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Dark Energy: An invention 

driven by necessity 

(observations)



Introduction and Motivation

� Dark Energy is the dominant component of 
the Energy Density of the Universe.

� Most Natural Candidate for Dark Energy is 
the Energy Density due to fields in Curved 
Space-time

� Specific Particle Physics candidates exist 
which can be characterized as Pseudo 
Nambu Goldstone Bosons with a well-
defined potential [Singh, Holman & Singh, 
Gupta, Hill, Holman & Kolb]



Introduction & Motivation

� Need to understand the dynamics of these 
Dark Energy fields

� For cosmology: need to understand the 
gravitational dynamics of the Dark Energy 
fields

� Today we will describe the formalism for 
understanding the gravitational dynamics of 

the Dark Energy fields for any general 
potential for the Dark Energy fields.



Introduction & Motivation

� The set of evolution equations 
describing the time evolution of the 
Dark Energy fields coupled with 
gravity is a set of coupled Partial 
Differential Equations.

� These equations can be solved 
numerically and this has been done 
by us.

� Our results demonstrate the 
gravitational collapse of Dark Energy 
field configurations.



Evolution Equations

� Interested in studying gravitational 

dynamics of Dark Energy field 

configurations.

� In addition to the time evolution of the 

Field we need to study the time 

evolution of space-time which is 

described by the metric:



Evolution Equations

We of course also want to study the time evolution of the field for 

which we need the Lagrangian for the field.



Evolution Equations



Evolution Equations

•The above potential can thus be substituted in the general equations 

given on the previous slide to get the full system of evolution equations.

•These are coupled Partial Differential Equations which can be solved 

numerically to obtain the results of interest to us.



Solutions to the Evolution 

Equations

� Key issue we want to understand is 
the timescale for the gravitational 
collapse for dark energy fields. If this 
timescale is larger than the age of the 
Universe then this gravitational 
collapse has no significance today. 
On the other hand, if gravitational 
collapse occurs on timescales less 
than the age of the Universe then the 
gravitational collapse of Dark Energy 
fields must be considered. 



Solution to the Evolution 

Equations



Solution to the Evolution 

Equations

Gravitational Collapse of Field Configuration has occurred. 



Solution to the Evolution 

Equation



Time Evolution of the Energy 

Density and the Masses of 

Collapsed Objects

This can be plotted as a function of space and time and can also

be integrated to obtain the Masses of Collapsed Objects.

Let us first show the time evolution of the energy density to 

demonstrate the formation of collapsed objects. 

The Energy Density is given by: 



Time Evolution of the Energy 

Density and the Masses of 

Collapsed Objects

Energy Density moves radially inwards as collapse occurs.



Time Evolution of the Energy 

Density and the Masses of 

Collapsed Objects

We can obtain the Masses of Collapsed Objects.

This has been done by us for a range of initial radii R and we get 

the result that the masses of the collapsed objects is given by 

Finally, by integrating the Energy Density: 



Summary & Conclusions

� Dark Energy is the dominant 
component of the Energy Density of 
the Universe.

� Most natural candidate for Dark 
Energy motivated by Particle Physics 
is the Energy Density due to fields in 
curved space-time.

� We described the formalism for 
studying the gravitational dynamics of 
Dark Energy field configurations.



Summary & Conclusions

� After writing down the complete set of 
evolution equations describing the time 
evolution for the fields and the metric, we 
numerically solved these equations.

� We demonstrated the gravitational collapse 
of Dark Energy fields.

� Our results show that the timescale for the 
gravitational collapse of Dark Energy fields 
is smaller than the age of the Universe and 
so the gravitational collapse of Dark 
Energy field configurations must be 
considered in a complete picture of our 
Universe.



Summary & Conclusions

� We also looked at the time evolution of the 
Energy Density of the Field Configurations

� We demonstrated that the Energy Density 
moves radially inwards as collapse occurs

� Finally, we integrated the energy density 
and looked at the masses of collapsed 
objects formed.

� The result we obtained was that the masses 
of collapsed objects are given by 



Appendix



Selected References on Pseudo Nambu Goldstone 

Boson models from Particle Physics relevant for 

Cosmology today.



Selected References on Pseudo Nambu Goldstone 

Boson models from Particle Physics relevant for 

Cosmology today.



Formation of Inhomogeneous 

Field Configurations.



Structure Formation due to PNGB fields in the 

see-saw model of Neutrino Masses.



Dynamics of Fields in FRW Space-times.


