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The Poincare gauge theory always contains a ten-parameter 
symmetry gauge group, but there can be some extra symmetries 
depending .on the choice of the gravity Lagrangian. In this re­
�iew I will analyse the theory with the gravity Lagrangian li­
near in the curvature and quadratic in the torsion (R+T2 ) ,  
which contains no other particles but the gravitation1 1 2 > . In
the theory with R2 terms, however, there are propagating tord­
ions and the existence of extra gauge symmetries is related to 
their masslessness. At the end of this review I will mention 
some results concerning the lineariz�d R+T2+R2 theory3 1 4 > 

1 .  Primary constraints and Hamiltonian. Basic variables 
in this theory are tetrads hi

µ
' spin-connections Aij

µ · and a
matter . field � - The gravity Lagrangian can be con�tructed from . 
the gauge field strengths Tijk (torsion) and Rijkt (curvature) .
In -the R+T2 case it will be l )  

The constants A, B and c are arbitrary while a '#  O .  Using Pain­
care gauge symmetry of the theory we can impose the time gauge 
condition ha

o = O .  (Our convention is that the first letters of
Latin and Greek alphabets a, b ,  c, ••• ; a, a ,  Y, ••• run over
1 ,  2 , � while the rest of them i, j, k, ••• ; µ, v, l, ••• 
run over O, 1, 2, 3 . ) This condition reduces our initial ten­
-parameter symmetry to a seven-parameter one. 

* This : ·.paper is basecl on the work done in collaboration with
M. Blagojevic, Refs. 2 ) and 4 ) .

i"k kj k 1 
g = aR + A Tijk T J + B Tijk T i + C T ki T
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From the definition of the momenta n° , na , ni . µ and 
i .  µ a J 

n (associated with h
0

µ, b
a

a
' A J

µ and � )  we get all the pri-
mary constraints in the theory1 > : 

�a

a 
- na

a 
+ 4 K a  A0a

a
: 0 C B = 0 ) 

cf, l ab l  =n ( ab l - 2 K (a - a - 2y/9 ) A
� l �b l -� = 0

(a  - 4 y/9 = 0 )  

� (ab) = ;- (ab) . - 2 K a Ao .Cab) : 0 ( a = 0 )

( 2a )  

: ( 2b )  

where a, B , Y  are defined as follows: A = a/2  - y/18 , B = a/2 + 
+ y/9 and C = - a/2 + B .  The constraints ( 2b )  are the so-called 
if-constraints (they exist in the theory only if some constants 
vanish) . After constructing the canonical Hamiltonian , we 
can write down the total Hamiltonian by adding all the primary 
constraints with their arbitrary multipliers : 

( 3 ) 

where (U� ) T is short for the sum of the if-constraints with
their multipliers . In order to realize the programme ·for const­
ructing all the gauge generators we need all first-class const­
raints (FC) ; so, we must e.xamine the consistency condit�ons of 
all the primary · const;"aints .

2 .  Secondary constraints . By demanding that the primary 
constrainrs be conserved during the time ·evolution 

(4 ) 

we can determine some multipliers, obtain new (secondary) con­
straints or the demand will be automatically satisfied . By a 
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direct calculation we find 7 "sure " secondary constraints, 
which are related to the Poincare gauge symmetry, and 21 if­
-constraints2 > . Among the if-constraints there are some which
depend on the matter field only . In order to prevent the exis­
tence of these constraints we impose certyin conditions on 
the matter Lagrangian: 

T 
00ij k = 

V 0 " '11 = 
A 0ai = 

( µ 2 = 0 )

( µ l = 0 )

C µo = o >

( 5 )  

where aij k = c alM/aA1 j
v ) bkv and µ0 = a - 2y/3, µ1 · = a + 

+ J a/2 ,  µ2 = a - 3a/2 . After having got all the secondary
constraints we must examine their consistency conditions, too . 
It turns out that some multipliers become determined but no 

other constraints appear . Consequently, the procedure of the 
examination o f the consistency conditions is finished . The 
total Hamiltonian. becomes2 )

'Je = T X, ,  + V µ po 

0 µ 

+ [1 - " ( µ2 ) ]  
Ti .kV J 

Ai A
+ [1 - A ( u0 ) ]  V ,ri

+ �b p O + 
0 ab 

T v .  
1Tijk  

+ 
[1 - " ( µl ) J v1. 

'11'1 + ( 6 ) 

where Je. ' con:tains all determined multipliers, V 's are arbi­
trary multipliers and A (x) is defined by 

. { l A (x) =. 0 
if X � 0

if X = 0 

The constraints Po

µ ' Pab
o and �ijk (when µa :

= 0 )  are the primary
first class constraints (PFC ) • 
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3 .  The gauge generators. General form of a gauge generator 
isS ) 

G = 
K (n ) t e: (t ) G

n n=O 
( 7 )  

where e: ( n ) = d e:n/d tn and G
n 

are phase-space functions, which
must satisfy the conditions :  

GK
= P F C  

GK-l + {GK, lf.r }  = P F C 

G0 + · {G1 , HT } = P F C

{G0 , HT } = P F C

( 8 )  

This set o f  conditions also gives the procedure for the constru­
ction of  the chain G

n
. In our case the procedure is finished at

the first step with the result: 

T V A 
tri�k ' 1r1 and/or ,ri are symmetry gauge genera.tars of . . the

theory if the constants µ 2, µ 1 and/or µ0 
vanish .

These generators act nontrivially only on the potentials Aijk 
as shown in the following table : 

The generators Number of 6Aijkparameters
T T 

µ 2  = 0 11ijk 16 Eijk 

4 V µ "1 = 0 'll'i £1
A A 

JJo = 0 tri 4 £1 

14 3 

V 

l 
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The constants µ
2

, µ 1 and µ0
, which multiply the quadratic

terms in the Lagrangian, do not represent any masses because 
neither of Aijk propagates in this theory . In the theory with
R2 terms , however , the results of the examination of extra 
gauge symmetries are much more interesting . 

5 • . R + T2 + R2 theory in the linear approximation •. Except 
on a ,  µ0 ,  µ 1 and µ 2

, this theory3 > depends on six more cons­
tants a1 , a

2
, ••• , a6• As in R+T2 case all the gauge symme­

tries can be found. To illustrate how the extra symmetries 
reflect the particle structure of the theory I shall give an 
example. Let the constants satisfy µ

0 = a1 + a3 = 0 .  Then the
following symmetry transformations are obtained : 

� (other fields ) = O .

This symmetry reflects the fact that there is now one ·massless 
l+ particle in the theory instead of the massive l+ and 0- ones.

S . Conclusion . The investigation of extra gauge symmetries 
presented here is based on Oirac 's general method for constrai­
ned dynamical systems completed with castellani 's algorithm for 
construction of gauge generators . We have found that extra gauge 
symmetries in R+T2 theory occur whenever the constants p0 , µ 1 ,
µ

2 
vanish , a situation which has already been discussed in the 

l .  6 )  2 2 h i . . f . iterature • In R+T +R case t e ex stence o extra gauge sym-
metries is related to the existence of massl·ess tordions . 
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