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Int.rodu'ltion . 

The aim of the present pa.par is to investicate the extent to which 

the values or the baryon-vectorJ:leaon ooupling constants, as calculated 

f'ro1n the octet r:!Odel of the su
3

-ey.IIDnetry sche.lile, 1) c;:an be. reconciled with 

the knUim empirical i'acts recardin£ baryon-b.'lryon and baryon-antibaryon 

interactions. In the octet ;:wdel. the eicht vector mesona, as well as the 

eight pscudoscalar JllOSOnS 1 may be tbOUE,ht of as bound states of a IJaryon-
1 . 

anti baryon pair or 
1 
strictly speaking, as superi>ositions of such states. , 

'£he probability tor a virtual d.eca~· of some meson into a jXU"t.icul~ bar~·on­

antibal-yon pair· has. th~ t~rn, %'product. of a coupling constant,' character-

istic of the particular lflC:abera Of the baryon and lilE!Son octet in question, 
. ) . 

times _,.a !'actor describilJG the t,;enoral dependence on api.n and enera. The 

couplin£ constant may :l(.riin l>e factorized in a universal b=uo;,·on-vector­

muson (or baryon-psaudoscala.r meson) couplint: constant t and a coeffi­

cient G expressi.nL the de:parn.hmce ok) the cei1eralized isol>aric spin. 

It is well known1) that a cert.:1.i,n ambiguity exists in the choice 

o£ cou!Jline; between three fields ooch of which belon£S to the eicht-dimen­

sional r(j!.ll"Csentation of ~li.3•. In l.'nct., the circumstance that the decompo­

sition of the Kronecker product 8x8 . contains tl~e 8 -dimensional repre­

sentation itselr twice allows of the constructlon o£ tw~ orthoconal eieen-

states or the Ha;nilt.onian corresp01ldilli; to the same a!.atial quuntwu llUJ!Ibers 

and the same value,:ioi" tlle iaospin T, T) and the hypcrcharce Y , the 

det;eneracy beint; a consequence of the invarianco of the Halliiltonian with 
. . . 

respect to a pert'lit-ation of the particles involved. Thus, f:roru two single 

particle states J a> and I b) • eacil of which is a carrier of 

·the eight-dimensional ropresentation,. it is possible to form either an 

antisywr.tetrical ~r a sy;•uaetrical two-p~ticle state I c) 
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{c) 
A (1 ). 

I c > . s = 

Eact1 ind~ o., b and c runs from 1 to 8 alld the quantities F:b are total,4· 

antisy::unetricul in all tne indices \-thoreas the coefficients Dab 0 are 

COIJ1!letu~· s~,:liiietrical.. 

Althou&, in cortain ~asea,. where at lea5t two of the particles 

involvl.'Cl are l<.ientical and thus ilose- or ~i'ermi-st3.tistics J:l<lj' bo invoked, 

it is possible to t1.aite mi una.:tbiguous choice between the · F and the D 

coupling, such uniqueness in the Sj)ecification .or the couplint rcc:uires 

in cenural ·the atlolitiorw.l assw,lption o£ invariance of the int8l·action under 

th~ a-reflection operatic~. t ' 2) · i1oro recent investi;.;a.tions seEilil, hm·1everll 

to raise rutiter lo.rc·e difficulties for the hypothesis or n-invariant inter­

actionso I.n p-..rticular it has i.>oen pointed out by C~tkosJ<?) .that with 

the assumption or H-invarillllco the prediction of the existence of another 

baryon octet a,pt)earO to be unavoidable. ln the ceneral case, when no 

O.SSW.1ption or R-invariance is t:.ade, an auJitional ~a:ueter' describing 

tila11I•'....U-:Ili.id.ng ratio", enters tor .the characterization or th.e octet coup­
.. \ - . Indeed, the JuV vertex (fit,rure 1) lingso 

Fieure 1. ail!-vertex 

has the following depe&dettce on the unitary spin coupling mntrices: 
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( ' r D .... ) [ <J> Cc.. t-Oo 1> + b . t),b . • . 

H3ra il and. V st:J.nds tor be&r~on and vector:.'lcaon, respoctively, whereas 

f' denotes the w1iver~l BV-coupling constant. The F-D mixint, ratio needs 

of course not bo the s.:u:te 1'or tile baryori-psoudoscalar couplin£. The nor-

•ualization or tue l,&atrices is fiJ(ed by tr,e f'ollowinc introduction of the 

11JUi.xing anl).e 11 <;' 

( 

. • 

Cl
- I -. n-.> 
-- ~ 1 

{\g 

b: 
\ . . - -~nr \J\0 • 

(4) 

Core ~ the .daryon-1laryon .f.otenti_~..t-

'!'he low binding oneru: of tile dcl..teron urld the chance of siQt of 

t.he S-v.:ave phase shifts in nucleon-nucleon scatterinG ia conerall~· traced 

t.o the llresence of' a rc:lulsive core in th~ nucleon-nucleon potential. The 

SX,iJOriuental V<J.l.UOS available for the biucling euereies Of' the hypcrfragments 
CO_!V 

indicates that the idea of n. repulsivefr.1ay appl;,• to all bar~·on-OO.ryon inter-

a.ctions .. 4j.5) Indeed, a. rouch comparison with the_ ground state or the hydro-

gen atoi•lg ·l#ai<inc appropriate values for the rat os between the coupling 
' ' J~ I{.Q h --ftl ~+~ 

constants and rras3es involved, leCLd~o e.xrJect birrlinc. cnert;ies. of hun-

dreds a£ .. ieV. ln cont.t'ast, the 1\ H2 system is J.lrEl3UJik'lbly not bound nt all­

and the binling enero; for the 1\ u3 rraonent is around 0.2 aev •.. ~im.ll.S.l"l.> . 

t'Lltb~.>u;;h the apaence or · Z: -frav~ents r • .ay be explained as a result of a 

conversion of· tl~~ 2: + ~t~ a 1\ in !Jr&sence of neutrons, it is hard 

-to wulerstand why_ only a siil[,l.e ...::.. • rra.t--:nent has been seen if these sys-

. ( ~ tems were reasonab~· strongly bowxied ~·~ilki_nson report tile finding of 

/ 



a with a bin.ling enera about 6 :.-ieV). 

It WdS early su~_;gooted that the presence of a ropulsive short range 

potential could oe C.XI,J.ained as a result of ··tile exchaneo ot a vector meson 

of apr .. ropri.ate ;,~ass between thu t"VIO inte1·actin{; baryons. In i'aet, the 

Slll!Jle t.raph shown 1:f1 fi{;.ure 2 

c. 

b 
Figure 2-

g1 ves rise to a potential of the tJ~ pe ?) 

.. 

+ spin d~pendent terms • (5) 

wilere .i·: is the ;;-mss of ·the ex.cnanted. vector meson. 

In case tha o.xcl1ant;ed vector meson is coupled . to the isospin am 

hyp13rcharge current. the sign of the central potential \·:ill, of ·course, in 

general de~nd on the value of the isospin ard hylJCrcoorce for the two-

baryon state in question •. ln particulur, ~1ithi.n the framework oi' su3-

syd:natr'J tile aicns of the _1;oteutial in the various unitarity spin states 

I >. jJ) , corres pou.iinc to- exciw.nce of a laember of the vector .;aeson octet~ 

can be evaluated. ln tlte symbols of equation (J). the. cencralized isobaric 

spin uu_p..:nuenc·e of the uiagrwa in fit,;ure 1 is &iven by 

' I. 
i' 

·, 
' 



. ' . 

where · .i-1 ~ H and U are the co,~nations ot matrices omplo:,·ed in · 

rGferent.::e s. They are t.;ivcn by· 

(7) 

The· squure brcu;icet with suusoript 10 around ~ in {6} indicates that 

this term otll.J contributes in the states .(JO) and (OJ). The eic;envalues 
I 

o! the operators H, H and W . in the various stntes ( ). )' } arQ siven 

in reference 9o _The corresporill.nt; eigenvalues ot c:Ji,. are listed in 
~ 

Table 1. 

d . I State ( ~ f >I ch 

(OO)g -12 a2 + ZQ b2 2 2 1 . D ""'j' cos ~ ' 3 

8 (11) A ·- 6 a2 + lQ b2 a J cos
2 <lf' J 

8 (11 >s . - 6 a2 -··2 b2 
a ·-<3 sin2~ + ~- cos2 0f 

-5 

) 

10 (JO)A 
· a 2 -f5 cos

2
<lV + J_ sin"''· -3b +Sab - ·(45 

, 

cos'lf 

10 (OJ)A .a 2 a b ":"· J b - a • . -·.A. cos2 C'f - t- sin. <1f • cos 1' 
·. 15 . 45 . . 

27 

l 

4 a2 + lA b2 . 1 2 
(22)s = ~ (! sin2 1' + - cos 1' ) 

J, J J . 5 

Table 1 • Eicenvalues of the operator . Jt. 
.! ~ §_ tan " b J . 

I . 
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Fig. 3 88 -potentials in the different· states (AJL), plotted as functions 
of the mixing angle l/J. , .. · 
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The potentialo arg plo:tcd as .functions of C)' 1n figure 2 in ths (r\,.P)­

representa.tion. This representation corresponds to scattering states which 

do not contain baryons ot a well defined type. The situation is in fact 

somewhat similar to that met with in the Paschen-1.3ack effect in atanic 

Espcctra representing the transition fran the ''u'Gak coupling" (or j J coupling) 

to tho strong coupling (or LS-coupl.ing) llmit. Thus. as long as the baryons 
I 

are so far apart .rran each other ·that they r.wy be considered as free particles, 

we rrw;y characterize the sta.te by the individual· isospin and hypercharge 
. 

quantum numbers t 1 , tlz' t 2 t2z, Y1 and Y
2 

of the baryons. In contrast, 

when the particles enter into the region of strong interaction, which is 

nm~-diagonal in the individual quantum numbers of the particles, the state 
~ ~ 

is characterized exclusively by the conserved quantities T = I t
1 

+ t 2 I , 
Tz = tlz + t2z' y = yl + y2 and <Af'> c: (11) e (ll)' ~d lt is built 

up by superpo~ tion of states cattaining two baryons of specified type o 

' 
If we consider the scattering of two such particles or a definite 

ty~, N and 1\ , sa:y. originally tar apart fran each other, we l'IIIi:f, there­

fore conclude from the experimental observations that no strong attraction 

can e:xist in any or the states I )\ }J) which can be fom1ed from the 

tt-1o particle system in question. However, the N /\ -state is characterized 
\ 1 
by the quantum numbers T = 2 ' Y 1:11 i and, thus. contains non-vanishing. 

components ot the states / 22 ) • 
of which the state f (11)5 ) exhibits an attractive core tor all values 

or (\t' ., For NN-scattering (Y = 2) the T=O state is a pure (O.))~state 

whereas the T=l state is identified as the (22)-sta.te. For pp-scattering 

We have, thus, in particular 



'/ 

:Jince this quantity is positive dofi~te, we soe th~t su3-symmetry p tor 

any value ot <'\fJ , reproduces the repulsive core inpp-scnttering. In 

general the distribution of: a.tt.t-action and repulsion amone the various 

-7 

states \ >.} / . will or course d(lpend on the value of tile mixing angle 

·. ~ o HotJever, e.'s shown in the ll!Jpondix or reference J and al. so directly· 
~ . . 

chec~ed !rom table a, tho 'l-leit)lted mean value ovor oJ.l representntions 

or .the potential ~ vnnirhesg i.e. 

-- Q {9) 

where da denotes the dil:.ttmsion ot tl&e representation R o Honce it 

follows ti.at t~.e ratio between the total amount or attraction and the 

total a1aount o!' rt:J;1U1sion is fixed. All ~o achievo b~ va~'ing· ~ is 

to ~hii't the attractive core £r0z.1 so;ae states to others. 

Ti1e silavlest way of attuinint. the uecessary repulsion in all states. 

is by postulatitl[; t,lie eAistence o.t' a ninth voctormeson, a unitary sin(;let. 

ueir~ a 3int;;let this vsctormeson \-;ould mediate the same amount or repulsion 
. · ktroh~cl<er 

in ill .. il.U-stateso ~ince the deCO.U,i)OSition of the 4.~~ product 8x3 

. includes the 1-dimensional ropro·sentation, it is ;;os:;;ible \·;ithin the scheme 

o! ~u3-sJ'Ii:Uletey to describe .the sill£].et as a. baryon-antibaryon state in 

&l<ilo~ ,~ith the 10ctet ro.esons. Such possibilitl· rest on the a.sswaption 

that a stronc; attraction e.xists in the (o,o).-state of the nil-system. This 

attraction is tJ<.1.~·tl;r provided by tne sint:;let itself iuxl vartly (for suit­

able chosen m~ ut1gle) by the octet, i.eo we r.~· ~ymb_olicall~· tJrite 

....._ 
B B. -

[o] 
B 

: (10) 
-t "t ••• 

-B .B B . 
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.'l'he coupl.ing constant gB Col is. or course, quite independGnt of the 

coupling cOa'1Stant gB [S] as tar as su3-eymmet.ry is concerned. We 

shall. later ratum to the pos.sibUities or estimating the ratio 

gB [
0

) /gB [S] o In the present context. it su£r1ces to eq that in 

order to c omp9nsate the strong attraction we m;q presunably have that 

~ [o] 
(11) 

In that case tho second graph in (10) JJlal' cause mere}3 a snall perturba­

tion or the mass spectrum as derived from the singlet exchange graph 

alone. This implies that we, al.ong with the singlet itself, would en­

countel• 63 othar degenerate vector meson states. Clearly, this means 

.that the exchange or other multiplets must contribute in important 

manner to the structure or the singlet and the whole question bacanes 

a matter of examining the self-consistency equations. tor the vector·. 

meson multiplets.. \ve hope to be able to return to this. problem in a 

future publication and restrict ourselves to rememberinB that it might 
. t... ·1w 

well happen that the Rogge trajoctories associated with the~-aimensional 
multipletf ur.der inf'luence or the symmetey breaking forces (which are 

rather strong after all) bend over without ever reaching the ·value j = 1 .. 

In that case this multiplet.$ 
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t1r)uld not turn up as actual resonances nlthout;h li particuL'lrly strong 

baryon-bm"Yon intoraetion v1ould ae expected at enerGies t'lhere n rne:abezo 

oi' this i.'.'tla:ily of trujectories approached the value .1 = 1 :J ltecently 

~akurai 10) has d:lreoted the, attention to a roport by tho ilroolcil<lvon'"'"i~acuse 
group \o;ho has foWld so:ae . \lVi.Uence· for tile existence o! a narrow resormnce 

( r 4 20 . ieV) in the K:Z-syste:n with r. mass about 1020 ~-leV. I£ the. spin-

:i.sospin n:;sit_;nl•lont of this resonance turns out to be 1, O, we havo. here 

I 
a ninth vector ;J~::son, v:~1ich we shall re!or to a.s 9'>. • The CA'-lacson is 

usually considered as the '1'=0 lnembor or the unitar.;· octet. In that C."lse 

the <{> is to be idcntifi~ with tl40 unitary sin£;let. The KK decay or 
th~ tp ~...J..l then be forbidden by su

3
-invariance. Alternatively·, the c:.{> 

may be regarded as the '1'=0 meJnber of the octet, thus identifying the w 

\'.rith tho .unitary singlet. It should_, however, be noticed t.hnt since the 

!~> and th·s <f has in co1:1;.10n the values of all the usJJal quantum numbers 

like sp~nll pru-ity 11 isospin, 6--parity and hypercharge, a pnrticul:lrly strong 

.m.L~nt: oi' the su
3

-inv-cU"iant states is to be ~ected. In tt&e very crude 
. . 

appro.xi&::ation where the interference \;ith all the other vector states is 

net;iectad one nay lt.Tite 

l<f ):: A, I [a]) - ~2 I [g]J T::o >. 
lw> 

. 
T. ') J [o] I ;- ~\ ( [g].) T=o > 2. 

(12). 

~ 2+ ·~ '1 - {. I l -
A similar relntion holds for the strefiL"th of. the · .'f.R .. : and the wB­

couplings and we tet in vir~ue of eq. ( t 1): 

, ... 
f 

i· 
--~~~~~~~~---- ~--------..J'· 
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where 

) I ~ 0 - ). '2 ~ ·.. ~ ~ I ~ 0 

).-z 3· '1"").,·~" ~-~~~tl 

It.is known that the Uku.bo mass .t'ormu.la11 ) 
·I 

(1.3) 

~ = m. [1-t.,( r ... ~tr (n 1) - t yj] (14) 

· . .fhe_J 
wh.icb worl<s so rf.;J.:arkabl.y well rortbai;on aoo pseudosoalar maoon octets 

. -10 

predicts the z.oass o£ tho 'l'=O llle:uber 'or the vectorr.teson octet to be 930 l~elT 

when ti-u) parameters a. and P are adapted to the wl.ues 750 ~·leV and 

835 HeV tor tho j and M mass, respectively~) One could now take the 

attituda that in absence or ti&e C..'- cp. mixine the mass or ,the '1'=0 member 

of the octet should be t;;iven exactly by the fornLUla (14). 

\·Je havo already seen that the octet and the sinGlet is exvected 

to be nearly degenerate' in absence of S)"iiUetry violat1J1S interactions. 

~.ith t.hia assumption it is possible £rom the actual values 1020 :.leV and 

787 :·leV for 'the masses of the 

tl'le coefficients 

<p and the w , respectively, to estimate 
. 12. . 

. ). 2. o£ ec~uation (~) as the ei~envoctors 
One obtains in' this wa~: 

~~ a 0.6,3 

~~-·l:i o. 78 
(15) 

*) . * \'ie _use throughout this paper· the letter .H rather than K for the 

vector meson doublet. 
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sho-rdll(; tilr4 t the Cf contains a l.arc;er ruuoWlt of the octet state whereas 

the u is iJlo'linly the sin{;let state. For this reason we adapt the notation 

~0 for the sin~l.et atld <fo · ror the '1.'=0 ue;~d.>er of tile octot. ~:e see 

indeed that tiu3 admixt~e is ratHer stron&. Fro.'l\ (1.)) and (15) we c;et the. 

ratio.betweeu the e-ffective cout>lint; constants: 

: (16) 

. lt need ¥l.CU'cll~ ·be o.nphaaized that this estimnte is not. to be taken too 

·li~eral.l..:,:Ftempts or .t'ittint; the isoacal.ar po.rt of til~ nucleon form 

· factors "with an ex!-(l".eatiion ot the type (compare fit.'Ure 4) 

(S) 

T 
" 

) . 

k!~nre turned out to be inconcl"l.si ve owilli.: to the large experi.i.1ental uncor-

tainties in the deter•:dnation of the form factors. In .tact, it see;;UJ at 

the tJrC_sent tlot two poles ure nueded for the fittint; Of tl-&e data for the 

isovector as ~:ell o.s the ~soscalar part or the nucleon for:n factor o The 
. ' 

circu:a.stance tl&a t the mas·s .or the second pole in both cases cosnes out more 

or less equal to tiw.t or the cr -meson c:m therefore iJB.rdl~y be o.ttactlE:d 

a1zy deaver oi[.ni.ficunce. f•rooumably . the rortl fnctors can be about us well 

fitted for ~- position between· 1000 i·~eV and 1500 ~·!eV of the second poleo 

Figure 4. 
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.&~ ..... J!.!&~.J~na~ Be_~ v:iour .of the. tiucloo!) 1J.ct..~~~Cr.9 .. sE! ~~!:.!_~ns 

The hil)l ener~· behaviour of the nucleon-nucleon as \-well of the 

nucleon-untinuclcon sca.tterint; cross sections is believed to be ~::overned 

by lte£.;[.6 trajectories re;..~resentinc bound NN-pairs in the t-ch.:mnel {fi[;. 5) •. 

In the pilysicul rec;ion of the S-channcl (S ~ JJJ2 
1 t L o) tlle invariant 

amplituda F{sDt) duscribes tho scatturipg process . 

A' ,. z -/ f'loriN I 

1;. 
~· 

\ 
1 ,- ls 2. tJ~ii 

Fieure 5. 

1 + 2 ~ 1' + 2' 

wheJ;eas the saiaa .function F ( s, t) when· analytical.l.y continued to the physica! 

r@gi.on of tl.e t-channel (t . .,., 4N2 ' s .L o) II acCOWltS tor .tho scattering 

p1:ocoss - -1 + '1' ~ 2 + 2' • 

Since the object e.xciumced between 1 and 2 is assu:ued to possess 

a definite value for t1l6 iso;;n.ric spin, we tdll be interested in such 
~ 

scatterint;;: st:.ltes in tile S-channei which correspond to a definite isospin 
. . 

state of tae pair 11' · in the t-channelo ·Ti~e forwarJ ecntterint: amplitude 

diaconal in these states 1:ay then be written as a sum of neg£o ·poles with 
- .• . 12 13) . . . 

a. particular value for the isospin ' • The rolative sic;ns of the dif-

ferent terr:1s are portly deter:ninw by ihe approF,iate Clebs-Gord.on coet-

__ ·I 



. . 
-13 

i':i.cients p partl:: b;t tno sit;natw·o or the trajectories in questio~. .In 

fact, defininJ.; the couplinc co natant tor (;eneral viU.uea ot t as 

'1 
;] (t)::. 

and assw.U~ that tnis e.xpreasion does not cha.n{;e appreciabl.Jr and, at 

least, ref.IUins positive definite wl.en ext.raiiolnted 1'rom t a~ to . t = O, 

·we Ul.aJ' write 
ol\- (c) . 

i,.,.._ Hs, o) ; - { ~,.r { -f;,.) . IT"~,~ (a) £ 1- (till 

t..rhare ~.r is tr1e eienature and ErE [Jt. ~ .(Ji:)] i=-M~ 
· ~iith these conventions which see.~a to differ _from those of~-::~~ we 

· · · nt e~~~e b. . . 

get, ro;;Hle&UberinG that t.i,e lJSeudoscalar trajectories do not contribute ai­
l$) 

t. = 0 11 the relations given by Urel.l •. 

(19) 

Fo-llowl.ne lJrall' s analysis wo note t.hat in the case that no \Udtary singlet 

e'!Xioted, thus iuenti£~-i~ the ~~ with the '1'=-0 member of the octet, tho · 
. 0 ( 

experi.mental figures for tue tw~ differences ~ equation (1 S) i ( G""p""q> -trrp) 
fV 2-0 ~ b J {. ( ~ p- <r("P.) L 2 tw\,b at an ener~ around 10 3eV) 

would require 

> (20) 



• • 

X= g~/g~ 

120° 180° 

Fig. 6 The ratio X= g~/g~ OS calculated from su3- symmetry OS 

function of the mixing angle l/f. 
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since tho <..: and g trajectories ore not supposed to de'~Ulte consider­

ably .from each other. 

su
3

-oJIIXoletry ~ves the followirJt relation between the t\-:o coupling 

constants {puttinz gPP-f -= ~): 

. Figure 6 . shows tuis ratio as a function of <'\f' 
2.0 

• The relation (~) 

r9stricts tile possible values or t.he mixing D.Il{t;le . 1' to the rant,;e 

}4~-o (22) 

~lthOU£h U CO.:.::ipi.i.I'i:JOll witf& 'fil;;urO 6 ui3ClOSCS tile UlJl;er end of the interval 

(~~) 'W bo cuu.siuteut with a repUlsive.core in m;)st or the two baryon 
. . 

states, tile (11)s a.nd (JO) states are still.a.t.tractive. 

The presence ot' 'tt1e 3in[lot inval~datas the r~lation (20}. Indeed 11 if 

rle Iilake t.i1e assumption that t~1e (;.·-t.rajectocy to a reasonably good approx-

ir:tation coinciues with those of the <p and j , nlthouch it does not 

ocl.ont to the i'a~:lily of octet trajectories, we eet instead of. (20) 

(23) 

where we have u~ed (1J)o This inequality allows the coupLtng between the 
-"'l;H1 o_'r .wa~!!J 

~·· and the baryons to be compatible ~t:nan the strength of the corres-

ponding j -coupling. From low energy S-wave "TN · -

and the decay rate of the g , Sakurai (14) estimates 

scatter:in g 

3fPP/4u 
to be of the order of 2 or J. 2 

. The ~,pp may 
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be deterl.lined for instance !'rom the lej)tOidc c.·-decay C.' -1> o+ + e or 

from the two pion decay branchins ratio. It would ·be very interesting C)( . 
if ti~e. ratio ~ned out to , be smaller than ten • 

.. 1: IncJ..nstic Nucleon-Antinucloon Scatterioo. 

50 far "We il.'lVe only considered iJrOCeoses in l-ll•ich no eAChance Of 
i 

hy!Jerc:har~.,v took pl<lce. Hm..;ever, it is tJOSsiiJle to t.ldn so.ue nd~itional 

su~1port for the llYl-iot.hssis of tue e.Ustence .or the c:p by comi>ari.ng tho 

. values or ~He ratio &:r;,/S~w _, i~irect~· obt.iincd . .from experi.L1ents, 

with· the v:llues vrediotoo b~ su
3
-invariance. l',or the two diagrams in· 

.figure 7 we wrlte~ reSlJEICtiv~·, 

Figure 7 

l:I ( 19 ) = ~: \' M . tA. .. A (~ ) 

~ l1J )-:7 ~ ,'2-. f> ·A (lJJ 
(2/i) 

Whore a. and j3 fU"O appropriate isosp~n .factors. At sufficiently high 

enert).ss we have, ;if no silltlet exists, that. 

l 

. 
~ ,. 

·" 
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\'lhore 1'0 is ti,e cauter oi' 111ass lllomentum. 

In the c:.Xpression for the amplitude r
1 

we approx1.ros.te the ~ngul.ar 

distribution b~ an eA.poaentiul: 

) (.., -(~ 7,9-) 'l. 
(A(~) 12 ~ j ( ~ J . \A (o) \ '2.~ e . (A (eJ I (~) 

where tha <""iuantities I A(o) f a.nd ~ can be deteruined fro:u a 

lot;arithmic plot of the 1.1easurod ll.ngul.ar distribution. 1-;ext we observe 
I 

tne.t 

asewaing a.(o) ~ ~ and noticing that the sit)lature f is negativco 

If the clia£:;1'a .. l I in i"igure (> is the do;ni.nant one 1"or the production ot 

r.y--,.;eron-autihyperon pairs ill nucleon-antinuc~eon collisions we Jaa.y identify 

+I .. ~.: :: J I A (cfR&) 11 ol lc<»IJ) , 

f.l~MJ.~, ... ~irr.fh1J/:;-r1"'~~-l!i~J."l~-~o) · 'h ~ .. ~ • • "'.Ji . ..,w ... \4 1\J· ... ~~.: tJ...~ &-""I . o, 
From [~~~~~~~t~~~-~Tr'f r· we then get . 

_ 4ir[;:. _p_ . . ~ · 
-. 6: f.c.· .. Q( . ..6 ~ 

hxveri:oontal values tor the total cross. sections as well as ror the angu- · 

lar distribut.ions are available for tne processes 

A-t-ft.· 
Z++. y; 
A+~ 
zo ... ;A 
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. ~t laboratory ;,4o:acnta of 3 ileV/c15) corresponding to u. total energy of 

2. 7 UeV in ti1e center of i.l.ass Gj:atan. Unfortunately, this· encra is hnrdly 

Ideh c:nout;h to justii'y the application or tno asyMptotic forcn.tlno essential 

!or tue derivation of ec~u.ation (~. The ooscrv~ total cross section 

\·;ere ·crM = 7i3 1 5 !· 2JJJ1l, <Ji~ E+ -= J8! _7JJB, CJ;\r; =. CJt'o.A = 
c 45.5 ! ~b. The values for the couplin& coustnuts .are not too sensitive 

to tue precise value of ) .. :l choice .or ) ..., 7 see;.,s to fit the 
I 

angul&r distribution's reaaonabl.y well. Inserti1~ ·tho isospin factors 
... ....... . -

("=1 , a.~t , 2, 1 for A/l 1 ~; i'"" ow.J '2° .A J respectively) and using the 

.A crOI . I o/ WG obtain frOJQ (ji}) . . . value 15mb for 

~ . 
- ·a_pAM - - ---- = O. I tr 

~-'1'2 
"1. 

rf, = ~ p~"th 
31"" 

3o 
(~) 

lo~ro;a su3-sy.xne~· the corrt::sponliin& ratios are given .as functions of tho 

mi..ldng par<.1.1t1.etar: 

- .;-~ 11.} .,.. c 02 CZ.1p ~ 2~ a..W "((R 't. 
5 fG.AM-t1fl t ~1'o/ ~2{.5- ~" C~l 

::u 
(~) 

r[l.: '( b-a)~ :2. · 15'~"l"f'-+_9crA1~- '{?,w.~(c,l~ 
(~~b)' 3. ~~ ~fl"V t <'<h~'V- e\f?'~'\'c(kl. 

These· !unctions are· plotted on !!sure 8, tocether with the ratio 

(31) 
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120° 180° 

Fig. 8 The ratios r1, r 2 and r 3 co leu Ia ted from SU 3- $yinmetry. · 
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·:::-t is apparent that no choica or the angle ~ can make the predicted 

valu0s of ths ratios <.:t~) and (~ consistent with the va~e:J (30). 

In prefl(;'!jMO of the singlet, however, the dl!lnanina.tors in {,30) are to 
2 2 2 

bO I'\!';pJ.~CSOO by h a g
0 

+ g1 and, Consequent~ I thG numbers qUOted tMI"S 
. . 2 2 
~\tipliad by.h / 8}. 

R2 
It would bs tempting to assume that t.Oe ratio N • .. J!!:.M , 

3 ~~~tt\ 
aa pl"edici•~d by (31.) and (32):, is fairly well comparable to the value 

gi1ren by equation (;;D) provided no other graphs involving exchange ot 

other multiplet a turn out to be important. Indeed, · we might detel"!Xl.'i.ne 

tha mixing angle ?'. by adapting rr to the value 2.8 given by (.32}. 
3 . . . 

Th~ valua "'f = .31° tor tha mixing angle thus obtained GXhibita a . 

euegE\stive coincidence with the value Clo/ ... 33°. which is obta~ed for· 
.· . 3 l'V 

the mixing an&Lo ih the case of baryon .. paeudoscalar. coupling. ' . · 

C1tl 0 . J\ 2 2 
Fo~ r = 3~ (,30) is consistent wl.th' (3;JI and (32) ,it h /g is around 

h(}~ or 
'2. 
~ I'V400. 

Sl 
. I (.35) . 

which at least agree with (24). SUch large difte~enae in the atrez1ooth of 

tha tl>ro interactions could of course hardl.y be justified if it did ·concern 

the actual pa1•ticles and m~ be taken as a canfi~tion ot the hypothesis 

of U) - f- mix.i.ng. It may be noticed· that the''renormalized" ratio 

~~J 2 is .independent of the "bare"· ratio . ~o /ga 2. if this last 
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m:mbor j,a ) ) l (cp. eqo (1~)). Taking t"'f = .)1.0 lfe have 

8, I'Z. 

3z'l.. rv 0. 02 (36) 

ThG fact tha. t the tlofO mixing aneles 'r and ~ tond to be ot 

~'1os same orde:r of magnitude maltas one suspect that the-cJ m.<q be proved to 

be e.:·~ctly oqUtu~ at least in' a certain llm!t. Indeed, in a sal.£-consistant 

me-dell as that discussed by Cutkos~) the ratio between the mild.IJ8 angles 

is in principle fixed by the self-consistency requirement. 

In conclusion, the argwnonts presented above seem to prove that the 

pr.adictions of SU -symmetry are not even quAlitatively consistent with 
3 " 

t.he mcperlmental observations it no other vector meaons than the members 

of the octet are assumed to exist. The inconsistenci0s can be re:aowd 

by the introduction or a unitar,y sin.glet vectormeson for. which sane 

smpirical support is available. However, it might well b" that other 

more complicated interactions • such as the exc.hanee of members ot other 

:amlti.plets, could pley an important role. 
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