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Kibble@ paper' on Gravity as a Space-Time Symmetry Local GaugeTheory

Utiyama@ pape was incomplete. He only locally gauged the 6-parameter Lorentz group
and, therefore, had to putin thetrandationd genera coordinae trandormationsof
Diff(4) by hand. Kibble corrects this by locally gauging the entire 10-parameter Poincare
groupending up not only with Eingein® 1915gravity as curvature field, butalso an
indgpendent torsion field.

Yang-Mills Globd Internd Symmetry Gauge Trandormationsof Lie GroupG

Start with a set of classical source fields ! ,(x) in zero gravity globdly flat Minkowski
space-time. Thesource field Lagrangian densty is L(! (x)," ! (x)) Thenotation x

meansan Eingein Qoca coinddenceOor Anicro-scatteringQin the sense of his 1917
solution of the Hole ProblemOfor active diffeomorphisms. | do not mean by Ox Oa
forma bare manifold point. The Diff(4) orbits of the bare manifold points are factored
outand we arein thecoset space with Diff(4) as the equivalence relation eliminaing the
spuriousvariables of redundant gaugefreedom Therefore, we are able to deal with
covaiant local observables. Make theinfinitessmal linear trandormation

1" =T " (1.1)
with Lieagebra
[Ta,Tb] = 5T (1.2)

i1l

Thecritical point of theinvariant™ dynamical action, corresponding to congructive
interference of Feynman path quantum amplitudes, is the vanishing fundiond derivative
1'g/!...of theaction, i.e.

S=|Ld*x

"S=0# "L=0 (1.3)
% %

”L:-—L£Ta$+' L £Ta+u$:0
&"8) 7 g+, $)

Noether® theorem gives the local current density J¥(x) conservation laws

! HJ: =0
& 1.9
Jie #( L 1Ta%

8 %
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Local GaugeTrandormations

Theaboveinfinitesmal phase parameters ! conjugéte to the @hargesOT,, arerigid
globdly fixed condants over theentire Minkowski flat space-time. Our next step isto
make these phases arbitrary local fundionsof theobijective local events, i.e. EingeinG@
Qocal coinddencesQ which reduce to macroscopic pointer readingsalso used in quantum
measurement theory. We momentarily lose the globd gaugeinvariance because now

H#)= e T2+ (", 8)T,%

IL=o",$)3 &0 (-9

We restore thelog symmetry to the action by introduang the partial gauge covariant
deivative

D,=09,+AT, (1.6)
in order tha

ID," (x)=#(x)T.D," (x) (1.7)
That is, the patial gaugecovariant derivative of the scalar source field / (x) isafirst-
rank tensor relative to theinternd gaugegroup G. Theconnection gaugepotentials

A (x) donotform ahomogeneousinternd symmetry G-tensor, buttransforms

inhonogeneoudy as

IAS = "bfaAC #$una (18)

bc”

Theconserved G-covaiant internd current dendties are

- IR I

JH(x)r %*Aﬁz = %Dy*zT""* (1.9

DJ%=1,3%" Afdt =0 (1.10)

u "ba% c

These compensating conneetion potentials A’ (x) , that restore the gaugesymmetry
I'L'=0 inthelarger system L'(/,A), form aset of Cartan 1-forms

A% (x) = A7 (x)dx* (1.12)
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Furthermore, we have thelocal Minkowski space-time gaugeinvariant 1-form

Ax)= " A*(x)d!,(x) (1.12)

Fiber _ Loop

where d/,(x) isalocal basis of dud co-formsin internd fiber space. Thescalar produd
loopintegral isin fiber space at fixed x . Itisnotaloop in Minkowski space-time, which

isthebase space of afiber bundk. Theexterior gauge covariant derivativeis
symbolically
D=d+A! (.13

Theinternd curvature 2-formis

F?=DA*=dA* +(A! A)°

. (1.14)
(AT A" £2A0 1 AC
The G-tensor components of this 2-form are
Fo " #ASHENS AA (1.15)
where
4D,.D,$&' (D,D, ( D,D,)&=FiT,& (1.16)
Thecurvature 2-form is a G-tensor
SF,, = €' fuF;, (117
TheBianchi cyclic identity is
DF® = D’A" =
. . . (1.18
D,F. +D,F;+D.F’ =0
Thesimplest gaugeinvariant Lagrangian dengty for this compensating field is
L=t Tpepr (1.19
o=!7FF :

Theinternd group space metricis
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O = faifo (1.20)
Thesource equdionis

D*F=*]

“F, =F/ (1.21)

DF! =7

Current consrvationis

D?*F=D*J'=0

D,d%"=9,3%+ AfEF" =0 (1.22)

ba' c

by w_ | 0L, oL,
Ja A/fbal:c (5A2] ( NA/J ac&

Thelast equéaion aboveisthe current of the compensating gaugefield tha can carry the
charge of thesource when G isnonAbdian. Tha isnotthecase for thephobnwhee G
=U(1l)~S". Thais

$ ”Ll !

3 = T #
“(source) & Du#z

j?(gauge_fidd) = ;*L 2f A

a

(1.23)

Globd space-time symmetries

We now make infinitesimal globally rigid linear transormationsof both Qocal
coinddencesOand the source fields

xH — x"™ ~x* + oxH
XH > SxH (1.24)
XSOUDE(X) _) X'SOUDE(X') - XSOUCE(X) + 6%SOUC6(X)

The source field Lagrangian dengty may depend on x explicitly. Therefore,

’L—g—( +%’;”(I) +%'q—u(lxu (125)
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Notetha !'L/! x* isat fixed sourcefield ! . Thevariation of the source field at a fixed x
is

L () # " (x)$ " (x)=!"$!x'np" (1.26)
Furthermore,
=t (188 (1 x) (127)
therefore
Loy =" (1.28)

Theglobd dynamical classical actionintegral over space-timeregion! trandorms
unde thesimultaneous internd and space-time infinitessmal trandormationsas

S()" H(x)a'x$ S'(1 )" AL ()% d (1.29)

! !

whee Hl X H is the Jacobian matrix of theinfinitesimal point coinddence trandormation

in the base space-time of theinternd symmetry fiber bundk. The action prindple critical
point, usng the previoussection result for the purdly internd trandormation / L is
obvioudy by the produd rule of high schoolintroductory calculus

SL+L2,0x" =§,L+9,(Lox")=0 (1.30)

Now we goto the 10-paameter Poincare group There are 4 infinitesmal trandation real
parameters ! * and 6 real antisymmetric parameters ! * = #! "+,

The 10real parameter point-coinddence trandormation in the base space-time of the
fiber bundeis

It = g (1.31)

Thefiber trandormation of the source field at afixed point coinaddenceisthe 6 real
parameter induced L orentz subgroupmap

I = %( s, " (1.32)
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where theantisymmetricS,, generatorsare in arepresentation of thelLie algebra

appropriate to the source field tha, in general, isacolumn or dud row matrix with
components whos indices we have suppressed for pedantic ssimplicity. Thefull Lie
algebra of the Poincare group from Julian Schwinger is given in an appendix bdow. The
10 Euler-Lagrangeequaionsof motion are: first, the 4 trandationd vanishing critica
point fundiond derivatives with respect to thetrandationd subgroup T(4)

L L+ L+
,,—,#$0/9|_&§,—,_ %' &3(”0/9, %%’ =0 (1.33

second, the 6 vanishing Lorentz space-time rotated fundiond derivatives

oL oL oL
SeP° = (aj SPO'% + (ﬁ—xlspc (auZ + nupacx - nucap%) =0 (134)

u

Noether@ theorem gives the in this space-time case, 10local conservation laws for

stress-energy current denstiesin this still globdly flat Minkowski metric /. without

any gravity, and withoutany rest mass inertia of particlesif the spirit of theequivalence
prindpleis correct tha thereis noinertia withou gravity. Gravity andinetiagotogeher
like a horse and carriage or like loveand marriage Pat least in the GGood Old DaysOgone
bye We havethe4 trandationd currentslocally conserved in

| T#(Souce) =0 (1.35)
Thisislocal conservation of the source field energy and momentum current dengties.

The6 four-D rotationd (angular momentum) source field current dengties are locally
congerved in

(s $xT+x,TH) =0 (1.36)
The symmetric source stress-energy dendty Poincare grouptensor is

&
) 696 #L (137)

TH" (
© s, 9%

The source field angular momentum field Poincare grouptensor is

0 +
S # gyt

S, (1.38)
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Theinternd symmetry @hargesOT, are andogousto the space-time symmetry
generators ! " & S,; + X" ¢ | X" .. Thesecond set of 6 Lorentz generators for the

space-time rotationsis the sum of theGpinOS,, aboutthe center of mass of an extended
object plusit® orbital angular momentum relative to some arbitrary origin.

Loca gauging of the Poincare group

The 10, formerly globd condant, phase parameters /# & !'** are now arbitrary fundions
I*(x) & I*" (x) of Eingein@ invariant Qocal coinddencesOdescribed by active

diffeomorphisms. The Diff(4) orbits (equivalence classes mod Diff(4)) are factored outin
thephysca coset spece.

Ixtr A X+
n ' 1* ]
18" )5, 858 (1.39)

ECEn
Lo&=-#. 84, 958

Kibble uses Latin indicesi,j for local Lorentz rotationsto emphasize thar analogy with
theinternd fibe trandormationssince theformer are in the separate tangent space fiber.
Utiyama only worked in thetangent space fiber, consequently, his results were
incomplete because the explicit local gauging of the rigid trandation group T, — Diff (4)
into thelocally mutable Diff(4) group attached to theinvariant Eingein Qocal
coincdidences,Owas omitted.

“Evidently the four functions &" (X) specify a general coordinate transformation.”
Kibble, p. 215

Notationd issues and key trandormations
X =0.9,%
1 if 1 ij v
6, % = 5 S0, + P (aug )Siix_(aﬂé )avl (1.40)

SL=-0,87" - (%)(a#eﬁ)sg

with trandation and space-time rotation source QnatterOfield current dendties
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& # )
$, %
7,98 (1.41)

J'" g - x 3 +x I

Hn
J; (

Induding thelocal T4gaugeterm

TL+L" !X
# (1.42)
IL'=0

Introduce the Lagrangian invariant density L"!
" # = (12.43

Definethe Lorentzian rotationd partial derivative of thesourcefield as /., tha
trandorms as

g s, (144

40 compensating space-time local gaugepotential components must beintroduedto
obey theaction Lagrangian invariance ! L' = 0. 24 of them are in the Gpin-connestionO

for the6 local space-timerotations A (x) =! Al (x), theremaining 16 are the Qetrad
fieldOcomponents for the 4 local trandationsh' (x) . The covariant spin-connection
patia deivative of thesourcefieldis

TR ABSJ! (1.49)
with theimposed condraint
n #1& i n % - n
0" () (149

tha implies thefollowing spin-connection trandormation

!AZ = ,’(Al’j’ + k’AZ‘ #$u0/5Aé" #$u'”7 (2.47)
W he, (1.48

Shi =9,Eh! — el (1.49)



Gravity aslocal trandationd symmetry plusspontneousbroken internd symmetry
by Jack Sarfatti, 11/26/05, p.9 of 16

The 16 tetrad components are indgpendent of the 24 spin-connection components
forming thetorsionfield in this method of locally gauging all 4 + 6 parameters of the
Poincare group. Not so in Eingein@ origind 1915theory in which, in effect, only the4
parameters of thetrandation subgroup T, are locally gauged. In tha case, the 24 spin
connetion componeants are determined completely by the 16 tetrad components and ther
first partial derivatives. In Eingein@ theory there is no indgpendent dynamical torsion
field, consquently the 24 spin-connection comporents are GlummyOredundant
parameters. Of course, themoden idea of local gauging was appaently notknown to
Eingein in theperiod 1905-1915andthat is nat how he congioudy developed General
Relativity out of Special Relativity plusthe Equivalence Prindple and thethen relatively
new mathematics of tensors.

3'=RL'

MR+9d,R=0

R= 1 (1.50)
detihlﬁ’i

h! >0 =R -1

= 6f + B
(A =s L7 ) (152)

Thetidd geodesic deviation curvature tensor is determined from the 24 spin-connection
components

ol ( ;i
P #10, $ I&E§ R;..Sij!
o ( i
-’|u $ +u', + '&5§ AL{SU! (152

R, =+ A, #+ A #A

ju

LA+ ALAY,
However, in Eingein@ theory these 24 components are redundant determined from the
16tetradsandthar first patia derivatives. In the presence of an indgoendent torsion
field, onthe othe hand, there will bearew piece of the curvature determined by the
torsionfield tha is missing in Eingein@theory. On theother hand, in Utiyama® theory
the 6-parameters of the space-time rotationswas locally gauged. Therefore, Utiyama@®
theory only gave tha pat of the curvature from the real torsonfield. Theefore,
Utiyama@ theory was not equivalent to Eingein@®. Thecyclic Bianchi identity is obeyed
here of course.

TheFree Gravity plusTorsonFields

We now use the more familiar space-time covariant derivative
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" #1&
Lo L= (RIS ! +Cy!
Ry ) h'h’ RE* (153
Cy) (heh " hhi)bl,.
b =+,
Thefree Lagrangian L, for thecompensating gaugepotentials tha are thegravity plus
torsonfields thefree Lagrangian dengty in the absence of matter source fields ! is

1

I'.="L R 154
o 2de:(h“)R' 2det(h) (159
Euler-Lagrangefield equaionsof motioninduding thetorsionfieldin C,, Vare
R¥ | ﬁ %R—l(dah))
-1 oy 0 " 1 %
*x U 1 H I H — Mk | pHeok | pHk
ey @dah&(hh hely )i ﬁdah&th Ci1 h'ChY hiC))
. | (1.55)
ey (3
(R
L+ (3".
(4
Thetorsionfield current conservationis
9, (X +p1)=0
1.56
- (156
Au

4 isthe Gpin dengtyOof the matter source field. Therelation to orbital angular

momentum isnotappaent in thisformula, butwill bein others. Similarly, for the
trandationd currents

L. B (TNk +#;)&: 0
# )*, (2.57)
K
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We do not discuss the still controversial ambiguity in the non-covariant pseudo-tensors
o5 & rﬁ for the spin-dengty and the stress-energy dendty of the pure gravity field

Lagrangian ! ,here. Notetha in vacuum T, + 7, = 0, so that (1.47) istrivial in that case.

TheRicci coefficients of rotation are wha we have left of the spin-connection when the
torsionfield is zero. Thisisthe case in Eingein@ origind 1915theory of gravity from
curvature withouttorsion. In tha case the Ricci coefficients are completely determined
fromtheT, tetradsas

118,
04 #E% (Ck,, Cijk )

CS ( (hf‘hj' neh )bl (1.58)
bk =+

b =

Eq. (158)is equivalent to the Cartan form equéion

Al =1+(dB " (1! B))
h' # h,dx* #1 + B’

1 #$,dx" = dx (1.59)
B'=B,dx"
B#B'%
Recall that
0
g %/:, 5. (160)

Remembe tha gravity mug beuniversal for all conceivable source fields We need a
derivative of the source field tha is bath space-time and internd symmetry covaiant, i.e.
covaiant unde al thesymmetry groups Thisis

n /,1$ $1' ij a :
LY Ay ST AuTaz! (1.61)

Thecovariant curl or commutator of thesourcefield /., " /., containstheextrainternd
symmetry pat F'T,! wherethedeivatives of A} inthedéfinitionof K¢ are ordinary
flat space-time patia derivatives notthe space-time covariant derivatives because
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Fe =hhE; (1.62

With areal dynamical torsionfield, the affine conrection has an antisymmetric piece not
foundin Eingein(@ 1915theory of gravity, which so far passes all thetestsin 21%
Century Precision Coamology of w = -1 zero point dark energy withouttorsion fields
needed onthevery large scale of coamological observationslike inthe Typela
supenovee.

Geometrical Interpretation

The ! *trandormation are Diff(4) General Coordinate Transformations(GCT) for the

base curved space-time unde which thetetrad h)’ isafirst rank contravariant index the
uppe Greek case andisafirst rank covariant tensor unde the L orentz group of space-
time (QvierbenQi.e. QetradQ rotationsin thetangent fiber with thelower Latin case
indices. Itsinversetetrad b}, and thespin-conneetion components A arefirst rank

covariant tensors unde Diff(4) and antisymmetric contravariant tensors unde the
Lorentz groupetc. Eingein@ metric tensor field is

g, = b

i . (1.63)
O = bu” i b/

This covariant second-rank Diff(4) tensor of the base curved space-time in thebotom
lineis a scalar invariant unde the antisymmetric Lorentz space-time rotations /' in the

tangent fiber. Thescalar density is! = /(" detg,,).

TheDiff(4) trandormationsconnect locally coinddent Local Non-Inettial Frames, AKA
Q.NIFOCtha are ontimelike nongeodesics unde theinfluence of non-gravity forces, or
who centers of mass are on timelike geodesics but are rotating relative to ther centers
of mass. Theloca Lorentz rotationsand boogs connect locally coinddent Local Inertial
Frames, AKA Q.1FsQ tha do notrotate and whose centers of mass are ontimelike
geodesics. Thetetrad components connect locally coinddent LIFswith LNIFs. These are
all active Diffeomorphisms with the orbits of equivalent curved manifold points factored
outin thesense of Eingein@find solution of the GHole ProblemOin 1917.

The OnatterO(Eingein@ Qvood @ source field ! decomposesinto local tensors and
spinors. The spin-connestion components A, are called QRicci rotation coefficientsOin

the 1915GR limit of zero indgoendent dynamical torsion where thesix ! phases are not

madeinto arbitrary independent fundions but are completely determined from the

T,! Diff (4)loca gauging of thefour trandation phases " — & (x) with the Lorentz
bl

(1

subgroup of the Poincare groupnotlocally gauged.
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The spin-connestion coefficients form the GiffineconnestionGin the mogt general case
where all ten phases ! & ! of the Poincare groupare arbitrary local fieldstha induce
the compensating dynamical curved trandationd B (x) andtorsion S}(x) =! S}(x) 1-
form potentialsi.e.

B’ (curvature) = Bde“

i i (1.69)
SY (torsion) = Sde“

The affineconnection with bath curvature and torsion, as independent compensating
gaugeforce fieldsfromthelocally-gauged space-time trandation and space-time rotation
symmetry groupsrespectively, iswith theadditional assumption of metricity

h, =0
, =0 (1.65)
gy!;# = O

where

7 $KD.,
A. 1.66
D. $%+{(2hA'S (169

Theaffine connection covariant patial derivatives (denoted by the semi-colon) are, for
example, fromnow on

V., "#V,$ ‘)/q,&_,V&

1.6
Vi # VY + Ve (67
Note, however, if
n #1& | n * n
/ Z%E()Jsi +* - K (1.68)
Thenuse
%Lg i
! I + X A'S ] L= M .
I #8. 52 A'S! ++, (1.69)

The covariant 4D GurlOor GommutatorOis
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$1 [
!:u"#!;'u %2RF£SUI +Ru”’ +I +C , -
Ry =l L. ) L# 0+, (1.70
Coo=l . #1:,

The 64 components of the affine connection l“f,v obey the 40 condraints of metricity
fromg,.. =0. Inthisform of Kibble@ theory, the affine connestion is symmetric in the

absence of matter fields ! . On theothea hand it is nat clear tha thiswill bethe case for
exotic vacuawith

4

(o
7, (2f) ~ 25 Mot (1.72)

Because then we have an effective exotic vacuumvirtud sourcefield !, that directly
bendsspace-time because of the equivalence prindple.

i " [
[ wlt

/
T zpfu

-'zpfiu;#~$#( ‘"zpf‘ ) I_QA?SQ ‘ ‘

T pf
+ (f) =, 2- /;'.j (172
* pf ~/Izpfiu#lzpf|u#+0 zpfu prlﬂ

% %
1CL,(f) =+, (), '@%-ﬁ;(zpf), a§§-§+§u(zpf)

These are my origind equaionsfor thezero point energy induced torsion fieldsbased on
equaionsin Kibble. Thepresence of torsion fieldsallows for inhonogeneous
distributionsof zero point energy so that thisis anonlinear bootstrap effect like
Wheeler@ geonsof QM ass withoutmassOin the ordinary vacuumwithoutany dark
energy.

Propdlantless Propulsion?

Kibble points out that the effective stress-energy tensor need not be symmetric when
there are torsion fields present. This opens Pandaa@ Box for new kindsof
(propdlantless propulsionOnot foundin Eingein® 1915theory of gravity in which there
isonly curvature withouttorsion. Theconservation equaionsin this case are
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wr (2F)#C.1 L (20F) + CLL1 g (20f) = § . (z0f)

C.. C% (173
. (f)#C-, (pf)=!, (f)#! ,(20f)

Thiswould require a nonsymmetric pat of the metric field, which would, however, not
affect ds® = g,,dx‘dx". Whilst anonsymmetric stress tensor is sufficient for certain

kindsof propdlantless propulsion, it is not necessary for other kinds What is necessary is
an inhonmogeneousdistribution of dark zero point energy dengty with pressures of both
signscongstent with w = (pressure/energy dendty) = -1. Tha seemsto require an
indgpendent torsion field.
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