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The important_ role of currents in describing. the interactions of particle:> 

was early recognized, But the real value of current relations became clear -only 
' I . "' . . 

In recent years, when a number of sum rules was derived on the basis of current-

commutat!on-:.relatlons'/1/, One· of the most surprising successes of current 6.1-

'gebra Is that It established. the universalitY of weak interactions in the noniepto

nic decays too /2/ describing them by Cabibbo's current /3/. In the nonleptonic 

decays only strongly Interacting particles take place and one can still handle 

with them by tJ;e use of current-algebraic methods, Thus it is not hopeless t~ try 

to treat the Su(3);-breaking part of the strong interactions if we assume its 'cur-· 

rent-current form. An early attempt to describe the SU(3) breaking medium-strong 

Interaction by means of the strangeness current was done by Y, Ne'eman /4/ and 

re~enUy Y. T, Chiu and J, Schechter /5/ have investigated the possibilitY, of de ,.. 

scrlbibg the mass:- splitting by means of a currentxcurrent effective Hamiltonian. 

The purpose of this note is twofold: first, to show how adequate the divergence 

conditions /6,7/ (or current algebras /8/) are for dealing with medium-strong 

interactions, if nature happens to accept its currentxcurrent form; secondly, to de

rive some relations which perhaps can be used for the determination of the rele

vant coupling constants, 

Let us denote the vector and axial-vector currents of strongly interacting 

,particles ,by \fl~)~ and A (X.)~ respectively ( a-1 6 al, 2, 3 ), Then 

the most general form of an SU.(t\sU,{Y), C and P invariant currentXcurrent 

Hamilt6nian is the {ollowing: 

K•s "' )t.x. "J{A'I.S (x) j 

'11 ( ) v v.: vi v r y 3 \ l 
11.,_5 X 

2 (h j i, + '}c ( v; v: + v: v ~) + '}r v3 <~ -f: 

+aA A~ A~+ qA(Af" A3 + N. Af3,) .ro,.., AJ A3 (1) 
II } ~ 3C ~· ,r , tY 3 J 

(Lorentz indices are omitted, i- 1} 1 f<,:1,2.; f'" ~, z., 3 .) 
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The case ~I-~c~-~y A " A h"~e=-'h clearly correspondsc 

1

to SU(3) 

symmetry, From a "naive" quark model with Lagrangian etc, one easily derives 

·f7/ the divergence conditions, Thus we hav:e e.g. 

.,,...v Clo "Stq_V~k "tc.Via..j v[~a.v"'3 
-td /(><)t:""~:r.Loi k,(,-or, ki. +~c o3 M-

- 6.3 v a..rl V [ (I a.. B 3 a. I l 
(, .,. 3 J t '} y C) 3 v h - J t VB 5 . +' ( v _,A) 

(2) 

) 

i where 

1- v:l = ( a.. vJ.l v t: I d,_ + ~~i .. [A~,A~t (3) 
) 

Our calculations are based on eq, (2) and the analogous expressions f9r C)~"'Ar_ .' ' 
For brevity eq, (2) can be written also in the form 

-i 'd"" V (l<)'; « (H~s V0 (li)~j r " 1 
(4) 

'if one assumes the current commutation relations /1/ without Sch1Ninger terms. 

'Taking, into account the PCAC in the SU(3) symmet~ic ( ~~ ,. .. , .. '}~ ... o) case, 

the analogous relation for the axial current is ( <f>t =pseudoscalar meson octet): 

-Ld,..~{)()~ = c <P~ + LH .... , I A/"''l· (5) 

<rhe decays of 3/2+ 
0- meson 

c octet (M). Reducing the decay ampli~ude 

TD-.f>N "" 01.Lt < ~M~ I D).w.,: 
r ~~~ ~ 

i. l d.\. e (0"-r ~) ( Sl (t>t (K) \D), 
h4~~ I ~ 

eq. (5) immediately gives the on mass shell relation 
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(d.\ r = (DI(+_r') <sllAo("Jb', H.m~liD>. J ,Z(-2.Jt) 3 l
0 

(7) 

Here k and ~ 
I 

are the meson momentum and mass respectively. As a 

first approximation, we can evaluate the right hand side of eq. (7) in the exact 

SU(3) limit. Using only the SU(3) transformation properties of the terms we can 

relate c the different decay <;tmplitudes·. The results are summarized in Table I, 

The es~ential point is, that we remained on the mass shell thus our re~ults do 

not suffer from off mass shell uncet1ainities, 

Using Table I. we can write down_ 8 relations between the different decay 

ar:nplitudes, Experimentally the -ones concerning 

checked. J'hese are 

'11: decay-modes can be 

( s "I:::: 1t) = 3 (Y/ II\~)- JUN11 1N~) l.i(Z"IZ1t) .. J3(f'"j.2:1t). (s) 

Taking into account phase-spacec corrections, both relations in eq, (8) are well 

satisfied, It is noteworthy that for 'it: decay-modes the analogous relations 

derived from the assumption of a symmetry breaking term trar>sforming· like the 8-th 

compon'ent· of an octet coincide with the SU(3) predictions /9/, 
One the other hand SU( 3) in this case is not satisfied by the data /10/ vchich. can 

be taken as an argument in favour of the Hamiltonian in (1). 

The problem of mass splitting \~ithin unitary multiplets was already treated 

in Ref, /5/, where the 1/2+ baryon octet was cot;sidered. Here we proceed in a 

slightly different \V'"cty, namely instead of calculating the diagonal matrix elements 

of the mass operator, we evaluate the mass differences directly from the divergence 

condition for V,..Cx)b • Let us take the matrix element of eq. (2) or (4) e.g.c 

between 1/2+ baryon states at rest. Then we .~et 

( v ~ a. ij Ji- i,a,} 
Mll._- MaJ<B1 1V0 (t),l6~)::o~l LJv<V>jlo- t,<V~~i + 

' (9) 
v [ ra. -u ~ ().(J v 5 ,a. V •~ r~ ""'j +~c o 3 <V>t.,--c1~<V>q+'}rLo~< 't~-o{,<V>u +(V~A}j 

where 

V a..t. va.t. (. >e d.,... (B.a_l e d. I B4> 
(10) 
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Evelluating the matrix elements In the Su(3). limit, and supposing - as usual -

the· vector current. to • be of ·!<'-type, it is easy to get the following expressions: 

NA-MN"' ~G:t:+!'c~..+G:~ . I ' / 

M_z-MA. -5G:-~o-3~.t.+G~ .J 

M t.- t\,, = tG.-~: -G.Q. + G t M -M .. -!e~ +Go..+G, • z I ' t ,.. 

Here we introduced the notations 
' ; 

U~., -c" ( '} ~ + ~; ) t "t A ( s ~ + <1 ~) 

Get,. t(-~~:~~'}~+J'}~)+o"(-~~~-tj~~+3'}~) 

~~ ... f (-$~v~ +% ~~- + 5 CJ~)+ ~"·(-%~; +~'}~ +ict;) 

(11) 

" 
' (12) 

V(,4) t (") A, V (,.4) 
where "t' • arr • 't' • are the .g ..§, • .§.,.. contribu-

tions in. (.V (A))~c:l respecti~ly. (See Ref, /5/. ). Of course, this proced~e 
can be used in an arbltra ry su(3) multiplet, the only problem is the evaluation 

of the quantities "C 
1 

d 
1 
~ , For the 1/2+ octet 't' 1 61 ¢ · was estimated 

iri · Ref, /5/ taking octet and decuplet baryon intermediate states, Witl'l the results 
• ( V r A o -~ V · , ·A 

1 there: 't = i 1"' '> • 't := - 5t 1 o • 0 = - ff-2. 9 . d .. - 30 8 .. · • I · I I I J 

<f'v .. .t.t-5' i cp 11 "' ~5=1- ) x to~" M: 
we have·-from eqs, (11,12) 

!J. V 5 V I v ? -l-
-3<J-:r.+a~c+~~y "'/vHF 

J. A 1) A I A 9 H -t -31:.t. -t-3 ~C. t-3 ~y ::= I P • (13) 

V V ( A A ·t 
~::: +~y =6 9:I-+'3r) -1-gMr 
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( M, is the mass of the proton,) As eqs, (13) do not determine the_ values of 

9 ~, .. ·. ~: , further investigati{;ns are needed for fue determination. 

of tJ::!e exact form of ·the Hamiltonian (1) . 

It .Is a pleasure to thank Dr. Nguyen Van Hieu for discussions and help

ful criticism and Prof, Ya, A, Smorodinsky for valuable remarks. 

Table I. 

Notations: 

I ( v A) ~,: = :t <i~ +<),: 

. It 
oW:< &MID>.:.. .... r_ rl R~c. 

·-~ 

~ "'~ i"t. 
'1- ' 
-

(N"IIht) UH~~x+9c.) ~.tfa(~,-9~) 

(Y4 !f h) - Ui (2q:t +~y ~ (qe- h) 
( Y/I'A!t) 1~ (t~l +<3-c.) -
(~"l ;;7t) t~ (~CJI-t~e) .t~ (9,-~:r.) 

(Y/II-z) -G/.2.~~ -
~:s!J:='i) -Ht~., -
(W"I!k) -~ (2.q~+ 59,-t9r) -
(Yj*·\ :SK) Vi (Zh+5~c-+~>-) -

-

(Y~' I ~iZi {2. ( 2.~'t + 5~(, 1'9y) fG { 'J;r.-2.~c.- ~r) 
(::•1 I i<) f3 £2~1 + 5cje t-9>-J - (9f.~2.9e -9r) 
(:::"1 A~} f3 (2.~I+~,"'9r) J3 ( t)r,-2~c-- 9Y) 
(.n.j~ ~I 1[~ (1ch +59e+9r) -J3 C9r-J~ .. -~r) 

I 
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'-i = t. (I} r - ~: J , i=-11c,r. 

+ < 8111 D" S~U) 
a.t' "i-

-~ .. --·- ·---· --
A(3 t, 

- -
- -

I --
--

- -' 

- -

-2 ~ ( "-r:. .-c..,) - (G ('tl..- -R - ~ .. ) 
:Z. e . 

Kt't (.t..:t + t-.,) -Ji (4t,.,r.-5"-~.- }-y) 

' 
.tfL ( .f,:r. t- f..r} rz (~~--5~e':~y) 

. ~ -

t-n. ( ~;r; + l..r) ./3 {Lt l...z: - 5 f.. - ( ) - - e Y 

-,3{! Ct•·:r t- ( .,) {3 ( 4 (..l -5t, - f,y) 

-6f3 (~I+ "-r) .t~ (4tr -51.,,- ~r)· 
' 
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