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We show that the quark-pair-creation model can account for ‘the strong suppression of the 27 mode

relative to the 47 mode in the decay of the p’ meson.

The elusive p’(1600) meson has been the subject
of several recent articles. One curious feature of
the meson is the nearly total absence of the decay
mode into two pseudoscalar mesons. This has led
to the suggestion that the p’(1600) may be a kine-
matical effect? in the same spirit as the Deck ef-
fect. Although this is a viable alternative, it was
our thought to see if conventional quark models for
the p’(1600) also might be able to account for the
suppressed decay mode.® In this note we present
a calculation of the decay of the p’ meson assuming
that its wave function corresponds to either a ra-
dially excited or an orbitally excited p meson. The
decay dynamics is provided by a recent formulation
of the quark-pair-creation (QPC) model.* Since
this model contains an over-all arbitrary constant
corresponding to the vacuum-gg coupling, we are
able to predict only the ratio of the p’nm and pn7
couplings. We find that nodes in the p’ wave func-
tion (for either radial or orbital excitations) sup-
press the ratio, provided that the p’ mass is near
the observed one.

Two further points should be noted. First, sym-
metry principles alone [such as SU(6)] do not re-
late p and p’ couplings. Second, couplings have
recently been deduced from experimental data,®
albeit in an approximate way. Thus we are able to .
put the QPC model to a new and nontrivial test.

In what follows, we first summarize the relevant
quark-model wave functions. Then, the QPC dy-
namics is reviewed and the results are presented.

From standard harmonic-oscillator wave func-
tions ¥,,;(q)Y,.(d) and SU(6) quark spinors® we can
construct wave functions for the mesons that we
need. We use the notation n?$*'L; to denote radi-
al, orbital, and spin quantum numbers. The 7 and

p mesons correspond to 115, and 135, states, re-
spectively. There are two likely models for the p’
meson within the simple quark model. A radial
excitation of the p meson, i.e., the 23S, state,
(Model I) is simple and attractive. A second and
more popular model (II) is the orbitally excited p
meson, with configuration 13D,. Actually the true
wave function could be a mixture of these config-
urations, the mixing coming about through the cou-
pling to ¢gqq states. Previous calculations using a
coupled-channel Schrédinger model indicate that
the coupling may be quite large.” Finally, we need
a model for the 0 meson, which is believed to be
one of the main decay products of the p’ meson de-
cay. To obtain J¥ of 0*, we need a spin-triplet
state with one unit of orbital angular momentum.
We have chosen the SU(6) state to be the same as
the w meson; however, an SU(3) singlet form is
also possible.

Denoting the p, 7, and w meson spinors® by p,,
7, and w,, and the harmonic-oscillator state
|nlm) by ¢ Y;,, the explicit wave functions are

br =TP1oY 0, (1)
YA =Pr¥oYo, @)
o) = PrYoY, , model I (3)
b=
> Cl2ip, Yauy,, model II (4)
U
Yo = chlfiioowvylpd)u, (5)
v,

where the C’s are the usual Clebsch-Gordan coef-
ficients.
According to the QPC model, a meson decays
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into two others through the creation of a vacuum
pair of quarks (see Fig. 1). In order that the
quantum numbers of the pair be that of the vacuum,
the g7 system must be in a *P, state. The X in
the figure indicates the phenomenological interac-
tion which creates the pair. The strength of the
coupling and the range of the oscillator wave func-
tion are the only parameters in the theory. The
first parameter does not appear if we look at ra-
tios of coupling strengths; the second can be de-
termined through independent considerations®
such as the slope of the p Regge trajectory.

The decay amplitude (Fig. 1) corresponds to the
convolution of the product of the meson wave func-
tions and the vacuum pair wave function. In the
case of spinless particles for the final-state me-
sons, the explicit form is

()

FIG. 1. The quark-pair-creation model. The x in-
dicates a phenomenological interaction which produces
the quark-antiquark pair from the vacuum.

(BC|T|AY)=6y4y D Cl2, CLSI (@b |27V ™™ f Ua(=K)c Ry (kg +K)YT (ks =K)d %k, (6)

where V™" is the spin triplet and SU(3) singlet
state corresponding to the vacuum pair. The &’s
are SU(6) spinors and Y} is a solid harmonic.
The matrix element is compared with the phe-
nomenological Lagrangian, e.g.,

Lt =fpraTX0,T D,

to evaluate the coupling _fp”. Here we have as-
sumed that the axis of quantization is the same
as the direction kz. A similar form can be writ-
ten if the final-state particles have spin. The
reader is referred to the original paper (Ref. 4)
for further details.

In Ref. 4 the matrix element [our Eq. (6)] is
evaluated for the case of the f,,, coupling. The
integral is most easily computed in cylindrical
coordinates, and the SU(6) matrix elements are
evaluated from the explicit wave functions given
in the book by Feld.® The resulting coupling con-
stant is
fons=cm,**R,**exp| -k,*R,?/12], )

where ¢ is a constant proportional to y. Similar
calculations using the two models for the p’ meson
(3) and (4) lead (after some algebra) to

alz(.fp’nw/fprvr)[
=(m g/m o P2($)2($) 1 = f (R} R
x expl =(k;? =k *)R?/12] (8)

for model I and
aug(fp’frn/fpnrr)”

=(~§-)”2al

r

for model II. The momentum of a pion in the de-
cay p (p’)— 27 is denoted by %, (k,). In the spirit
of the simple quark model we have set all oscilla-
tor radius parameters equal.® It is interesting
that both models give the same vertex functions
with only a very small difference in the coupling
strength. Thus even if there is considerable con-
figuration mixing between orbitally and radially
excited states, there is a strong suppression of
the coupling strength if 2,2~ 15/2R?2,

The value of the oscillator radius parameter R
has been determined by the Orsay group by sever-
al independent methods, the preferred value being
8 GeV~2.® Figure 2 gives the ratio o, as a function

1 -
'2'0\

FIG. 2. Coupling ratio ;= (fyzn/fpr.) VS oscillator
radius parameter R. The zero is ultimately due to the
node in the ¢’ wave function.
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of R%. The zero at about R®~ 12 GeV~? arises from
the polynomial multiplying the Gaussian. The
Gaussian factor varies only slightly over the range
of R? shown. The most recent estimate® of a is
0.2 which obtains for R~ 10 GeV~2 in reasonable
agreement with the earlier determination. This
value of o is subject to considerable uncertainty,
however.*

The p’ meson decays predominantly through the
47 mode, with only about 1% into the 27 mode. In
our interpretation, this is due to the nearness of
the zero in the polynomial factor in the expression
for @ [Eq. (8)]. The p’—~ 2p decay is found to have
the same polynomial factor as in Eq. (8) with &}
being replaced by &k, but the decays p’~ 2p~ 47
would not experience significant suppression since
the polynomial and Gaussian factors are nearly
one due to the smaller value of » ;,2. This decay
has, however, relatively little phase space unless
the p’ mass is somewhat larger than 1.6 GeV. (See
Cason et al., Ref. 1, who find a mass of 1.71 GeV
and claim the 2p mode dominates.)

We have also investigated the decay mode p’ - po

—~ 47 in the two models.’ This mode has more
phase space and has the advantage of having zero
orbital angular momentum in the po system. The
polynomial-exponential factor which appears in
the coupling function for Model I is

[1=%(k,RY + £k, R)*| expl -(kR/12],

which has no real roots. It has a minimum at (kR)
=~2.6. Assuming m,=0.6 GeV, m, =0.77 GeV, m,
=1.6 GeV, and R®=10 GeV~!, the factor has a val-
ue 0.563. This is to be compared with only 0.103
for the polynomial-exponential factor

[1 - %(knR)z]exp[ _(kﬂ R)2/12]

which occurs for the 27 mode, and with 0.901 which
occurs in the analogous factor for the 2p mode.

In summary, the ordinary harmonic-oscillator
quark model augmented by the quark-pair-creation
dynamics gives a simple explanation for a strongly
suppressed two-pion decay mode of the p’ meson
while allowing the 47 mode to proceed unimpeded.
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