
1 

Separating expansion from contraction  
in a spherically symmetric universe 

 
José Pedro Mimoso 

University of Lisbon 

Work in collaboration with: 
 
Morgan Le Delliou (U. São Paulo & CAAUL) 
Filipe Mena (U. Minho) 

Physics Dep. Science Fac.  & CAAUL 

J.P. Mimoso 

Refs:  
 MLDM, PRD 81, 123514 (2010) arXiv:0910.5755 [gr-qc]  

                       LDMM, PRD 83: 103528 (2011) arXiv:1103.0976v2[gr-qc] 
 MLDM, Arxiv: 1302.6186, PRD in press, 
 LDMMFCA, Arxiv: 1305.3475, PRD in press 

XXIII ENAA-Lisboa 2013 CERN/FP/123618/2011 



XXIII ENAA-Lisboa 2013 2 



XXIII ENAA-Lisboa 2013 3 



XXIII ENAA-Lisboa 2013 4 



XXIII ENAA-Lisboa 2013 5 



6 

- Models of structure formation assume that small local in-
homogeneities grow due to gravitational instability, so that the over-
densities collapse and eventually form the ‘‘bound’’ structures we 
observe in the present universe.  
 
- An idea underlying this viewpoint is that the collapse of the over-
densities departs from the general expansion of the universe. 

XXIII ENAA-Lisboa 2013 

-  This naturally relates to the interplay between global and local  
Physics. In particular, local physics seems to be immune to global  
physics 

Motivation 
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- On a different context, L. Herrera and co-workers have studied the  
‘‘cracking’’ of compact objects in astrophysics using small anisotropic  
perturbations around spherically symmetric homogeneous fluids  
in equilibrium.  
 
- The latter references are concerned with the existence of a shell  
where there is a change in the direction of the radial force acting on  
the particles of the shells. Whenever this happens one has what they  
termed as a cracking situation, a concept introduced by Herrera in  
1992 (PLA 165) 
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So, we investigate spherically symmetric spacetimes and discuss 
conditions for the existence of  dividing shells separating expanding 
from collapsing regions within the full GR framework (i.e. non 
perturbatively).  

Outline: 
Brief introduction 
The coordinate system 
Tolman solution for p=0 

Local conditions for a separating shell (I) – perfect fluid 
Shell crossings 
Local conditions for a separating shell (II) – imperfect  
fluid 
Conclusions 
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Spherically  
symmetric  
Models  

Static (Schwarzschild 1916, de Sitter 1917) 

Expanding (Friedmann 1921,  
Lemaître 1926-1933 
Tolman 1934,…) 

Contracting  (Lemaître 1933, Tolman 1934, 
Bondi 1947, Chandrasekhar, 1930,…) 
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Similar concerns have been  pursued in several  works in the literature: 

H. Bondi, MNRAS 142 (1969) 142); (bounces) 
W. B. Bonnor, Mon. Not. R. Astron. Soc. 167, 55 (1974)  
J. Barrow, G Galloway, and F.Tipler, MNRAS 223 (1986) (recollapse)  
B. Carr, A. Coley, Phys.Rev. D62 (2000) 044023 
 

We  aim at analysing the interplay of the two main regimes that 
where so intensively studied in a separate way, i.e., spherical 
collapse and expansion within GR 
 

How local physics departs and becomes immune from the global expansion. 
  
 
A.Einstein and  E.G. Strauss, Rev.Mod. Phys. 17,120 (1945),  
ibid 18,148 (1946) 
G. F. R. Ellis, Local and Global Physics, Int. J. Mod. Phys A17, 2667 (2002) 
V. Faraoni and A. Jacques, Phys. Rev. D 76, 063510 (2007),  
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! 

dP
dr

= "
(# + p)(M /r2 + 4$ Pr)

1" 2M /r

(1939) R. Oppenheimer and G. Volkoff derived a condition for the  
equilibrium of a spherical configuration such as a (neutron) star. It  
became known as the TOV equation of state 

In 1972 Gunn and Gott put foward their influential model for  spherical  
collapse model. 

[more recently...Manera & Mota, 2006, Nunes & Mota 2006,  
Pace et al 2010...] 
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Familiar LTB form of Einstein equations: 
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The LTB solutions 

! 

p = 0

! 

d" = E dt
r

! 

h(") =" # sin" if E < 0
h(") = sinh" #" if E > 0

! 

t " tBB (R) =
M(R)
2( E )3

h(#)

! 

M = M(R)

! 

E = E(R)
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 α= lapse function,            β=shift function,         E =curvature-energy 

Generalised Painlevé-Gullstrand coords (also, Gautreau) Use  

3+1 Splitting 

[Lasky and Lun PRD 2006, 2007] 
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! 

ds2 = "# 2 dt 2 +
dR + $(t,R)dt( )2

1+ E(t,R)
+ r2(t,R) d% 2 + sin2% d& 2( )
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Do 3+1 decomposition 
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Introducing the Misner-Sharpe (also ADM) mass  

! 

M = " r2# dr
And restricting to a perfect fluid 

Bianchi contracted identities 
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  0= 

=  0  

Local conditions for a dividing shell:  

a (shear) =0 
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NB: E is not 3-curvature!  

But  the turning point requires positive curvature 
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“Illustration” :: Λ-CDM 
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Models with anisotropic pressures (but without 
heat fluxes) 

1=∂
∂⇒= r
RrR

Eij = (t; r) Pij 
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An illustration can be extrapolated from the solution by 
R.Sussman and D. Pavón, PRD 60, 104023 (1999) generalising it 
to the cases where E is not vanishing  

[Mimoso & Crawford, CQG 1993, 
Coley & Mac Manus, CQG 1994] 
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Sussman and Pavon PRD 1999 
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Shell crossing in initially expanding Λ-CDM 
Assumptions: 

(1) Regular density distribution (no vacuum at  the center,  
finiteness of mass) 

(2) Initial Hubble-type flow >> E<Elim at center 

(3) Asymptotic spatial cosmological behaviour (--> 
FLRW) 

From local to global? 
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“Cracking” (Herrera 
1992) 

Non-locality: 
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Conclusions 

J.P. Mimoso 

We have found 2 local conditions for the existence shells   
separating  an inner collapsing region from an outer expansion. 

(i)  A particular balance between the so-called energy 
function of the model and the potential energy (Existence 
of turning point). 
(ii) A stationarity condition which demands  that a  
generalization of the Tolman-Oppenheimer-Volkov 
 equilibrium condition be satisfied by the separating 
shell. 

In an attempt to go beyond local conditions we  
have analysed the implications of shell crossings on 
a cosmologically motivated model. 
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The cosmologically motivated problem requires  
the consideration of a content with anisotropic  
stresses and, most likely, energy transfer as well.  
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THANKS for listening ! 
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MODIFIED GRAVITY THEORIESMODIFIED GRAVITY THEORIES
BEYOND EINSTEIN'S LEGACY

16, 17 e 18 of September 2013, Lisbon

REGISTER NOWREGISTER NOW

HomeHome
ProgramProgram
RegistrationRegistration
ParticipantsParticipants
ContactsContacts

SPONSORS

Modified Gravity Theories: Beyond Einstein's LegacyModified Gravity Theories: Beyond Einstein's Legacy

Gravity Theories extending  General Relativity have attracted a great deal of interest since the advent of
Einstein's theory. The first attempts sought to unify Gravitation and Electromagnetism and were followed by
the search for a grand unified theory that would also merge the weak and strong nuclear forces.  More
recently, the previous endeavor has been augmented with the possibility that Modified Gravity might explain
the current accelerated expansion of the Universe.

Indeed, relatively simple extensions to Einstein's General Relativity can deliver an accelerated Universe without
resorting to the inclusion of exotic matter such as the cosmological constant or, in general terms, dark
energy.

Numerous studies  have been devoted to the investigation of issues such as extra-dimensions, variations of
constants, …

The meeting stems from an International Doctorate Network in Particle Physics, Astrophysics and Cosmology
-- IDPASC and aims at 

 

1. Training Phd Students and Young Researchers
2. Setting an appropriate atmosphere for an open and constructive discussion on 

topical areas of research beyond Einstein's legacy.

 

In this framework, the meeting will consist of a mix of invited lectures presented by specialists in the various
fields, supplemented by tutorials, and short communications delivered by the young researchers and
students.

It will take place at the campus of the Faculty of Science of the University of Lisbon on the 16th, 17th and
18th of September of 2013. (see Venue)

16, 17 E 18 OF SEPTEMBER 201316, 17 E 18 OF SEPTEMBER 2013
FCUL - Lisboa - PortugalFCUL - Lisboa - Portugal

Invited LecturersInvited Lecturers
(I) Prof. John Parsons (Universidade de Columbia, EUA) 
"TBA/CERN/LHC-ATLAS-CMS related""TBA/CERN/LHC-ATLAS-CMS related"

(II) Prof. Jan Hamann (CERN, Planck) 
"The Cosmic Microwave Background and Results from Planck""The Cosmic Microwave Background and Results from Planck"

(III) Prof. Paulo Freire (Max Planck Institute for Radio Astronomy) 
"Pulsars, binary pulsars, pulsar timing and historical tests of general relativity""Pulsars, binary pulsars, pulsar timing and historical tests of general relativity"
"Current pulsar tests of general relativity and alternative theories of gravity""Current pulsar tests of general relativity and alternative theories of gravity"

(IV) Prof. Francisco Lobo (CAAUL, U. Lisboa) 
"Extended Theories of Gravity and the Acceleration of the Universe""Extended Theories of Gravity and the Acceleration of the Universe"

http://www.idpasc.lip.pt/LIP/events/
2013_modified_gravity_theories/index.php 
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(5) Local mass of crossing shell is conserved 
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Dictionary 
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Cracking 
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