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We d i s�uss the  basis of  a re cen t l y  p r oposed Met ric Affine  

the o ry of g r avity . I t is  a gauge fie l d theo ry based on  t he GA { 4 , R )  

g r o up and it gen e ra l izes the c o r respondin g E i n stein -Cartan the o ry 

base� on the Poin ca r �  g r o up .  The basic �u r ren ts , energy -momen tum  and 

hype rmornen t um, a re the  so u rces of  the t�o fie l d  eq uations of g ravity . 

The  un i tary ir reducib l e rep resen tation s of  the  GA ( 4 , R )  g r o u p  offe r 

a possibi l ity of havin g a d i ffe ren t space-time desc ription of  l epton s 

and o� had r on s .  A Lag ran gian q uadratic in torsion and c u rvatu re 

y i e l ds an Ein stein - l ikt g ravitat� onal  i n te raction , whil e in the  

l inear  app r o ximation one finds a con fin in� poten tial  whic h  appl i e s  

on ly  t o  t h e  hadr onic matte r .  

Ein stein ' s Gene ral  Re l ativity theo ry is the most succes sfu l  

theo ry of  t he l arge-sca l e g ravitation al in te ractions in c l udin g 

e l e c t romagnetic waves . Unfo r tunate l y , the  c l assica l Gen e ra l  Re l a­

tivity is con fron ted  with diffic u l ties r e l ated t o  the sin g u l a rity 

states  of in fin i te mass den sity ,  whil e the  c o r respon din g q uan t um 

t he o ry i s  faced with  the n on ren o rmal izabil ity p rob l em . 

Ra the r then to p u rsue  a standa rd app roach  to  g ravity , we c h o ose 

to treat the ma tte r f rom a pa r tic l e  physics poin t  of view an d re l y 

he av i l y  on the  gau ge and g ro u p  theo re tical me thods .  In  o the r wo rds , 

we p refe r to study_ t he basic physical c u r ren ts ( so u r ces of  the fie l d 

e q uation s of  g ravity ) and then to  deve l op the  co r respondin g  gauge 

i n va rian � fi� l d  the o ry .  We ass ume t hat  the l ar ge -s ca l e g ravitationa l  

in te raction s a re manifestation o f  t he g ravitatibna l  in te raction s o f  

l e p �on s a�d hadron s. 

N ow, the space- time p ro pe r ties of  l epton s a re we l l  desc r i bed 
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uy the fu l l Poin c a re g ro u p. By g a u gin g tne Poinca re g ro u p  o n e  a r-

rive s a t  the  Ein s tein- Ca rta n -Scia me- Kibbl e th e o ry of  g ravity ._ Th e re 

a re s t rong  in dica tio n s  t h a t  in t he  wo rl d o f  h a d ro n s  one  fin d s  a d ­

dition a l  s p ace - time o rigin a te d  cu rrent s beyond  the ene r gy -mom�n tum  

a n d  s pin c u rren ts o f  t he Poinca re g ro u p. S pin -in dependence ( t h e  

ba sic p a rt o f  the  S U { 6 )  symme t ry ) , sca l in g ( a s obs e rved in  d ee p  

ine l a s tic sca tte rin d of  e l ectro n s  o r  n e utrino s  on  n uc l e ons ) a n d  

l inea r m2 ( j ) s e q uences o f  ro ta tio n a l excita tions  ( R egge  t ra j ecto ries ) 

in deed  rep re s e n t  the  fu l l  s e t  o f  nonintern a l  regu l a rities o f  t he  

h a d ron s . Th us , we e n l a rge  the  Lo re n t z  g ro u p  to the  GL ( 4 ,R )  o n e. When 

t he  t ra n s l a tions  a re ta ken  in a cco un t  a s  we l l one  ends  up with t h e  

Gene ra l  A ffine GA ( 4 , R ) e xten sion  of  t h e  Poinca re symme t ry .  

We en duw t he  fo u r- dime n s io n a l  b a s e  s p ace- time ma nifold a t  each  

poin t  by a ta n ge n t  l in e a r  s p ace of  loc a l  co -frames , the  te t ra ds e� 
iJ 

( a n h o l on omic tetra d ( ho l o nomic wo r l d )  in dices a re denoted  by La tin 

( Gree k )  l e tte rs  with va l ues  r unn i n g  from O to 3 ) . At each  po i n t of  

t he  ba s e  s p ace- time ma nifo l d o n e  c a n  n ow define a n  action o f  the  

GA ( 4 , R )  g roup , w hich t ran s l a tes  and  defo rms the  t e t ra ds  o f  a s p ace­

- time ca rryin g a l oca l Min k ows ki metric g a b · The  "G1t( 4 ,R )  t ra n s fo rma ­

tion s  wil l n ow be g a u g ed , l- S i. e. t h ey wil l be a l l owed l oca l va l ues  

a s  in  t h e  Wey l o f  Y a n g-Mil l s  c a s e. N ow , we  p o s tu l a te t he  inva ria nce 

o f  t he  action f unctio n  of  ma tte r und e r  te t ra d  t ra ns l a tion s  ( 4  p a ra­

me te rs of  T4 ) a n d  tet ra d  d e fo rma t io n s  ( 1 6 p a rame te rs of  GL ( 4 ,R ) ) .

T he  inva ria n ce , u n de r t h e  l oca l GA { 4 , R )  t ra n s fo rma tio n s  with the  

s p ace - time d e p endent  p a rame t e rs , ca n be  s aved  o n l y  by  i n t ro d ucin g 

i n to the  ma tte r L a g r� n gia n  t he  t ra n s l a tion a l  g a uge  po ten tials , the  

te t ra ds e \ ( x) ( actua l l y ,  e \ - o\ a re _ t h e  g a u �e potentia l s in t h e  

s ence of  in te rn a l  g a u ge symme t rie s } ,  a n d  t h e  defo rma tio n a l  g a uge  

poten tia l s ,  t he  con n ectio n  coe fficie n ts r · b . I n  t his way we end up a .  u 

with a me t ric-a ffine s p ace -time with a n in dependent  con n ectio n . 



I n  gaug i ng a space- time s�mmetry g roup, ge n e ra l izing the Poin­

care case, one repl aces the �ra nslation generators Pa by the paral ­

lel - transport operators 

D a . ::: i e ;u ( a u - i r c \ Q � d } ,

wit h  parameters £a = t ue! u, thus produci�g an anho 1 6nomized  general 

coordinate transforma tions ; Q!b are the GL ( 4, R } generato rs. I t  is 

conven ien t  to separate the GL ( 4 , R ) in dices i n  t he ·an tisymmetric lab ]  

Lorentz part a n d  the remaining symmetric ( ab ) shear a n d  dil a tion 

part, an d write 

For a matter tensor fiel d o r  for an infinite-componen t  ( spi nor o r

tenso r) field .  one h as 

«S t :: ,_. ( ca Da + £ [ab] Q + £ ( ab ) Q ) t 
.[a b] · ( ab )  ' 

where the O
a
, Q [�b] an d Q ( ab )  a re infinit�- dimensional ma tr ices4 . in 

t he l a tter  case. For the lepton Poincarl spinor fiel d • in the 

nonlinear representation, 4 we list the lowest terms 

= · ; ( £_
a_ 0a + c tabJ O · + . [ab] c ( a b }Q 9 + ) ( a b )  · • · '

i r "1 
where a [ab] = 7J' lya_ ' Ybj , a n d  t he Q ( a b )  ma tr ices act on the ten compo-

nen ts of gcd · Using these ia ria tions we fin d  the matter Noether cur­

ren ts (:l is the m·atter Lagra ngian ) resul ting f rom GA ( 4,R ) inva riance : 

energy-momen tum 

e e .  lJ = -e . lJ a a 

a n d  hypermomen tum, i . e . shea r a n d  dil a tion ( in t rinsic pa r t ) 
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�Y �b u = a{:�) Q�b � + a( �
u
�> C o�b + ga cQ ( cb) g) lP ,

. ., f st : . a where e = de t { e �) .  The  gauge ensures uni vers al coupli ng to the ener-

gy- momentum tensor e; JJ and to hype rmomentum Y \1,1 

There i s  a concl us i ve d ifference be tveen space- t i me a nd i nte rnal 

ga uge symme tri e s  ori g i na t i ng from the  re d efi ne d· loc �l  transla t i on 

genera tors . We fi nd 

ro , ob�- a -

· .ra Q c 
1 u d · b '

{ Re D R • d  Q c ) - • uv c + c• uv d •

The  qua nt i ti e s  enteri ng t h e  la s t  e xpres s i on a re the  tors i on tensor 

( t ra ns la t i  on fi eld  s trength)  

R a = 
... 

ea a e a + -r · a e b _ . a e b 
• µv 0u • v - V • it • b • U. " '\/ • b • V • µ '

a ri d  the curva ture tens or ( de format i on fi el d  strength )  

T h t i 1 1 f e a = e a d x'I.I d · b - · b d u e g auge po ent a s a re - orms • u .an r 
a 

= 1 .
a

· � _ x ,

w h i l e  the  fi el d  s trength s  a re 2 - forms · Ra = Ra d xuAdx  and �· b =• uv a -
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= :
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0 

R iemann A4 Wei tzenbock 

. � l ass i f i c a t i o n  o f  ( � 4 '.9 } 
geo metr ies - genera l a ffi ne geo metr ies

L4 wi th  mefr i c g .  

Let 17 be the Lagra ngi a n den$ i ty fo r t he gau�e f i elds .  As 

usuj l ly,  we w i ll assume i t  to be a fun ct i o n  o f  the gauge p otent i als 

a n d  thei r
.f i rst der i vat i ves ?) :::  21( ea , aea

· , ·· r-·-b r .b . ) • 1.J • lJ a •.u' a . lJ  •
Usi ng  the c an o n i c a l momenta 

the U( 4 ,.R )  gauge f ield equat i. o n s  ca n be put : i n ·the follow i ng form 

.. D "  • UV - • 1.J ,:: . e 8 • 1.J na ta a , 

. 0\1 
a • l.JV 'TT ,. b 

a • u e: . b ::: y a • u e • b '
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• µ wh e re e:
a and represen t respect ively the  energy-momentum 

and the hype rmomen tum curren ts o f  the gauge fields themse l ves . 

Usua l ly, following  Hi l be rt and Einstein, t h e  gravita t� o n a l 

La � rangian is assumed to  depend o n l y  l in ea r l y  o n  curva ture ; t he  

t o rsion piece is  e xc l uded by assumptJ o n .  I n  the  spi r i t  o f  the gauge 

appro ach, it � e erns much mo re n a tura l to start . with a Lagrangian 

quadratic in to rsion  and curva ture, typical ly  with  

The l eadi n g  te rms in t h e  ·.gauge fie l d  equa t i o ns  h ave now  the  st ru­

cture o f  2nd  o rde r dife ren tia l s  f o r ea 
a�d ra b

2 a 
+ ( e ,  r ,  ae , ar ) . .  · "'  t e ,

+ ( e ' 
- b 

r , a e , a r ) . . .  IU ic-r:1 .

We study fi rst t h e  gravit a ti onal  be havi o u r  o f  macro scopic matter. 

N o w ,  macrosco pic ma tte r can be modeled by a scalar ·field , which 

ca rries n o n  hype rmo men tum. Acco tdingly , t h e re is no reason to  gauge 

t he  de fo rmat i ons r Gauging the t ransla ti ons  yie l ds a telepa ra l le l ism 

( Weitzenb6ck ) space- t ime . Thus the  ( t o rsion }2 piece in t he  Lagrangian , 

fo r van ishing curia ture, leads t o  a via bl� macrosco pic theo ry o f  

gravi ty . 

T he  r a b  p o ten tia l s be have an a l o gously to  t he  in te rnal tang-Mill� 

p o ten ti a l s. T hey couple to t he  h adronic ma tter  with  a dimens � o n l eJs 

coupling con stan t K.  Fur the rmo re , they o bey � field equati�n which 

i s  o f  a Yang- Mi l ls ty pe. Alt oge the r we e xpect t he  de fo rmati o n a l 

po ten tial s t o  be sh o rt- ranged and asympt o t ically free ( "Gl"( 4 , R ) n on ­
-Abelian symme t ry feature ) ,  i. e. acting only 11 in side 11 hadrons. I n  

lin ea r a pproxima ti on,  f o r  a sta tic source, o n e  finds from  ·t h e  compl e t e  
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Lagrangia� a confinement type potent i a 1 proport i onal to � r . �e  

now conj ecture that the  confinement G�curs only for n � d rons , while 

th e leptons evade confinement due to nonlinear representat i on 

techniq ue. 
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