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Introduction

 Introduce a dynamical gravitational constant: integration constant, not 
fundamental constant.
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Units (International system until 1960)

1 meter 1 kilogram

1 second= 1/31.556.925,9747 tropical year for 1900



distance light travels in  1/(299.792.458) sec.

1 second= time duration of 9.192.631.770 periods of the radiation 
corresponding to the transition between the two hyperfine levels of the ground 
state of the  caesium-133 atom.

1 kilo

Units (International system today)



1 kilogram

h̄

1 second= time duration of 9.192.631.770 periods of the radiation 
corresponding to the transition between the two hyperfine levels of the ground 
state of the  caesium-133 atom.

distance light travels in  1/(299.792.458) sec.

Units (International system 2018)



Introduction

 Introduce a dynamical gravitational constant: Integration constant, not 
fundamental constant.

 No scalar field (Jordan-Brans-Dicke). Only one global degree of freedom (a 3-form field). 
 Different regions of space with different gravitational constants are separated by charges 
domain walls. 
Domain walls may be spontaneously nucleated, changing the gravitational constant. 

 Discuss, in general, how fundamental constants may be uplifted to 
constants of integration.



A. Einstein to M. Besso, July 29th, 1918



Introduction

 Introduce a dynamical gravitational constant: Integration constant, not 
fundamental constant.

 No scalar field (Jordan-Brans-Dicke). Only one global degree of freedom (a 3-form field). 
 Different regions of space with different gravitational constants are separated by charges 
domain walls. 
Domain walls may be spontaneously nucleated, changing the gravitational constant. 

 Discuss, in general, how fundamental constants may be uplifted to 
constants of integration.

 Cosmological constant is a know example (A. Aurilia, Nicolai, Townsend 1980, Duff, van 
Nieewenhuzen 1980, Freund and Rubin 1980) 
 It has been used to discuss the comological constant problem (Brown and Teitelboim 
1987). 

 For the gravitational constant, black hole thermodynamics mandates how 
domain walls (G-walls) are coupled.



Turning fundamental constant into integration constants
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Example: Non- relativistic Free Particle
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Actually, in general, 

arbitrary function
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Generalization to Field theory
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∂αD = 0Aβγδ

D Allows, in general, elimination of the auxiliar variable D
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Example: Dynamical cosmological constant
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Adding charged sources

All this is boring unless we may vary D. 
To make that posible we introduce 2D membranes (domain walls in 4D).
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Dynamics of the membranes

Bulk

Membrane

Now, when varying                 we get a delta source in the gauss constraint:A���
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 Domain walls divide spacetime in regions with different fundamental constants. 
 The dynamics depend on the function           .   
 Closed walls may be spontaneously nucleated by quantum or thermal fluctuations. 
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Example: Cosmological constant

 Mechanism for  relaxation of the cosmological constant by nucleation of membranes 

Instantons: quantum tunneling at zero temperature, (D. Brown and C. Teitelboim, 1987) 

(big)
�out

(big)
�in

(small)

(big)
�out

P � e�IE



Example: Cosmological constant

 Mechanism for  relaxation of the cosmological constant by nucleation of membranes 

“Thermalons”: Thermal activation, (A.G., M. Henneaux, C. Teitelboim, F. Wilczek, 2004) 
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Example: Cosmological constant

 Mechanism for  relaxation of the cosmological constant by nucleation of membranes 

There exists an analog mechanism, but where the membranes are made out 
by the gravitational field itself: 

C. Charmousis, A. Padilla 2008,  
X.O. Camanho, J.D.Edelstein, G. Giribet and A. Gomberoff, 2012. 

 In Lovelock theories there are degenerate vacua with different cosmological constants. 



The gravitational constant and G-walls
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Gravitational case
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But you do not mess with gravity that easy!



S =
kBc3

4Gh̄
(�`2� /2H ?Q`BxQMi2)

e
µ

G�

G+

x (Area of horizon)

Second law of thermodynamics is violated!

Schwarzschild case
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Way out: treat G as a scale factor
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Gravitational units
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Some consequences



Gravitational units Atomic units
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Nucleation of G-Walls and relaxation of the gravitational constant
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Conclusions

 In general, we may promote fundamental constants into constants of 
integration. 

 One introduces jumps in the values of these constants by bringing in 
charged membranes. 

 Doing it for gravitational constant requires a jump in the scale, that 
is, an non-isometric embedding, if one requires that the second law of 
black hole thermodynamics holds.  

 Spontaneous nucleation of G-walls may relax the value of G from a 
value conmensurable with atomic scales to the one observed today 
(although we do not know how to implement this in a sensible 
cosmological model).


