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Derivation of Eingein'sgravity equaionsfrom Plandk-scale symmetry-breaking.
by Jack Sarfatti & CreonLevit
Introdudion/ Abdract

In this paper, we show how general relativity emerges from a Golddonephase !  of the
order parameter ! =|! |€" intheinitial Planck-scale vacuum symmetry-breaking. If we

assume the simplest form S' for this vacuummanifold, then we can derive the equaions
of gened relativity, with the prediction of stable quantized geometrodynanmic line
defects with integer winding nunmbersfromthefirst nontrivial homotopy group On the
other hand, if we assume S we get stable quantized geometrodynanic point defects with
integer wrapping numbers from the second nontrivia homotopy group. This gives
fundamental derivationsof the Bekengein-Hawking area BITS conjecture as well asthe
@ Hooft-Susskind Quvorld hologramOconijecture. Some lightis also shed onthe NASA
Pioner anondly tha appearsto beadak zero point energy densty hedgehog
geometrodynamic monopok in the center of the Sun with wrapping number -1.

If we are goingto take theequivalence prindple serioudy, and if we smultaneoudy
accept tha theinertia rest masses of the elementary particles emergefromtheHiggs
Goldstonefield at the electro-weak symmetry breaking, then those particle@ active
gravitationd masses mug emergefromthe HiggsGoldgonefield aswell. Theelectro-
weak theory has no gravity init and, therefore, is serioudy incomplete because it does
not address this issue of the equivalence prindple. Thechaotic inflation coamology
smply putsin generd relativity ad-hoc We are able to derive generd relativity directly
fromtheinitial Planck scale internd symmetry breaking. This increases the pasimony of
the standad modds of both cosmology and particle physcs by reduang the number of
indgpendent podulates of thetheory.

TheEingein-Cartan tetrad field 1-formisinloca frame invariant scalar form

e=edx'! " (1.0

a

Greek indices are in thebase space. Latin indices are in thetangent fiber spece. ThelLie
agebra of the4-parameter trandation group T4 isgenerated by {!,} . We makethe
invariant decompostion

e=1+B (1.2)

where
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a

B=Bidx'" #

a

(13)

When B isidentically zero globdly we have Minkowski spacetime withoutany
curvature. B isthecompensating gaugepotential when theglobd trandationgroup T4 is
localized to the group of general coordinae tranformationsDiff(4). We use Eingein(3
Qocal coinddencesOsolution of the GEingein Hole ProblemOof 1917to definelocal
observables corresponding not to bare manifold paints, butto local possible scattering of
test particles. Theentire local scattering event is GnovedQOas awhole in an active
diffeomorphism so tha asingle Gocal coinddenceis an equivalence class of bare
manifold pointsin the same orbit of Diff(4).

We make thefollowing Ansatz that at thefirst Planck scale symmetry breaking at scale ~

10°Gev
B= [ o (1.4)
c

In this modd emergent bottom ! up smooth c-number gravity is not possible for a zero
Planck quantum of action and/or an infinite speed of lightin vacuumeven when
Newton® congant is not zero. Thisisan exampleof P.W. Andeson®@ideatha Moreis
differentOfrom soft condensed matter physcs. Thedifference hereistha we are
concerned with the vacuum condensation of virtud bosonsto form thelocal order
parameter. No onehas afundanental microscopic theory of this trans-Planckian physcs
leading to inflation as yet. Our criterion here is smplicity, hence theU(1) modd where
the Planck-scale spontaneoussymmetry breaking degenerate vacuummanifold is
assumed to obey

G! H
y-C (L5)
H

With afirst homotopy groupthat is nontrivial
1,(s)=2 (1.6)

giving stable topological linedefects tha are quantized from the single-valuedness of !
with winding numbeas £1,+2,... Tha is, if we surrounda linedefect in physcal 3D space
where|! |" 0 and! isunddined with aclosed loopL, then we movearoundthe S
vacuummanifold an integer Qvinding numberOof times in either theleft or right-handed

sense. Note tha theelectro-weak symmetry breaking at ~ 100 Gev uses, in the simplest
case, the 3-vector vacuumorder paameter of theadjoint irreduable representation of
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SU(2) with U(1)em untroken with another larger-scale degenerate vacuum manifold ~ S°
tha has point defects indead on line defects from the second honmotopy group

1 ,(87)=2 (1.7)

where the 1-dimendond winding numbers are replaced by the 2-dimensond wrapping
numbes. Thewrapping numbers 1 correspondto a edgehogQdefect.

Thestandard modd of electro-weak spontaneousbreaking of vacuumsymmetry in which
thequak andlepton rest masses emerge from the non-zero vacuum expectation value of
this S manifold of order parameters via the Y ukawa couplingsis incompatible with the
equivaence prindple because there is no gravity explicitly in thetheory. In our modd
we show precisely how gravity explicitly splits away from the electro-weak-strong
unified gaugeforce in thefirst Planck scale symmetry-breaking. The puttingin by hand
of Eingein@ cosmological solutionin order to get inflationis nolonge necessary and
space-timeis dready curved by thetime the electroweak symmetry is broken.

Now to the explicit derivation of Eingein@ equaionsof general relativity. The Goldstone
phesefield ! isa0-Cartan form whos metric-dependent Hodgedud *! isa4-form.

Thequasi-exterior derivative opeaator is 'd' to denote thefact tha theglobd DeRham
integrals for nonboundng 1-cycles L that surrourd the stable line singularities do not

vanishi.e.
|
Cugy ~z40 (18)
C L

d'd1 =0 (1.9)

even though

locally at any point of theloopL that is nat touching the line defect Goldsonephase
singularity. Thisis essentially the nonsimply-connected topology of the Bohm-Aharonov
effect for loca macro-quantum vacuumorder parameters.

Eingein@® symmetric tensor metric field is

arn

gu! = (] abe!b (110)
inlocal invariant scaar form thisis

d¢’ =g, dx'dx =(1°+B*)",,(1° +B") (1.12)

n
al

Definetheexterior Diff(4) covaiant derivative

D=d+W?! (112
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where W isthe 1-form Gpin-conneetionGand the vanishing torsion 2-form is

0 (1.13)

T*! De* =de" +W> " €
Solving this equaion gives

W® =1 *#B*" (11 B)'Y (1.14)

where the Latin tangent fiber indices are raised and lowered with theflat Minkowks
metric / , .

Thegeodesic deviation tidd curvature 2-formis
RS DW= dW> +W2" W (1.15
TheBianchi identity is
DR* =0 (1.16)

The Eingein-Hilbet vacuumLagrangian action dengty isthe O-form

L Eingeint Hitbat = *§P§ "et e ¥ *ngba tet edg (2.17)
Definethe Eingein tensor 4-form
Gi=D*W? (1.18)
The Eingein source equdionin Cartan notation isthen the 4-form equéion
Go~*J; (.19

Loca Diff(4) covariant conservation of the source stress-energy current dengtiesis then
theautomatically vanishing 5-form equaion

DG2=D*J’=0 (1.20)
Note tha it is the equivalence prindple that makesthe Eingein source equaion a4-form

equaioningead of theusud 3-form equaion fourd ininternd gaugetheorieslike
Maxwell@ and Y ang-Mills. For example, inthe U(1) Maxwell theory
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F=dA

dF =d*A=0
d*F=*j(3! form)
d’F=d* j(4! form)

(1.22)

On theother hand if we post the point defect equaion (1.7) with integer wrapping
numbers for the Planck-scale vacuum phase trangtionsthen theinitial macro-quantum
coheent vacuumorder parameter congsts of 3 real scalar fieldsrather than thesingle
complex scalar field of the simplest modd. Essentially, our simplest S' modd with stable
quantized geometrodynanic line defects correspondsto the Gsospin 1/202x2
fundamental irredudble representation of a generic SU(2), whilst the S* modd with
stable quantized geometrodynanic point defects correspondsto the Gsospin 103x3
adjoint irreduable representation of SU(2). There are obvioudy two Goldgonephases

I &" inthepoint defect Planck-scale modd. However, asin theyounge el ectro-weak
breaking at ~ 250Gev, here at 10°Gev we can choose a nonrvanishing vacuum
expectation value alongan arbitrarily chosen polar axis of the S* Planck-scale degenerate
vacuummanifold. We then use theazimuthd angle ! asthegravity-generating
Goldgonephase since obvioudy ! isunddined with that choice.

B(curved) = \/!C:?'d'! (1.22)

Definethesingular area opaator

L HIG& L,
! g"c_?’( d'd") (.23
In effect theusud
d*=0&1!%=0 (1.24)

rulesfor theexterior derivative d and bounday ! opeators onforms and co-forms
respectively are effectively supended for Goldsonephase singular multiply-connected
co-form vacuummanifoldstha are stable topologcal defectsin physca space
surroundel by nonboundng cycles.

The DeRham integral of thearea opaator over a closed nonboundng surface, from (1.7)
isobvioudy
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_""GY%
|S| A=g &‘N

N( Z (1.25)
N =0,+1+2,...

Therefore, the Bekengein-Hawking T4 geometrodynamic quantization of area has the
same nature as the quantization of U(1) electric chargefrom a magndic mongole at the
end of a Dirac string. In both cases these are emergent propaties fromalocal Qyround
stateOorder parameter tha breaks some symmetry of the dynamical action. Indeed if we

definethevolume opeaator as
N /! G
! FdA (1.26)

Then by thesingular generalization of Gauss3 law, it@ asif

'1$ 1%
s I A:N:#—3 " =0,£1+£2,... (1.27)
Lp 0g2 Lp ORs

tha is obvioudy the @ Hooft-Susskind world hologram conjecture. That is, the
information content of theinterior of thenon-bourding closed surface surrounding the
point defect in the macro-quantum local vacuum cohaence order parameter isillusory
andisreally aholographic projection from the non-bounding closed surface.

We acknowledgeuseful discussions with David Sarfatti at VardaLandingin Sausdito,
CA onNovember 13, 2005



