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1. Introduction

It has been proposed in the works of Gell- Mann/ 1 that a part
of strong interactions may have a symmetry larger than SU(3) namely SU(3)x
SU(3) generated by the vector and axial-vector currents (charges) of
the hadrons. This means that considering only this part of the strong in-
teractions we have
gk v, (), =0,

(1)

ik A, 08 =0

where V, (x)y and A, (x)y are the vector and axial-vector
currents, respectively (a,b «1,2,3). On the other hand, it was quite clear
from the beginning that eqgs. (1) can have only very approximate validity
if we consider all the strong interactions. In fact, the PCAC hypothesis
states that

—-ia# A#(x): = const -kl)(x)ub

(2)

( @(x)] being the fields of pseudoscalar mesons ), thus we are
left with SU(3) symmetry only generated by the vector currents, Further,
SU(3) is also violated in a way that the really conseved quantitites in
strong interactions are only the isospin and hypercharge: SU(2) xU(Y)
symmetry,

/ 3/

Recently it has been pointed out by M,Veltman that an essential
part of informations about the dynamics of weak and electromagnetic in-

teractions is contained in the divergence conditions, i.e, in the explicit



expressions for at Vu and a* Ay It is obvious that this statement holds
for the strong interactions as well (if not better).’l‘hus there is an interest

in considering models of symmetry breaking strong interactions which give
certain definite divergence conditions for the vector and axial-vector cur-
rents, The purpose of this note is to construct such models and to inves-

tiscate several consequences of them,

2, Models of SU(3) x SU(3) Symmetry Breaking Strong

Interactions

Let us consider the divergence conditions

LPH LV, l==id¥ v, ()} =aw}]

(3)

[p¥ 4, 0y Ta=idba oy =M}

First of all we derive a general relation expressing the algebraic proper-

ties of the "divergences" W(x)} and M(x), . Assuming the equal

time commutation relations' ¥ between charges ( V2, Ap ) and current

densities ( Vv, ()}, A u (x), ) we have from the Jacobi identity and eq.(3):

’

(4)

[V: ,W(x)odj- [V: ,W(x); ]=3: W(x); --3: W(x):

-

.

A% M9~ [A%.M(x)21=82 W -8 w(n? ,
(ve MG =1Ad w2 18] M) -85 M5

In our models, neglecting electromagnetic and weak interactions we

assume a Lagrangian f::fo +£m ., where .530 is SU(3) x SU(3) sSynm-

metric, We suppose further that £, depends on the currents

b o - . .
Viya=T9 Ap Yud i A#:=—iq Ap Yu¥s9 @nd on " phenomenological" fields

like CD: . We corsider the quark fields (q) as the fundamental vari~
ables, consequently in P¥ =Pl + Pk we have Pl':“ =0 (ke1,2,3) and

therefore:

|
|
|

Wi, =[Ph, . Vo(0) 1,

(5)

M)y =[P, LA (2 ] .

In this case it is easy to show the fulfillment of eq. (4),

Supposing the existence of the scalar meson nonet ( ¢ - singlet,

a; octet) our model-Lagrangian is the following

£(nt=£s +£m ’
[ 89 b i ) s * .
= o (x) -——2-(V (), VvV, (0, -Ay(")sAﬂ# (x), ),
(6)
== goa(x)aa-z (g(‘:_) vHE(x)Y V“(x):+g(¢.)AF(x); A “(x): ),
rs g

B =81 (1Lk=1,2)5 ey 613~ Bg i Beaay= B3 -

Here a 0’ b,gn,g‘; Y ey g: are constants playing the role of coupling con-
stants, It is obvious that £, is SU(3)-symmetric whereas £, breaks
SU(3). Using the equal-time commutation rules of currentsll/ and the
commutation relations expressing that pseudoscalar and scalar mesons

belong to (3% 3) + (3, 3%) in 5U(3) x sqa)/5/:

P

a = 0 o £ 8 a 3 0
vy .85 | =83 & ~85 &, .
= =y 2 =1 7
(A% .95 I=-8] w;-5;¢§+78;®°d, (7)
=
BL -9 428 0, Fr =0+t bro

we obtain from egs. (5) and (6) the divergences

a a 8 3 a v a rs L] ta
W(x)b=go(b‘aab-—3bas)+g(“)(5' Vsb-—5b V“) +
A T s . ra
+g(rs) (8' Asb—‘abAsr L
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MGy =agd () +b T + g, 16, O + 550 --L15) 0,4

N - e 0l gy, (Bl s omsl sty (8)
T ra L] ra

+Qrs) (Br Tab _Bb T")

Here we used the notations v®>—[v ® ,v®] | A% _[,® LAY ]
od d "+

© od L] d +;
ab a b b B 1
S°d=[A° ,Vd]++[Ade°J+'x‘=—T(SV+BA)?
ab_ ,a b b a T _ 1 v A
Tcd—[Ao,Vd]+-[Ad,V°J+.B —T(“S +g ")

Let us consider special cases:’

A, The generalized ¢ ~model. (b= g(r‘;) = g(r:) =0).

This is clearly a generalization of the o ~-model of Gell-Mann and Lévyj 2/
to the case of SU(3)x SU(S). It is also interesting to note that the term al
in £ is something like the 17’ tadpole of Glashow and Coleman/ 6/
responsible for the SU(3) breaking,

13, The current x current model, (a 0= Bp=0).

In this case the term of the "old PCAC" disappears, thus the question of
PCAC must be reinvestigated (see in Sec,. 3).

C, The hibrid model. This was considered already ( with £0=0 ) in an ear-

/
lier pdpelj ¢ where we dealt with SU(3) breaking effects is strong inter-

actions: the decuplet decays and the mass splitting of baryon octet,

3. _The PDDAC Hypothesis

It was pointed out already by J. Bernstein, S,Fubini, M,Gell- Mann, and
W.Thirring/ 8/ and independently by Ch,H, Chao/g/ that the "field theoretic
version” (2) of PCAC can be replaced by a "dispersion-theoretic
version" (PDDAC):

2 .
b = #(ab)f(ab)
<l§|M(0)B]A>..-——2-—~—k—2—-—-TA_.nM: . (9)
#(ub)

where T A_.BM; is connected with the amplitude T’ A_’BM; of the proces:
A+B+M] in the following ways
. ‘56 y 1Tasnny  (10)
Tf\_’BM: = L <BM_ |A>’n- (2m)" & (py+k=~p, N ;
Hean) and k are the mass and momentum of the pseudoscalar me-
son MP , respectively, and finally f¢,,) is defined through
<olA, @ M)>=t ik, (11)

This version of PCAC seens to be more general than eq. (2) since it

expresses only that d* A M obeys an unsubtracted dispersion relation
dominated by the meson pole,
/ 10/

It is well known that in the current-algebraic applications eq.(2
is not needed and the results can be obtain also using only eq.(9).

The question of field-theoretic or dispersion-theoretic version of PCAC
arises also in connection with divergence conditions. Here we note that
the equations (9) and (3) are of different character: eq. (9) can be
looked upon as an approximate consequence of properties of strong in-
teractions, whereas the equations in (3) express that the SU(3) xSU(3)
symmetry is broken in a given, definite way. On the other hand, it seems
to us that the divergence conditions must be used togethgr with and not
instead of current algebra, therefore in the fo].lowing we suppose the si-

multaneous validity of PDDAC in eq. (9) and the divergence conditions
in egs. (3), (8).

4, Photoproduction of Mesons Near Threshold

In this Section as an example we consider the photoproduction of
pseudoscalar mesons in the hibrid model C) unifying models A) and B).
7 +
(For other applications see ref./ / y decays of decuplet 3/ 2 and mass

splitting in the octet 1/2%).




Taking into account also the electromagnetic interactions we have

ik A, L e MOy aM 0 (12)
where M(x)} is given in eq. (8), and following ref./3/

Mo (00 = @F(0) L5, 00 o A3 1, ' (13)

fy (em=g (V, (04 =V, (0] =V, () )

( @# (x) is the photon field), From eq, (9) follows for the process

+ +
NY-+BM ( N = nucleon, B =—-;— or ——g— baryons) at the unphysical
peoint k= 0 :

-1 L af b b

={ - 0 - 0 > =
NV*BM: (lb)<B‘ id AP-( )‘ Mam( )‘lNy (14)
-1 . b
==y <BI M, (0] ]Ny> .

Egs. (13), (14) up to the first order in e give the result

-1 e F(g)
NY—OBMll:—el(n!b) _-————q-*<n|[j#(o)em'AZJ|N>' (15)
b vaeem?®
where ¢ () and q are the polarization vector and momentum of the

photon, respectively, As we have put k=0 s ©G. (15) can be expected
to hold only near threshold, And even there it is approximate for two re-
asons: first, it is valid only to the first order in ¢ , secondly, it is appro-
ximate since we used PDDAC,

We evaluate the matrix element T(M_ B)=<B|.|\> in eq, (15) taking
into account the SU(3) breaking in model C), It is easy to show that for
k20 the SU(3) transformation properties of axial-vector currents
A u (x): are the same as those of M(x)} , thus from eqs. (15) and
(8) we obtain

T{(r®B)=T(K°B)=T(9B)=0, (16a)

Tt 8% = T(a~N*)y, (16b)

VZT(K*2E%) =aT(k*37), (16c)
*0 + N *— -N*® -N*
\/?T("’*N )= T(ﬂ N )=-—T(ﬂ Nﬂ=—\/3—T(” N + ), (16d)
- +_%0 + ¥
V2T(K Yy )=T(K Y; ). (166)

In a recent paper of P, de Baenst et al./ 11/ eq. (15) was deriw
ed from current algebra for S-wave photoproduction, There the SU(3)

breaking was neglected, consequently there are further relations, namely,
VET(r*+N®) = V3 T(K*A) + T(KFE%) =0, (17a)
Tt ™) oy TT(RT Y™ Yo
" - g =9, (17b)

Taking into account SU(3) breaking eqs. (17a,b) are no longer valid,

E.g. in the o -model instead of (17a,b) we have
V2 TG N -3 TIRYA)Y + T(RTE) 2 V2 g, (0 - 8),
Tt N ) oy 2 T(k* Y2 ) =L g0
N3

where ¢ ,8 and « are reduced matrix elements of the pseudoscalar
meson fields between octet-octet and decuplet-octet states, respectively.
The experimental data on meson photoproduction near threshold are
at present too poor for checking the most of relations in eq. (16). Neven-
theless it is known that : 1) o(y N* .+ a'N*%) decreases much more
rapidly near thresholélz’13/than U(yN++n+No);:2 Yo(yN*s n*No)/a(yNo-» »"NhZ=1,2

[ 14/

near threshold in reasonable agreement with eq, (16b). We remark

also that the poor existing data on yNT.k? Y:° seem to show that
eq., (17b) is not well satisfied, thus the SU(3) breaking effects can play
a role in this case,

It is pleasure to thank Prof, A/N,Tavkhelidze for his interest in this

work and Dr, V,A.Matveev for valuable discussions.




References

1, M.Gell-Mann, Phys.Rev., 125, 1067(1962); Physics, 1, 63(1964).

2, M.,GellMann, M\Lévy., Nuovo Cim,, 16, 705(1960).

3, M.Veltman, Phys,Rev,Llett, 17, 553(1966); see also S,L.Adler,
Phys.Rev,, 139, B1638( 1965) ; M.V.Terentyev. Preprint ITEF N,463,
Moscow, 1966, and a.lso/ 4/.

4., LJenkovsky, V,V.Kukhtin, LLMontvay, Nguyen van Hieu. Preprint
E2-3039, Dubna, 1966,

5. MGel-Mann, ret! ¥,

R.E.Marschak, N.Mukuda, S,0kubo, Phys.Rev., 137, B698(1965).

6, S.Coleman, S.,L,Glashow, Phys,Rev,, 134, B671(1964).

7. LMontvay, . Preprint E2-3071, Dubna, 1966,

8. J.Bernstein, S.Fubini, M,Gell-Mann, W,Thirring, Nuovo Cim, 17,
757(1960).

9, Chou Huan Chao. JETP 39, 703(1960).

10. See for example M.,Baker, JETP Pisma, 4, 231(1966).

11, P, de Baenst, M\Konuma, JWeyers, Nuovo Cim,, 45, 501(1966).

12, M,LAdamovich, V,A,Larionove, A,LLebedev, S,P.Kharlomov,
F.R.Yagudina. Soviet Journal of Nucl.Phys,, 21, 135( 1965) H
and Proceedings of XII Intern. Conference on High Energy

~Physics Dubna, 1964, p. 815,
13. W.,Hitzeroth, Proceedings of the Intern, Symposium on Electron and
. Photon Interactions at High Energies, Hamburg, 1965, p. 209,

14, JP.Burg, J.K.Walker., Phys.,Rev., 132, 447(1963);

WP, Swanson, D,C,Gates, T.L.Jenkins, R.W,Keney. Phys.Rev,,
B1188(1965).

137,

Received by Publishing
Department on March 6, 1967,

10



