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Abstract

The contribution of intermediate vector mesons to the decays V® — P°P% is calcu-
lated and compared with previous estimates and approximate evaluations. For some
decays, like ¢or w — 7°7%y our results update the existing numbers. For the decays
¢ — K°K%y and ¢, w — 7%, we find values different from the ones in the literature
and discuss the origin of the discrepancy. Discrepancies with approximate evaluations
from product of branching ratios of vector meson decay chains are also discussed in
detail. In an attempt to extend Chiral Perturbation Theory to this radiative decays
the contributions of (chiral) loops are calculated and found to be important. Relation
to the VMD contributions and global results are presented.
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1 Introduction

With a high-luminosity, low-energy e*e”-machine like Dagne, rare decays of vector
mesons with branching ratios even smaller than 107° can be studied: More precisely,
the Frascati ®-Factory is expected to provide ~ 10'°¢-decays per year thus allowing
for analyses of final states such as w°r%y, 7#°yy and, in principle, K°K°y. Their
dynamics includes aspects of low-energy hadron physics and, particularly, the effects
of well-known vector mesons and of largely unknown scalar mesons. Among the
latter, one has the fy(975) and ao(980) mesons, whose rather controversial nature
could be hopefully clarified [1]. Indeed, their effects will probably manifest themselves
in radiative ¢-decays, superimposed to the well understood contributions of vector
mesons. The first purpose of this contribution is to provide a rather exhaustive
analysis of these contributions. Previous studies [2, 3, 4, 5] are based on old data and
turn out to be rather incomplete or not free of contradictions.

Radiative decays of low-mass vector-mesons into a single photon and a pair of
neutral pseudoscalars have not been detected up-to-now. Only upper limits for three
branching ratios of this type of processes have been stablished (see PDG [6],[7]),
namely, BR(w — 7n%7%y) < 4 x 107, BR(¢ — 7°7%y) < 107 and BR(¢ — 7%7) <
2.5 x 1073, This contrasts with the situation concerning similar radiative decays
involving a charged pseudoscalar pair or only one neutral pseudoscalar in the final
state. In the first case (particularly, in the observed p° — w7 =4 process) one has
to deal with a bremsstrahlung photon, thus obtaining much larger branching ratios
but reducing the physical interest of such an emission. In the second one, whose best
example is the long-ago detected w — 7%y decay, the two-particle phase-space enlarges
the rate and the absence of charged particles makes the dynamics more interesting.
Indeed, many succesful theoretical ideas such as Vector-Meson-Dominance (VMD),
quark model, (anomalous) effective lagrangians, etc. have been originated or tested
in this kind of V' — P~ transitions, where V and P stand for vector and pseudoscalar
mesons, respectively.

In the following section, we start by presenting the amplitude for the general
process V® —-P°P% within the framework of Vector Meson Dominance (VMD). In
section 3, the relative decay widths and branching ratios are obtained numerically and
compared with previous studies and approximate evaluations from known branching
ratios of vector meson decay chains. Eventual discrepancies are discussed in detail
for the specific case ¢ — w%77 in section 4.

In section 5, an attempt to extend Chiral Perturbation Theory (xPT) to radiative
vector-meson decays into two neutral pseudoscalars, V° — P°P%y, is presented. This
constitutes the second purpose of this contribution. The effects of (chiral) loops
are found to be important in some cases. Unambiguous predictions are given for
¢ — w°n%, 7°97, p — w°7% and other processes of interest. The relation of yPT
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Figure 1: Feynman diagrams for the process V° — P°P°y from Vector Meson con-
tributions

amplitudes to the VMD ones is discussed in terms of the (VM-)resonance saturation
of counterterms in the chiral lagrangian. Global results are presented in section 6.

2 Lagrangians and Amplitudes in VMD Approach

In conventional VMD models, the amplitude for the process V° — P°P% is ob-
tained by calculating the Feynman diagrams shown in Fig.1. All the couplings of
our amplitudes can be deduced from the two well-known lagrangians obeying the
SU(3)-symmetry dictates

L(Vy) = ~2egf?A¥ tr(QV,)
G (1)

L(VVP) = 72-6““*5 tr(8,V,,0.Vs P)

where A* is the photon field, Q is the quark charge matrix,

2/3 | |
Q= ( ~1/3 ) (2)
-1/3



V stands for the vector meson nonet, i.e.

L. ¥ K=t
V2 * V2 P
V = - PO w 0 (3)
-4+ = Kk
g V2 V2
K K+° é

and G = 3v/2¢%/(47%f) is the p’wn® coupling constant. The latter played an essential
role in conventional VMD results, together with the Vv coupling constant, fi. Both
of them have been written in terms of g and f, = f to make contact with modern
Chiral and effective lagrangian schemes. From the first eq.(1) one immediately obtains
the Vy-couplings

fo=ful3=—-V2fs[3 =29 =59 (4)

in good agreement with the data [6]. With this value of g = 4.2 and the pion decay
constant f = 132 MeV, eqs.(1) satisfactorily describe the set of data for V — P~.
For instance, one predicts I'(w — 7%¢)=0.76 MeV quite close to the experimental
value [6] of 0.72+0.05 MeV. Similarly, one can adjust the experimental result [6]
I'(¢ — n°y)=5.840.6 KeV, assuming that the small contamination of non-strange
quarks in the ¢ meson is given by

e = —0.059 £ 0.004, (5)

where the sign comes from observed w — ¢ interference effects in ete™ — wt7~=° [6].
From this reaction one has also measured [6]

(¢ - 7tr 7% =T(¢ — pr) x BR(p — wr) = 0.57 £ 0.05 MeV (6)

with p-dominance in the 77 invariant mass. These results are in good agreement with
our values for G, g and ¢. Indeed, a calculation[8] of the p-dominated decay chain
¢ —ptr~ +p nt + p°n° — tr 70 leads to

I(¢ — ntr 7% = 0.65 MeV (7)

By contrast, ;simple estimate in the narrow p-width approximation leads to

D($ — o°7%) = €GP /12m (3)
Assuming isospin invariance and neglecting interference effects (which is justified
only in the narrow width approximation), one obtains the less satisfactory value

I['(¢ — pr) = 3 (¢ — p°n°) ~ 0.36 MeV, showing that interference and off-mass-
shell effects are important in these ¢-decays. In particular, we notice that

W =

(¢ — p'n°) =

[F(q& — 7r+7r—7r0) — inter ference terms] (9)



where a comparison with the numbers above, shows that the interference terms is ~
50 % of the first term.

The combined use of both lagrangians (1) leads to the correct values for the axial-
anomaly, i.e., [(1 — 47)=7.6 eV (experiment {6] requires 7.7+0.6 eV), and for the
SU(3) rotated processes n,7" — v [9] . In the last cases one needs to implement the
quark content of the 7 and 7’ mesons, namely,

7~ 71—§(uﬁ+dcz——s.§)

7'~ %(uﬁ +dd) + \/gsg

All these results confirm the correctness of the lagrangians (1). Essentially, these have
been a part of the traditional successes of VMD combined with simple quark model
arguments. From a more modern point of view, eqs(1) are the main ingredients of the
anomalous part of Chiral lagrangians [10, 11] incorporating vector mesons as gauge
fields of a "hidden” symmetry [12, 13, 14] (see sect.5). In any case, the lagrangians
(1) and the quoted values for their coupling constants can be (and have been) used
to predict the intermediate vector-meson contributions to V® — P°P%y to which we
now turn.

(10)

From the kinematical point of view these processes involve the two following am-
plitudes
{a}=(c ) (g q) = (- q) (e-q")

By =—(c-) (@ P) (@ P)= (- P) (c:P) (¢"-9) ()
(e a) (- P) (¢ P)+(e-q) (- P) (a- P)

where €(e*) are the polarizations of the final photon (initial vector meson), and ¢
(¢* = g+ p+p') are the corresponding four-momenta; P = p+q, P’ = p’ 4 q are those
for the virtual (intermediate) vector mesons (V and V’) of the direct and crossed
terms (see Fig.1). The total amplitude is then found to be

0 0 po 0 popo_y Goe P*{a} + {b(P)} P?{a} + {b(P)}

A(V® - P°P°y)=C(V"P°P 7)9\/5 {M& ~ PT—iMyTy + M, _ P72 —inlI‘v:}

(12)
where VO is the decaying vector meson. The intermediate ones, V and V', can be
either the w or the p-mesons, with V = V' in 7%7% and V # V' in gn%y-decays; for
¢ — K°K°y one obviously has V = K*° and V' = K*°. The coefficient C is the
same for both terms (using SU(3)-symmetric couplings) and changes from process to
process according to well-known quark-model or nonet-symmetry rules:

L = O(Pn°n%) = 3C(wn®n%) = 3—%50(;)%%7) . \/gcwm) ~ — 5 C(4K°K™)

(13)



and

3
e = 3C(¢n°n%) = \/;C(@romr) (14)
for the ¢-decays where the Zweig-rule is operative.
From the above amplitudes, the partial widths are obtained performing a numer-

ical integration of

I(V — PP'y) = (%) m [aB, [aEp S 1AW — PP (15)

pol

In eq.(15) the factor (1/2) has to be included only in 7°#° decays and the limits of
the integration over the photon energy E. are 0 and [M{ — (mp + mp/)?]/(2My) ,
while those for the pseudoscalar energies Ep are given by

mb — m3, 2(m% + m%) m%, — m? 7]
My — E\) |1 P L +E A1 - P P P b
[( v 7) ( + M2 — 2MVE7) "\J M? - 2MyE, + M2 — 2My E,

DN |

Before presenting the numerical results for the various vector meson decays of
interest, we shall discuss here the particular case of  — 7°7y and the connection of
our calculation with the narrow width approximation results.

3 ¢ — 7'y Decay Amplitude

It is our purpose, in what follows, to clarify the connection between the full numerical
evaluation of eq.(15) and the approximate one which can be obtained from a product
of branching ratios in the decay chain V — V'P° — P°yP°, The full amplitude for
this process is given by eqs.(11) and (12) with V = p, and V' = w. In this section and
in order to simplify the argument,we shall neglect the w-meson contribution to this
decay. This is justified, since the complete calculation ( whose results are reported in

the next section) shows that the w-meson contribution is negligible, relative to the p
term.

With the above simplifying assumptions, eqs.(12), (14) give

2 2 2
00 0 . eG%e 1 Tpo[P?{a} + {b(P)}]
]_"(¢ = Tp o7 1]’7) = (\/-?;g) 19271'3M¢ /dE,r/dE‘Y (P2 _ M3)2 + Mpz]_"g

(16)




where P? = M + m? — 2My,E,. After an analytical integration over E, we obtain

GZe\’ 1 1
V3g) 19273M3 48

/(m—mm dP? (P? — m2)3A%/?(M2, P2, m?)
m? P? (P?— M2)? + M2I®

I(¢ — 7%° — n%nv) = (

with 2920012, P2, m2) = { [ = (VB 4 m0)’] [tz - (v - )]}

Then eq.(17) can be written as

(¢ — °° — 7%77) = /d \/— I( s),bqp 070+ T(8) parry

) + Mg[‘g
where ; .
[(8)gpon = €G*— T3m 8M3 A M3, s,m?)
and )
e2G? 1 [s—m?
I‘(s)p-—vn'v = 2 2
392 12 \ 24/s

If the narrow width approximation is used in eq.(18) we obtain

[(¢p — 7% — °nv) = T(¢ — p°7°) - BR(p° —-{1}7) ~4.94 x 107°MeV

(17)

(18)

(19)

(20)

(21)

with T(¢ — p°7°) and T'(p — 77) evaluated from eqs.(19),(20) with s = M?. This re-
sult is to be contrasted with 2.45 x 1075 obtained by numerical integration of eq.(17).
Thus, the narrow width approximation alone, for the p-meson, overestimates the re-
sult by &~ 50%. Further approximations are introduced if one uses the naive expression

(g - p°n) = 3T($ = p)

(22)

which introduces an additional overestimate, as discussed in the previous section. In
conclusion, the use of the narrow width approximation in the decay chain, may result
in an overestimate by almost a factor three relative to the exact numerical calculation.

4 VMD Numerical predictions and discussion

Our results using the full VMD amplitudes (12) and the three-body phase space
formulae (15) are shown in the two last columns of Table 1. For comparison we



Table 1: Global contribution of intermediate vector mesons to decay rates (in eV)
and branching ratios (last column) for different V?® — P®Py transitions as predicted
by several authors. Experimental upper limits are also quoted.

Decay rates EXP {6, 7] Ref. [4] Ref. [5] | Ref. [2] This calculation

(in eV) r B.R.
T(p — 79797) — 25)16-.10°] — [43.10°] 1.6-10° | 1.1-10°°
I'(p — n°77) — — — 593 0.061 4.10719
MNw — 7%7%) || <3.4.10° (350) 227 — 690 235 2.8-107°
Mw — n'7n7) — — — 53 1.39 1.6-1077
T(¢ — m°ny) || <44-10° | (250) 54 15 153 51 | 12.10°
(¢ — °py) || <11-10° — 35 228 239 | 5.4.107°
I'(¢ — K°K) — — — 0.18 1.2-107% | 2.7.10712

also include (first column) the upper limit for the three experimentally studied decay
rates [6, 7] and the predictions of other authors {2, 4, 5jwho have worked in our same
context. Our results are not incompatible with those by Singer [3], who first noticed
the simple relation I'(V® — ntrn~y) = 2I(V® — 7°2%y) for the VMD part of the
rate. This relation allows for a comparison of our results with those by Renard [4],
quoted (in parenthesis) in the second column of Table 1. The accompanying values
are the original ones [4] corrected by the present-day data for ['(w — 7%y) and ¢, and
turn out to be in excellent agreement with our predictions. The agreement with ref.[5]
is somewhat less satisfactory. Finally, we disagree in the complete list of numerical
predictions quoted in ref.[2] even if the initial expressions for the lagrangians are the
same (notice that our coupling constant g has been defined as 1/2 of that in ref.[2]).

Concentrating on ¢-decays one first observes that our vector-meson dominated
mechanism predicts a completely negligible T'(¢ — K°K°y), contrasting with the
(four orders of magnitude larger) prediction from ref.[2]. We have carefully analyzed
our calculation and, for this channel containing exclusively soft photons (E < 25
MeV), an analytic expression for the amplitude in this low-E limit has been obtained.

One has

eG?

‘0‘0 ~ o 20

(23)
e (p—p)(e-p)(qg-9)—(e-P) (g 'P)]]
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Figure 2: Photonic spectrum generated by intermediate vector-mesons in ¢ — K°K%
(solid line). Dashed and dotted lines correspond to twice the contribution of a single
diagram and their interference, respectively.

where p, p’ are the pseudoscalar four-momenta, and

_ 2GH (p‘pl—mQO)
A KOKO~)|2 = € K .
2IAG — KR = g Mz — mio ) + MR T, o)

{2(10 P) (g - q)? —(p- P +mko) 4(q-p) (¢-7)

accidentally containing the small numerical factor (p-p’ —mj.) = (M; —4mi,)/2 [6].
In other words, the ¢ — K°K°y decay is predicted to be exceptionally suppressed not
only by the obviously scarce available phase-space but also due to an almost complete
destructive interference in the amplitude, as explicitly shown in Fig.2. (Reversing the
sign of the interference term would enlarge the width by 2 orders of magnitude).

If $ — K°K°y is detected in Da¢ne this would signal decay mechanisms [15, 16}
different from ours, such as ¢ — fo, a0y — K° K%y or other final-state interactions in
¢ — K*K—v — K°K°y. Similarly, only this kind of alternative mechanisms could
produce sizable even-wave K°K° contaminations to the p-wave ¢ — K°K° decay
(pure in K1-Ks) thus disturbing C P-violation experiments [17].

On the contrary, our mechanism predicts sizable contributions to ¢ — 7°z°y and
nx% decays. The corresponding photonic spectra are shown in Figs.3 and 4, where
the interference effects have again been separated.

The latter contribute to enhance the peak at high E in the ¢ — 7°7%y spec-
trum. Roughly one-half of this decay contains a photon with an energy E in the
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Figure 3: Photonic spectrum in ¢ — 7%7% with conventions as in Fig.2.
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Figure 4: Photonic spectrum in ¢ — #%py. Dashed and dot-dashed lines are the
contributions of each diagram and the dotted line corresponds to their interference.
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narrow range 400 MeV < E < 470 MeV. Alternative mechanisms as the above men-
tioned are expected to produce exclusively lower energy photons, thus minimizing
the interferences and allowing for separated analyses, particularly in ¢ — 7%7%.
We also notice that our predictions for this (and ¢ — 7°py) decay include events
with the 7%y and 77 invariant mass on the p-peak. As discussed previously when
dealing with ¢ — =wtx~n° our calculation thus already contain -and should be
prefered to- simpler estimates in terms of two-body branching ratios. The lat-
ter imply [6] BR(¢ — n°n%) = 1BR(¢ — pr)BR(p — my) ~ 34 x 107 and
BR(¢ — n°yy)=3BR(¢ — pm)BR(p — ny) ~ 16.4 x 107°, only in marginal agree-
ment with our tabulated results because important interference and off-mass-shell
effects have been neglected. However, these rough estimates are usefull and allow for
a numerical check of our predictions. Indeed, by artificially reducing the p-width in
our complete (three-body) calculation one recovers the expected agreement with the
above simpler (two-body) estimates discussed at the end of section 3.

5 Chiral loop contributions

Strong, electromagnetic and weak interactions of pseudoscalar mesons P at low en-
ergies are known to be well described by effective chiral lagrangians. More precisely,
Chiral Perturbation Theory (xPT)[18] offers an accurate description of the whole set
of existing data in terms of a systematic expansion in powers of external momenta p or
pseudoscalar masses mp. At lowest order (tree-level), the x PT lagrangian contains an
ordinary and an anomalous sector, which are of order p? and order p*, respectivelv.
The non-renormalizability of the theory implies that higher order contributions —
generated by the so-called chiral loops- may contain a divergent part which has to be
eliminated by appropriated, higher-order counterterms. The finite part of the latter
(the so-called low-energy constants) can be fixed at a given energy from experimental
data[18] and, hopefully, from QCD first principles[19]. Somehow in between these
two extreme possibilities one can also expect relating the remaining, finite part of the
counterterms with the parameters of the well-known meson-resonances. Indeed, the
latter do not strictly appear in the x PT lagrangian in spite of providing the more
prominent effects in the low-energy region where xPT is confidently operative. The
assumption that the finite part of the counterterms is dominated (or saturated) by the
contribution of meson-resonances was already advanced by Gasser and Leutwyler[18],
successfully developed and tested by Ecker et al.[20] and further confirmed by other
authors in both the ordinary[21] and the anomalous[22, 23, 8, 13] sectors. In other
words, implementing the strict x PT lagrangian —dealing solely with pseudoscalar and
electroweak currents— with the effects of meson-resonances leads to a more complete
and realistic scheme with a largely increased predictive power. In particular, it can
incorporate and improve most of the VMD results so far discussed.
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For concreteness, let us consider ¢ — w°7% decay for which a rather low branching
ratio should be expected (see Table 1). There is a two-fold reason for that: neutral
particles cannot radiate copiously (bremsstrahlung) photons and, moreover, the Zweig
rule supress ¢-decays into pions. In the xPT context this double suppression is at
once avoided through the contributions of charged-kaon loops. If so, the smallness of
the ¢ — w%7%y branching ratio will no longer hold and the analysis of this and related
decays could evidentiate the effects of the (otherwise ellusive) chiral loops. Notice,
however, that we are pushing xPT somewhat outside its original context which did
not allow for the inclusion of ¢ and other resonances. Our purpose is to compute

some consequences of this extended version of xPT to allow for future comparison
with experimental data.

To this aim the closely related (both are Zweig forbidden) ¢ — 7°7%y and ¢ —
77y decays will be discussed, along with the (Zweig allowed) ¢ — K°K®y decay
mode. ®-factories are expected to provide valuable data on these K-loop dominated
processes in a near future. In these cases the relevant range of energies extends from
the lowest limits (where xPT can safely be trusted) up to the ¢-mass, where the
perturbative series could lose its convergence ( Notice, however, that x PT successfully
explains 7'(960) decays in this energy region). For all these reasons we also consider
lower mass p and w decays, such as p — 7°7%y (proceding mainly through charged-
pion loops) and w — 7°7%y , w — 7py and p — 7%%y (with only K-loops in the good
SU(2) limit). An important, common feature of all these ¢, p and w radiative decays
into uncharged pseudoscalars is that no-counterterms are required. As we shall see,
one loop contributions are always finite and well definite thus allowing for a clear cut
comparison with future data when available.

The lowest order term (p*) of the x PT lagrangian is
1
Ly=f tr (D, D5t + X3t + x'%) (25)

where f = 132 MeV is the = decay constant and the covariant derivative D, X =
9,% +1ieA, [Q, %] contains the photon field A, and the quark charge matrix @ =diag
(2/3,—1/3,—1/3). The pseudoscalar nonet P is the usual SU(3) matrix appearing
in ¥ = exp(2iP/f) with masses given in terms of the quark mass matrix M= diag
(m,,m4,m,) contained in the last x-terms of eq.(25). Vector-mesons can be incor-
porated along the lines of the work by Bando et al.[12] or other (for our purposes)
equivalent contexts [25]. The whole (ideally mixed) nonet appears in the usual SU(3)
matrix V whose diagonal elements are (p° + w)/v/2, (—p° + w)/v/2 and ¢ as given in
eq.(3). Their SU(3)-symmetric couplings to P-pairs and to the photon are given by
the conventional lagrangians

vap = ig tT‘(V# P 8“P - V,J 5’"P P) (26)

Ly, = —2egf*A* tr(QV}.) (27)
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P

Pv

Figure 5: One loop diagrams for V° — P°P% decays.

with v/2gf = My, the V-meson mass, or g ~ 4.2 as discussed in section 2. With
these values , eqs.(26) and (27) reproduce the P-photon vertices of eq.( 25) and their
vector-meson dominated (VMD) form-factors.

xPT-amplitudes for the decay processes V® — PYP%y can now be deduced from
the above lagrangians. There is no tree-level contribution and at the one-loop level
one requires computing the set of diagrams shown in Fig.5.

This leads to the following finite amplitudes A(V® — P°P°y)p, where the sub-
script P = K or = indicates that charged-kaons or pions circulate along the loop
and ¢*(¢*) and g (¢) stand for the initial vector-meson and photon four-momenta
(polarizations), respectively,

A(p" — 7079k

A(p" = 7°n%7)

A(p® = m°n7)k

Alw — m1%9)k = 7%A(q& — 17Kk = %A(¢ — K Ky)k
47;—57 (¢ —2 q"q) {a} Jk (28)
I (2 g md) ) . (29)
Alw — mn7)k = :\/—-;-A(qb — 7on7)k = ;32-A(¢ — ©'n87)k

E«%}' (3¢ 6 q"q — 4m) {a} Jx (30)

A'l the above amplitudes are gauge-invariant through the factor (see the VMD am-

plitades (11))



- 14 -

{a} =(e)(a°q) —("q)(e q”) | (31)
and in eq.(30) we have used an -7’ mixing angle 6p = arcsin(—1/3) ~ —19.5° leading
to the quark content shown in eq.(10) in agreement with recent phenomenological
estimates. The Feynman integral Jp is purely real and given by

Jp = m?;jpz/‘1 d:c/l_x dy ]
0 0 1+a:cy ﬁy(l—y)

=% 2
= i+_2—{<arcsin —a) — arcsm— }+
200 2
-1/2 -1/2
-‘%{‘/ﬂia——larctan(ﬂia ) 1/ - arctan(——l) }

(32)

for B = ¢**/m% < 4 and B — a < 4, with a = 2 ¢"q/m%. Otherwise, Jp becomes
complex and can be deduced from (32) making the substitutions

i | 1+ 4/1 —4/¢

5 5 nl_ /1_4/62
~1/2 WJ1 = 2
—4——1 arctan(é——l) - 1 1—-i In Lyl 4t —am
y & £? §? ~ 1 —4/¢

(33)

whenever ¢ > 2, with ¢ standing for /B and/or /3 — a.

Two checks of our above results have been performed. The first consists in recover-
ing the amplitude for n — w%yv deduced in ref.[26] using crossing and our amplitudes
(30) for p, w, ¢ — w°py followed by the Vv conversion in eq.(27). The second comes
from comparing our results with those by Lucio and Pestieau [16] for the ¢ — K°K°y
amplitude which these authors assume to be dominated by the scalar mesons f,(975)
or ay(980) in the K K channel. Although some dynamical aspects of the two models
are different they coincide in the factors {a}, eq.(31), and Jk, eqs.(32) and (33).

Decay amplitudes at the one-loop and order-p* level for the processes V° — P°P%y
can be obtained from eqs.(28) to (30) . For ¢-decays , one obtains

(¢ — m97)k = 131 eV, T(¢ - n’n%y)x =224 eV
(¢ — K°K°y)xk = 0.033 eV (34)
where the subscript K reminds us that only charged-kaon loops are operative. By

contrast, these K-loops give a contribution to p° — m°7%y which is 103 times smaller
than that due to charged-pion loops, namely,
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Table 2: Contribution of Chiral loops and intermediate vector mesons to decay rates
(in eV) and branching ratios (last column) for different V¥ — P%P°y transitions .

Decay rates x-loops VMD Total B.R.
(in eV)
T(p = n'n%7) || 142 x 10° | 1.62 < 10° | 3.88 x 10° || 26 x 10°°
(p — 777) 0.006 0.061 ~VMD VMD
Nw — 797%) 1.8 235 ~VMD VMD
MNw — 7°77) 0.013 1.39 ~ VMD VMD
I'(¢ — mn%) 224 51 281 64 x 107°
(¢ — 7°77) 131 23.9 151 34 x 10
I'(¢ — K°K%) 0.033 1.2 x 1075 | ~ x- loops || 7.6 x 107°

T(p° — 7°7%), = 1.42 x 10%eV (35)

Finally, one also gets

L(p’ — °77)xk = 0.006 eV
Tw— mpy)k = 0.013eV, T(w— n'7°y)xk =18 eV (36)

with 7-loop contributions vanishing in the good isospin limit.

6 Chiral Loops and VMD Contributions

The relative weight of the two contributions so far discussed -the finite chiral loops
of eqs.(28) to (30) versus the VMD amplitudes (12)- depends crucially on the decay
mode. Since VMD amplitudes can be interpreted as saturating the xPT countert-
erms, the abeve mentioned contributions have to be added to obtain the whole xPT
amplitude.

Let us first discuss p° — 7%7% whose VMD contribution is given by eqs.(12) and
(11) with the w mass and width in both propagators. One easily obtains[27]

T(p° — 7n°7%)vap = 1.62 x 10°eV (37)

which is of the same order of magnitude as the pion-loop contribution quoted in
eq.(35). The global p° — 7%x°y decay width is therefore given by the sum of the two
amplitudes leading separately to eqs.(35) and (37). One obtains
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dr (p- noﬂoy)/dE.,
L e I S e |

4.0-10”5

2.0.1075

Figure 6: Photonic spectrum in p° — 7%r%y (solid line). Dashed line corresponds to
the contribution of pion-loops, dotdashed line is the VMD contribution, and dotted
line is their interference.

T(p’ — 7°7%) = 3.88 x 10%°eV
BR(p® — n°7%) = 26 x 107° (38)

and the photonic spectrum shown (solid line) in Fig.6 clearly peaked at higher en-
ergies E,. The separated contributions from pion-loops and from VMD, as well as
their interference, are also shown in Fig.6 (dashed, dotdashed and dotted lines, re-
spectively). .

The situation changes quite clearly when turning to the other decay modes like
p, w — 77y and w — w°7%. We find that the previously evaluated kaon-loop
contributions (36) are one or two orders of magnitude smaller. The physical reason
for this suppression is that the usually dominant pion-loops are isospin-forbidden in
these decays. More accurate estimates and the shape of the photonic spectra seem
unnecessary due to the smallness of the corresponding branching ratios (only the third
one, BR(w — w%r%y) ~ 28 x 1078, could reasonably allow for detection) and also to
the fact that these decay modes are dominated by the well-understood (see [27]) but
less-interesting VMD contribution.

By contrast the latter VMD-contribution is expected to be much smaller in ¢ —
777 and 7°7°%y decays due to the Zweig rule, as shown in Table 1, well below the
kaon-loop contributions quoted in eq.(34). Proceeding as before and adding the cor-
responding amplitudes with the appropriate phases leads to

[(¢ — 7°7py) = 151 eV [(¢ — 7°7%) = 281 eV
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dr (¢- n°nvy)/dE,
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Figure 7: Photonic spectrum in ¢ — w%7y (solid line). Dashed line corresponds to
the contribution of kaon loops, dotdashed line is the VMD contribution, and dotted
line is their interference.

BR(¢ — 7°ny) = 34 x107° BR(¢ — n°7%) =64 x 107° (39)

and the photonic spectra shown in Fig.7 and 8.

The Zweig allowed kaon-loops are seen to dominate both spectra and decay rates
and the predicted branching ratios are large enough to allow for detection and analyses
in future ¢-factories. For completeness we have also computed I'(¢ — K°K°y) ~
I(¢ — K°K°y)x ~ 0.033 eV, with BR(¢ — K°K%y) ~ 7.6 x 107°, again dominated
by kaon-loops (due to the smallness of the VMD contribution discussed in detail in
section 4 and ref. [27]).

7 Conclusions

In summary, the well understood contributions of intermediate vector mesons in Vo —
POP%y decays have been discussed. Vector Meson Dominance alone predicts B R(¢ —
7°x%) = 12 x 107® and BR(¢ — w°py) = 5.4 X 107°, and a characteristic photonic
spectrum (peaked at higher energies) in the first decay. Similarly, an exceptionally
small contribution is predicted (and its physical origin understood) for the branching
ratio BR(¢ — K°K°y), namely, ~ 2.7 x 107'2. Other VMD predictions are BR(w —
x01%) = 28 x 107 and BR(p® — n%x%) ~ 11 x 107°.

We also find that some vector meson decays into two neutral pseudoscalars and
a photon could receive important contributions from chiral loops if Chiral Pertur-
bation Theory (xPT) is extended in the plausible and well defined way proposed
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dr (¢- ﬂonoy)/dE,
B T B e e e

1.0-106

5.0-107

N S | S SRS ST

0o o1 0z o3 0.4 T os
E, (GeV)

Figure 8: Photonic spectrum in ¢ — n°7%y with conventions as in Fig.7.

here. Some consequences of this extension —the relevance of pion-loops in p — 7°7%y
and the dominance of kaon-loops in ¢ — 77y, 7°7%y— have been unambigously
predicted thus allowing for future comparison with data. If the latter turn out to
confirm our predictions the domain of applicability of x PT and their relevance would
be considerably increased. In case of disagreement it is not x PT itself, but rather
our mechanisms to introduce extra resonances — thus incorporating the previously
computed VMD contributions — which should be suspicious.

References

[1] F.E.Close, This Report

[2] S.Fajfer and R.J.Oakes, Phys. Rev. D42 (1990) 2392.

(3] P.Singer, Phys. Rev. 128 (1962) 2789; 130 (1963) 2441; 161 (1967) 1694(E).
[4] F.M.Renard, Nuovo Cim. 624 (1969) 475.

[5] N.N.Achasov and V.N.Ivanchenko, Nucl Phys. B315 (1989) 465.

[6] Particle Data Group, Phys. Lett. B239 (1990) 1.

(7] S.IDolinsky et al., Phys. Rep. 202 (1991) 99.



- 19 -

(8] A. Bramon, E. Pallante and R. Petronzio, Phys. Lett. B271 (1991) 237.

[9] J.F.Donoghue, B.R.Holstein and Y.-C.R.Lin, Phys. Rev. Lett.55 (1985) 2766.
J.Bijnens, A.Bramon and F.Cornet, Phys. Rev. Lett. 61 (1988) 1453.
J.Bijnens, A.Bramon and F.Cornet, Phys. Lett. B237 (1990) 488.

[10] J.Wess and B.Zumino, Phys. Lett. B37 (1971) 95.

[11] E.Witten, Nucl. Phys. B233 (1983) 422.

[12] M.Bando, T.Kugo and K.Yamawaki, Phys. Rep.164 (1988) 217.

(13] A. Bramon, A. Grau and G. Pancheri, Phys. Lett. B277 (1992) 353,

[14] A. Bramon, A. Grau, E. Pallante, G. Pancheri and R. Petronzio, This Report.
[15] S.Nussinov and T.N.Truong, Phys. Rev. Lett. 63 (1989) 2003.

(16} J.L.Lucio M. and J.Pestieau, Phys. Rev. D42 (1990) 3253.

[17] N.Paver and Riazuddin, Phys. Lett. 246 (1990) 240.

(18] J. Gasser and H. Leutwyler, Ann. Phys. 158 (1984) 142.
J. Gasser and H. Leutwyler, Nucl. Phys. B250 (1985) 465, 517, 539.

[19] D. Espriu, E. de Rafael and J. Taron, Nucl. Phys. B345 (1990) 22.

[20] G. Ecker, J. Gasser, A. Pich and E. de Rafael, Nucl. Phys. B321 (1989) 311.
[21] J.F. Donoghue, C. Ramirez and G. Valencia, Phys. Rev. D39 (1989) 1947.
[22] J. Bijnens, A. Bramon and F. Cornet, Z. Phys. C46 (1990) 599.

(23] J. Bijnens, A. Bramon and F. Cornet, Phys. Lett. B237 (1990) 488.

[24] Proceedings of the Workshop on Physics & Detectors at DA®NE, Frascati April
9-11 1991, Ed. by G. Pancheri, INFN-Laboratori Nazionali di Frascati. Frascati
(1991).

[25] U.G. Meissner, Phys. Rep. 161 (1988) 213.
E. Pallante and R. Petronzio, ROM2F 92/04.

[26] Ll. Ametller, J. Bijnens, A. Bramon and F. Cornet, Phys. Lett. B276 (1992) 185;
see also C. Picciotto, Nuovo Cimento 1054 (1992) 85 and T. Hambye, Int. Jour.
Mod. Phys. A7 (1992) 135.

[27] A. Bramon, A. Grau and G. Pancheri, LNF-92/011(P), Phys. Lett. B (in press).



