
- 8 ~ E2 

A.Z.Dubni&ova 

11'1 s / f/1 
NONZERO MASSES OF '", K, AND K MESONS 

AND ALGEBRAIC REALIZATION 

OF SU(3) x SU(3) CHffiAL SYMMETRY 



E2 - 7618 

A.Z.Dubn«kova* 

NONZERO MASSES OF 7Г, K, AND К MESONS 

AND ALGEBRAIC REALIZATION 

OF SU(3) x SU(3) CHIRAL SYMMETRY 

Submitted to Nuclear Phyeica 

* On leave of absence from the Dept. of 
Theor. Physics, Comenius University, 
Bratislava,Czechoslovakia. 



1. Introduction 

One of the main results of algebraic realization / 1 I of 
chiral symmetry (ARCHS) SU(3) xSU0) with linearization 
on SU(2)xY subgroup W is the fact, that the particles 
of any given helicity must be classified according to an 
irreducible or reducible representation of SU(3)xSU(3) 
group. Further, the squared mass operator can contain 
besides the invariant term (in agreement with the hypo
thesis of Gell-Mann, Oakes, Renner (GMOR 1*1) also an 
admixture of zeroth and eighth componentsof (3,3*)+G*,3) 
representation, i.e. m 2 = m ^ +u 0 +c u 8 . We note that 
this relation has been obtained without any assumption 
of chiral symmetry breaking and therefore it has a mea
ning for all particles excluding JT,K, -ц and к mesons. 
(They are Goldston-э bosons in the theory). But in fact 
those mesons have masses and these are not small. In 
this work we attempt to introduce masses ot п , К , 
4 and к mesons by means of the explicit breaking of 

the symmetry. 
Analyzing a reasonable asymptotic behaviour of the 

scattering amplitude in the tree graph approximation we 
consider nonzero masses of pseudoscalar я , К , ц and 
scalar к mesons in virtual states and we can neglect 
(in comparison with their energy a , a ->„ ) masses of 
these bosons in initial and final states. All basic relations 
of ref. /2 / are valid in such approach but besides them 
new relations arise, from which the parameter с 
(earlier introduced into the mass operator-is determined). 
This parameter is not estimated in the scheme of 
Ogievetsky l'z'. The value of parameter c(c-«- 1.17) thus 
obtained is very close to that predicted by GMOR (c--1.25). 
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2. Effective Lagrangian of SU(3) x SU(3) 
Because of the invariance of the Lagrangian / M / 

•^А'Л^Л"^'^* <2Л) 

+ F ; 1 V > ' V . + F ^ < Х ) О Л + F « ~ 4 * W V . + 

+F - 1V® . (x)D » +(interactions with larger number of 
covariant derivatives of я , К , у , к mesons) the Gold-
stone bosons have zero masses. To equip them with the 
nonzero mass we explicitly break the symmetry by 

*ь».к--i- <4 <ч >*-M < K . > 2 - i < ( ^ 2 - i m ^ i ^ 
(2.2) 

+ AfaibKn7TlKb+ B f 1 8b K » ie K b+ (multilinear terms), 

where Aand В are free parameters, i = 1,2,3, a,b=4,5,6,7. 
Further in (2.2) we shall take into account only the 
bilinear and trilinear terms, which are sufficient for the 
incorporation of the nonzero masses of n , К , 17 and 
к mesons in our scheme. We would like to note that 

mainly trilinear couplings of Goldstones will be important 
in what follows. The occurence of these terms is a spe
cific feature of the algebraic realization of SU(3)x SU(3) / 
/SU(2) xY unlike SU(2)xSU(2)/SU(2) and SU(3) x SU (3) / 
/SU(3) / s / . 

3. Asymptotic Behaviour of Tree Graphs 

Following Ogievetsky W we consider the forward 
scattering process 

M(q)+a(p,X) - M' ( l ' ) + j6<p ', A') / 3 1 ) 
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in collinear coordinate system in which 

Я = n < u , q ' = f l <a'; p = ( p - n p ) ; p ' a ( p ' - n p ' ) 
fl (i (l (i (/ Г 0 ' /J 0 ' 

% = | Л ! = 1 

a , |8 are arbitrary target particles or resonances and 
M,M' are Goldstone bosons. 
Energy and momentum conservations yield the relations 

P 0+ l?l - P ^ + I ? ' l - E 

ul = <U + fe P -
(3.2) 

2E 
and the angular momentum conservation tells us that the 
helicity is conserved. The invariant Mandelstam variables 
s, i and u become 

s = m 2 + 2шЕ 
t = 0. (3.3) 

u = m 2 -2(0 'E 
a 

Simple calculations give the explicit express ions for 
constant t e r m s / 2 / of the M + ampli tude with the t r e e 
graph contr ibutions only. We wr i t e down only those in 
which we shal l be in te res ted fur ther . 
M « + v n ( * ) = - 2 F ~ J И [ Т а , [ Т Ь 5 , т ? | Ы Т Ь 5

> [ Т \ т 2 Ш - + 
рКуака;0 К к pa 

+ 2iA F ; ' m ; 2 f a i b t l i 5 , n , % a + 2 i B F ^ ™ " ^ a 8 b t T 8 - 5 . m 2 ] ^ 

(3.4a) 

M / f t r I .«K. ,o( A ) = " 2 F K F * « Т Л Т , . ] ] + [ T , t T . m l l l ^ 

s 



+ 2 i A p ; ; 4 * f . . n *",»%„ <з-4ь> 

M * „ <л> —2F" l F" 1 | [ l* , [T i 5

> m 2 ] ] + [ r i 5 , [T* ,m^]L + 
Sir ,ак ;0 к я pa 

+ 2 i A F K , f f l " K f . i b [ T b 5 ' a , 2 l i S « ( 3 " 4 C ) 

M о „ W —2F"1 F " l l [ T ' t T 8 ' 5 , m 2 ] ] + [ T W , [ T ' , m i ! | l L + 

+2iB F-'m^f o k [ T 8 '?m 2 ] „ , (3.4e) 
к к а8Ь jSa 

where for simplicity we have omitted the Л -dependence; 
Т ' . 'д 8 ' 5 , T a (X) are form factors and m 2 i s the diagonal 

mass matrix defined by m*a = m% Sya . The explicit 
forms of the constant terms of M~ amplitudes and the 
remaining constant terms of M+ are the same as in the 
work of Ogievetsky /2 / . 

Now, demanding that the asymptotic behaviour of 
MfiM'.aMjO amplitudes were not worse than would be 
expected from Regge Theory, we have to put M^M'.aMjo 
equal to zero. Using this procedure the algebra of 
Sl)(3KSU(3) arises /* / . In the case of Mj§M',aM:oampli-
tudes (requiring Regge asymptotic behaviour) we put 
only those constant terms м£м',аМ;0 equal zero for 
which the intercepts of leading trajectories о^уС) a r e 

negative. ' 
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Table 

Reaction Amplitude I G U P ) Y Leading 
trajectory 

Intercept 

к t* К М+ Г (А/ * 0 тт <0 

к « К ы+ 0 + ( А ) 0 Ч <0 

n*>T),rj*t К м* 1/2 (N) ±1 K*(not*) 0.3(>0 ) 

П*> К , 1J<»K м+ 1/2 (А) ±1 К <0 

* N means normal series J p = o+,i~,2 + , . . . 
A means abnormal series J p = 0 "", l + , 2 ~,... 

•sj 



In this paper we consider the nonzero masses of 
п , К , у and к mesons in virtual states and therefore 
the intercepts of leading trajectories of these mesons 
(excluding к ) are negative (see table). 

As it is seen from the table, the intercepts of leading 
trajectories of amplitudes (3.4b) and (3.4e) a re positive. 
For this reason we cannot obtain any physical information 
from these amplitudes. 

So, if we take into account the second important 
consequence of ARCHS of SUff ixSue)^.*^- that the mass 
matrix m2 must be expressed as a sum of u 0 and u g 

component of (33*) +0*3 ) representation ofSU(3)xSU(3) 
group 

» 2 = m l v + u o + C U 8 <3-5> 
and the fact that 

[Т,«Ц„]«о, tT",. r]-if, r, v [T,»f).iU'j 

[T" s , n f n v bO, [ T ^ l ^ - i d ^ v s ; t ^ 5 , v r ] = i d f f r S u s , 

(3.6) 
where ur , v r ( r = 0,1, . . . ,8) are components of the 
multiplet (3,3*)+ (3*3) we get for the n Кк vertex con
stant A; _ 

Fff ml 2 c - V 2 
A = _ " ___ (3.7a) 

F K F« с + V 2 

. F K m ^ 2V2~+5c 
A = _b—Ь i _ . (3.7b) 

F f f F K 2 V 2 - c l J 

Comparing (3.7a) with (3.7b) we obtain quadratic equation 
for parameter с , the solution of which is 
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с 1 7 .^Г1&=&£*£Уг±1. о-в) 
^ 2(5a+2) 

where a - (• gK^ К ) . Using the values of F / F -1.18 ; 
m J*. 0.02 (GeV)2 ; m * 0.24 (GeV)2 we find two values 
of 

Cj а - 1 Д 7 

c 2 ~ -0.75. 
(3.9) 

The first value is very close to the GMOE value of 
c(c —1.25)which was obtained in a different way (see 

r e t / з / ). Further for к у К vertex constant В we 
get 

В = |ft * ' , (3.10a) 

в = _Еь=1 JVLi* , (3.10b) 
F F 2vT - c 

F « F K (3.10c) 

Comparing (3.10a) with (3.10b) and putting the value 
с = с andm| = 0.3 (GeV) 2 we get F /F„ -lMff/F„.U 

we compare (3.10c) with (3.10a) and (3.10b) we get incon
sistent results. We conjecture that the difficulty ar i ses 
due tc the fact, that we have' 'a pr iori ' ' no mixing between 
i? and у ' in our scheme. 

In conclusion we would like to note the following: 
1. The basic result (3.9) confirms that our scheme of 
introduction of nonzero masses of n , K, i) and « mesons 
in virtual states is reasonable. 
2. The problem of scattering of Goldstones on Goldstones 
can be incroporated, in principle, into ARCHS SU(3)xSU(3) 
as in ARCHS of SU (2) xSO (2) /« / but this problem is beyond 
our object. 

9 



The author would like to thank Prof. V.I.Ogievetsky 
for suggesting this problem, for his supervision and en
couragement and for critical reading of the manuscript. 
He also wishes to thank E.A.Ivanov for useful discussions. 

References 
1. S.Weinberg. Phys.Eev., 177, 2804 (1969). 
2. V.I.Ogievetsky. In Essays Dedicated on the Occasion 

of the Seventy-Fifth Birthday of I.E.Tamm. Nauka, 
Moscow Id?2 

3. M.Gell-Mann, R.Oakes, B.Renner. Phys.Eev., 175, 
2195 (1968). 

4. K.Dietz, J.Honerkamp. Z.Physik., 222, 46 (1969). 
5. A.Sudbery. Nucl.Phys., B20, 1 (1970). 
6. B.M.Zupnik, V.I.Ogievetsky. JINE, P2-5759, Dubna, 

1971. 

Received by Publishing Department 
on December 19, 1973. 

10 

i 


