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Some problems of GR

Some problems of General Relativity

There are some difficulties in GR for example :

1 The energy of the gravitational field.

2 Gravitational singularities (UV).

3 Dark energy (late acceleration, infrared).

4 The new models must contain the infrared and UV as well as predict the classic
tests of GR.
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Scalar-tensor theory

Scalar-tensor theory

Brans-Dicke (1950) [1, 2]
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G , (GR) see others [3, 4].
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Bakry-Émery-Ricci tensor in physics

Ric�X (g) := Ric(g) +
1
2
LX g � 1

�� n
X 
 X (3)

,

Scalar-tensor theory : X = df ; � arbitrary(including � < 0) [5].

Static Einstein : X = df ; � = n + 1.

Optical metric for static Einstein :X = df ; � = 1.

Kaluza-Klein dilaton : X = df ; � = n + k .

Near-horizon geometries : � = n + 2 (arbitrary X).

Yang-Mills energy gap : X = df ; � =1. (Lichnérowicz, Moncrief-Marini-Maitra).
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Bakry-Émery-Ricci tensor

Bakry-Émery-Ricci [6]

R�� = R��� 1
�
r�'r�'�r�r�'; (4)

with

R = g��R�� : (5)
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The action for the new field equations

S =
1

2�

Z
d4x

p
jgj R; (6)

by variation of the action with respect to inverse metric g�� , the new field equations are
obtained.

R�� � 1
2

g��R = 0; (7)

this implies that
R�� = 0 (8)

Using the ansatz :

ds2 = �f (r) dt2 + f (r)�1 dr2 + r2d�2 + r2 sin2 �d'2: (9)
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Solution to Bakry-Émery-Ricci [7]

f (r) =
1

1 + �
+

(�2M)1+�

(1 + �) r1+�
; (10)

'(r) = A + � ln(r=r0); (11)

with � = 0 the Schwarzschild solution is reproduced.

� Horizonte r !1
-3 �2iM -1
-2 2M 1
-1 ; ;
0 2M 1
1 �2iM 1/2
2 2M 1/3
3 �2

p
iM 1/4

TABLE – 1. Values of � and horizons.
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General features of the solution

It’s include the event horizon of the Schwarzschild. (� = 0)

r = 2M for � = even number.

Topological defects (Global monopole).

lim
r!1

f (r) =
1

1 + �
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What follows...

Perform the classical tests of General Relativity (deviation of light and the
perihelion shift of Mercury).

Put some bound the value �.

Try identify the meaning of '(r).

Jonathan Ramírez, PhD Pedro Bargueño Universidad Andes The Bakry-Émery-Ricci gravity 31 May 2019 10 / 11



Introduction Bakry-Émery-Ricci tensor in physics The action Solution to Bakry-Émery-Ricci What follows Bibliography

Bibliography I

Y. Fujii and K.-i. Maeda, The Scalar-Tensor Theory of Gravitation.
United Kingdom : Cambridge University press, first ed., 2003.

E. Woolgar, “Scalar–tensor gravitation and the Bakry–Émery–Ricci tensor,”
Classical and Quantum Gravity, vol. 30, no. 8, pp. 1–8, 2013.

Clifford Will, Theory and experiment in gravitational physics.
New York : Cambridge University press, second ed., 2018.

T. Harko, S. N. Lobo, S. Nojiri, and D. Odintsov, “f(R,T) gravity,” Physical Review
D, vol. 84, 2011.

M. Rupert and E. Woolgar, “Bakry-Émery black holes,” Classical and Quantum
Gravity, vol. 30, p. 8, 2014.

D. Bakry and M. Émery, “Diffusions hypercontractives,” Séminaire de probabilités
(Strasbourg), vol. 19, pp. 177–206, 1985.

J. Ramírez and P. Bargueño, “An exact solution to Bakry-Emery-Ricci gravity,” In
progress.

Jonathan Ramírez, PhD Pedro Bargueño Universidad Andes The Bakry-Émery-Ricci gravity 31 May 2019 11 / 11


	Introduction
	Some problems of GR
	Scalar-tensor theory

	Bakry-Émery-Ricci tensor in physics
	The action
	Solution to Bakry-Émery-Ricci
	What follows
	 Bibliography

