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Recently, there has been some interest in the question of 

implications of the Veneziano mode/
1

/ to chiral symmetry breaking. 

On the basis of the Veneziano model Fayyazuddin and Riazuddin/
2

/ 

assert that current divergences belong to the (3,3) + ("3,3) 

representation of SU (3) x SU (3 ) /
3

/. On the oth~r hand, Cronin and 

Kang/ 
4

/ show that Veneziano's model is inc~mpatible with models 

for symmetry breaking/3 / where the symmetry breaking Hamiltonian 

'bel01gs to a single (3,3) + (3,3) representation of SU(3) x SU (3). 

The statement of ref/
4

/ is that the a terms 

3 7T- ➔ µ K+ 
.rd x [ A 

O 
( x , o) , a A µ (o) 1 

+. 
3 K µ 7T 

and J d x [ A o (x , 0) a A µ (0)] 

taken between "+ and K+ are different functions of the momentum 

transfer, while according to ref/
3

/ they are propo'rtional. However, 

neithej
2

/ noJ4 / use a correct off-shell amplitude. 
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The purpose of this note is to show that using a correct 

off-mass-shell continuation/s,
6

/, th~ Veneziano amplitude is not in

consistent with the chiral symmetry breaking mode/
3

/, As an exam-

ple we treat TT K scattering (where the contradiction of ref.f 4/ is 

revealed), however, TTTT and KK scattering can be treated si-

milarly, TTTT scattering has already been considered in refs~
5

•6{ 

The off-mass-shell amplitude is defined by 

J ,f, j , n 
4 

-i p X j 

T( )=(dxc <P 
q 'P, q ', k 

A £ µ n i 
q ' \ T ( a A A \x \ a A /1 (0)) \ P q > , (1) 

j i 
where \ P q '> , \ P q> are pseudoscalar meson states, i., f, j, n 

are indices of the mesons; q, P are incoming, q ', k outgoing 

momenta, The a terms are related to the off-shell amplitude by 

T( 

and 

T( 

i' r, .i' n 

q_, p '<J ', 0 

i' r, .i' n 

CJ, O' <1 , , k 

3 j n ➔ /1 £ i 
> = - f <1 x < P CJ ' \ [ A 

O 
( x, o> , a A 

11 
Co) l \ P q > = 

n f 
= -2i a 

j q ', i q 

3 i [ £ ➔ 11 n l\ i > = - f d x < r q , \ A ( x • o) , a A (o) r CJ > 
0 /1 

r n 
= -2 i a . , . 

J Q I IQ 

(2) 

(3) 

Following ref/
6

/ we assume for the off-mass-shell continuation of 

the Veneziano amplitude: 

T( 
i, I' , .i, n 

11, p, CJ', k 
) = 

3 ? 9 

i 2 f 1, f n 2(2TT) mp m~ 
B ( s, t ), (4) 

( 2 2 )( ? 2 ) ( 9 9 
k -m n p ~ - m f <Ii p ~ , k • 
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where B ( s, t ) is the relevant on-shell Veneziano amplitude, The 

factor [ ( k 2 -m:) ( p 2 -m £) <Ii (p 2 , k 2 )] -t provides for the mass singula

rities of the amplitude T x/, We 'a\so have '<ll( m £ , m; ) "'1 • From 

factorization along the leading trajectory it can be shown that 

<Ii (p 2 
, k2

) factorizes, 

Specialize now eq, (4) to K TT scattering, In this case the 

external mass singularities are poles at the 1-(0, 

TT- A
1 

trajectory as well as at the ~ (O-) daughters 

tory, For these trajectories we accep/
4

/ 

1 
a (s)=a (s) - -, 

TT p 2 
. 1 

a (s)=a (s)--, 
K K* 2 

daughters of the 

of the K trajec-

where a (s) , a * ( s) _ are the p and K * trajectories/l,S/ res-
p K· 

pectively, with a universal slope b , 

Thus we get for the relevant amplitudes 

TT-K+ K + TT- i 2f f m 2 m 2 2(2TT)
3 

? 
1 

) 
K TT K TT ~ ( ( 2 T( =----------b f' --a. * p ) ) .x 

, k f( p 2 )f( k 2 ) 2 K 
q' p' q ' 

1 2 
x f' ( ":T"" - a ( k )) f3 

~ p 0 

f'(l-a K* (s)) f' (1-ae (u)) 

f' (1 - a * (s) - a (u)) 
K p 

(s) 

x7 In ref, 
2

•
4 

¢( p 2 , k 2 ) is omitted, which/ ii wrong if we allow for 
large variations of p 2 .and k 2 as in 4 • 
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"+ ·K + K+ 17 + 
i 2fK f TT mi. m; 2 (2 ") a 

b2 r ( 1... - a * ( p 2 )) X T( ) = 
f (p 2 ) f ( k 2 ) 2 K q,p,q',k 

(6) . 
X r ( .!.... - a ( k 2 )) ,8 0 

1 0 - a K* ( t)) 1 (1- a~ (u)) 

2 p 
T 0-a· (t)-a (u )) 

K* p 

2 2 2 · 2 
where (k - m17 ) ( p 2 

- m
2jcf.J ( k , p ) has been replaced by 

b-
2 

f (p 2
) f(k 2 )[r(l...-a (p 2 ))r (!__ a (k2 ))]- 1 • 

2 K* 2 p 

f( p/) I f(k2) 

2 
tion f (mK) = 1 

are ( probably smooth) functions, with the normaliza
- 2 , f(m

17 
)=l • 

For the amplitude of eq. (5) the a term is 
3 TT+ µ K+ 

f d x r A O < x • o) • a A (o) 1 = o. 
µ 

Using eqs. (2), (3) it is easy to see that this is compatible with 

eq. (5) (as observed in ref/
4

/), being'l-a * (m; )-a (m 2 )=0. 
· K p K 

For the amplitude of eq. (6) the a terms are connected b)3 / 

+ - ' - + 
3 K ➔ · µ TT- y2 + c 

3 
TT ➔ µ K 

fd x [A 0 (x,O),a Aµ (0)]= ---fd x[A (x,O),a A 
- C O µ y2- -

2 

(0) ] • 

where c ,._ l,25 

from eq. (6) 

, as estimated in ref/
3

/. Using eqs.(2), (3) 
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(7) 

we get 

- + 
1T K 

a + , + 
K q ,TT q 

2 2 ( 2 ) 
3 

r( l - a (0)) ( 1 ) 
ff mKm1T

2 
1T :[ p b2~I'O-a· (t))I'-2 

K 1T · fJo K * 
f(t) f (0) 

(8) 

K+ , TT 

a +, + .Kq,TTq 

f f m 2 m 2 2(2TT) n 1-aK* (0)) b2 11. f'O-a. - (t)) I'(l.:..a ( m2 )). 
K TT K TT ,-.0 K* . p K 

f(O)f (t) (9) 

If we choose f(k
2 

)= df(k
2

) the t dependence of eq. (8) and (9) 

is the same, so the contradiction of ref/
4

/ is removed, In addition, 

from eqs, (7) 1 (8)'1 (9) we get a value c = - 1,17 ,, which is reasonable, ,., .. 
In conclusion we may say that the correctly continued off-shell 

Veneziano amplitude is not incompatible with the chiral symmetry 

breaking model of Gell-Mann, Oakes and Renner, It is clear, ho

wever, that a detail~d comparison of the two models is only possib

le, if we write down a Veneziano amplitude which is off the mass

shell in all the four masses, 
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