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Abstract 

We discuss the decays of high spin natural parity resonances L lying 

on a leading Regge trajectory. We do this by studying the reaction 

'J 'f>-'P''P in a dual resonance model with trajectories which are 

nondegenerate in the resonance region. This allows for SV(4) symmetry 

breaking in meson decay rates. We also discuss the constraints on the 

asymptotic trajectory functions {they are degenerate) when nondegeneratt· 

slopes arc admitted in the resonance region. 

Owing to the factorization property of P.egge slopes, and the equal 

spacing rule, \o.'e find rates which depend only on an overall normalization 

(and the low C. p trajectory slope ~, ) . 
f 

Agreen•ent \•iLL d:.ta io. :;ucd, 
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I. Introduction 

It is well established by now that the nonrelativistic quark model gives 

a good description of the low lying quark bound states (including charm). 

Less clear is how the quark model can describe high angular momentum 

excitations - particularly since these lie on Regge trajectories and 

appear in amplitudes satisfying duality constraints, The most compact 

and satisfactory description of these states on leading trajectories is 

in terms of dual resonance models or, simpler, via a one-term Veneziano 

ansatz for the scattering amplitude. In some sense this represents an 

extreme case of the quark model still not fully accessible through the 

standard bound state picture. It is well known that a single term Veneziano 

formula cannot be an adequate description of a scattering amplitude, We 

do believe, however, that the simple Veneziano formulation will survive 

as a procedure for calculating the couplings of high \_ qq excitations 

on the leading Regge trajectories. In particular, it offers a way of 

incorporating the symmetry breaking effects of unequal quark (or meson) 

masses. It is for this purpose that we will employ the Veneziano model. 

Experiment requires that we admit Regge trajectories which at low s (in 

the resonance region) do not have common slopes 1
• 2 This means that there 

is no universal spacing of resonances in (mass) 2 • The quark model has no 

trouble with this, but the same cannot be said of dual resonance models. 

If trajectory slopes are constant and are not degenerate, a well-known 

disease occurs {noted by ~mndelstam 3
): scattering amplitudes diverge 

at large s as It) increases. 
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The trouble caused by non degenerate slopes in the Veneziano model 

can be argued away, as done by Ig,.i 1 . One simply asSumes that in the 

resonance regions the slopes are not degenerate, but that at sufficiently 

large s all trajectories become parallel. No fundamental reason for this 

is offered, nor can one give the s range where the transition to a universal 

slope occurs. We will adopt this idea and imploy it to discuss the decays 

of high L q(i states, 

In a previous (2) article two of us examined the factorization properties 

of the leading Veneziano amplitude ( 4) for PP-:to PP, (P a pseudoscalar in 

an SU{4) I§+ j plet), We found that nondegeneracy of slopes was related to 

the breakdown of nonet-type mass formulas for e.g. f, D and J (or SU(4) 

breaking of higher than first order). Despite this, the parameters of the 

Regge trajectories were not arbitrary. We proposed equal spacing rules for 

the trajectories. This and factorization of the trajectory slopes enabled 

us to express all slopes (at lows) in terms of one parameter. We then 

extracted the .coupling constants of a meson of spin L (on the leading 

trajectory) to two pseudoscalars. The resulting predictions agree well with 

existing data. (These predictions hold for mesons \_ in the low s range 

where the trajectories are nondegenerate but approximately linear). 

In this article we extend the analysis to the case VP-' PP where V is 

a vector meson lying on the leading trajectory. We do two things: first, 

we study the constraints on the asymptotic trajectories due to the requirement 

that correct Regge behavior appear at very highs. Second, we show that a 

simple quark line rule gives all LV'P couplings in terms of only two 

parameters - an overall normalization and the slope of the f -trajectory 
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in the resonance region. Since we have nondegenerate slopes, SU(4) symmetry 

breaking effects are included. 

Section II is devoted to the derivation of our rule for LV'P couplings 

and the conditions on the asymptotic trajectories coming from Regge 

behavior for VP _. PP. Decay widths are calculated in sec. III, and 

our conclusions are in sec. IV. Some details are left to appendices. 

Appendix A gives a derivation of the LV~ coupling fromVP -'flo pp 

Veneziano amplitudes. Appendix B contains the decay rate formula for 

L-V'Il ( L has natural parity and arbitrary spin). 

II. LVP Couplings 

In this section we derive the LVP couplings from Veneziano's parametrization 

of the process ( 4 ) 

\) [I' -It) ... 1\ ( ~') - 'P. { h 2) + 'Pl { k 3) (2. I) 

and study the asymptotic constraint on the Regge trajectory for this 

reaction (we are assuming that only asymptotically are trajectories 

linear and of the same slope for all reactions), The vector particle 

polarization is { {momentum k) and the pseudoscalar momenta are k
1

, k
2

, k
3

. 

The scattering amplitude is 

T ~ <E .f< 1 {..
1

-/t 1 ) t lS, +) (2. 2) 

where (abed) "r"~a- CA.~"' b v c>- d ... and s,t,u are Mandelstam's 
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• • variables. The vector meson is ~ 1 \J.) ~ \( !) 
l J I 1 

* F or J 
and the pseudoscalars are. any threefold combination of 'Tr', K, 0, F 

and ,t where ~< is the cc pseudoscalar (we will not discuss 1 and 

,• here, as they are not pure quark states), The amplitude t(s,t) in 

(2.2) consists of one or more Beta functions of the form 

where 

f. (~ ,q " 
M 

T'(l- c?Als)) \ ( t- o(ntn) 

f('1..-o(Aill -011"!10) 

'\IS) and "4. H) are the Regge trajectories contributing to 

the sand t channels. There are four sorts of amplitudes, depending on 

which external particles are present: 

I} Amplitudes crossing symmetric in all variables s, t and u, This is 

Veneziano's original reaction k)'tr_,. 1\"''Tt' , The 2mplitud(' t(s,t,u) is 

).. [ f. ( ~ .~) ... F. l 5 ' u) 1 rr rr + t=;,lu,*>] 

(2. J) 

(2. 4) 

2) Amplitudes crossing symmetric in two variables (s and u, say) with all 

channels receiving contributions from definite Regge trajectories. This 

class contains 

l0 \( -> ,. \( lot> _.. Tt t> .!D-""),P 

H __, ')J • 
!)~c-> 'D"), 

• 
F~, - F~, 

The an~litude involves two Beta functions. The first four amplitudes are 
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illustrated by cvK __. rr(. namely 

"l ( Ftf (SA)+ 

and the last two are 

and 

>-
3 
f L ts,t) l I) J 

Aq ~ F ~ l ~ ,o 
FJ 

F. tu,o] q 

F. l~dl J !)J 

F. t t.t ,-I> l 
F! J 

(2.5) 

(2.6) 

3) Amplitudes with contributions from two channels ( S and t, say) but with 

two exchange degenerate trajectories ( r -f and t.:l· Al ). The reactions 

involved are . - -K K .... 1:'\C 
• KD_,i"tl 

p iS _.., t) f> " -Ff- FF 
In parametrizing these reactions, we separate the f- f contribution from 

the ~ - A1 contribution, For instance, \( ~ l(--, ~1' Cis 

"s r l=!t l ~.·0 + l=trt~.o .. 1=1<)~ ('>,+) + ~ .. / ~.i)] (2.7) 

4) Finally, amplitudes with two contributing channels (s and t, say), 

each with a unique Regge trajectory. There is only one term in the amplitude; 

as an example II.) 1< _. !) ~ is given by 

"'~ ~ '!\,~) ~!) 
(2. B) 
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In equs. (2.4)- (2,8), the ~ 's are normalization constants. Remarkably, 

there is only one independent constant. We now show how to reduce all 

the ).. i to multiples of a single \. 

the 
In appendix A we giveiLVP couplings, ~V , As they stand, the couplings 

do not incorporate constraints relating them to one another. Two steps 

are necessary in order to do this: 

A) Consider four reactions with a fixed vector meson in the initial state. 

Each can be represented by a quark line diagram where the two quarks in 

the vector meson are of fixed flavor. The others can be varied at will, 

The diagrams are shown in fig. I; q
1

, q
2 , ,,, q4 label the quark lines 

with q
1
q

3 
the vector meson channel. Now notice that the same LVP coupling 

enters in the s-channel of figs. (Ia) and (lb) and in figs. (Jc) and (ld). 

The same is true in the t-channel of figs. (Ia) and (I c) and of figs. (lb) 

and (ld). But since the same coupling enters in different reactions, all 

four must ·be related to one another. Then we find that the LVP couplings 

can be expressed in the following form 

~'A 

N-' where \.. : 

I 
<I( '2.2 ( (J/ I 
--,. n 

0( 12 

)L- I 
N~. 

2L l \.. -1)! , A is a common constant for a given 

(2.9) 

vector meson and J is an SU(4) Clebsch-Gordon coefficient. The slope 

parameters are those of the trajectories having the quantum numbers of 

q
1
q

2
, q

2
q

2 , q
3q3 

, where q
1
q

2 
is the 1-channel, q

1
q

3 
the vector meson 
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channel (held fixed) and q
3
q

2 
the pseudoscalar channel. 

We will illustrate this procedure by deriving the consistency condition 

for the s-channel couplings of figs. (Ia) and (lb). From Appendix A 

equ. (8) we have 

Cl. 

b 

0(1 ,. 

I 
0(12 

~l -1 
(ll(l~) NL 

1 )l 
( o(q 'i 

0. ... 

(Cl/ 1 )~L-2 
l~ 

(olio )L N'- = h 
't 4' 

o<l 
17 

ot,~ 

l -I 

/o(~ l N. 
I 

o(~'i 

t. • I 

(o<,l ) Nt. 
I 

01~· 4' 

where we have used the factorization property of the slopes 

I I 
0(~3 0(1.{ 'i l ol·~.''l ) '2 , etc. Since the two couplings are 

: 

identical we find 

o.j / 

C('-1'1 h I I 
o/. 4' y I :;._ 

and we can choose a = \ City~ ' and b = ). o{Lf'Lil , delivering the 

promised relation between the normalization of fig. (Ia) and (Jb). 

We can handle the normalizations of fig. (lc) and (ld) the same way, 

Applying this procedure to the pairs (Ja)-(lc) and (lb)-{ld), the 

normalization of all four reactions are fixed relative to one another 

and equ. (2.9) follows. We have not assumed SU(4) symmetry for the 

couplings in this. The Clebsch-Gordon coefficients follow from the LPP 
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couplings in our discussion of the LVP vertex in Appendix A, and by 

the crossing properties of VP _. PP. For degenerate Regge slopes 

both LPP couplings and LVP couplings are in fact SU(4) symmetric. 

B) Still another constraint has to be satisfied by the couplings. T1w 

LVP couplings can be related by interchanging the quantwn numbers of 

Land V. In the notation of equ. (2.9) they are 

).., 

and 

"3 

I 
ll(u 

I 

o(\2. 

/ 

0(33 

0/,11 

~~ 1 )L-I 
'H 

(o('2~ ) 
L • I 

N~,. 

NL 

Of course, for L = I the L meson is a vector meson and tho:; above r.....-o 

couplings are identical. Ti".en 

~2 
I rx.n 

o<,~ 
: ~l 

I 
"<'33 __ , 

' 0!,3 

I 
If we use the factorization conditions 0(1.,: ~0/ 1 0/.J 1 

and 
' 1/ '2.1 

J ..f I I a/,3 • c(, 0(1l (2,10) can be satisfic·<' in a sy!:F.vtrical 

by taking 

\ 2. "' '), ~ O(~l <>I I; ).., ! ), JOI7'J 0/~ 

(2. 10) 

Lo.<'hiot-



- 10 -

Now we get the final form for the LVP couplings, 

'2. 2 
~v =- ~L..v'\> 

I 
: ~ ).. o(tS 

I 
( 6(,1 

L ., N 
) L 

where ). is just an overall normalization constant, connnon to all 

reactions. 

Equation (2.11) is easily interpreted using the quark line diagram of 

fig. 2. To show how symmetry breaking enters, write (2.11) as 

C}2 
v =- i ~ ( :~ ) ( 

f' 

I ' 

o(~ 
0(' r 

\. - I 

) (o<J l'" -1 1\JL. 

(2. II) 

(2. 12} 

where o/.(1 : ~! is the slope of the Regge trajectory with the quark 

content of the pseudoscalar in fig. 2 and ~~ ' • ~\.) is the slope of 

the trajectory with the quark content of the pair created in the vertex 

of fig. 2. We will discuss yet another form for (2. 12) later. 

Now that we have normalized the amplitudes, we turn to the asymptotic 

behavior. Veneziano has pointed out that Regge behavior for i.V'f"'!"-., Tt" 1"(' 

imposes a condition on the r trajectory.We find a somewhat different 

condition in our case (where slopes are no longer universal in general), 

I 
Let ott)~ e ~ fCi) -4- ~j $ for sin the resonance region, For large 

positive s, flf• ....,. ~·lS) • Q'\ IO) + Ol, 1 S , where ~ 1 
is the 

j .l ~ 

assumed universal slope at large s (we assume here that o< is approximately -linear both for small and large s.) A priori 0(./Q) is arbitrary: it 
~ 
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depends on where O(,l changes from its low to high s behavior, and on 

the slopes. For fixed t and S ._. 1)0, Stirling's formUla gives 

F. r -irrtatal~)-1) 
,...ts,-1:')._. (l-o(l~l)E? 1 ~t\\-1 

.. " ('C;.s) 

.,., ~1-1)-) 
Fc

11 1\.llt) _. \ l1-0113 1tl)l& 1
s') 

F~>-t t ~ , u) --.. '2. iT \ l 2 - ~ L r- ~) ~,to)) • 

~ e - 'T1' t \ - 01,.. t s 1) l 0t 1 S)_O(,._t~l- Otc!IA) 

( Z: is the sum of the external particle (mass. )
2
). For reactions of 

' 
class (3) and (4) only (2.13a) appears and good asymptotic behavior is 

guaranteed. 

However, for class (I) (i.e. W'lf...,TtTf) we need 

~Xr 1-~:) - , ~ \ -~~(~)- ~! IIA) 

or 

1)1! ( tl) .. '1. 013 lei) + ~I L + ( e~.J - ol
1

) t - '2 2 0 

(2. 13a) 

(2. 13b) 

(2.13c) 

( 2. 14) 

. . I Ol 1 
h 1 so as to guarantee good h~gh energy behav~or. For O(f • t e equa 

sign gives 
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I 

()(! 
2.1MJ·M~)-I'.I~ 

(2. IS) • 

i.e. Veneziano's result or the PCAC condition on ~ 1 
for a soft pion (S) 

Notice that (2.14) cannot be '"tidied if 'rJ. 1 >~! and Olf{S) -t 011 ts) 

only at very high s. On the other hand the condition can always be 

satisfied for not too large 1 tl provided ~I ( o(f 

We still have class ( 2) reactions, For fixed t and s _.. ~ there is no 

problem, and good high energy behavior does not constrain the trajectories. 

This is not so for fixed u and s _. ~ • Here we find that good asymptotic 

behavior demands 

r;.,..t~) -\ ~ -I - ~A ( 1\ ~9 tt) 

i.e. 
( 2. 16) 

t>l,..t~l..,. Ol_..ro) ... Ol~lol + Ol:'r +(Ill~- ~')u-2 ~o 

where Ot(A contributes to the s and u channel, and -~ to the t-channel. 

For degenerate slopes, the equality holds in (2. 16) for the reactions 

U) \( -t '!! l(. and W D ... '!1 ~ , leading to 

o<'=- I 
D. VIc\ ot'-

2('M~ -l\1:)- )M~ 2.(\1.1~ -1\.-11) -~~ 

'Mf - 'M~ .. 'M\ - f-1~ = 
1 

and provided (6) Wlf> - ~'-~b this 

and (2. 15) are identical. For the remaining 4 reactions in this class 

only the inequality holds in (2. 16). For nondegenerate slopes we need 

'0( I < 
0( '· J ~ • I( o • 

I= 
(2. 17) 
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for not too large 1 u) , A sufficient condition is then Z' < ot'• 
~ F 

T\o.•o consequences follow from (2.17): the spacing of resonances on the 

leading trajectory increases with the resonance spin; and the Regge 

damping at large momentum transfer is less strong than near the forward 

direction. Unfortunately, it is unlikely that there is any easy test of 

this. 

III. Decay Rates 

In this section we present predictions for decay rates (including symrr~try 

breaking effects). In section II we derived our main result for the LVP 

vertex (equ. 2. 12); the symmetry breaking effects are contained in the factor 

I 
l ()( ~ lrJ.') 

! 
( ll(~ /o/ 1 )~-· 

'.! 
(3. Ia) 

which we can rewrite yet again (using the factorization property of the 

Regge slopes): 

(ol' h/. 1 ) t 01 1 /r:i,' 
! " v ! 

) ( oi~ I 0(1 
J 

l ) (01'/JI')L-2 
8 t 

(3. \b) 

~: is the vector meson slope trajectory, and 0(~ is that of the decaying 

meson l I 
• Notice that ole • I I I 

()(! 1 ~ or Oij , depending on the flavor 

( 
I 1 )L "l 

2. The factor ola I~! of the created quark pair in the vertex of fig. 

clearly disfavors the creation of a heavy quark pair in fig, 2, inasmuch 

• The factor 1/rJ.,..' always appears in the decay a• 0(~ < o( I 
! 

for a pa£ticle lying on a Regge trajectory of slope 01 ~ (]) 

amplitude 
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It is instructive to compare the LVP (~..,) and the LPP couplings ( CJp ) 

derived in Ref. (2) and given in the appendix (equ. A.7). We find 

I 

~'I. ":. )..0 l1, )( o<e, r lei.',~ ~L.. 'P ol.' ! 
A J 

Because of the different spin structure of the.coupling, no dependence 

• on o(V and • ~ is present (see equ. 3. I b). 

Substituting (2.12) into the decay rate expression {equ. B.4) we have 

~ .. \)~ • 

• 

~}.. 

4TT 

I 
fl(~ 

<>I' 
J 

t 
0( '~ 
7" r 

L-1 
) (r:Jr' ) ~ -( 

'ZL•1 
2 (L+I)! J<U+I 

ZL+I (2L)! 

• 

where k is the em momentum of V or P in the decay. The ratios of slopes 

~>~' ~ I ol. I : . 92'l I I 
:'liS 'I from ref. (2) are: r ' 0(+ I ""s 

(3.2) 

o<f, loi.~ • '?I> I ' 
,., / I 7 0(" f>/f ~ • 01 and Ill{ lei.; :. 57' 

As in ref. (2) we use 
I C(r -2 

= 0,88 GeV • Then all rates are fixed by one 

parameter ).. , t.Je use the rate for A
2 

..... fTC" (B) (\~hicll is the most 

accurate) to get 

')../'l'ff' 15.4 GeV- 4 

with ~ 4. In table I we Jist the calculated decay rates for the 
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low spin mesons together with available experimental values. The ~ 

coefficients (relative to that for A'l!'Tt) are also listed. 

IV. Conclusion 

Our main result is that for L a meson nf not too high spin on a leading 

Regge trajectory, LVP couplings can be read off a qUark li~e diagram 

(fig. 2). Symmetry breaking enters through nondegenerate slopes for certain 

qq trajectories. h'e have given rates for decays of L to a vector plus 

pseudoscalar meson. Large syrmnetry breaking effects ·.·•rur in tl-, ,·cup lings 

of non-strange and uncharrned mesons L into strange. andior \.:1-:arccc: particl•os. 

Except when the final state involves ~( or F or requires rhat .,,, ::.::. '-'~ cc 

pair be created from the vacuum, we find little suppr • .,ss~o~~ cr,p-e._: meson 

decays due to symmetry breaking. 

Another result is that the requiren:ent of proper Regg..: behavior at larg"' 

nnd fixed small t gives an asymptotic slope of the leading trajectories 

• which is smaller than that of the r at low s, the lowest nondi,H:;onal leading 

trajectory. 

~~e close with some specific remarks: 

(I) Our rate prEdictions compare \.Jell with the (sr:anty:\ datu, :-:e remark that 

from A1 -tf~ we prE"dict thn.t C.U(If195) (1.;\->i,·h ~,~s :1 ~o.•idth of ISO :!" 20 :-,ev(EJ) 

decays principally to ~ 'tt ( 148 :-TeV), A measurement of this clec;,y u0ulu !Jt 

welcome. 
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•• 
(2) Our predicted K ~ W K width is about I 1/2 standard 

deviations away from ~he experimental result (which has a rather large 

error; see table I). -An accurate measurement of this width checks this 

and any other model relating A.
1 

... f'tT and K ...,l..t,) \< 

SU(3) breaking. 

and incorporating 

(3) From its 't( 'W 
• 

and }('tf" 1 f' )( modes, we predict that KN(IBOO) 

has a width ~ 120 MeV. 

(4) Since charmed meson decay rates are little affected by symmetry breaking, 

the real tests of the scheme li~ in the relations between L _. PP and 

L ~ VP rates, 

We believe that Veneziano amplitudes with nondegenerate trajectories offer 

a useful phenomenological description of the decays of moderately_high L qq 

states on leading Regge trajecto-ries; This contrast With----the noni:'elafivistic 

quark model, which we believe better suited to describe states of low L. 

Appendix A: The LVP Coupling 

Let the reaction (2.1) be descr_ihed by a one term Veneziano amplitude 

(the generalization to more than ~ne term is straightforward): 

tt~~t) • )._ ~,ts~~l. >... 
T'11- oi_.l~l) f(l- Oil!!~)) 

\'(2- o<,._ISl • olsltl) 

The resonance L of mass ~and spin L contributes to the s-channel, The 

(A. I) 
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contribution of L to T is 

T - __J__ 
S-M~ 1.. 

[ ( ~~ ~1"•"'\"•l")) L\~' t:}'L 
~ 

j. 
"\ 

< ~ ~ 'h. VI", v, (,) /.:;. V( I /.::,v~ ) < "~~, E h, kl > 

where 1::::.~ = 'R. · le, G; = -k-k,;-k.t'l"'l"~o1'1) is the 

(A. 2) 

polarization tensor of L for polarization state V) . The terms in the first 

and second bracket of (A.2) are the LPP coupling (gp) and the LVP coupling 

(gv), Now we use 

L ~,., .. ~~ t")) ~:, ... v._ '"]) "' 
"\ 

!._ 1-)1... L ~ V• ... 

L\ , ... h t't l, 
' I 

PE:llt-">• 
v, ... vl. 

+ terms proportional to K kl + k k2 + k3 

~~ ... V· ,, 

I 
and note t_hat from the helicity amplitude that T I(' \.i'l\9 !='\.. (Cos•' 

( ~\'-1\& comes from <f \ 1 -t., -h,1) and 'P~ is the first deriVative of 

the Lth Legendre polynomial) Only the first term in (A.J) contributes to 

the highest power of C'C$9 1.."1 (C'o ,. e ) and we can th~s read off the 

. . f pl 
coeff~c~ent o L. , 

r • ·I •+I 

(A. 3) 

T- <~ lt, -It, {,l) l- [4 -~e, ~ J ~ ... ~, :l. (L1,)2] 
L ( '2 L ) ~ • (A. 4) 

I 
'2, / 1016\) .. 

L('2L.)! S-'M~ 
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where ki and kf are initial and final CM momenta. Doing the same thing for 

the Veneziano amplitude we find for 
, 

\ .... "ML. ot_..t~) -• L 

\ - <d~,t~.f.,'>[- }., 
0(' 

"' 
(lj. ~i ~~ )L•I(O(~)L•I 2{LI,)} 

{ZL)/ (A.S) 

.. ,l?~ It OS&) 

L(2L)! S-M~ 
L 

Comparing (A,4) and (A.S) we have 

'jv ~P ,. 

where, from ref. 2, 

':lt '>-o 
" -'P "'-' .. 

' 

').., -
~· ,., 

I 

l~B 

( ' t·• ~a' 

) L -I Nl 

N~., 

N • l 
....L._ 
2'-(L·l)~ 

( ol~· is in general different from t(~ ). Equation (A.7) has a quark 

diagram interpretation: if L is composed of q
1
q

2 
the two pseudoscalars are 

- - I 
q 1q3 and q3q2 with I)(B' .:. oi'

1 
;., . From (A.6) and (A. 7) we extract our 

final result, 

I )?.L-2 

~~ >. lltlm 
N~., = -

c.l' (o<~, )'-,.. 

where "' .. }. ~I /)., 

(A.6) 

(A. 7) 

(A.8) 
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Appendix B: Decay Rates 

The derivation uses the unitarity relation for \J ~~a. 
1 
(i) +- P lkb) 

___. '\J t 'rl., I '~ ) .. ? ( R~) • Polarization vectors 

and momenta are as indicated. Our coordinates are 

1<.• lE.,o,o,ltl .•• :: lE~ I o,o, -lr) 

A.. • (E..,, l;,c·,,.,;, o, lzco:e) 'Rcl • ( E. 0 ,- £,,·., 9, o, -l!t.,rs) (B. 'l 

.. 
~- l :t) • .l.. l Cl I :t I '. L I 0 ) 
' "(., 

e~c t~ .. L ( o, ';t't>SB J % i ZSI\-1$) 
1{-:: J 

For a natural parity meson L coupling to VP, the only independent helicity 

amplitude is easily seen to be 'r.1' 'T (T "'o). Labelling initial 
II •"•·I oo 

and final helicities of the vector meson by ~\ ~f. we have as s _.,. ~1., 

T"'~,, _.. 
sJ .. t-..... 

\ [ v, ,v, • J t.. 'n. t"' l A ... ,_. < <>, £ ~~-) ~~. '> • ~ v, ... \1\. I f 4 • 'f 

* r h t"') ~::, "', 
L "' ... "'' I ! 

t:.i"' 
f <. t"• ~~..,l) -It~ 4,> 1 

where ki = ka-kb, kf = kc-kd. As in Appendix A we extract the highest 

power of co~& and find 

T 
" - 2. , 

s" 'MI. 

~L· 'l 
{t~L 'l, (L+I)! (~·1)! 

(2 L)! 

L d11 It) 

S· 'M,_ 
\. 

(B. 2) 

(B.3) 
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and the decay rate is given by 
\ 

• ~ Q,.:,.,. ~ J co~ & 
1.. l .,., 'T,. cl " I e) I~ ..... Vl' trr ~"~' s .. ""1 

\.. 1.. .. , 

cal 
ll-1 

~ l2: {L-1)({1..+1)/ 
= 4Tr 2L+I LZL)! 

j'kZL<l (B. 4) 
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Table I - Partial rates 

p + 
Tensor meson J = 2 decays 

~ theory (MeV) exp. (MeV) 

A,-~.,. 4 72.3 ! 4.0 

K .. -+ )("Tr 3/2 28.5~1.7 33.4! 3.8 

...... g K 3/2 6.7! 0.4 7.1 ! 2.0 

___, (,) lC 1/2 1.9!0.1 4.9 ! 1.9 

t' _. \(" ~ ;. i(• \( 4 12.1 ! 0.8 

p ....... D",. 3/2 4.6 

p -
J = 3 decaz 

" -> lA.).,. 
2 53.4.:!: 32 large 4"' mode 

-+\("(+~ K 2 3.4 .:!: 0.2 small 

II.) m 1»)-o f'!T' 6 148.3.:!: 8.7 seen 

-I<"K+~" 2 2.6 ~ 0.2 

K,... (l,co) .... K .. ,. 3/2 46.7 ~ 2.8 

- n< 3/2 29.3 .:!: 1.8 

~ 1>)\C 1/2 8.9 .:!: 0.5 

.... .. I( I 0.2 

0' ....... o•1t 3/2 11.7 

F ... _. o" K 2 8.3 

(a) ~ is obtained from t by combining different isospin channels. ·- . . (b) The mass values used forD etc. are der1ved 1n Ref, 2, UU•* 2. 35. 

~·-- = 2.49, ~·• = 2,65, ~n•= 2,80, Their partial widths are just sample 

calculations to show the order of magnitude. 
•• ,.. >h<>( ,.-.11 ,. 

(c) The decays F _.., D K, D ._ WD, F ___.. K D etc, are either 

below the threshold or very close to the threshold. We do not attempt 

to calculate them. 
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Figure caption 

Fig, I. 

Fig. 2. 

Quark line diagrams of two reactions VP...,. PP involving 

the same vector mesons but different pseudoscalar mesons, 

q
1

, q
2

, ••• and q
4

, label the quarks; q
1 

q
3 

is the vector 

meson channel the others are pseudoscalar channels. 

Quark diagram interpretation of the symmetry breaking effect 

of Eq. (2.12); q
1 

q
3 

and q
3 

q
2 

are respectively the vector 

meson and pseudoscalar meson channels. 
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