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ABSTRACT. -

A model describing the radiative P—» ¢y, V>=PVy, P> PPY?
and the strong V-»PPP decays is proposed. The amplitudes for proces
ses with a three-particle final state are approximated by Finite Disper
sion Relation and the coupling constantsare related by the Quark Model,
Predictions derived from usual VMD are only in qualitative agreement
with experiments, Better agreement is achieved by extending VMDD with
the inclusion of further vector-mesons,

1. - INTRODUCTION, -

The introduction of Vector Meson Dominance (VMD) in the analy
sis of the radiative decays of mesons dates from 1962 and is due to Gell-
-Mann, Sharp and Wagner(l). When combined with unitary symmetry
arguments, VMD has shown to be a particulary predictive model indu-
cing several authors(2-6) o perform more extensive studies on the sub
ject. However, in order to get a quantitative agreement with actual expe
rimental results, some improvements must be added to the original sche
me, The main tendency has consisted in considering SU(3) breaking
effects, This amounts to a simple inclusion of w-® and 7- 7' mixing 3,4)
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to the use of chiral symmetr‘ies(m and the most general form of octet-
-broken SU(B)(G). As a consequence the number of arbitrary parameters
of the model is considerably increased and its predictive power is
therefore reduced.

In the present paper a model following a rather opposite approach
is proposed. The main hypothesis consists in an extension of VMD un-
der the assumption that further vector mesons exist (EVMD). Further-
more the amplitudes for decays into a three-particles final state are
evaluated using finite dispersion relations (FDR) implemented by dua-
lity and finite-energy sum rules (FESR), as suggested by Aviv and Nus
sinov(7), instead of a simple pole dominance approximation. The re-
strictive predictions of the quark model are then invoked to relate the
different coupling constants. In this way all the processes under con-
sideration can be described in terms of only two unknown parameters,
Good agreement between theory and experiment is achieved,

2.~ DECAY AMPLITUDES AND FDR. -

We restrict ourselves to consider the radiative decays of pseu-
doscalar (P) . and vector (V) mesons

(1a) V> PY
(1b) p—>7r7?
(1c) P> PPy

and the strong interaction decays

(1d) V- PPP

The decays (la,b), with only two stable particles in the final
state, are described by the matrix element

10 Y .6
(2) Gsa‘p)’é kl elﬂkz &g

where G is the coupling constant, k; o are the four-momenta of the
spin-one particles and &4 o their polarizations. The decay widths are
then given by the well known expressions
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(3b) r'ep—vyy)= GP')'}' i

quoted here for completeness,

In the remaining cases (lc, d), with a three-particle final state,
the matrix element may be written as

a

(4) T(v,1)=A(9,1) 8 qgy4 s%af o p?

where 4% = s-u, s= (p—ql)z, t= (q1+q2)z, q1 9 are the four-momenta

of the pseudoscalar mesons in the final state and p that of the decaying
particle, The pole model of Gell-Mann et al.(l) approximates A(w»,t)

by the contribution of the poles of the intermediate vector mesons. Such

a procedure however is rather crude and, as shown by several authorsw»m,
some of the failures of the model can be attributed to this fact. Alterna-
tively, we shall use the FDR approach which has been prooved to be

a useful tool to get a more reliable approximation for A(w»,t).

Essentially, FDR allows to decompose the amplitude A(wv,t) in
two main contributions. The first one comes, as in the case of the pole
model, from the nearby s-and u-channel singularities, for values of
¥ £ N, where N is the cut-off parameter, The second contribution accounts
for the remaining resonant states and is dominated by the leading Regge
trajectory exchanged in the t-channel provided N has been choosen suffi
ciently large. In the spirit of duality, these two contributions are not
independent and may be related by means of FESR. Moreover, in cases
of actual interest both sides of the FESR are fairly well known and from
the verification of the sum rule we estimate the most adequate value
for N and at the same time the degree of reliability of our calculations,

+
Y@ ~m ©. The @ poles dominate

= 1
Q(t) 0.50+ g't,

We congider first the decay w-» &
the s and u-channels whereas the ¢ -trajectory, a=a
with @'=0,9GeV~2, is exchanged in the t-channel.

Parametrizing the amplitude for high y and fixed t as

~{imwa a-1

F -
wa! 1l-e (2a'w)

“Eounlomn I'Ne) sinma

(5) A(v,t)

and using FDR techniques we obtain the following expression of the am-
plitude in the Dalitz region:

i a-1
(6) Alv.t)=g 1 1 1 (2a'N) }
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The only difference between eq. (6) and the simple pole model is the
factor (2a'N)a'1/F(a) affecting the last term.,

We also derive by standard techniques the first-moment FESR

-1
(7) Zm2 2 3 m2 +t= 4a Nz(z a'N)a
0 "My ~3mg = R e

2
The two sides of eq. (7) are plotted in Fig. 1 for N=0.64GeV +1/4 t.

FIG. 1 - Saturation of
the sum rule, eq. (7)
for the w ~3mw ampli-
tude, Full line repre-
sents the resonance si
o de and dashed line the
1 tleev?) 2 Regge side. Ordinates
are in arbitrary units,

-

With this choice the agreement is particularly good for physical values
of t and remains reasonable for a larger range of t values outside the
Dalitz region. Notice that the cut-off N has been chosen between, but
not exactly midway, the last included resonance and the first left out,
the g-meson in this case, Equation (6) leads by numerical integration to

2
2 Eomm 3 3

+ -0y .
(8a) rfo=m 7" 7°%=g40n i (10.5x10" MeV").
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The present result agrees rather well, as could be expected, with that
obtained by Goldberg and Srivastava(®) within the framework of the Vene-
ziano model and is roughly 20% smaller than the simple pole model re
sult(1:4). A similar calculation for the @-»a w ~a° decay gives

2
g
+ - O\ = 2 __an . 4 3
(8b) PNe-a"n 7wO) ng}JE an (38x10" MeV").

Eq. (8b) essentially coincides with the pole: model expression(4) due to
the fact that the two final pions are roughly on the @ mass.

Let us now turn to the 'q-»ﬂ+ﬂf'7 transition. The @-trajectory

o is again assumed to dominate the t-channel exchange while the Ay
poles describe the low energy s-and u-channels contribution, We obtain:

2
2g gA. T m
_CAMA SATY , w2 2
A(wy,t)= o 2t+s-3 - . (mn—mn) +
(9) A2
280, Bony (2q'w) %71
+
(se>u)+ 2 I(a)
-Im
0
where
2 =s+’c+u=m%+2miF
The first-moment FESR is written as
2 a-1
" m ] 2 ]
2 2 S® 2 2 }_ 4a' N2a'N)
(10) (t,+2mA2~Z){2t+mA2~Z— 5 (my -mg) [ =K T'(2) a+l
]:Tl‘lﬁ&2

where Kzg and the coupling constants have been

ennBony /8a,nn Bpymy
defined as in reference (10). From the experimental data(ll) A —> )2
¥ 15,3 MeV, F(Az ~» 00w Y 32,5 MeV and I'(@ =» waw )= 140 MeV we ob-

tain g nw ™ 2.8 GeV'l, gy o ® 7.7 GeV'2 and g, . *5.9. Introducing

in eq, (8a) the experimental result(11) I'w - a*tw-a0°)=10.2MeV and using
SU(3) arguments, as described in the next Section, we also obtain gomo =
=17.GeV~l, These results and usual VMD lead to the relations

(11) = (4,6+0.9) GeV2

K= Conm8ono /gAzmv g.Aan
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where the quoted error represent a reasonable estimate of the uncer-
tainties on the above experimental data(¥), Notice that the numerical
value of eq. (11) agrees with that reported in reference (10), The two
sides of the FESRU0) are then plotted in Fig. 2. with a cut-off N =0,90
GeV2 + 1/4 t. Again this choice implies the ;qexact verification of eq, (10)
for the physical values of the two pion invariant mass, t20.16 GeV2,
and a reasonable agreement for a larger t fegion. From equation (9) we
finally deduce

g g
o= g%)g y ——g—immn“ (53 '_F_Q)MGVJ °

(12a) P(n'-*fav“y)

I}
¥

I t(Gev?d

FIG. 2 - Saturation of the sum rule, eq, (10), for the
N — gt g -y amplitude, as in Fig. 1,

(%) - In deriving the first equality of eq. (11) we have assumed that mo-
difications of VMD, as described in next Section, have negligible
effects on the ratio K.
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This result is again in good agreement with the Veneziano model evalua
tion(9) and represents a considerable correction, of about a factor of 3,_
to the pole model result(1,4), In Fig. 3, we show the photon-energy spec
trum computed by FDR technique and by the pole model, as compared
with the experimental datall2), The agreement is good in both cases,

We. also have

2,
“ g
L oy = g2 _enw 5 3
(12b) I'in = ata"y) Py (1.6x10°MeV3)

dN/dK, (arbitrary units)

50 100 150 200 K,(MeV)

FIG. 3 - Photon energy distribution in the % — A
decay as predicted by VMD (dashed line) and by FDR
techniques (full line).

which has been derived in the same way or, more simply, calculating
I (n'=» 0°7) through the matrix element (2). This simplification is due
to the fact that the invariant mass of the two pions is now essentially
equal to m2 and the corrections therefore to the simple pole model are

negligible,

3. - EXTENDED VMD AND QUARK MODEL, -

The coupling constants appearing in the decay rates discussed
in the preceding Section can be easily related by means of VMD as down
in references (3-6).

If is however well known that simple VMD can fail when applied



(3)

to relate different processes ', The most striking failure is the rela-
tion between total Yp cross section and vector meson photo—productiorl(13),
The value gzg /47 =1.4+0.2 obtained in this way is indeed in sharp disa
greement with the colliding beams result(14) f2,/47=2.54+0.23. An
obvious possible reason for discrepancies is the existence of additional
hadronic vector states, as suggested by many theoretical models, which
couple to the photon. The rather large cross sections for ete~ annihila -
tion into hadrons measured at Frascati{l15) seem to confirm this hypothe
sis. The channel ete ™ »ata-mtn -, in particular, presents a bump
structure(16) at energies 2E = Vs = 1,6 GeV which could be interpretated
as a o'-meson(17),

Motivated by these reasons we analyze in what follows the pre-
dictions of the VMD model extended by the inclusion of these higher sta-
tes, We shall also assume, as suggested by the quark model, that the
new vector mesons V' are classified according to SU(3) nonets, similar
ly to the known vector states V. In what follows we'll make use of
only one additive nonet of vector mesons, which will account in the ave-
rage for all the set, presumably infinite, of higher states.

Defining the V, V'-photon couplings as
__ 2 N 2 ,
Eyys E'mV/fV" Ey'y = emv,/fV

and the strong vertices VVP and VV'P through

gageana » h=gy, ong f=2gpen ,
'2 "= '=
E=8ogn, ' NTEq 'y T=8g 09 -

we can express, as down in ref, (18), the different coupling constants
for the decays (1) in terms of these eight parameters,

We prefer however to reduce the number of these unknown quan-
titatives taking into account the well known quark model predictions

(13) h=f=V2 g and h=f=V2¢g

In this way all the processes under consideration depend exclusively on
two independent parameters which, for convenience, are choosen to be

(x) - For a detailed discussion on the subject see for instance ref. (13).



g mnand Az gQ,w”f /ggam f o1 Introducing the w-¢ and 7 - '17' mixing
angles 6y and 6p, through the corrections

® =-cosB ,w, tsin0_ @ M =cosbpyn

v % vy -senfp 7y

(14) 8

® = gij + ' = gj +
s1n0vm8 cos@vml,, Y] smOPnB cosQP'r)

and the ''ideal" mixing angle 0, =arctgl/ Y2'=35.3° we: obtain

ogn B0V 0 Eopn
(15a) g =tg(0y-0.)g  —— (1+4)
(P“O’Y V "o’ pwrip
2
2e — fw
g o =8 Y, {1-tg(9v—90)—-——}(1+21)
L% p
and with the simplifying approximation 6y =0
= (1+ A
oty Tpow fp ’
1
g == 1+ 4)
pmy 3 Tpenip
g =—vl-_=~ g (cos QP— }[-z.singp) E—i(ﬁ—}.)
)
(15b) /g 1 pww p
e
= 9 - (1+
- 3V§gpw (cos \’smO fp (1+4)
2 - e
=2 (V2coso_+sino ) 1+ 2
€ony 3 V3 €)oo P P 1, (1+4)
2 — e?
=t cos8_-2Y2sin0_) —— (1+2 4),
Envy “5v5 Spwn ©050p2Y nop) 5 (142 4)

P

The coupling constants for the processes involving the 5'-meson can

be deduced from those of the 9 by simply changing @pinto 8p+ /2.
Let us finally note that in deriving the gp vy coupling constants

we have neglected contributions coming from the transitions P = V4V~
-» v+ 4 , retaining only first order terms in the correction to the VMD
model,
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4, - DISCUSSION AND RESULTS., -

Before proceeding to compare results of the present model with
the available experimental information the numerical values of the quanti
ties fv, gpmm QV and 0 p are needed, Acczording to the new data on ete-
colliding beams from Orsay(14) we use £ [4m=2.54+0.23, f%o/llw =
=19.24+2.0 and fz(p/41r=11.0> +0.9 and, taking also into account the most
recent results listed in ref, (11), I'(@ — wr) =(140+10) MeV, m = 776 MeV
which imply g2 /4w =2.66+0.19,

prw

The question arises now of the choice of the mixing angles, accor
ding to a linear or quadratic Gell-Mann-Okubo mass formula, In the frame
work -of the quark model however we have some arguments favoring the
linear one. In fact, Butler et al.(19) have measured the production ra-
tios @/w and %/ 7' in the reaction 7'p-> ATT+Boson and have analyzed
their results in light of the quark model predictions of Alexander et. a1(20),
They obtain 0$¥P=37,5%%1.3 and 9€XP=-29.0%+3.3° in agreement with
the linear mass formula predictions

=9 o) - o
(18) 0, =37.7°, 0p=-23.4

Furthermore, from an analys:’ts(21) of the data on the process Tl'+p -
-> At 9(5") one obtains the ratio

g2
N Az'ﬂ'"?
r= 20— =0.38+0.07

gAz'rr'f)

which agrees with the result I‘=tg2(9, --Q‘-0)=0,37 derived from simple
quark model arguments and eq. (16).

With all this in mind we turn now to a determination of the free
parameters g T and A and a comparison of our predictions with experi-
ments, The decay widths and the branching ratios for processes with
a clear experimental situation are shown in Table 1. The experimental
data are taken from ref, (11) except the values of Rq; and R_, which
can be deduced from the recent results quoted in references (14) and(22).
Using equations (3), (8), (12) and (15) and the least squares method to fit
these experimental data we obtain

9 -
=(370+32)GeV
g, pn = (370432)Ge

2

(17)
A =-0.16+0,03,

the corresponding 72 being 3.1 for 6 degrees of freedom. The predictions
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TABLE 1
Process Expzr;tr;lental EVMD VMD
Mo - 7 7~ 7% (MeV) 10.2 +0.9 10,4 +1.2 6.5 +0,7
_ @ - mOy
Re= " S3, (%) 10.4 +1.4 | 10.6 +1.4 15 +2
I'(®—=>n* o w0) (MeV) 0.73+0.22 | 0.73+0.08 | 0.45+0.05
(0]
ngiw (%) 1.37+0.65| 0.65+0.09 | 0.92+0.11
9—>3n = = =
I'(wC— vy ) (eV) 7.8 +1.0 8.2 +1.6 | 11.1 +1.7
I'(g — yy) (eV) 990 +220 730 +150 980 +150
R, =12 m Yy (%) 12,2 +0.6 | 10.5 +2.2 6.9 +1.4
n 7’ N ,.Y’Y 0 ‘e e ® o e ® i
_ N = v
Rp® >an (%) 1.8 +0.5 | 1,53+0.20 | 2.34+0.27

of%odel for these values are then reported in the third column of Ta-
ble 1,

A similar analysis has also been performed with A=0, i.e., wi
thin the restricted VMD model. We obtain
-2
gzk =(230+20) GeV
W -
and the results quoted in the last column of Table 1, The Zz has

increased to 36,8 for 7 degrees of freedom.

Similar results concerning radiative decays with a less definite
experimental situation are shown in Table 2, The experimental data are
taken again from reference (11) except the quoted values for the @-»7Y
decay width deduced from references (14, 23).
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TABLE 2

Process i};girmi.iie;;al EVMD VMD
r'n'— yy) < 72 4.3 + 0.9 5.7+ 0.9
F(n'— ot o vy) <1200 83 +13 ” 73 +11
rm'— oy) -— 9.2 + 1.3 7.9+ 1.0
I'e = m) < 625 130  +18 116 +15
Ir'ie = nv) -- - 98  +14 83 +10
I'(o->ny) < 180 11,5 + 1.6 9.8+ 1.2
' —=>1v) 23;%28 110  +16 91 +12

All rates are expressed in KeV.

5. - CONCLUSIONS. -

We have analyzed the radiative and strong decays (1) of pseudo-
scalar and vector mesons. Decay amplitudes with three particles final
state have been described by means of finite dispersion relations, whose
reliability has been tested through a FESR. This implies an important
modification to the pole model result for the 4 = 7 w-v decay and a
non-negligible one for w->wt m- 79, The coupling constants are then
related by the simple quark model. This allows a description of all pro
cesses in terms of a reduced number of unknown parameters: only one,
if we restrict ourselves to the known VMD with p, ® and ¢ mesons, or
two, if further vector mesons are assumed to exist,

In the first case only a semi-quantitative agreement between theo
ry and experiments is achieved,

The extension of the simple VMD model, by the inclusion of fur-
ther vector mesons, leads on the contrary to a significant improvement
in the agreement between theory and experiments, This extension is also
favoured by recent experimental indications on the existence of new vec-
tor mesons(lﬁ). The implications of our model in the ete~ annihilation
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into hadrons, as well as in proton Compton scattering and vector meson
photoproduction have been previously discussed(17),
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