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ABSTRACT 

Various decay modes of t he  ~ ( 5 5 0 )  are discussed.  The 

r e l a t i o n s ,  through SU3 and the  Gell-Mann, Sharp, Wagner model, between 

t h e  q-decay modes and the  modes q-, m y ,  no -, yy a r e  inves t iga ted  

t ak ing  i n t o  account ~ - q *  mixing. The present  experimental  values  

+ - 0  f o r  t h e  n e u t r a l  branching r a t i o s  p lus  t h e  shape of t h e  q - x x x 

D a l i t z  p l o t  are shown t o  r equ i r e  a 25% lAIl = 3 con t r ibu t ion  t o  the  
+ 

q --* 3n amplitude.  

+ - 0  a1 1 is i n v e s t i -  i n  7 --+ n d n and the  branching r a t i o  r 
gated i n  the  framework of a model proposed earlier by several 

The connection between a poss ib le  charge asymmetry 

q + noe+e-’r 7 

authors .  It is  shown t h a t  t he re  i s  no c o n f l i c t  between the  e x i s t i n g  

d a t a  and t h i s  model. + - 0  The D a l i t z  p l o t  d i s t r i b u t i o n  of q + n  II R is 

discussed under var ious  assumptions about t he  p rope r t i e s  of the  

i n t e r a c t i o n  respons ib le  f o r  t h e  decay. 

... 
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1. INTRODUCTION 

The decay properties of the T(550) meson are of great interest 

because they provide an insight into the SU 

rules, and charge conjugation behavior of the strong and electromagnetic 

properties, isospin selection 3 

(e.m.) 

interactions, For example, the decays p 2 y  and m y  contain information 

on octet and singlet couplings, and are mutually related by the Gell-Mann- 
1 

SharP-Wagner (Gsw) model* These decay modes may be employed to obtain informa- 
293 4 

tion on the total '+decay rate and on octet-singlet mixing. Conversely, as 

soon as we know the experimental value of the 

better understanding of the radiative meson decays. 

lifetime, we may be led to a 
5 

The decay p31-r gives us the rare and as yet unique opportunity of 
4 

testing for the presence of a (AI] = 3 transition in the strong interactions, 

(we assume, of course, lA?l 5 1 for e.m. interactions.) 

information now available on the decay modes of v(550) indicates the presence 

The experimental 
6 

+ 
of a rather large amount of lAIl = 3.  Other 

7 
more qualitative and l e s s  

direct evidence points to a small admixture. 
8 9 

Further, the existence of a C-violation in strong or e.m. inter- 

actions may reveal itself through a charge asmetry in w3m. The I-spin 

properties of such a C-violating interaction cannot be deduced from one's 

knowledge of the branching ratio rK -'rronoIrK -~+n', or the p3m Dalitz plot, 

alone. As has been argued before, the selection rule( AI1 = 0 for the 

C-violating interaction does not exclude a 25% admixture oflAIl = 3/2 in 

4 
L L 

10 

+ 

4 

, because cancellation between the C-violating part of the IAII = % 
11 

Et"2" 

amplitude and the mass-matrix is possible, and this effect would tend to make 
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the)AT)l = 3/2  mode relatively more important. 

proposed model of C-violation in e.m. interactions, the selection rule 

lAIl= 0 was suggested, thus allowing l h I l  = 0 and 1 but not IAII= 2 in 

5 4 2 "  and in +3n . % in 

%42n combined with no lA?l= 2 in Tp3n would be positive evidence for the 

correctness of this point of view. 

Further, in a recently 
12 

4 -b 4 

Thus, a large deviation from the rule [A? 

-+ 
It may be noted though, that a lAIl = 0 

transition in W3n is highly suppressed due to angular momentum barrier 

effects . 
13 

Next, assmfng that C invariance is violated in l)-+n+,-# one can ask 

about the isospin behavior of the relevant interaction. A criterion for 

deciding this question, valid under certain general and very plausible 

assumptions, is suggested below. 

In section 2 the consequences of Su3 and the GSW model are investi- 

In section 
4 

gated, following the methods introduced by Dalitz and Sutherland. 

3 we discuss T-3n and T-+@e+e- phenomenologically, employing a model intro- 

duced by several authors. 
14-17 
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2 Total Decay rate. No direct measurement of the IlO(550) 

lifetime exists. 

to connect one of the ?l partial decay rates to another rate that is 

experimentally known, 

To obtain an estimate of the tstal rate we must use Su3 

The experimental q0(550) branching ratios are shown 

in Table 1. 

As is well known, Tp2y and ’l)w Try (The latter is assumed to go 
3Y5 

0 
through p p y , )  may be related to no -C!y and u-m y by SU3, and to each 

other by the Gell-Mann, Sharp, Wagner ( G W )  model. In additian’to 

the formulae relevant to this discussion, we will also derive, for complete- 

ness, some formulae given elsewhere. 
4 

The following assumptions are essential: 
0 

(i.1 
singlet and octet states. 

The physical q01960) and 1 (550) particles are mixtures of SU3 

(if) The sum of the squares of the mixing coefficients is one. 

Most of the processes considered below have effective coupling con- 

stants which depend on two independent, SU3 invariant interactions. Some 

of these processes are related to each other by the GSW Model. 

leads us to thz assumptfon ; 

(iii) 

This 
4 

The GSW Model may be used to relate the ratios of SU invariant couplings. 3 

In accordance with the above we write: 

* 
11’ * ql cos cy + % s i n  cy 
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* &  
where we use tan CY = 0.19, obtained from the obsorvcd 1,q 
masses. We are interested in processes involving one pseudoscalar meson 

and 2 photons,or one pseudoscalar meson, a photon, and a vector meson. 

We assume the e.m. field has the usual octet transformation properties. 

For the vector mesons we employ the nonet representation suggested by SU 

and corresponding to a pcu mixlng 

6 

angle $with tan 8 % 0.8. 

The SU invariant couplings are: 3 

where P,V and E represent thepseudoscalar 

octet ,respectively. 

of Table 2 gives the phase space factor with respect to u, f ly. The last 

octet, the vector nonet, and the e.m. 

One finds the results of Table 2 .  The second column 

tlric”ree lines show the phase space relative to -y.,’I!he last column give: the 

scanty experimental infdnation available. 
4 

Usfng the GSW Model one f inds:  

4 5 2 -  A 
M ( 2 . 4 )  

0 0 
The quantities M and k’can be determined from W-ITT y and n 42y respectively. 

From the experimental upper limit on b 
4 

we derive the condition T*-V Y 



The processcp-;Tly is not very sensitive to IA/?11, so that the 

from the experimental upper limit on I' 
finds: 

bound derived 

is probably less trustworthy. One 
F T Y  

- A < - 0.36 
M 

corresponding to a branching ratio of 9% for p l y .  

a branching ratio of 16 %. 

The value A = 3 gives M 
In the following we will assume 

and compute the total '+width from this. 

comes from the observed 
A We find first,for - = -2,-1,0,1 and & using M 

Some support for this assumption 

ny/Tp2y branching ratio, as explained below. 

A - 90.3 (1% tan a)2 eV 

= 172,128,90,59,34.5, eV 

r M Y  
the values: 

rmv 
and from these: 

Total 
rT = 3127,2327,1640,1072,627, .eV (from m y )  

18 
= 2 ,A and the known n042y rate, we have EhlplOyil3g A'/Mv M 

= 143 ( l M  2A tan a) 2 eV: r 

rT-+2Y 

7- 2Y 
=442,272,143,66,8.2 eV 

and 

and now: 

total 
r T  = 1525,940,496,187,28 eV 

(2.10) 

(2.11) 

(2.12) 
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- 
The above results disagree by a factor between 2 and 20. To get somewhat 

mre hsight into tjhe situation, we compute the p 2 y  rate in the GSW Model, using 

pmOy as input. Thus we first determine the d y  coupling constant: 

g o = &T M = 0.946 MeV-' (2.13) 
W Y  

The ratew2y is then given by: 

(2.14) 

with: 

% 
Q =  ($7) 

A - 5  
M In the case - = 0 we find g = 2.17~ 10 

0 factor 2.7 larger than found via rr 42y. 

however, is 
M J r T + 2 Y  RIM. The ratio 

We have # 

= 0.303 (2.15) 

MeV-?, and rp2y = 386 eV, a 

This disorepmcy is 'independent of 

dependent on A/M. 

12' A 1- tan a 
= 0.233 MA ) 

r"rr2y 1-% tan a 
(2.16) 

A 
Experimentally this ratio is 0.19, corresponding to--," M -1. The values 

-. 
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t- 
A - = 1,2 give 0.4 and 1.6 respectively. M 

The situation is now as follows: using the rate m 0 y  as input, the 
0 rate for TT +2y can be computed in two ways: 

1. 

2. 

These two methods give identical results, but disagree ‘by a factor 3 

with the expertmentalresult r o = 6.6.4 L 3 . 3  eV. It might be remarked 

that the GSW Mode1,applied to compute w-.prr from moy,gives a result which 

is a factor of 2 too low. 

18 

‘ n Y Y  

5 

On the whole the situation is not very satisfying. It is not possible 

to pin down whdoh experimental number it is that disagrees with the theory. 

may be low Tor some unknown reasbn. 
M Y  

For instafice; r or r 
The situation might become clearer if new experimental results 

for any of the decay rates depending on - home d a b l e  (It would be quite 

helpful in this connection if the limits on the To +py rate, thetp’+Ty rate 

V * Y  

A 
M * 

or the Tl  lifetime itselg could be improved.) 

From the above we conclude that the ‘+width will be somewhere between 

3000 and 100 eV. 

m > / p 2 y  ratio is a question that can be answered only if the ratio of 

s-let to octet coupling is known. Clearly, any order of magnitude 

Whether or not the GSW Model predicts correctly the 
5 

estimate of T decay parameters, Znvolving Tp2y or T)-m-ry, cannot be 

trusted. A typical example is the estimate of C-violating effects in 
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+ -  
Tpmry. 

to the P-wave cannot be of any interest if the P-wave itself is not 

understood. Further, the GSW Mode1,while €t may correctly prescribe the 

form of the P-wave amplitude, does not apply to the D-wave. 

An estimate of the strength of the n IT D-wave amplitude relative 
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where 

We now d i scuss  some phenomenological a spec t s  of the  3n decay 
19 

+ - 0  of the  7. The p a r t i a l  decay r a t e  7 -+ r[  II n i s  given by 

y, = m-M/3 
2 

= M/6 - 1.5Mx /M 
y+ 11 

2 2  x = +  - 
2(M i m  -2ME0) + - 

and 

y = E -M/3, x = %(E+-E-), 1;1 * (Eo2-m2)', M = M m = M E = pion 
7' x y  3- 0 

energ ies .  The segments of t he  Da l i t z  p l o t  a r e  the  areas l imrted by 

the l i n e s  Eo = E+, Eo = E , E- = E+ (Fig.  1). The func t ion  F (y ,x ) ,  

normalized such t h a t  the  x,y independent p a r t  i s  1, i s  the  experimental ly  

measured Da l i t z -p lo t  d i s t r i b u t i o n .  The dimensionless coupl ing cons tan t  

g is supposedly of order  a = 1J137, but  t u r n s  out  t o  be between 

0.075 and 0.41 f o r  100 < r < 3000 eV, one t o  two 

orders  of magnitude l a r g e r .  
7 

There i s  no experimental  evidence f o r  any resonant s t r u c t u r e  

of p(y,x) over the  range considered he re ,  and we may expand F(y,x) i n  

a Taylor s e r i e s :  
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If C is conserved F(y,x) = F(y,-x). In integrating over the Dalitz- 

plot the terms odd in x and/or y do not contribute. Neglecting terms 

odd in x, the data give a good fit to 
13 

2 In view of the relation F(y,x) = IA(y,x)I , where A(y,x) is the transition 

amplitude, we should have a contribution a y if there exists a 

contribution a loyo 

is 2 0.2 I y /y 

to a but experimentally all y terms seem to be very unimportant, 

and their effects on the total rate are 5 15%. 

2 
20 

In this case the resulting quadratic term 

Of course , there could be additional contributions 2 2  
+ -  

2 
20 

Thus, independent of C-violation, the total rate is determined 

up to 

situation is very similar to the one encountered in K+ -, 3fi and KO + 3fi, 

and in fact the structure of the --* 3n Dalitz plot is quite similar 

to the structure of KO2 -+ n n n . 

15%corrections by the energy independent part of F(y,x). This 

20 
+ - 0  There one finds the good fit 

This similarity is in agreement with the idea that the observed structure 

is due to 3n final state interactions. 

that the 3n system has I-spin 1, and the similarity noted above 

supports the usual idea that the decay 

The KO2 data strongly suggest 

7 --* 3n obeys 13 I= 1. 
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4 

The t r a n s i t i o n s  El= 0 andlricl= 2 v i o l a t e  C,  are thus  a n t i -  

symmetric i n  x ,  and we cons ider  them below. To lowest order  i n  t h e  e-m. 

i n t e r a c t i o n s  we  can havelAII= 1, but n o t ) A I l =  3. 
4 4 

The I = 1 s t a t e  of 

3 pions conta ins  a t o t a l l y  symmetric p a r t  -corresponding t o  t h e  I - s p i n  

s t r u c t u r e  ( R * ~ ) R  -and a p a r t  t h a t  con ta ins  no synrmetric p iece  

(z X 

- b + +  

X 2). Only t h e  symmetric p a r t  c o n t r i b u t e s  t o  t h e  energy inde- 

pendent pieceof  P(y,x),  and we conclude t h a t  up t o  15% t h e  rate is 

determined by the  symmetricIAI(= 1 amplitude. 
+ 

From t h i s  one f i n d s ,  

inc luding  a f a c t o r  1.13 due t o  phase space c o r r e c t i o n  f o r  t he  pion 

mass s p l i t t i n g ,  

R Z  1.69 

An experimental dev ia t ion  of more than 10-15% from the  above would 

i n d i c a t e  the presence of a /AI1 - 3 We can write R 

as a func t ion  of t h e  r a t i o  between t h e  

+ 
con t r ibu t ion .  

= 3 and Id1 = 1 energy 

independent amplitudes: 

2 

The present  experimental  va lue  R - 0.5 g ives lh l>  0.24. A 
value R = 1 r equ i r e s (A1-  > 0.1. 

(3.5) 

Here we wish t o  po in t  out t h a t  8t p resen t  t h e r e  a r e  no t h e o r e t i c a l  o r  

experimental  reasons f o r  be l i ev ing  t h a t  an i n t e r a c t i n n  wi th  I A I  1 =3, and of e .m. 
4 
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s t r e n g t h ,  i s  no t  present .  

nothing else. 

It i s  a very ugly p o s s i b i l i t y ,  bu t  one can say 
2 1  

N o  da t a  un n u c l e w  t r a n s i t i o n s  g ive  information 0n t h i s  

po in t ,  and t h e  r e l a t i o n ,  

+ o  A ~ - A -  = 3 ( a  -A (3.7) 

based on 121 5 2 , fo r  t h e  masses of t he  N*(1238) I = 3 / 2  mul t ip l e t ,  

has been used wi th  a c e r t a i n  success  f o r  o ther  purposes,  but  i s  not 
'2 2 

ye t  experimental ly  t e s t e d .  

The experimental  d a t a  i n d i c a t e  t h e r e  may be a small C-violat ion 
13 + - 0  i n  7 + YC I[ f i  . I f  so ,  then  the  next important ques t ion  i s  whether 

+ 4 

the  C-vio la t ing  amplitude obeys IN1 = 0 o r  IAIl = 2 .  

amplitude,having an I - s p i n  s t r u c t u r e  (71 x 17). 17, i s  t o t a l l y  antisymmetric 

A 121 = 0 
4 4 4  

01 Or all' 
i n  a l l  t h r e e  pions.  It does not  con t r ibu te ,  t h e r e f o r e ,  t o  a 

Let  us  now suppose t h a t  t he  series f o r  F(y,x) converges w e l l ,  i .e . ,  

t h a t  F(y,x)  i s  a r e l a t i v e l y  smooth func t ion  without  r ap id  v a r i a t i o n s  

i n  t h e  energy range considered here,  i . e .  84 MeV.If t h e r e  a r e  no 

resonances one customari ly  assumes i n  accordance wi th  o the r  observa- 

t i o n s ,  t h a t  v a r i a t i o n s  of F(y,x) are small i f  one r e s t r i c t s  oneself  

t o  energy ranges of t h e  order  of less than,  a few pion masses. This 

impl ies  a r ap id  convergence of t he  Taylor series f o r  F(y,x).  Thus, a 

Iru'l = 0 term can show up only i f  t h e r e  are r ap id  v a r i a t i o n s  or 

resonances assoc ia ted  wi th  i t .  A t  t h i s  w r i t i n g ,  t he re  i s  no evidence 

f o r  any P wave,or h igher , I= l  d i -p ion  enhancement i n  t h i s  reg ion ,  and t h e  



- 14- 

nea res t  resonance of i n t e r e s t  is the  p. 

t h a t  f i n a l  s t a t e  i n t e r a c t i o n s  f o r  t he  1A?1 = 0 and 121 = 2 modes a r e  

adequately descr ibed by i n s e r t i n g  an in te rmedia te  p .  (Fig.  2) .  T h i s  implies  

that t h e  amplitudes f o r  ]AI1 5 0 and } A I 1  = 2 are nea r ly  i n  phase, as the  

induced phase s h i f t s  are r a t h e r  small. 

We w i l l  assume i n  the  fol lowing 

+ -P 

A f u r t h e r  f a c t  of importance has t o  do wi th  the  convergence 

of the  s e r i e s  f o r  F(y ,x) .  

obeys 16;1 = 0. 

Suppose t h a t  t he  C-vio la t ing  i n t e r a c t i o n  

Barr ing s t rong  P wave,or higher,enhancements, C v i o l a t i n g  

e f f e c t s  will be very small. The e .m.  i n t e r a c t i o n s  w i l l  induce a 

lA?1 = 2 p a r t ,  i . e . ,  a con t r ibu t ion  t o  a This  con t r ibu t ion  is 01 
obviously propor t iona l  t o  a, but due t o  the  expected rap id  convergence 

of t h e  s e r i e s  f o r  P(y,x) i t s  e f f e c t s  may be pronounced r e l a t i v e  t o  

the  purelAII= 0 p a r t .  Thus, a pure ]AI1 = 0 C-violat ing i n t e r a c t i o n  

w i l l  not  give r ise t o  a well-determined i n t e r f e r e n c e  p a t t e r n .  

- 4  -? 

Conversely, a = 2 ,  C-vio la t ing  amplitude con t r ibu te s  

d i r e c t l y  t o  aO1, and only small e f f e c t s  due t o  higher  order  terms i n  

the  s e r i e s  a r e  expected. For an expression of t h e  form 

2 
02x 2 xy + a F(y,x) = 1 + alOY + aOIX + a 20y + all 

+ t e r m s  even i n  x 

one der ives  

A16 + A34 = A25 
where A = N -N N being the number of events  i n  s e c t o r  Ir: . 

i j  j i' k 
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We conclude t h i s  s e c t i o n  by g iv ing  i n  Table 2 ,  the  r e s u l t  

of some c a l c u l a t i o n s  e x h i b i t i n g  the  f e a t u r e s  mentioned above. As 

e f f e c t i v e  Hamiltonian we take:  

where the arrows and upper ind ices  r e f e r  t o  I - sp in .  The XI S-wave 

s c a t t e r i n g  phase s h i f t  is  presumably very l a r g e ,  i . e . ,  g and g l  w i l l  

have l a rge  imaginary p a r t s .  Apart from the  magnitude of t h e  i n t e r -  

ference e f f e c t ,  the  phases of g and g '  wi th  r e spec t  t o  g and g (The 

l a t t e r  two are taken t o  be r e a l  i n  accordance with our assumption of 

0 2 '  

p-dominance i n  the  r e l evan t  f i n a l  states.) a r e  not of much relevance 

here ,  and we choose g and g r  t o  be pure imaginary. The magnitude of 

g '  wi th  respec t  t o  g i s  f ixed  by the experimental ly  determined l i n e a r  

dependence on the  x energy, i . e . ,  y .  Fur ther  we  w i l l  set g = 

+ 0.01 go,  and we f i x  g 

One has then g = 6.5 g ,  g2 = 0.065g. The case g = 0, g2 # 0 i s  

a l s o  shown. The combined data of r e f e r e n c e  13 i s  l i s t e d  i n  the  

last  column of the t a b l e .  1 

corresponding t o  the  l e f t  and r i g h t  hand s i d e  of Eq.(3.8). 

t h a t  the world data a r e  only 1.75 standard de r iva t ions  away from 

X1 = X2, thus not  allowing any conclusion with respec t  t o  the  v a l i d i t y  

0 

2 
so t h a t  a n  asymmetry of about 6% is  obtained. 

0 - 

0 0 

The important q u a n t i t i e s  a r e  X and X2, 

Note 

of Eq. ( 3 . 8 )  * 
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o + -  4 .  RELATION BETWEEN 7 -, 3n AND q -+ I e e 

I f  one assumes the  t r a n s i t i o n  7 + pn i s  respons ib le  f o r  

C-violat ing e f f e c t s  i n  7 -+ 3n, then one may t r y ,  using the  GSW model, 

t o  make a p red ic t ion  f o r  t he  rate rq -, scoe+e-. Conversely , knowing 

the  rate rq 
0 + -  

7 -, n n: 

gives  us information about the  asymmetry i n  

Here we wish t o  show t h a t  such a connection depends 

very  s t rong ly  on the  momentum t r a n s f e r  dependence of the  qpn ver tex .  

As the  r e s u l t s  have some p r a c t i c a l  consequences only i f  we assume 

[A?] = 0 f o r  t h i s  coupl ing,  we w i l l  consider  t h a t  case only.  Fur ther -  

more we w i l l  assume t h a t  the  p meson couples t o  a conserved c u r r e n t .  

The matrix-element f o r  the process 7 + n e  e is then  given by 
+ -  

0 are the q and I[ four  momenta, k = p++p and e = 
)I' ficIJ. 

where 7 

I n  our met r ic ,  k is negat ive f o r  t imel ike  k. We take  2 

2 k2 f ( k )  2 A +A 7 
P 

2 m  

where A and A a r e  dimensionless.  The case Al  = 0 corresponds t o  1 2 
0 ze ro  charge r ad ius  f o r  the  7rr y ver tex .  It was  demonstrated i n  

re ference  17  t h a t  with h2 = 0,  A 

r q + nOe+e-'rtotal 

f 0 the  experimental  l i m i t  of 1% on 
23 1 

+ - 0  
leads t o  a maximum asymmetry of 3% i n  7 -, n IX n . 
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+ - t o t a l  
Let us denote the  corresponding va lue  of h leading t o  prl + ne e /I' 

1' 7 
= 1%, by A .  Note t h a t  i n  t h i s  case the  v a r i a t i o n  of amplitude over 

t he  D a l i t z  p l o t ,  necessary t o  ob ta in  a nonzero con t r ibu t ion  t o  a la1  = 0 
4 

t r a n s i t i o n ,  is  obtained through t h e  p-propagator.  It i s  easy t o  see 

produce almost equa l ly  t h a t  t he  func t ions  f ( k  ) = A o r  f (k ) = A 7 
l a rge  asymmetries. On the  o the r  hand, s e t t f n g  A1 = 0 one f i n d s  t h a t  

a va lue  A2 =13.5A i s  needed t o  ob ta in  the  same branching r a t i o  f o r  b o e ' e  

as wi th  AI = A,  A2 = 0. 

t h e  7ny ver t ex ,  t he  experimental  l i m i t  on 7 -, n e e 

l i m i t  of about 10% on the  charge asymmetry i n  7 IT n n . 

2 2 k2 

m 

I - -  

Thus, i f  we assume a ze ro  charge r ad ius  f o r  
23 

o + -  l eads  t o  an upper 

+ - 0  

5. CONCLUSION 

I n  t h e  foregoing the  connection of t h e  q decay modes, through 

SU3, t o  o ther  decays has been s tudied .  

q -, A IT 7/9 --* 27 

coupl ing,  and as a r e s u l t  values  of A/M around -1 are expected. 

i n  t u r n ,  suggests  a r a t h e r  l a rge  7-width somewhere between 500 and 

2300 e V .  There i s  no va lue  of A/M t h a t  f i t s  a l l  the  a v a i l a b l e  da t a .  

We f ind  t h a t  t he  branching r a t i o  

+ -  
depends on the  r a t i o  of s i n g l e t  (A) and o c t e t  (M) 

This ,  

+ - 0  The known Da l i t z  d i s t r i b u t i o n  of the  th ree  pions i n  17 -, fi n n 

l eads  t o  a branching r a t i o  
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rn-+f inn 0 0 0  

= 1.7 (fr 15%) . 
+ - 0  

R =  
q+YCnn 

An experimental  dev ia t ion  from t h i s  p red ic t ion  implies  t h e  presence 

of aid= 3 i n t e r a c t i o n  with s t r eng th  of order 0.01. The authors  a r e  

aware of no t h e o r e t i c a l  o r  experimental  arguments fo r  o r  aga ins t  the  

presence of such an i n t e r a c t i o n ,  exzept f o r  i t s  ugl iness .  A poss ib le  

test  i s  provided by the  r e l a t i o n  fo r  the masses 

of the  N*(1238) mul t ip l e t .  

+ - 0  
and K20+ R n n 

of a = 3 t r a n s i t i o n .  We conclude t h a t  a d i r e c t  experimental  

measurewnt of the  branching r a t i o  r /r is e s s e n t i a l  

i n  t h i s  connection. 

A A  + o  
3(* - A  

+ - 0  However, the  s i m i l a r i t y  of t he  7 + n  n n 

Dal i t z  p l o t s  i s  seen as evidence aga ins t  t h e  presence 

7 -* 3n0 7 + n+Yt-no 

The I - sp in  p rope r t i e s  of a poss ib le  C-violat ing i n t e r a c t i o n  

+ - 0  lead t o  pred ic t ions  f o r  the asymmetry p a t t e r n  i n  t h e  q -+ n YC n 

p lo t .  I f  the  C v i o l a t i n g  i n t e r a c t i o n  allows lai'l = 2 then the  

Da l i t z  

r e l a t i o n  (3.8)must hold t o  good accuracy; otherwise we conclude t h a t  

t he re  i s  a considerable  C v i o l a t i n g  amplitude with = 0 present .  
-b 

Further  w e  f ind  t h a t  using the  model of reference 1 7 ,  we a r e  unable 

t o  draw any usefu l  information from the  present  experimental  upper 

t o t a l  l i m i t  on I? , with respec t  t o  the  magnitude of the  q -+ ne+e- q 
asymmetry i n  q + I [  YI n . + - 0  * 

The r e l a t i o n  between q + 3n and 7 -+ 3n i s  

independent of form f a c t o r  cons idera t ions ,  but on the  o ther  hand, 

many unknowns, such as d i f f e r e n t  SU,, prope r t i e s  e n t e r ,  and t h i s  

problem i s  the re fo re  not discussed here .  
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TABLE 1 

CAPTION 

25 % 

5.5 % 

29 % 

26 % 

14.5 % 

0 Branching ratios f o r  t he  main decay modes of ll (550). We 

have used the  charged/neutral  r a t i o  of Rosenfeld et  a l ,  and a l s o  the  

charged modes from 5pn+l?T- no '% 1 1 r a t i o s  rqlT+rr-Y /rail charged modes, 

t h a t  compilation. 

of D i  GLugno e t  a l .  

The n e u t r a l  branching r a t i o s  a r e  from the  experiment 
6 
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TABLE 2 

Amplitude Phase Space Fac tor  Experiment 
* 

A(TO - wy) = A cos CY + M s i n  CY 

A(To + poy) = 3A cos CY + 3M s i n  CY 0.223 < 1 MeV 

0.28 * 

A ( 7  -+ py) = -3A s i n  CY + 3 M  s i n  CY 2 . 1 6 ~ 1 0 - ~  

A(TJ -+ wy) = -A s i n  CY + M cos CY 

5 

- 
1 f A(m +'my) = 3(3) M 

A(@ -+ Ty) = (2) (A s i n  CY + 2M cos CY) 

A ( b  

0.865 

0 .38~10-  -si 
* 

11' y) = (2) (-A cos CY + 2M s i n  CY) 

1 . 3  MeV 

< 0.3  MeV 

1 6 . 6  e V  % A(n +2y) = (3) M'  

A(7) + 2y) = -A'  s i n  CY + M' cos CY * 
~ ( 7 '  -+ 2y) = A'  cos CY + M I  s i n  a 

67.3 

358.2 < 0.6  MeV 

CAPTION 

The f i r s t  column shows the  amplitude f o r  t he  given process  as 

a func t ion  of t h e  o c t e t  and s i n g l e t  couplings of t he  pseudoscalar nonet t o  

vea tor  mesons, and a l s o  as a func t ion  of t he  0- s i n g l e t  o c t e t  mixing angle  CY. 

The second column shows t h e  phase space in t eg ra t ed  over t he  s implest  momentum 

dependence of the  amplitude.  The top 8 l i n e s  show the  pred ic ted  branching 

r a t i o  r e l a t i v e  t o  m y .  

experimental  numbers a r e  

which i s  taken 
%o + yy'  

The bottom t h r e e  l i n e s  show the  same vs. n+2y. The 

taken from Rosenfeld e t .  a l . ,  except f o r  - -  

from Stamer e t .  a l .  

18 

18 
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TABLE 3 

r”. 

g2=o go=o g2=o. 0lgo g2=-0 0lgo Experiment 
Segment 

1 

6 

2 

5 

: 3  

4 

AS 
x1 

x2 

7 .72  

7.70 

14.41 

15.88 

27.41 

26.88 

-0.92 

0.55 

-7.47 

8.32 

7.09 

16.88 

13.41 

28.31 

25.99 

7.02 

3.55 

3.47 

8.3 

7.09 

17.65 

1 2 . 7  

28 0 

26 .O 
8 .O 
3 .O 
4.9 

8.34 

7.09 

16.1 

14.1 

28.6 

25.75 

6 .1  

4.1 
2 .o 

8.44 

7.16 

1 6 . 3  

15 0 

28.65 

24.4 

6.77 

5 .5  

1 . 2 7  

= N +N +N -N -N -N AS 1 2 3 4 5 6  

X1 N +N -N -N 

X2 = N2-N5 

1 3 4 6  

CAPTION 

Using the Hamiltonian (3.9) we show the number of events, 

normalized to 100, to be expected in each segment of the Dalitz plot, 

for various choices of the coupling constant. (See Fig. 1) The world 

data is shown in the last column and comprises 3079 events. 
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FIGURE CAPTIONS 

Fig. 1 Lines of zero amplitude in the Dalitz plot for 71 n via + - 0  

-b 

a IAI,t  = 0 transition. 

+ - 0  Fig. 2 Intermediate p model for n l-r. 
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