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It was emphasized u/1.2
/ that the 

SL(6) /3- 9 / (or under the group U (12) 

S-matrix lnvarlance under the group 

/ 
10

•11/ ) I.e inconal.etent with the 

unitarlty condition. However, since the ware equations e-ven for free particles 

break down the synunetry SL(b) there are no reasons to require the S- mat-

rix lnvarlance under the group SL(6) • We will &how that if the breakdown 

of the synunetry SL(6) is token into account then the S-matrix is unitary. 

Moreover, the unitarlty condition itself I.e Invariant under the group SL(6) if 

instead of the usual 4-momenta there are 3&.-.dlmenslonal momenta. 

As has been in a number of papers, the lnvarlance Wlder the group . 
A A 

SL(6) requires an existence of the 3&.-dlmenslonal momenta (P) ~· and (P) 
8

, 

A..-aa) a a 1,2,3 , a- 1,2 , which tran.storm as corresponding spinors of the 

group SL(6) , The wave function for the quarks invariant under the group 

SL(6) has the form 

(i P) A </JB +m x:.. 
A 8 

= 0. (iP ). X + m<PA• O . 
B B 

( 1) 

If in this equation we macle a substltutlon 

A. A 

) a a a (P ) -+ ( p s fJ (P -+ ( p ) • sfJ B b ( 2) 
B 

then we would obtain the D irac equation, The matrix elements of the scattering 

processes and vertex functions contain explicitly not only the wave functions 

of the wave lnttlal and final particl es but their momenta as w e 11
1

) . If instead 

of the 4-momenta the 3&.-dlmenslonal momenta are introduced then the matrix 

ele"}ents will be invariant under the group SL (6) , a nd after the substltutlon 

( 2) the symmetry SL (6) is broken. 

1) The terms which contain the momenta explicitly are called irregular 
The exlstenc::e

1 
01 such irregular structures in the matrix elements was first 

pointed out 1rl 7 by one of the authors where the so- called spurlon tonnallsm 
of the broken st~etry SL(b) was suggested. Then this was shown lndepe~ 
denUv in oaoerl 12 / , ln paper/ 8/ devoted to a study of the structure of vector 
and axial currents the contributions from all irregular structures are taken into 
account. 
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As an example we consider the scattering of neutral scalar meson 

( s lnglet) on the qUCU"kS, According to the method suggested in ref/ 
7

/ we 

c onsider flrst the 4- momenta of the mesons and the quarks the initial and the 

flnal states k 1 , p 1 , k 2 , P •' 
A A • 

( K 1 ). , tP ) • and (K 1 )" , 
B t B P 

respectively as the components of the tensors 

l P 
1 

).A • A palr of the tensors K 1 is 
B j 

equivalent to a system consisting 
j 

4- pseudovectors ( f 
1

) ; j R 0,1, ••• ,8; ,.. 
P

1 
- to the system of 4-vectors 

of nlne 4-- vectors ( k 1 ) 1.1 a nd of nlne 

I' -= 1, ••• , 4; 

(p >' 
I 1.1 

w hile a palr of tensors 
j 

and 4- pseudovectors ( q 
1 

) ,.. 

A 1 
( K ). • - I I 

I B V2 j.l-1 j..O 

(A, t (u ·)~ ((k 
1 

)
1 + <f )1 

• f:J fl b 1.1 I j.1 

( K I - -~ I 
B y2 j.l-1 

8 

I 
jm O 

• j j 

(>. , )"(u,) [(k 
1

) -(f
1

) • f3 ..- b ,.. ,.. 

( 3) 

and similarly for the tensors P 1 , The invariant square of the momentum K is, 

for instance, as follows 

1 ( K 
-3 

A 
) • (K f -I 

• j • 
[ ( k j ) -( t ) =I [k

1
k

1 
-f 1 f

1
J. 

B A j..O ,,,.. ,.. ,.. ,.. fl 

The Invariant element of the volume is equal to 

~ 
8 

A 
/ k

1 
d •r' . n d (k >. n d (k ) - n 

(2) 81 A,B B C,D D j=O 

and the Invariant l> -function is of the form 

ll II A II • 81 I 
(2) l) ( K ) l) ( K A ) - l) ( k j ) l) 

80 
( t ) • 

B B 

The matrix element of the process under consideration which contains 

the 36- momenta K 1 and P1 which is invariant under the group SL(b) can be 

written in the following manner 

72 
at 1 I · I I u 1 

[) (p I + k I - p ~ - k2) [) ( q I + 
j j 

f - q l 
1 

) I • M n - (2w) 

( 4) 

(5) 

( 6) 

(7) 

- A - A 
A ( .P 2 • K 2 ; PI • K I ) L ¢ (P, ) ~ X (P I ) + X (P 2 ) A ¢ (P I ) J + B(P. • K • ; p I • K I ) 

4 

.1 

J 

K, 
[<f> (P,)~li -2 

For the meson w i th mass fl 

SL (6) i s e qual to 

( :Z,. ) 72 ,!~ d • k j d • 

The unitarity c ondition in th• 

l m A ( P 
2

, K 
2

; P
1 

, K : 

lm B ( P 
2 

, K 
2

; P 
1 

, K 

_m_ f d "' d\1 d\1 tfl l) 341 (pi 
(2n ) 7. 

(2 " ) • l) n: ( p j ) 
2

- I l q I ) 
2
+ m ' 

(¢( P
2
).X ' (P : 

A 

I A ( P , K ;PI ,K I )l cp 

B(P 

For the s ummation over the 

formula 

I <t> '. 
A 

1 ¢. 
A 

,a 

"' 
c y, l - iP 

m 

' 8 
X = l';/) B 

A 

It is evid e n t that the u nitar: 



utral scalar meson 

g ested in ref/?/ we 

uarks the initla.l and the 

components of the tensors 

the tensors K 1 is 

(k )l a nd of nine 
I p. 

1hi!e a pair of tensors 

~udovectors ( q 
1 

) l 
p. 

( 3) 

e of the momentum K is, 

, l 

eration which contains 

a- group SL(b) can be 

l 
-q 

A 

( 4) 

( 5) 

( 6) 

(7) 

) J + B(P ~ , K 
2 

; P 
1 

, K 
1 

) 

K I + K :h A R K I+ K .. [ cp (P
2

) • ti , <p (P. ) + X- (P
2

) (.1.' ----'·:_ 
A 2m B A 2m 

A B 
) • X ( p' ) j 

8 

For the meson with mass p., e.g., the phase volume invariant W'\der the group 

SL (6) is equal to 

( 2JT I 72 

n d'kl d'fl~" 15 (I (kl) 2
- I (fl) \p. 2

). 

J= O 
( 8 ) 

The unitarity condition in the tw<>- particle approxima tion is 

l m A ( P , K ; P , K ) [ ¢ ( P ) • X l P ) A + x ( P ) </> l P 
2 2 1 1 :lA 1 ~A 1 

A 

) + 

l m 
K + K • a 

B ( p 2 ' K 2 ; pI ' K I) [ <p- (P 2) • ( i _I _ _ 2) A¢ ( pI ) + •••• ) 
A 2m B 

(9 ) 

! B - a 
A(P,K ;P

1
,K 1 )l <p '(P )·xlP J+x 'lP) m (P) l 

H I B r I + 

B ( P, K; P
1 

, K 
1 

) l .. ... .. .... ) l . 

For the s ummation over the polarization o f the intennediate s tates we u s e the 

formula 

</> •• 
r B - iP B 

· -iP I 
"' = Y. l-- ! . I x ' x' n = :n ~-- ) B 

A m 
A A m A 

( 10) 

r B 
= ~ s~ 

r rB " I </- . X I 
XA ¢ ~:n o 

'· 
A 

A 

lt i s evident that the unita.rlty co• idilion ( 9 ) i s lnvarlb.nl under the group SL\b). 
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The physical scattering amplitude is obtained from the invariant amplitude 

tJt the substitution 
a 

• • J 
A\P2 , K .j P 1, K 

1
)-+ fl (:ur) b ( p 

J-1 I 

J 
-p 

2 

0 

• n <~" > 
J..O 

!7 l Ul J J Ats,t}, 
I 0 

• J J 
o(ql-q2J 

( 11) 

and similarly fo•· B • At the same time for the momenta of initital particles we 

make a substitution ( 2), l.e,. we keep only the physical 4-momenta 
\Pi f,I 

(k if • Then the unitarily condition ( 9) together wlth the fonnuia ( 10) gives p. • 
usual unitarily condition 

kl+k. 1 • .. 1m A ( s, t ) + lm B ( s, t ) i = __ J d p d • !7(p0 ) (1 ( k0 } 

Cbr) 
2 

15tp
2

+m
2

) o (k 2+p. 2
) LA* \s,t")+ B•ts,t") 

[A( s,t')+ B \ s,t') 
k + k I 

J 
an 

. 
k :!" k 

~ 
m -ip 
-2-

Thus, if instead of the usual 4-momenta use is made of the 36-dimensiono.l 

and 

the 

( 12) 

momenta, then the theory is completely invariant under the group SL(6) : the 
wave equation, S- matrix and the unltarity condition are invariant. ln passing 

to the physical amplitudes the symmetry is violated: the wave equations, S- mat,-

rices and the unitarily condition are SL(6) non-invariant. The authors of a 

number of papers require a strict l.nvariance for the physical amplitude what 

in the considered case leads to the condition 

B(s,t) = O. 

It is evident that this incorrect requirement leads to a contradiction with the uni

tarily condition and there is no problem about the inconsistency of the group 

SL(6) with the unitarily condition. 

We point out in conclusion that for the given scattering process of a 

singlet meson on the quark the broken symmetry SL(6) gives nothing new if 

compared with the unitary symmetry, However, for higher representations the 

broken symmetry SL(6) yields new consequences, So, for instance in the 

unitary symmetry the matrix elements of the vector and axial currets for the 

octet depend on 12 fonn-factors, while in the broken symmetry SL(6) these 

6 

,-

12 form- factors are express 

the irregular structures are 

for the decuplet and the for 

the decuplet are also expre 
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from the Invariant amplitude 

( 11) 

enta of initit.al particles we 

•leal 4-momenta \P . f and 
I Jl 

the formula ( 10) gives the 

m - ip 
-2-

~ o f the 36-dimensi ona.J. 

( 12) 

•r the group SL (6) : the 

·e Invariant. In passing 

he w a ve equations , S... mat

IW'iant. The authors of a 

physical amplitude what 

l c ontra diction with the uru... 
:onsistency of the g roup 

:attering process of a 

5) g ives nothing new if 

e1er representations the 

o, for instance in the 

d axial currets for the 

symmetry SL(6) these 

l 

12 form- factors are expressed in terms of 8 independent form- factors
2

), if all 

the irregular structures are taken into accounJ 
8

/ • Moreover, the form- factors 

for the decuplet and the form- factors of the transitbns between the octet and 

the decuplet are also expressed in terms of these 8 independent form- factors. 
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2) In papers/ 6•
9

/ the non-regular structures are not taken into account. 
Therefore, all the form- factors are expressed in terms of 5 independent functions. 


