions between them.

@ We have studied the dynamics of the Born-Infeld AdS black hole and
its kinematical descriptions through the thermal fluctuations of the
system during its evolution process.
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Conclusion

@ We have explored the thermodynamic structure of Born-Infeld AdS
black hole considering a free energy landscape approach.

@ We have studied the thermodynamic stability of different phases and
thermodynamic phase transitions between them.

@ We have studied the dynamics of the Born-Infeld AdS black hole and
its kinematical descriptions through the thermal fluctuations of the
system during its evolution process.

@ We have discussed the time-dependent behaviors of the probability
distribution function of the Born-Infeld-AdS black hole in the
extended phase space.
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Conclusion

We have explored the thermodynamic structure of Born-Infeld AdS
black hole considering a free energy landscape approach.

We have studied the thermodynamic stability of different phases and
thermodynamic phase transitions between them.

We have studied the dynamics of the Born-Infeld AdS black hole and
its kinematical descriptions through the thermal fluctuations of the
system during its evolution process.

We have discussed the time-dependent behaviors of the probability
distribution function of the Born-Infeld-AdS black hole in the
extended phase space.

We have determined the first passage time for the kinetic evolution of
different black hole states, particularly for the triplpoint setup.
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Conclusion
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