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' l 'he mul t i tu t le  of  proposed gauge grav i ta t ion theof ie-s  shows that  the gauge
pr inc ip le a lone is  too broad to de,scr ibe the grav i ty  i r r  ar r  unambiguous wal ' .

At  the sal l le  t i rne genrra l  re la l iv i ty  (GI i )  s t i l l  remains the most  sa l is iac,
torv grav i ta t ion thcory,  a l though i ts  not  yet  r le f in i te ly  so lved problenrs of  ener-
g) ,  re ference s) 's tents,  s ingular i t i rs  arr<1 sone others should not  be iorgot ten l r ] .

We there iore cousider  i i  reasor lable to  assume lhat  l l te  gauge grav i ta t ion
t i reory,  l ike Gl i  should a lso be based on the re lat iy l l )  and equiva le lce pr in-
crp les ionru lated in  gauge theor ] '  terns by us ing the f iber  bundle fornal ism.

I l  th is  ior r r ra l ism a s.av i ta t ion i ie ld  on an or ientable spacet ime ntarr i fo ld
. \ ' r  is  gc l ine, l  as a g lobal  sect iun g i . . r )  o l  the l rher  Lrunt i l r  '1  o i  pseudo-hucl i -
dean b iL inear  iornrs in  tar rgent  spaces over  Xa.  r \  is  associated rv i ih  the tan-
geut buntlle f(.Yr) possessing tire stnrcture group (i1- (.1, /?). A is isontorphic
to the f jber  bundle in  ( luot ient  spaces GL:(1, t?) iL ,  where l .  is  the Lorentz
group.  We nark i t  ) ' .  I ts  g lobdl  sec l ior r  / i r  \  |  de5cr iLre(  I  grav i ta t ion i ie ld  in
the tet rad forr l  (gr , ,  ( r )  h i ,6)h l ( -y)  ) tdL, ,  t ta ,  is  the constant  Minkowski  rnetr ic
i ie ld) ,  rvhere tet rad f ie lds /z tx)  are determined up to local  Lorentz t ra0sior  la"
t ior ls  l / ( . r ) :  r ( r r )L( i t ) ,  taken orr  the r ight  hand srde.

l .  Relat iv i ty  Pr inc ip le.  In  ( iR the re lat iv i ty  pr inc ip le (RP1 is  usual lv  Iormu-
la led as the requi renent  io f  l l ]a t ter  i ie ld  (or  test  par t ic le)  equat ions to conser
ve ihe i r  iorm rvhatever  the changes of  re ierence i rantes.

In f iber  bur id le ternrs a re ier€nce l rante in  the grav i t l t ion theory f fay be
<le i ined as thc choice o i  a  cer ta i l  a t las Vl  1U, .  t , i  )  o f  ihe tangent  bundle 7(X1.1
(1{ , ,1 i1  and l r ; , f  arc  consequent ly  ranges and homeomorphisms o i  t r iv ia l izat ions
oi  4X!) .  ISut  the group o i  a l l  r r terence i r rnre ch l r rges is  the gauge group
(r1-- (1,  Rl ( , \4)  of  sect ions of  ihe pr inc ipal  bundle associated wi th 7(Xa) .

This  dei in i t ion is  c lose to that  used in  the tet rad iorn lu lat ion of  GR. l f
an at las of  7 ' (X ' )  is  chosen,  te i rads {1. ) ;  r ; , ;  r ( . r ) { l }  ( { l }  is  ihe basic  repere
the iyp ica l  i iber  (1. ;  are erecte(1 in  every point  o l  the space- t ime nrani fo ld
, { r  and thei r  i ransforrnat ions accompany the changes of  re ierence f rames.

The convent ional  (genera l  covar ia l t )  fonn o i  GR corresponds to the spe-
c ia l  case of  holonomic t ransformat ions of  re ierence i rames,  when the choice of
an at las of  the burrd le TtXr)  cnrre lates , l ' : iU, ,  ,1  .  -dv i l  $ i th  coord inate at las
' l tx .  lU, , ,7r ]  o f  the nrani io ld  . \ - r  and th is  correLat ion is  kept  s teady under  f ra-
f i re change-s.
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l hus  in  l l re  f iber  bunc l le  io r t r ta l i snr  I iP  in  the  grav i ta i io t r  theor l  ma l  b '

ionr lu la te , l  as  lhe  requ i remel l t  o i  the  cova l ia t l ce  o f  rna t te r  i ie ld  equat ions  u l l -

{ l cc  the  qauge uroup { i1 . r ( '1 ,  Rr ( 'Y) .  Iu  th is  f rou l  the  re la t i v i t } 'p r iuc ip ie  p roves

to  b t  id t r t i ca i  i v i i l i  the  uauge pr jnc ip le  o f  th t  gar rge  theorv  o f  ex te rna i  s ) ' rn -

r r e t r v  g r o u y r  ( j 1 - ' ( i ,  R ) ,  r n d  c o n s e q u e r r t l l  t h e  g r a \ . ' i t a t j o n  t h e o r \  c a n  b t  b u j l t

l r t i l t  I l l )  d i rec t l v  a - .  t i re  g , luge t l teor \ .
I l o w c v t r ,  t l i e  0 / . : L l ,  1 1 1 - ! a u g e  t l t t o r l ' t u r n s  o u t  t o  t r e  b r o a t l e r  t h a n  t i r t

genera l  concept io r r  o i  the  grav i ia l io r l  theorJ ,  [ 'o r  exan lp l l ,  i t  does  l ]o t  { l i - s t io -
, tu isL  t l re  Mi : rkou 's l i i  I t l c t f i c  iL ) r l r l s  i rom o ther  Poss i t ) le  typ ts  in  tange l l t  spaces

I r Ia l  i s  rvhy  the  r :qu iva le t l ce  p r i r rc ip l t  in  thc '  q rav i ia t ion  theory  a lso  I ]as  to  be

cons idered.
2  Equ iv t lence Pr inc ip lc .  In  Gr l  t | ' :  e lL r iv r le lce  pr i r rc ip le  ( l -P)  supp lenents

L i i '  a l . 1  t x l r e - s r e r  L l t c  I f a ' l i i t i o n  i o  s p e L : i l l  r e l i r t i v i t y  i n  I  c e r t a i n  r e f e r e r l c e

I r I  t e .
l  geon le t f i c  le rn ts  spec ia l  re la t i v i t l  lnay  be  de f ined as  the  geomet r \ '  1 ) r

l -o rer tz  i r ra f ian ts  ( i r r  t l l r i  - sp i r i t  o i  K le in 's  [ r r langer  p rogranr ) .  Then EP i r r  the

gra l i ta l io r  gauge t l reor ]  tna |  be  fo r rnu la led  as  the  requ i re l r le l l t  to  conserv t

i - , r r rn tz  invar ia r r ts  L r r rdJr  t ra i l s i i i t )ns  f ro l l l  l nap  lo  map i r l  some re fe rence t ra -

i i r rs  , r : rd  , rn , ie r  p l r r l le l  l rans la i ions .  l ' h is  rne ins  lha t  the  con l lec t ions  on  / ( 'Y1

l r - in l  U / ,  ,1 ,  R t l ' l . t r t .  i i r lL l :  L rave  t i t  be  re t luced to  the  Lorer r tz  gauge f ie lds

i '  r , } r r .  r ,  I - r rnc ! '  i fa l l res ,  : t t J  th is  leads  to  the  cont rac t ion  o f  the  s t ruc tu re

! - f o r . l  r i ,  ( 1 .  1 ( ' . r  f r  . \ ' '  t "  t l l e  L , , r e r r l , /  L r o l r l r' '  
i l , i , ,  c , r i t rac t ion  i i  t rec t ' s . r t , r  ' r r r (1  su l t i ( ie l l t  f t , r  . r  g loba l  sec t io r  o f  t i )e

'  uo t ic r t  bL l r r l l r  l ,  i tn t l  i te t te t  o f  lhc  I l l t t r i c  t rund l t  ,1 ,  to  ex is t  Tbe ex is ie t rce
,  t  r , ' I r a , i  , r r  l l l r t r i c  1 ' . r v i t  t i o t t  i i e l d  a n y t | h e r e  t l t l  - Y  r e s u l t s  f r o r n  [ ] P '

i : r  tL r r r r  th t  P tese l i ce  o i  a  g ra l ' i ta t ion  f ie ld  e l r ta i l -s  lhe  usua l  pos tu la les  o i

ihe  equ iva l rn ( :e  p r inc ip le  i i i  ( lR .  Th t ls  there  i -s  a  ho lonomic  re fe re t l ce  l rame '

rvhere  i l re  g rav i ra t io t r  n r r : t r i c  i ie l t l  becomes o f  the  I l i l rhcwsk i  type  .and i t s

Chr is to i te l  s lmbo ls  van is l i  i l t  a  space- t in re  po i f l t ,  a l though,  s ince  the  Loren lz

t r tugc  i ie l r l s  cor r ta i r r  a lso  to r -s io l l  co l l lponen is ,  the  rvho le  connect ion  in .ge l le r i l l

case  r loes  no l  go  io  zero  i r l  t i l i s  i rame BLt t  le t  t t s  re i :a l1  tha t  there  a lso  ex l
, i l s  J  re le r tnc t  i ra r r te ,  l ' here  the  rvbo le  co t t t tec { io l l  van ishes  in  a  po in t '  yc t  the

g l r l i i a t ion  te t ra t i  f ie l t i  l l l l l l  l l e  p rescnt
F IP i r  l l r c  g r t tge  grav i ia t ion  theor ) '  de i ines  a  cer ta in  K le in -Cher l t  geomet -

rv  o i  i f v r f ien ls  o l t  the  lo ta l  spaces  ar ld  o t r  t l l e  sheave o f  sec t io t l so f  assoc ia t -

e i l  n , i th  1 ( .Y '  r  b r rL l les .  l ' h t  co t r t rac t ion  o f  tbe  s t r t l c lu re  g roup ( i1 - - (1 ,  R)  o i

/ { - l ' r )  to  ihe  Loren lz  g ro t rp  a t ld  conset luent l l ' to  i t s  inax i rna l  co-n lpac t  subgroL l { '

, !O(11)  n re lns  ihe  er is te t rce  o f  r t lases  o f  7 ' ( . {a t  s t rch  tha t  ever l  Loren tz  o r  ' \ ( ' (  r )

i r rvar ia r t  l i oes  r lo l  ch : lnge r i t rder  i rans i l ion  l ro in  n lap  to  n lap  o f  these a t lases

I ro r  exanPle ,  the  ( i l  1 i 'decornpos i l ion  proves  io  be  poss ib le  in  a l l  po in . ts  o i  'Y ' '
' l ' h is ' tnab les 'L rs  to  in te rp ie t  lhe  qeo lne t r i ca l  aspec ts  o i  the  grav i t l  i t l  the

sp i r i i  o f  I ( le in 's  l i r langer  p rogramtne,  a l thouu l r  F 'ock , .Bond i .  Havas  and son le
, i t h t r  a u t h o r s  t l e n r '  l h e  p r e s e t r c c  o i  a n v  s l m r l e t r i e s  i r  t h e  g r a v i t a l i o n  t h e o r J

3 .  0 rav i ty  as  a  f ie ld  0 i  the  Oo lds tone Type.  l t  sh  ru ld  be  emphasrzed tna l  Ine

. ' r lu i , , , r l r i r ce  p r inc ip le  fo r rn r r la tec l  in  the  g tau i t r l io r l  gauge theor l 'per t r r i t s  1o  v i tu '

l l i e  g rav i ta t io l i  i i c l r i  as  a  i ie ld  o f  the  C io lds to t le  i lpe  in  the  gauge theor \  01

cx terna l  sv tn t t te t r ies  I  
r '  j l .

l n  a  gaute  theor 'v  l lo l i l s to r re  anr l  H iggs  J ie lds  a re  knoun io  appear  $her r

ever  the  ivnr r le t r ) '  i s  spontaneous i - r '  b roken.  I r r  tha t  case the  s t ruc lu re  g ro t lp

c r  o f  a  ce i ta i r  v tc to r  i iber  b r rnd le  7 ,  \ \ ' hose sec t ions  1q  i  c jescr ibe  some nru l i ip -

le l  o i  na t ie f  i ie l11s ,  i s  con i rac icd  to  i t s  subgroup / /  A  g loba l  cons tan t  sec t lo l r

, r  ( - \ - )  L -1 ,  o l  /  fhen  ex i -s ts ,  r ' . ' here  t ' ,  i s  a  r io t r -zero  l / - i i - xed  po in l  o i  ihe  t lp i -

i  r ,1 | i



ca l  f iber  l i  o f  i . .  Th is  i ie ld  i s  usua l l r  in le rpre ted  as  ihe  vacuum or  g rou l rd
s ta te  and then nr inor  i luc tu , r t ions  l , r ' ]  near  i t  a re  cons idered.

lhese i luc tua t io t ;s  take  the  l inown io rm , t  qo t  t  l t  . t ,  where  va lues  o i
, ;77  l ie  in  the  / / - invar ian t  su l )space o i  V  and ( .7 ,  o )  a re  sec t ions  o f  the  bun
d le  in  quot ie r t  spaces  ( i  l /  assoc ia led  w i th  ,1 .  Then ' ;  p rove  to  be  ( io lds tone
i ie lds  and (q r  )  , i  H t  a re  ca l le r i  corvent io r la l l y  I l i ggs  f ie lds  i r r  the  gauge ther i r l
rv i th  spon laneous s \ tnmet rv  b rea l i i r rg .  I louever ,  in  lauge tbeor ies  o i  in te rna l
s \mnre t r ies  ( lo lds tone i ie lds  , ;  r :an  be  ren ioved by  a  cer l l i r  gauge l rans io r -
rlra olr.

In  the  gaLrge grav i ta t io r r  theor - r  l l re  cont rac l ion  o i  the  s l ruc tu re  g roup
( i I  i \1 ,  R)  o f  7 ( - \ '1 )  to  L  resu l i ins  i ro rn  E I )  c lescr ibes  n  -s i tL ra t ion ,  rvh ich  is  ana-
logous  to  sp . )  taneous s lo r rne l r - \ '  b reak ins .  J t  en ta i l s  the  er is tence o f  a  g loba l
sec t ion  o f  the  quot ien t  bund le  I  w i th  the  tvp ica l  l iber  ( i l -+ r  4 ,  R)  L ,  and the
s i rg le  1 . - l i red  po in t  o i  th is  f iber  space is  the  , \ l i nkorvsk i  n re t r i c .  lher r ,  b l  ana-
logr '  \ \ ' i th  the  c : rse  o i  ihe  spor tanefus  brea l i i rg  0 i  in te rna l  s ln rmet r ies ,  one
nar  imag ine  the  A ' l inkows l< i  r re t r i c  i ie ld  as  po-ssess ing  t t r r  sense o f  the  i l i ges
i i e l d  , r , ,  b u t  t h e  s r r r a l l  ( l e f o n n a i i o c s  i r o u r  i t  i r r l l  p l a v  t h e  r o l e  o i  ( r o l l s t o n e
f ie ld  s  " .- l ' hese  ( le fo rmat ions  are  iden l i i i ed  w i th  the  presence o f  tbe  grav i ta t ion  f i c ld ,
*h ich  there fore  rnav  be  cons iderer l  as  a  f ie ld  o i  the  ( io lds toue t lpe .  [ ]u t  here ,
in  cont ras i  to  Go lds t , )ne  f ie lds  o i  in te rna l  symnre t r ies ,  the  grav i ia t ion  f ie ld  can-
ro t  be  fe r loved b)  an) '  gauge,  because the  gauge t rans forna l i r r r rs  o f  ex te rna l
tmmet r ies  a lso  ac i  on  opera tors  o i  par t ia l  le r i va t i ves ,  uh ich  are  vec tors ,
I  n l

i J  , ;  o f  ta f i s rn t  spa ies .  But  these vec tors  re ia in  the  ser rse  o i  der iva t ives
I  , ' \  '

on l ]  in  ho lononr ic  f ranres .  I r r  r  r  o  r  r  I  r  o  I  o  n  o  rn  i  c  i r "n res  
{a .  
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