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Derivation of Einstein's gravity equations from Planck-scale symmetry-breaking. 
 

by Jack Sarfatti &  Creon Levit 
 

Introduction / Abstract 
 
In this paper, we show how general relativity emerges from a Goldstone phase !  of the 
order parameter ! = ! ei"  in the initial Planck-scale vacuum symmetry-breaking. If we 
assume the simplest form S1 for this vacuum manifold, then we can derive the equations 
of general relativity, with the prediction of stable quantized geometrodynamic line 
defects with integer winding numbers from the first non-trivial homotopy group. On the 
other hand, if we assume S2 we get stable quantized geometrodynamic point defects with 
integer wrapping numbers from the second non-trivial homotopy group. This gives 
fundamental derivations of the Bekenstein-Hawking area BITS conjecture as well as the 
Ôt Hooft-Susskind Òworld hologramÓ conjecture.  Some light is also shed on the NASA 
Pioneer anomaly that appears to be a dark zero point energy density hedgehog 
geometrodynamic monopole in the center of the Sun with wrapping number -1. 
 
If we are going to take the equivalence principle seriously, and if we simultaneously 
accept that the inertial rest masses of the elementary particles emerge from the Higgs-
Goldstone field at the electro-weak symmetry breaking, then those particleÕs active 
gravitational masses must emerge from the Higgs-Goldstone field as well.  The electro-
weak theory has no gravity in it and, therefore, is seriously incomplete because it does 
not address this issue of the equivalence principle.  The chaotic inflation cosmology 
simply puts in general relativity ad-hoc.  We are able to derive general relativity directly 
from the initial Planck scale internal symmetry breaking. This increases the parsimony of 
the standard models of both cosmology and particle physics by reducing the number of 
independent postulates of the theory. 
 
 
The Einstein-Cartan tetrad field 1-form is in local frame invariant scalar form 
 
 e= eµ

adxµ ! " a  (1.1) 

 
Greek indices are in the base space. Latin indices are in the tangent fiber space.  The Lie 
algebra of the 4-parameter translation group T4 is generated by ! a{ } .  We make the 
invariant decomposition 
 
 e= 1+ B (1.2) 
 
where 
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1= ! µ

adxµ " #a

B = Bµ
adxµ " #a

 (1.3) 

 
When B is identically zero globally we have Minkowski spacetime without any 
curvature.  B is the compensating gauge potential when the global translation group T4 is 
localized to the group of general coordinate transformations Diff(4).  We use EinsteinÕs 
Òlocal coincidencesÓ solution of the ÒEinstein Hole ProblemÓ of 1917 to define local 
observables corresponding not to bare manifold points, but to local possible scattering of 
test particles. The entire local scattering event is ÒmovedÓ as a whole in an active 
diffeomorphism so that a single Òlocal coincidenceÓ is an equivalence class of bare 
manifold points in the same orbit of Diff(4). 
 
We make the following Ansatz that at the first Planck scale symmetry breaking at scale ~ 
1019Gev 
 

 
 
B =

! G
c3 'd'!  (1.4) 

 
In this model emergent bottom ! up smooth c-number gravity is not possible for a zero 
Planck quantum of action and/or an infinite speed of light in vacuum even when 
NewtonÕs constant is not zero.  This is an example of P.W. AndersonÕs idea that ÒMore is 
differentÓ from soft condensed matter physics. The difference here is that we are 
concerned with the vacuum condensation of virtual bosons to form the local order 
parameter. No one has a fundamental microscopic theory of this trans-Planckian physics 
leading to inflation as yet. Our criterion here is simplicity, hence the U(1) model where 
the Planck-scale spontaneous symmetry breaking degenerate vacuum manifold is 
assumed to obey 
 

 
G ! H

V =
G
H

~ S1  (1.5) 

 
With a first homotopy group that is non-trivial 
 
 ! 1 S1( ) = Z  (1.6) 

 
giving stable topological line defects that are quantized from the single-valuedness of !  
with winding numbers ±1,±2,... That is, if we surround a line defect in physical 3D space 
where ! " 0 and !  is undefined with a closed loop L, then we move around the S1 
vacuum manifold an integer Òwinding numberÓ of times in either the left or right-handed 
sense.  Note that the electro-weak symmetry breaking at ~ 100 Gev uses, in the simplest 
case, the 3-vector vacuum order parameter of the adjoint irreducible representation of 
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SU(2) with U(1)em unbroken with another larger-scale degenerate vacuum manifold ~ S2  
that has point defects instead on line defects from the second homotopy group 
 
 ! 2 S2( ) = Z  (1.7) 

 
where the 1-dimensional winding numbers are replaced by the 2-dimensional wrapping 
numbers.  The wrapping numbers ±1correspond to a ÒhedgehogÓ defect. 
 
The standard model of electro-weak spontaneous breaking of vacuum symmetry in which 
the quark and lepton rest masses emerge from the non-zero vacuum expectation value of  
this S2 manifold of order parameters via the Yukawa couplings is incompatible with the 
equivalence principle because there is no gravity explicitly in the theory.  In our model 
we show precisely how gravity explicitly splits away from the electro-weak-strong 
unified gauge force in the first Planck scale symmetry-breaking.  The putting in by hand 
of EinsteinÕs cosmological solution in order to get inflation is no longer necessary and 
space-time is already curved by the time the electroweak symmetry is broken. 
 
Now to the explicit derivation of EinsteinÕs equations of general relativity. The Goldstone 
phase field !  is a 0-Cartan form whose metric-dependent Hodge dual *!  is a 4-form. 
The quasi-exterior derivative operator is 'd'  to denote the fact that the global DeRham 
integrals for non-bounding 1-cycles L that surround the stable line singularities do not 
vanish i.e. 
 

 
 

! G
c3 'd'!

L"" ~ Z # 0  (1.8) 

even though 
 
 d'd'! = 0 (1.9) 
 
locally at any point of the loop L that is not touching the line defect Goldstone phase 
singularity. This is essentially the non simply-connected topology of the Bohm-Aharonov 
effect for local macro-quantum vacuum order parameters. 
 
EinsteinÕs symmetric tensor metric field is 
 
 gµ! = eµ

a" abe!
b  (1.10) 

 
in local invariant scalar form this is 
 
 ds2 = gµ! dxµdx! = 1a + Ba( )" ab 1b + Bb( )  (1.11) 

 
Define the exterior Diff(4) covariant derivative 
 
 D = d +Wb

a !  (1.12) 
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where Wb

a  is the 1-form Òspin-connectionÓ and the vanishing torsion 2-form is  
 
 T a ! Dea = dea +Wb

a " eb = 0 (1.13) 
Solving this equation gives 
 

 Wab = ! * dBa " 1! B( )b#
$

%
& (1.14) 

 
where the Latin tangent fiber indices are raised and lowered with the flat Minkowksi 
metric !

ab
. 

 
The geodesic deviation tidal curvature 2-form is 
 
 Rb

a ! DWb
a = dWb

a +Wc
a " Wb

c  (1.15) 
 
The Bianchi identity is 
 
 DRb

a = 0  (1.16) 
 
The Einstein-Hilbert vacuum Lagrangian action density is the 0-form 
 
 
 LEinstein! Hilbert = * Rb

a " ec " ed#$ %&= * DWb
a " ec " ed#$ %& (1.17) 

 
Define the Einstein tensor 4-form 
 
 Gb

a
! D * Wb

a  (1.18) 
 
The Einstein source equation in Cartan notation is then the 4-form equation 
 
 Gb

a ~ *Jb
a  (1.19) 

 
Local Diff(4) covariant conservation of the source stress-energy current densities is then 
the automatically vanishing 5-form equation 
 
 DGa

b = D * Ja
b = 0 (1.20) 

 
Note that it is the equivalence principle that makes the Einstein source equation a 4-form 
equation instead of the usual 3-form equation found in internal gauge theories like 
MaxwellÕs and Yang-Mills. For example, in the U(1) Maxwell theory 
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F = dA

dF = d2A = 0

d * F = * j (3! form)

d2F = d * j (4 ! form)

 (1.21) 

 
On the other hand if we posit the point defect equation (1.7) with integer wrapping 
numbers for the Planck-scale vacuum phase transitions then the initial macro-quantum 
coherent vacuum order parameter consists of 3 real scalar fields rather than the single 
complex scalar field of the simplest model. Essentially, our simplest S1 model with stable 
quantized geometrodynamic line defects corresponds to the Òisospin 1/2Ó 2x2 
fundamental irreducible representation of a generic SU(2), whilst the S2 model with 
stable quantized geometrodynamic point defects corresponds to the Òisospin 1Ó 3x3 
adjoint irreducible representation of SU(2).  There are obviously two Goldstone phases 
! & "  in the point defect Planck-scale model.  However, as in the younger electro-weak 
breaking at ~ 250 Gev, here at 1019Gev we can choose a non-vanishing vacuum 
expectation value along an arbitrarily chosen polar axis of the S2 Planck-scale degenerate 
vacuum manifold. We then use the azimuthal angle !  as the gravity-generating 
Goldstone phase since obviously !  is undefined with that choice. 
 

 
 
B curved( ) =

! G
c3 'd'!  (1.22) 

 
Define the singular area operator  
 

 
 
! "

! G
c3

#
$%

&
'(

d'd')  (1.23) 

 
In effect the usual 
 
 d2 = 0& ! 2 = 0  (1.24) 
 
rules for the exterior derivative d  and boundary ! operators on forms and co-forms 
respectively are effectively suspended for Goldstone phase singular multiply-connected 
co-form vacuum manifolds that are stable topological defects in physical space 
surrounded by non-bounding cycles.  
 
 
The DeRham integral of the area operator over a closed non-bounding surface, from (1.7) 
is obviously 
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A
S2
!!! =

" G
c3

"
#$

%
&'

N

N ( Z

N = 0,±1,±2,...

 (1.25) 

 
Therefore, the Bekenstein-Hawking T4 geometrodynamic quantization of area has the 
same nature as the quantization of U(1) electric charge from a magnetic monopole at the 
end of a Dirac string. In both cases these are emergent properties from a local Òground 
stateÓ order parameter that breaks some symmetry of the dynamical action.  Indeed if we 
define the volume operator as 
 

 
 
! "

! G
c3 dA (1.26) 

 
Then by the singular generalization of GaussÕs law, itÕs as if 
 

 
 

1
Lp

2

!

"
#

$

%
& A

S2
!' ' = N =

1
Lp

3

!

"
#

$

%
& (

R3
"' ' ' = 0,±1,±2,... (1.27) 

 
that is obviously the Ôt Hooft-Susskind world hologram conjecture. That is, the 
information content of the interior of the non-bounding closed surface surrounding the 
point defect in the macro-quantum local vacuum coherence order parameter is illusory 
and is really a holographic projection from the non-bounding closed surface. 
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