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We investigate the SU(3) nature of the |’ —{m decay by comparing its effective coupling constant with that
for the SU(3)-allowed w— pmr coupling using the @ — 7y decay width and p dominance of the photon. The
result is completely consistent with an SU(3)-symmetry-breaking interpretation of the Y’ —ym decay.

I. INTRODUCTION

Since the discovery of the narrow resonances’
J ()(3.095) and ¢’(3.684) many models have been
constructed which use the idea that these reso-
nances are quark-antiquark bound states of some
new heavy quarks. The standard model,? the
charmed 4~quark model, interprets the ¢ and ¥’
as SU(3) singlet cc bound states, where c is the
new heavy charmed quark and the ¢’ resonance is
a radial excitation of the y. Most other 6-quark
models keep this radial excitation interpretation
for ¥’ or claim that although some of the new
particles are nonsinglet under a new SU(3), SU(3),,
they all remain singlets under the SU(3) of ordinary
hadrons.® The complete classification symmetry
for hadrons then becomes the larger SU(3)xSU(3),
group. If, as these models require, ¥’ and ¥ are
SU(3) singlets, then the observed decay ¥’ - yn is
forbidden in the limit of exact SU(3) since
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For these models to be correct, the ¥’ —yn decay
should be of the order of a typical SU(3)-symmetry-
breaking effect. If ', ¢, or both have, however,
SU(3) octet components, then the ¥’ -7 is an
SU(3)-allowed process.® Thus, the question of
whether the rate for the y’ —yn decay is consistent
with an SU(3)-allowed or an SU(3)-symmetry-
breaking effect is an important constraint on model
building. In this paper we investigate this question
by comparing the effective coupling constants for
the process ¥’ - yn with the SU(3)-allowed process
w - p7 using the w -7y decay width and p dominance
of the photon. The Iizuka-Okubo-Zweig (I0Z)
suppression factor® for the 3’ - ¢n decay is taken
from the comparison of ’'— ynm with p’ (1.6) ~ p7.
In Sec. II we state the theoretical preliminaries to
the calculation. In Sec. III the numerical results
are presented and the experimental ambiguities in
the calculation are carefully discussed.
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II. THEORETICAL PRELIMINARIES

The decay of any vector meson V' into another
vector meson V and a pseudoscalar meson ¢, such
as the ¢’ —yn, can be described by an effective
interaction Lagrangian of the form

£int:G(p€yu)\p8vaa)\V;J ’ (2)

where G is an effective coupling constant with
dimensions of [mass]™'. Other possible forms for
the interaction, such as

GEunpd Vo3 V)
or
GGuy)\pa“ V,; 3)\(p Vp F)

are simply related to expression (2) by a total
divergence and so are equivalent. Using expres-
sion (2) the partial width for such a decay is

G 3
rv’»w:T'é);;‘l_; (3)

where [p,| is the available center-of-mass mo-
mentum to each of the decay products in the
V' - V¢ decay.

The vector-dominance calculation® of the process
V’ - ¢ v where the photon couples to V’ through a
vector meson V, such as the p, is the similar to
that for V'~ Vg. In this case the additional ef-
fective interaction Lagrangian for the coupling of
V to the photon is

2
Lint :'E‘MV— Vo Ao ) (4)
v

where A, is the photon field, eM,?/f, the coupling
of the photon to the vector meson V, My the mass
of the vector meson, and f, its strong interaction
coupling constant. Using expressions (2) and (4),
the partial width for the decay V' ~¢y is
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, B GZeZ ‘ p l 3
P(V »<PY)— lz,nfvz ’ (5)
where lpy | is the available center-of-mass

momentum to the photon. Note that Eq. (5) differs
from Eq. (3) solely by the replacement

G?e?
I

The I0Z suppression factor for the ¥’ - y¥n decay
is assumed to be the same as that for y’ - yun.”
This suppression factor is calculated by comparing
the coupling constant for " — ynm with that of
p’(1.6) - pmm using the effective interaction Lagran-
gian®

G*~

£inl:FV}IAV;[aII(an(p s (6)

where V', V are the vector-meson fields, ¢ is the
pion field, and F is the effective coupling constant
with dimension [mass] ~2, The details of this cal-
culation are given in the Appendix. The above
form for the effective interaction Lagrangian of
V'~ Vop is chosen to reproduce the peaking at high
dipion masses observed in the ¥’ -~ y77 dipion mass
spectrum. We assume that the same effective
interaction dominates the p’— pnm decay, although
the dipion mass spectrum for this latter decay is
not known.

In order to compare the coupling strengths of
various processes, we have to define dimension-
less coupling constants by introducing appropriate
mass parameters into Eqs. (2) and (6). With no
a priovi reason to choose any particular mass
parameter, we will consider the following two
cases:

I. A universal mass p is used for the same type
of interaction, i.e., in Eq. (2) G(¥’~ ¢n) and
G(w - p7) are normalized by the same mass

parameter and similarly for F (¢’ - y@7m) and
F(p’~ pum) in Eq. (6).

II. A mass characteristic of the decay is used,
say the mass of the decaying particle.

It will be shown in Sec. III that these two cases
lead to distinctively different I0Z suppression
factors for the process y’—~yn decay.

Case I. In terms of a dimensionless coupling
constant f, where

f=Fu? (7)
and u is some universal mass for all decays such

as the pion mass, the ratio of coupling constants
is

= (8)

f(p'=prm) _ [ T(p'~pnm)M, A1, J 1/2
F@ ~ymm) LT = ¢mm)My»1 :

I(V'—~ Vrm) is the partial width of the decay V'~ Vv,
My» is the mass of the decaying particle, and 7~
is the value of a dimensionless integral defined in
the Appendix.

Similarly by defining a dimensionless coupling
constant g for the decay V' - Vo as

g=G, , 9)

where u is again a universal mass, and using
Eq. (3) and (5) the ratio of the coupling constants
8(W’'=yn) and g(w ~ pm) from w - 7y decay is

('~ ¢n) :< L'~ yn)dre|p,|* >1/2 (10)
g(w~pm) D(w=19)f," | py ° ’

where a = }; is the fine-structure constant. Using

expression (8) to correct for the expected I0Z

suppression of ¢’ —~ ¢n, we find that the corrected

ratio of effective coupling constants is

( g@’;ﬂ) - ( Iy~ 1/)"7)477011’1‘31w'Mo'3F(P'-'P7”T)) 1/2
corrected I'(w "’77}/).fp2 ,Pw l 3Ip’ w’sr(f/!' - lp”ﬂ) ’

g(w—~pm)

Case II. The alternative approach is to normal-
ize the coupling constants G and F by some mass
characteristic of the decay, say M., rather than
a universal mass. In this case Eq. (8) is modified
by a factor(M,./My ), Eq. (10) by My,/M,, and Eq.
(11) by M, /MyeM,,.

III. RESULTS

The relevant data for the calculation of the
P’ —¢n and ¢’ —~ YT decay modes are well known

(11)

from recent experiments at SLAC. The current
experimental parameters® describing these decays
are

My =3.684 GeV, M;=3.095 GeV,

M, =0.549 GeV, |p,|=0.196 GeV,

, _ L' =yn) _
(¥’ —all) =225+ 56 keV, T =) =(4x2Yp

for ¢’ - yn and
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L' =ym'77)

F(‘P"’ 311) 2(32i4)%1

I, =546

for ¢’ - pmm decay. We use throughout the values®
0.1396 GeV and 0.0195 GeV? for the pion mass u
and mass squared p2.

Similarly the data on w7y decay are well
known!® with

M, =0.7827 GeV, |p,[=0.380 GeV,

T(w—-1°y)
I'(w—-all)=10.0+0.4 —_"
(w )=10.0+ MeV, T(@=all)
The determination!’ of the strong interaction
coupling constant f, is not so clear with the values
for f,?/4m ranging from 2.1 to 2.8. We choose as
an average value

f 2

71‘;7 =2.4
for this calculation. Using the above data, Eq. (10),
and the normalization of the coupling constants by
a universal mass, i.e., Case I, the IOZ-uncorrected
value for the ratio of ¥’ —~yn to w— p7m coupling
constants is

s =00 _ g 0151 .

gw=pm) (12)

If we had used instead the perhaps better value!’

2
v/ =2.7+0,2,
47

determined by using p dominance from the ratio
I'(w—7y)/T(w - 37), this would have decreased the
value in expression (12) by 6%.

The data on p’— pnm decay needed for the cal-
culation of the expected IOZ suppression are
somewhat ambiguous. In the most recent experi-
ment, Conversi et al.’®> obtained a new mass value

M, =1.550+0.06 GeV (Case a)
with a width
I'(p’~all)=360+100 MeV .

This gives a value for the integral I, given in the
Appendix,

Lo (1.59=1801 .
Since the tabulated value for the p’ mass

M, =1.600 GeV (Case b)

=(8.7+0.5)% .
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gives a substantially different value for this
integral, i.e.,

IP'(l. 6):2961 »

we shall consider both cases. We take M,=0.770
GeV. The greatest difficulty lies in the fact that
the branching ratio I'(p’ — pm7)/I'(p’ - all) is
essentially unknown. All that is known!® is that
the process p’—~ p7n7 is dominant with a relative
branching ratio

T(p’=pmm)
o =) (80 - 100)% .

For the sake of clarity we assume all other modes
are small and that I'(p’ - p77)/I'(p’ - all)= 100%.
This gives a partial width for I'(p’—~pm'n™)

=240 MeV. Using the above data in expression (8)
and again a universal mass normalization of the
coupling constant (Case I) we obtain the I0Z
factors

f(p’=pm'n”)
S@ = ymnT)

and

=8.68 for case (a) (13)

’ to—
J{—&)’%ﬂ.m for case (b) . (14)
Thus within the context of Case I, the decay

Y’ -~ ymm is IOZ suppressed. This is consistent
with the attitude that all disconnected quark
diagrams should have such a suppression. .Com-
bining expression (12) with expressions (13) and
(14) according to Eq. (11) gives the I0OZ-corrected
value for the ratio of the effective coupling con-
stants. These are

(0.131, Casela

- (15)
10.108, Case Ib.

Using the alternative approach of Case II, i.e.,
normalizing the coupling constant by some mass
characteristic of the decay, say M+, instead of
a universal mass, the uncorrected coupling con-
stant given in (12) is now 0.0713. The I0Z
factors given in (13) and (14) become 1.537 for
Case (a) and 1.339 for Case (b), respectively.
Notice that this approach leads to little if any I0Z
suppression of the decay ' —ynn. This violates
the attitude that disconnected quark diagrams
should be suppressed, but may be consistent with
a quark-gluon picture of the IOZ suppression. If
the IOZ suppression is due to the strong inter-
actions becoming asymptotically free, i.e., the
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gluon coupling constant becoming small, at high
momentum transfer, one may argue that since the
momentum transfer to the gluons in the process
Y’ ~ymm is small (i.e., ~0.5 GeV), the gluon
coupling constant is now large” (>0.5) and thus
little IOZ suppression is expected. The IOZ-
corrected value for the ratio of effective coupling
constants, analogous to (15), is

[g(zp’-— 1/)17)] 50.110, Case IIa
glw—pm) Jeomected | g 095 Cage IIb . (16)

If SU(3) symmetry breaking is typically (10-20)%
in amplitude as indicated by the analysis of the
K*~ 7*n° and K°- 27° decays,*® then all of the ra-
tios given in (15) and (16) are completely consis-
tent with '~ ¢yn interpreted as an SU(3)-symmetry-
breaking effect.

A cleaner test of the SU(3) nature of the ¢’ —yn
decay would be to compare that decay directly with
the SU(3)-allowed decay of the radial excitation of
an ordinary vector meson, say the w. The uncor-
rected ratio of the effective coupling constants for
Y’ = yn to w’ - pm, for example, could be deter-
mined directly using Eq. (3) without the additional
assumption of vector-meson dominance. The
expected radial excitation w’ of the w should lie
close in mass to the radial excitation p’(1.6) of
the p meson due to the p-w degeneracy. One
candidate!® for such a particle, the w’(1.678), has
been found. A recent spin-parity determination* of
the resonance, however, indicates that it may be
a 37 rather than the desired 17 state. The 1~
state should be most easily found in the 37 and 67

final states of e*e~ annihilation at a mass~1.6 GeV.

We expect the width of the 1~ state to be larger
than the 167 MeV width of the observed 3~ state
due to its lower angular momentum. We do not,
however, expect it to be much broader than~ 400
MeV, the width of the p’(1.6). Using Egs. (3) and
(8) under the assumption of Case I, i.e., a uni-
versal mass normalization of the coupling con-
stants, the I0Z-corrected ratio of the effective
coupling constants is

[P

B L L e
[py*T ("~ pmMy Ip D'~ ym) |

For Case II, where the mass of the decaying par-
ticle is used to normalize the effective coupling
constants, Eq. (17) is modified by the factor M,?/
My:M,. We assume that the partial width
I'(w’~pm)~200 MeV and the mass M,.~1.6 GeV.
Then the ratio of the IOZ-corrected coupling con-

stants is in each case

0.316, Case Ia
0.258, Case Ib (18)
0.137, Case Ila
10.112, Case IIb

[;r((;p:: 30: >) ] comtected

The values in (18) are somewhat higher, but in
rough agreement with those from the vector-
dominance calculation. They serve only as an
illustration of what one may expect from the decay
of the 17 w’ state,

It is obvious that to clarify all the above calcu-
lations, one needs more precise experimental
information on the existence and decays of the
ordinary hadrons, in particular the p’ (1.6) and
the 17 radial excitation of the w(0.783). The
dipion mass spectrum for the decay p’—p77 is
needed to verify that expression (6) is the correct
effective interaction Lagrangian for this process.
A good determination of the p’ - pn7 branching
ratio is essential to these calculations. A firm
theoretical understanding of the IOZ rule is also
necessary in order to establish whether the
process ¢’ — ymm and thus ¢’ — ¢ should be sup-
pressed, and thus clarify which mass normal-
ization of the effective coupling constants is most
appropriate.

In conclusion, despite the theoretical and ex-
perimental ambiguities, the present calculation
indicates that the decay ¥’ - ¢ is completely
consistent with an SU(3)-symmetry-breaking
effect.
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APPENDIX: CALCULATION OF IIZUKA-OKUBO-ZWEIG
SUPPRESSION FACTOR

The Iizuka-Okubo-Zweig suppression factor for
the §’—yn is assumed to be the same as that for
Y’ —ypmm. This factor is calculated phenomeno-
logically by comparing the y’—yuw to that of
p’—pmm. For these decays of the V'~ V7 type,
the effective interaction Lagrangian is

Lint =FV}V,0,00,¢, (A1)

where V', V are the vector mesons, ¢ is the pion
field, and F is an effective coupling constant. By
using the dimensionless coupling constant
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f=Fu?

defined in Sec. Il where yu is in this case the pion mass, we obtain the expression for the partial width

(V' =Vam)=

48M, 21 Put Jen

2 Myt =M
Sy L v Vd°(02‘4u2)1/2{[(MVl+MV)2—02][(Myr-MV)z-—oz]}‘/z

2 2 2
x[z . (MV: + M2 -0
oMy M,

H (0° - 22 (A2)

4 b

where My+, My, o are the masses of V’, V, and the dipion system, respectively. This partial width is
then expressed in terms of the dimensionless integral I,- as

DV~ vam) =fy 2y’ Ly /61°My° (A3)
where
Rl 2 277 2 271 1/2 C—(Ey +1} 12 N 2
Iy = |, ayEl(Ey +1F-1][A%=(By + 1P][B*- By + 1P} 12 42+ | 55— | ¢ [(Ey+1)*-0.5] (A4)
and
My =My _2My My My + M, A _My? e MR Y:O_Z“
A- 2# k) D 4“2 b B= 2“ ) E A 1 y C— 4“2 4 Z}A.E . (A5)

The integral I,» is integrated numerically. The values of this integral for the relevant decays are

[w' =546
Iy, 55 =1801,

Iy, ¢ =2961,

(A6)

where the integral I, has been calculated using the most recent mass value M, =1.550+£0.06 GeV and the

standard tabulated value M, =1.6+0.1 GeV.
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