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Abstract 

Single-term Veneziano dual amplitudes with non-degenerate Regge slopes 

are examined in detail. Factorization of parent resonance residues and the 

equal spacing rule extracted from the universal slope case are used to 

determinco all the leading meson trajectory par<Jmeters in terms of that 

of the f . Relations between non-degenerate slopes and SU(4) symmetry 

breaking effects are discussed. The predicted meson n~ass spectra and the 

partial decay widths into two pseudoscalars are shown to agree well with 

data for the cases in which data exist. 
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I, Introduction 

Investigations of the properties of charneC mesons in the duality scheme have 

been carried out by several authors, One frarlf'.\·tork used is the concise dual 

Veneziano model 
2 

which has been successful in dealing with ordinary 

particles. In order to accomodate the new particles, a modification of 

the Veneziano model is needed and this modification takes mainly two 

forms: (a) incorporating the SU(4) structure in the original Veneziano 

model with a universal Regge slope 
3

; (b) modifying the original frame­

work to allow different slopes for different meson trajectories 4 

Scheme (a) is supported by the mass quantization relation 5 dn* (~'"·r. ')::: 

satisfied by the D -trajectory with the universal slope 

-'
1 

-- ' I 2 2 -1 U>J/ - J..f - 2 ( mf -»"ln.) · This approach leads to the generalization 

of the nonet mass formula to SU(4) including vector and pseudoscalar 

mesons, but it has difficulty in accomodating the J/lf particle. There 

is evidence that the J/\f trajectory possesses a smaller slope. If we 

take ~{3.7) as its first daughter, then the slope is ' . <>11 ~ 0.25 1 while 

,, 
'~ 

taking ljl
1
(3. 7) as the second daughter gives 

,. . 
~J ~ 0.5. Another est1mate 

obtained by taking X(3550) as the 2++ exchange degenerate partner of 

J/'1' gives o1;::::: 0,33. The last value of •• J leads to 

if the Ademollo~Veneziano-Weinberg mass quantization rule 

-+ 

m,h"" 2.84 GeV, 

5 
o(s(m;, )= v2 

. 6 • . 
lS used , where -1c 1s the cc 0 state. In all these cases the slope 

of the J/1.1' trajectory is much smaller than that of the p -trajectory, 

c~..; ~ -2 
0.9 GeV . 

3 
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Scheme (b) is motivated by the drastically different mass scales of the 

charmed and ordinary mesons which is expected to give rise to appreciable 

high order synrrnetry breaking effects. One of the possible consequences is 

that coupling constants may significantly deviate from their (SU(4)) symmetry 

values. This, in turn, \o.'ill require that the universality of the trajectory 

slope parameters be broken in Veneziano amplitudes, as slopes and coupling 

constants are related there. The presence of high order synrrnetry breaking 

effects in the charmed SU(J) sector of SU(4) can be seen from the poorly 

satisfied charmed nonet mass formula, e.g. ' . ' l'V1J -t ml' =.:l.mo"'" which is good 

only to 20 %. 

The Veneziano formula with nondegenerate slopes has a serious 

problem. It leads an exponentially increasing scattering amplitude for large 

fixed angle at high energy 
7. A way out of this difficulty was proposed 

recently by Igi 8 , who suggested 

that 
occurs at low energy andAat high 

that the phenomenon of non-degenerace slopes 
the 

energy, whereARegge asymptotic expansion is 

applied, all the slopes become universal. Although such a proposal is very 

difficult to implement analytically, it provides an attractive phenomena-

logical framework tailored to the resonance region and may be useful in the 

description of certain aspects of the new particles, 

Many interesting relations have been derived in terms of single term Veneziano 

amplitudes in the case of degenerate slopes, such as the nonet mass relations 

involving vector (tensor) and pseudoscalar mesons 
2 

the equal spacing rule 9 

the mass quantization rule 
5 , factorization of the parents and the first 

daughters 
10

, etc. (They are not all independent,) Further, the couplings of 
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two pseudoscalar mesons to all the particles on a leading trajectory are 

related to each other and these couplings of the particles of the same spin, 

but lying on different trajectories satisfy SU(]) symmetry. Undoubtly, 

some of these results will no longer be true in the case of nondegenerate 

slopes. 

In this article, restricting ourselves essentially to the resonance region, 

we study in detail the properties of the Veneziano model with nondegenerate 

slopes. We examine the factorization property and propose a scheme to express 

all the slopes of the leading meson trajectories in terms of, say, that of 

the P -trajectory, and thereby determine then unambiguously 
11 

In sec. II we review briefly some of the results known in the case of 

universal slopes. In particular, we put the factorization conditions in a 

form so that we can adopt them to the case of non-degenerate slopes. Sec. III 

treats the non-degenerate slopes, In sec. IV, we present a discussion of the 

symmetry breaking effects and calculate the meson mass spectra and the partial 

widths of the leading 1-, 2+, 3 mesons decaying into two pseudoscalar mesons. 

We also predict the mass of the r*. Our conclusions are given in Sec. V. 

II. Factorization 

To put things in perspective, let us recapitulate some of the known results 

involving only the old mesons. Consider the followings-channel processes V.'ith 

their single-term Veneziano amplitudes. 

where 
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Alrr'n-~ "'rr-) \~ Vn(s, t) 

A (•'n- ~ k' t') z }," V,,• (s, t) 

AIK'K-- k',-) z ~{ Vppls,tl + V¢wh,t) 

Vab (S,t)-

+ Vw~ (s,t) + V¢w ls,t) J 

r(HA,.Isl) r (1-oibW) 

f ( I- ol,is)- ohttl) 

and cf..p , clt.J d,l<"* and d.¢ represent the exchange degenerate 

p- f - w - A, K-t- k-'t~ and¢- f 1 
trajectories. 

We first fix the normalization constants ~lT, ~ 1rk and AK by considering 

Regge expansions in the t-channel for large t and small fixed s. Follo\dng 

Igi 
8 

we assume that when t _., oo the slopes of the trajectories con-

tributing to the t-channel reduce to a universal value, The p -trajectory 

exchanged in the s-channel leads to 

I , " (S) '>--" r( 1-"fls) ( -'} t) f ( " 0 ( {i) 

I , "-'Is) 
~"" r(I-')IS) (-oi,•t) ( ( L) \ I -+- u t I 

° K r ' I ,( (<) 
::;\ i(l-"/'l)l-o<¢t)f' (i+Oih) 

(2, I a) 

(2' lb} 

( 2. I c) 

(2.2a) 

(2, Zb} 

(2, 2c) 
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. . ' for the three processes respecttvely. Stnce r:J...p = r:I.K* 

the t-channel for t - oo , factorization gives 

, 
' ... "K = ~ ( A UK) 

' "-4 in 

If we further argue that the p residues take the SU(J) symmetric values, 

we have 

)/ = A Irk : xu Ill 

We need only Eq, (2.3) in this and the next section. 

(2. 3) 

(2.4) 

Next we consider the factorization constraints at the s-channel resonances, 

where the slopes are not necessarily equal. For S- SL and r).~(s~..) := L 

we obtain 

)>'I" 1 L-1 
A (lT'lT-- 11' rr·) - oi' rcl 1r ( <~1 1-<l t "') 

1 (S·St) L o~o 
(2.5a) 

A (T'rr· - k' k") - >'" I L~ ( ) , -- lf oik•(<) + n 
0t (S-Se) r(L) o=o 

(2.5b) 

AU'K--ktk·)-
"'K 1 L·l 

~(S-\) f(L) ~o (ei¢1t)+n) (2,Sc) 

In Eqs. (2.Sa) and (2.Sb), the even and odd spin parents and their daughters 

contribute to the I = 0 and I = 1 amplitudes respectively, Therefore at each 
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integer l(o~J~L) , there is only one particle contributing. 

In Eq. (2.Sc), there are t~'O particles contributing to each value of J., 

the one with I ~ 0 and the other with I = 1, This gives rise to a factor 

-}to the resonance residues in the reaction K+K-- K+K-. "1riting Eqs. (2.5) 

in terms of states with definite angular momenta, we have 

AC1T'rr·- rr•rr·) >.""" .-'-1 (~a'k~J" /(rct+•il' Pcl<,) 
d.' (S·Sc) rCl) ( P f(~l+<) ~ 

+ 0.~ 

2 

r (r(l\) ( ~"},' k.~) L·l P..., (i,) 
rca) . ] 

To obtain the expressions for A(lf-+lT---K+K-) and A(K+K--K-+K-), we make 

the substitution ()..~ rJ.;k:) atr) -(All~ ol.~..,.k_ll'k_K 1 ct,..K) and 

(.,,.,.I c~..¢ u: ! al() . The quantities k,. and kl< are the c.m. momenta 

(2.6) 

of the 1r 11' and KK systems, Zs is the cosine of the c.m. scattering angle, and 

11,. ~ L { -Yz d.r(o)/2 + l o11 ( ""~) J 

L I I/ I _, , o/ ' L( I ' 1 (2. 7) l1vk = \ "/2 -oi.,lo) 2 t ~fc~,) + r•C'•,)- ~ oi,··~)(S,-;~) 

0-K ~ Lt·Y2. -'}<o)/i. + )C"'~)to/.1'('",;-)-~(oi.;-•/)(s,.~.,~)]. 

Factorization at the parent level together with Eq. (2.3} gives 
12 

' ' rJ.f dy, 
2 

= elk. 

Factorization of the first daughter can be achieved in the case of the de-

generate slopes if the following conditions are satisfied, 

m'" 
f 

• "' " 
' .:;:: fl'll(~ ...,• -

K -
2 ' .. Y'<¢ · :;(OlK t "',f 

(2. B) 

(2.9) 
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which imply the nonet mass formula 
, ~ , 

mf -+ "'¢ :; 2 fl'IK~ 

also be rewritten in terms of the trajectory pararr.eters, 

oil { ""~ ) = «.· ( "~) = J¢ ( ~ "':- "'~) 

or 
d_f (D) + df> (o) = <. oiK•(o) 

or 

o(f ( ,~) + "? {"'~ l .;)o(k~ ( "'~) 

, They can 

(2. I 0) 

(2. II a) 

(2. lib) 

The last two expressions are equivalent forms of equal spacing rules, Eq. (2.10) 

gives the mass quantization rules 
6 

if it is set equal to 1/2. It is clear 

from Eq. (2, 7) that factorization of the first or subsequent younger daughters 

is impossible if the slopes are different 
13

. The condition analogous to 

Eq. (2.9) for the ll'lT- TTTT, T[Tf -l>D, and DO -no scatterings leads to 

fll, -Y"'''-
f • 

' ~ == rno* -"ttl 
- r'YI).- ;l'flil 't. fh '2. 
- r n + fT' • 

The last identity is satisfied 

rather poorly, indicating tlwt factorization of the first daughters. cannot 

be n1aintained in general even if the slopes are degenerate, when the chane.ed 

meson channels are included in the consideration. 

III. Trajectories for non-degenera.te slopes 

Our strategy in this section is to consider the two reletiocs derived in tbe 

last section, the factorization of the trajectory slopes and the equal spacing 

rules, as basic properties of the leading meson trajeetories. These t"'o re-

lations are, of course, not on equal footing. Factorization relations (see 

Eq. (3,!)) can be derived from the asymptotic symmetry like Eq. (2.4) and the 
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factori?.ation of parent particles irrespective of the degeneracy or the 

lack of the degeneracy of the slopes. The equal spacing rule, extracted 

from the case of degenerate slopes, is however an assumption. As will be 

seen in the next section, the good predictions which follow indicate the 

validity of this assumption. From the above argument, we can write the 

factorization conditions as, 

' ' 
,, 

ol.f cl ¢ = c( K' 

o/.1 cl' 
f J = d''" D• 

( 3. I) 

o!.' ci' ·~ 
~ J = o(F • 

and the equal spacing rules as, 

"'fl•) '"'y,<o) = l oi,• (o) 

"), ( 0) -to/J(o)= 2 de• (o) 
(3.2) 

o(¢ (o) + J,(•) = :>. Jf•(o) 

~>.'hich we generalized from Eq. (2.lla). The generalization of Eq. {2,llb) is 

J.f(M;l tct¢("'~) ~ .l.ol,.("':) 

elf(»~~) t-oi.J ("'~) = 2ol 0• ("'~) 

cJ.f (><~) + o<.,.("'~) = '"dF'("'~\ 

Eqs. (3,2) and (3.3) are alternative equal spacing rules. They cannot hold 

(3.3) 

siu:ultaneously, otherwise a eoil'l!lon slope will result fo1- all the trajectories. 

\~e do not propose to use the relations like (2, !O), which gives directly ratios 

of slopes. Tbey are inconsistent with Eq. (3.1), unless nonet type of mass 

formulae hold. The second and the third lines of Eq. (3,1) are derived from 
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the following sets of amplitudes, following a similar derivation as 

outlined in Sec. II. 

Ac1r•rr· - 1l n') = >."" Vpn• (s,t) 
(3.4a) 

A(ll' il• - n' i)·) = ~" [ ~' (5',-!) + ~~f (s,t) 

+ VwT(s,<) t V1w(l,t)] 
(3.4b) 

together with Eq. (2. Ia) and A,- AD = :( b v D ) > ' ,nd 

A (K' K'- ii· o·) ~ ;'D { vfF'(s,t) + VwF•(s,+J] (3.5) 

together with Eqs. (2.1c) and (3.4b) and 'A'>.~~ ().<n), . lf we 

further assume asymptotic symmetry for the P residue, \o.'e have A~= Av.D= ~>." 
' 

and ).k: = )'I:D;:: )..KD. 

Eqs. (3.1) and (3.2) give 
14 

' cJ K• 

' cl'j)~ 

I rrlL"t { ---~i .. ___ i ___ ----.;-) 
= elf --{- I+ [1-m, "'1 /m,, 

"'¢ 

I 
= o( 

f 
' "'n• I I • ~ 1- "'; "'; / m ~· 1 ,.,, \_ 
s 

Relations similar to (3.6) can be derived from Eqs. (3. I) and (3.3) with 

m" ' m' rep laced by tn1.- 1'111. 2 ' and ' ,m' 
f n'lK*and f f K 1 "\• - "'• "'; K 

' , < 
'"2 b < 2 in o{!(-t , and "'P VII n* and Wl 'l. - I'Yt L rr,D* - Mb and s y 

f " • ... "'s - . in d~'t . Note that when the nonet mass relations, 

(3.6) 

i.e. 
< 2 

'"f + "'~ 
, 

; ;( MK-*" and 
2 2 < 

Wlf + l'YoJ" ::.,;;; rnD-* , become exact, Eq. (3,6) 
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leads to deger:erate slopes, r:J./::: d.. K"(- "" ' c<'D4 etc. Equations (3.1) 

and (3.3) also give a universal slope if mass relatil'ns like 

" ' < V'l".p "VV; =: V'l')t.:+ 
< L ~ 

V/1" =: Vr'lo+ -1\jn hold IS The nonet mass relations 

are assumed to hold ~'ith the presence of first order symmetry breaking 

effects, suggesting that the non-dE'generate slopes are due to symmetry break­

ing effects higher than the first order 
16 

He shall come back to this point 

again in the next section, T<lking ""t = 0.768, /1'\::+"' 0.894, WI¢= 1.02, 

f"lD* 2.01 and n'l:r= 3.098, all in units of GeV 
17 

\o.'e obtain, 

I 

ct,• I o~; = C.9:J;z_4 d~ ;~; = 0. ~5'4 

' I ' = 0.?01 , I , 
o O.S11 «.1:1'-' I d...f rX J t:X, 

(3. 7) 

, I , 
c(F* ~ :::. a. 10 3 

Equations (3.!) and (3.3) give ratios of slopes about 3% higher than the 

above. This demonstrates the stability of the equal spacing rules. 

IV. Symmetry breaking and decay width 

Consider the elastic scattering of t\VO pseudoscalar mesons, a + b- a+ b, 

which is described by the follmving ampti tude 

A >. VA 8cs,t) + Possible terms with different s-channel poles 

Foe s ~ ri\~ and ~ ( "'~ ) = L 

A= 2:._ __ I_ 3~ (r'_(_Lt_l_ll_ '- ( :! d k" )L p, ( "") 
.x_4 fill rPt~l) B s- ,~ 

.;. ,,_ 
(4. I) 
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Only particles on the leading trajectory are considered, The decay width 

of this particle L to a + b is given in the narro\o.' resonance limit as 

Li r.-. S .... Ill~ 

I 

( J~.co) ~(w,e) A 
" _, 

k 
rl-D.+b ::: fL lb--:;r~t-

(s-M~) 

= ~~ r, (Jt'('/li,J(j,l'] 
A f 

z l+l L 

(ht1) 1 I 

k:ll+l 

m"­
' 

where r, is the isospin factor. We normalize the width in terms of 

The factor in the curly bracket, 

' ' 
( ·~) ( ~) L 

d.A d.f 

o<p'. 

gives rise to a synunetry breaking which can also be seen from the coupling 

constants. For the vector and tensor meson couplings one has, 

, ' ' 
>- (")("E\ h.b = - { _:p_ -1 
~ I ~I d,' 

A f 

" ~ r ( ";)( ~~)' d' ~r•l = t 2 oe o<' 'f 
A f 

(4.2) 

(4.3) 

Eq. (4.3) predicts a large symmetry breaking effect for high spin resonances 

on the P-f -w-A, trajectory decaying into KK or DD, A ready interpretation 

of this synunetry breaking effect can be given in terms of quark diagrams, 

Suppose that the decaying particle Lis made of quarks $1 it-• particle a, '/-, f
1 

and partible b, ~ 3 f2-. We shall call 1,~t- the initial quarks and ~3 ~ 3 the 
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' pair-created quarks. Then d.A is the slope of the trajectory made of the 

initial quarks, ' o1
8 

that made of the pair-created quarks. (See Fig. 1,) 

Thus, ' d.A is the slope of the trajectory on which the decaying particle 

' lies and o(B can only be d' 
f 

of Eq. {4. 3), rJ..} /ciA' gives 

second factor, ( c<B /c;~.f) L 

' ' d.¢ , or cij , Therefore the first factor 

rise, in general, to an cnhanceu:ent and the 

, to a suppression. The latter can be under-

stood intuitively ol.s follows. The cre.:ttion of a pair of heavy quarks from 

the vacuum is less probable than that of a pair of light quarks. This type 

of argument has been used in the literature in the discussion of couplings 

of oD {and oD ) to the ordinary vector mesons and to l"/o/ and 4' 1 
, The pre­

sence of the first factor 1/<>-; is expected from the general formula of the 

width of a resonance on a Regge trajectory 
18 

In order to determine all the trajectories and the widths given in Eq. (4.2), 

we use d.; and the decay width r,o-- ;{;IT as inputs. the latter involves the 

least error of all the vector meson decay 1ddths and the former has been 

repeatedly determined in the space~1ike n'gion. We shall use. 
I ~ 2 

,jp ::::: 0. 88 GeV 

\o.•hich comes from the following information: {a) The p- f ·~ w~ .4~ trajectory 

goes through hC2.04) 
19 

for c!;(Yil;;) 4. (b) A recent fit of the 1fN 

charge exchange reaction 
20 

gives 
II -2 

d.,(o) 0,48 which leads to o./' "' 0.88 GeV 

when it is extrapolate to the tirr.e-likc region and required to pass through 

the P . 

Let us restrict ourselves in the following discussion to the equal spacing 

rule F:q, (3.2), In Table 1, we list the resulting slope par<lmeters and the 

predicted n:ass va1ues together with the experimental masses if they exist. 



- 14 -

Input masses are under lined. The values of the slopes are close to those 

used by Igi 
4

. We note th~ follo~<.•ings: (a) The resonance at J == 3 on the 

K*-K...-* trajectory with the predicted mass 1.805 GeV, can be identified 

with k ( 21 . 
N 1.8) (b) The pred1cted mass 3.677 on the d:r v,rith d.:r = 3 

agrees well with that of !f' 1(3.684), which can be identified as the second 

daughter of J"/tp. (c) The F* mass is predicted to be 2.14 GeV \vhich is 

higher than the prediction of 2.06 GeV in the charmonium model 
22

. V..'e 

observe, however, that the prediction of the charmoniur.l model of the masses 

of D, D * and Ac.(2.25) are in general lower by 20~30 NeV compared with 

the experimental values 
1 

(d) The mass quantization rules, v<hich are not part 

of our inputs, are satisfied reasonably well for the kno\-.'ll pseudoscalar mesons. 

Using the p , K+, D.,., F + and J'/-p trajectories in o(v ( 111:) = '/2 where Pllr 

is the corresponding pseudoscalar masses, we obtain the first threE- rcla-

tions Crom the Adler-PCAC consistency condition but the last two cannot 

be derived this way. Solving these relations,we obtain tr\"Tr= 0.147, 11iK= 0.43, 

"'n I. 82, rrl = 1.94 and Wl = 2.94, all in units in GeV. 
F ~' 

The various decay widths into two pseudoscalars are also given in Table I. 

Except for the f-2Trwidth which is used as an input to fix ).v, all the 

other widths listed are predictions. Experimental values of masses are used 

in the calculation if available. \\fe also give the isospin factor ~L (see 

Eq. (4.2)) and the experimental widths. For the D>r, the width listed is 

for 1l
40 -"D 0

lT 0 which is barely above the threshold and has been 

observed 
23 

To indicate the symmetry breaking effects, we also list the 

widths in terms of the slopes. All the predicted widths suffer an error of 

the order of 4 %, mainly due to the ambiguity of the value of rJ.~ and the 
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assun'ption of the exact exchange degeneracy. 

To conclude this section, a remark on "D""
0

- D0
1f0 is in order. It is 

very close to the threshold; therefore, the calculated \-.·idth, strongly 

suppressed by the limited phase space, is sensiti\'e to the mass values * the 
of D 0 and D

0 used. (\,'e usedAvalues given in Ref. 22.) Although the 

predicted width is of the order of keV 
23 

the predicted coupling constant ,,_ 
for V 1)~ ?r is larger than the SU(4) symmetry value by the factor 

' ' '/~ (cJ.p/dc•J 

V. Conclusions 

We emphasized that relations, such as the nonet mass formula, the equal 

spacing rule and the quantization rule, are related to the factorization 

requirement at the first daughter level in the case of the universal slope. 

Then we proposed that the factorization reL1tion and equal spacing rule, 

~-.•hich relate the parameters of different trajectories, hold even when the 

trajectory slopes are different and thereby 1vc determined the parameters 

of all the leading meson trajectories in terms of the slope of the p trajectory. 

The predicted decay widths of vector mesons, tensor mesons etc. into two 

pseudoscalars agree well with the data whenever a comparison can be made. 

The non-degenerate slopes improve the prediction of the corresponding 

degenerate slopes. This can be seen in e. g., rl<+( 9?Jo)---- KIT which is 

independent of the absolute value of r:J.; . The predicted partial width 

agrees with the data within the experimental error, while the degenerate 

slopes, giving rise to exact SU(3) (sU(4)) symmetric couplings, predict a 
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value which is three standard deviations too small in comparison with 

the data. Another interesting case is -!)'fro- "b 0 
1[

0 in which the 

predicted width is larger than the SU(4) symmetric value by 30 %, Note 

that the n•i)1J' coupling constant is dimensionless; therefore, it is not 

clear how to introduce a mass scale into the effective Lagrangian which 

can account for symmetry breaking effects. In the present approach the 

scales are provided by the slope parameters. An accurate measurement of 

this and the K i'( 1420) - K lT and f -KK widths could serve as additional 

tests of the present scheme. Strong suppression will occur in the KK 

and DD mode of high spin particles lying on the f- f- w- A.t trajectory, 

' L 
and ( d. 0* /"),') 

' L 
( elK• I«;) , An experimental due to the factors 

check of these factors is possible for the former but remote for the latter. 

There are other schemes beside ours, which discuss nondegenerate slopes. 

One of them, proposed by Close et al, 24 assumes the following relation 

, 
between the slope <XV , of a leading trajectory and the lowest vector meson 

mass on it, rn ; cJ 1 = .l. »1-1 
v v 4 v 

These slope parameters do not satisfy 

the factorization condition (3.1). Another scheme, proposed by Finkelstein 

and Tuan 
4 in which 

, , 
d.p =:::. d, o"* , etc. are assumed, leads to degenerate 

slopes when the factorization of the resonance residues is assumed. 

As a concluding remark, beyond the present phenomenological level, a more 

precise formulation of the dual resonance model with non-degenerate slopes 

is necessary. In this formulation, it is necessary to define, among other 

things, the energy range outside of which the slopes become universal. 

This range was left unspecified in the present phenomenological treatment. 
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Figure Caption 

Fig. I, Quark diagram interpretation of the symmetry breaking 

effect of Eq. (4.3), 

Table Caption 

Table I, Predicted mass spectra and partial widths into two pseudoscalar 

mesons. 

(i) The underlined vector meson masses, cl' 
f 

-2 
0. 88 GeV , and 

the p _. 'J7T width are input. 

(ii) The decay, ]}:j
0

- D 0 TT is very close to the threshold; 

therefore, the calculated width is extremely sensitive to the masses 

of 1J'fl 0 
and D

0 
used. See Ref. 22. 

(iii) Rab::O d.~/cA'b 
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Table I 

i (GeV- 2) 
mass (GeV) partial width (He\') 

h theor. exp. thE'or. exp. 

lflf mode 

p I a. 88 I 768 152:3 

//q3 f 2+ " ' 145.8:18 2 1314 1271 17 7 ,j.l' 155. 8 

3 3 " I 1690 1690 '' 50.6 43.4: 9 q, 65.3~, 

~ 4+ " 2 2000 h(2040) 103 d.f 3 70,2 seen 

KK mode q2 I 

+ 2+ ' ' 4.68:!:\,62 
I 

0.88 I 1314 1271 4. 76 ~;p"f 3.06 a' 
A, 2+ " " 1310 . ' 4. 16 4.79:!:0.15 A "'q3 1314 6.49~-p~ 
w 3 " " 1690 1675 4 P3 

/2, 3.6 7. 6 ;p "t 
~ 3 " " 1690 1690 806i(3 ot':t 3.9 small · N f 
~ 4+ " " 2000 h(2040) 69.1 R;pct? 25, I seen 

Fig.l 
¢ I a. 752 2 1020 3.o7 Rpo 3.6 

+ 
3.20-0.34 

+' 2+ " " 1539 1516 4 I. 8 "Rpf ot; 43.3 40::10 

¢ 3 " " '"1923 57.7~p~~;· 41.1 

Klf mode 

K" I 0.813 3/2 0.894 44. 1 l<n* 4 7. 7 49.4:!:1 ,8 

K'' 2+ " " 1425 1421 5o.1 Rpt::'*J.f 48.5 60.6:!:8.4 
K'l:illl< 3 " " 1805 K { 1800) 44.4 'RI'"-1' 1.~ 33.9 

N 

DlT mode 

o• I 0.67 3/2 2.01 5. 86 'RpD_. 7,69 keV seen 

D •• 2+ " " 2. 352 2.58f<_f'D-t-4 2.98 
D-fo-1\;it 

3 " " 2.65 3.65 Rf~~<f,' 3. 71 

DK mode 

F* I 0.619 2 2. 14 probably below threshold 

F'* 2+ " " 2.49 0. 89 P.fF•"f 1.1 
p*** 3 " " 2.80 4. 12RtF""~l. 4.5 

DD mode 

:T/i' I 0.519 2 3.10 below threshold .,. 2+ " " 3.49 
-3 " " 3.68 


