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Normalization in the Spinor Strong Interaction
Theory and Strong Decay of Vector Meson V — PP
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The meson wave function in the spinor strong interaction theory is uniquely
normalized on dimensional grounds, thus bypassing the fundamental problems
in the normalization of Klein—Gordon (KG) and Bethe—Salpeter amplitudes for
mesons. While the KG amplitude is proportional to 1/ \/E, the present meson
wave function is not and is thus flavorrindependent. The confinement term is
inactive for free mesons, but is activated when interacting with another hadron
or charged lepton. The theory is applied to the strong decay of a two>quark vector
meson into two pseudoscalar mesons V — PP. The soyobtained and estimated
decay rates are consistent with data, as are the ratios of these rates to the
corresponding radiative decay V — Py rates. These decay rates indicate a possible
connection of the strong quark-—quark coupling o with the electromagnetic
coupling o via o, = o™ = 0.2923. Contrary to the standard electroweak model
(SM), the electromagnetic and weak couplings are detached from each other in
connection with the absence of Higgs bosons, without altering the main results
of the SM.

1. INTRODUCTION

The current mainstream theories of elementary particles are quantum
chromodynamics (QCD) for strong interactions and the standard model (SM)
for electroweak interactions [1]. These theories, about 25-30 years old,
despite success in a large body of applications, have not been verified in
some basic areas, e.g., the inability of QCD to demonstrate confinement and
the absence of the Higgs boson in SM. They also incorporate a number of
“fundamental parameters” whose values vary from case to case depending
upon how they are fixed by data. Three basic examples are the QCD effective
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coupling o, the Cabbibo angle 6., and the Weinberg angle 0,,. Further, these
theories suffer when considered from an aesthetic point of view.

It has not been possible to derive from the QCD Lagrangian, which
contains quark fields, useful Lagrangians containing meson fields. Therefore,
current predictions of low>energy hadronic data are based upon phenomeno»
logical Lagrangians [2, 3]. A vast literature exists on this subject. A large class
of these are QCD»oriented, nonrenormalizable, chiral perturbation theories for
application to light mesons [3, 4]. When the meson contains a very heavy
quark, a new spim>flavor symmetry emerges from QCD and can be incorpo»
rated to apply to heavy mesons [5, 6].

Only local meson fields appear in these Lagrangians. Since mesons have
finite size and internal structure, much physical content is irretrievably lost
in such transitions to phenomenology. Undetermined parameters are intro»
duced to compensate for such loss, to take into account various types of
interaction couplings and to cancel divergences. As a result, there exists a large
number of such phenomenological Lagrangians with many free parameters to
be fixed by data. The applicability of some of these data is not self>evident
and has not been fully demonstrated.

By the standard of quantum mechanics applied to atomic physics, the
above difficulties clearly indicate that QCD and SM meet great difficulties
in some basic aspects. That in spite of this they remain the mainstream
theories is in part due to the lack of alternative theories that are as basic and
as comprehensive.

A candidate that may become such an alternative was proposed a few
years ago [7; hereafter denoted by I], developed [8], and applied to meson
spectra [9]. The theory successfully accounts for confinement, the absence
of ground>state scalar and axial vector mesons, the pseudoscalar meson
masses, apart from those used as inputs, and approximately the vector meson
masses. It further shows the nonexistence of the pseudoscalar isosinglets
[U(1) problem] and the Higgs bosons.

When applied to the weak decay of flavored pseudoscalar mesons [10;
hereafter denoted by II], the Cabbibo angle is correctly predicted. Further,
the Weinberg angle was also predicted to be 30 deg in the limit of SU(3)
flavor symmetry [11].

In this paper, physical assignments and interpretations of the formalism
developed [7-10] as well as normalization of the meson wave functions are
given. The theory is applied to the strong decay of a two>quark vector meson
into two pseudoscalar mesons V — PP. The sister process, the radiative decay
V — Py, is analogously treated in an accompanying paper [12; hereafter
denoted by III].

Based upon these results, it is conjectured that electromagnetic coupling
o is related to the strong coupling o, Another independent conclusion is
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that the electromagnetic coupling o is dissociated from the weak coupling
characterized by the Fermi constant G. This, however, does not alter the
successful results of purely leptonic interactions in SM. These points are
considered in Section 9.

In Section 2, noninteracting, ground>state meson wave functions obey
linear wave equations. The nonlinear confinement term is called into action
when the meson is close to another hadron. A fundamental mesonic length
is identified. Normalization of the meson wave function amplitudes is treated
in Section 3, whereby the arbitrariness in the normalization constant in the
current literature is removed and flavor independence of the meson wave
functions is found.

Since V. — PP involves four quarks, fourquark meson wave equations
of approximative nature are constructed in Section 4 by extending the con»
struction of the two>quark meson wave equations in the Appendix, reproduced
from ref. 7. The four>quark meson wave equations have been converted into
an action and the strong decay amplitude is derived in Section 5. In Section
6, a physical picture of the decay mechanism as well as the perturbed potential
is given. The decay amplitude can be estimated explicitly if the decay products
move nonrelativistically. Such decay rates are derived in Section 7 and applied
to V — PP in Section 8, where the limits of their validity are given. The
predictions are consistent with data and are compared to earlier work.

2. FREE AND CONFINED MESONS

The basic meson equations (A7)—(A9) are in spinor form. Dropping the
internal function &, which characterizes flavor dependence, (A7) has been
converted into vector form (I 6.4), reproduced in (III B1). For two>quark
mesons without angular excitation and at rest, these equations have been
reduced to radial equations (I 7.3), (I 7.4), (I 8.3), and (I 8.4), which have
been collected into the form of (1), (3), and (4) of ref. 9:

2
(6_ £ 28 D g, 1A, )Wr) =0 QI

ot ror 2
(DPJn = _(D}’Jn + dm/r - (DO - emr2 (21b)
r 12 o0
(1]9% =é J dr' r'2q;3n(r')( 3r + r—)+ J dr' r' Uh(r)@Br'? + r?) | (2.1c)
0 r .
]chn = J dr ﬁ‘lﬁn(”) = z[q);’ln/r]r—m (21(1)
0

4Aln = (EJn - Q2Eemj)2 - (mp + mq)2 (216)
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Here, J = 0, 1 denotes pseudoscalar (0™) and vector (1) mesons, respectively,
n the radial quantum number, () is the meson wave function [see (IIT 3.1)]
with r = ‘x‘ denoting the interquark distance, m, and m, are the masses of
quarks of flavors p and ¢, respectively, and d,,, @, and e,, are integration
constants arising from (A9), as was mentioned below (I 7.1). E and Q are
the energy and charge, respectively, of the meson. The electromagnetic mass
Eemo = 2.1 Mev of the 0™ meson has been estimated from its electromagnetic
radius [9, 13, 14].

For small 0 meson momentum Ky or €0 = Ko/Eopo << 1 or (IIl BYS),
(2.1) still holds by virtue of (III B8a). Corrections to Ey are of order €3, as
can be seen from (III B1). The same can be shown to hold for 1~ mesons.

Confinement is provided by ®};,, whose amplitude depends upon “Jf_]n
and thus is not fixed. This leads to the possibility of obtaining the same
eigenvalue Ay, for a continuous set of d,, and @y values and “Jfln amplitudes
or confinement strengths. Table 9 of ref. 9 gives for ground>state mesons
four cases in this set, putting e,, = 0. For one of these cases, o and @}
are plotted in Fig. 1 of ref. 9.

In addition to this arbitrariness, the nonlinear ®pj in (2.1) prevents the
application of the superposition principle to the Fourier components of the
meson wave functions (III 3.1) in the laboratory space X (III A3a), so that
one cannot build wave packets from them. These two aspects also hold for
baryons, as is indicated in a comparison of (2.1) with (6.8), (6.9), (7.4), (7.5),
and (5.1) of ref. 15.

The last aspect leads to a contradiction with observation; groundstate
hadrons possess wave—particle duality properties, just like an electron does,
and their wave functions have to obey the superposition principle, at least
in a quasifree state of motion.

2.1. Free Mesons at Rest

Both difficulties of the last three paragraphs are removed by letting
‘JI_]()‘ — 0 when the meson moves freely and slowly and is far away from
other hadrons. This corresponds to a minimization of the confinement poten»
tial energy ®pjo — 0; (2.1a) becomes a linear eigenvalue equation and the
superposition principle can be applied to it. This linear equation together
with the normalization (3.6) and (3.7) are solved to yield

Voo = Ao exp(—dr/2) (2.2a)
Vo = Air exp(—drl4) (2.2b)
A = 870 (2.3a)
A= 3307210 (2.3b)
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Ap = —[d.)2(J + D] + O (2.4)

where  can —® so that ;0 and ®pp —> 0 in that limit. No confinement
term is needed for free mesons, just as a hydrogen atom by itself is stable.
Voo corresponds to the groundystate hydrogen atom wave function and Yo
to the radial part of the wave function of a hydrogen atom with unit angular
momentum, but with no angular dependence associated with it.

2.2. Mesons Close to Other Hadrons: Confined Mesons

Under interaction, the hydrogen atom can disintegrate since there is no
confining mechanism for its electron. This is no longer the case for hadrons;
the confinement terms can be called into action to prevent their disintegration.
The problem of a meson interacting with another hadron or charged lepton
has not been treated in the framework of the spinor strong interaction theory.
Therefore, only a qualitative account of such confinement is given below.

When another hadron approaches the meson, the quarks in the meson
start to experience the massless pseudoscalar or scalar forces from the quarks
in the approaching hadron, according to equations of the type of (A1) and
(A3a) and of (2.1) and (2.4a) in [15]. These forces produce a perturbation
in s, which originally ~ 0 and is uniformly distributed in the laboratory
space X for large Q in (2.3). This perturbation causes that the resulting /s
now has a gradient in X in the interaction region and therefore is no longer
zero, but is finite there. This in turn renders the confining potential @}y in
(2.1¢) finite and confinement becomes active in (2.1a).

This tendency is reinforced as the hadron moves closer to the meson.
But then the confining potential ®pyy is no longer of the simple form of
(2.1c), but will depend upon X, since the meson wave function products on
the right of (A9) now depend upon X. Another way to see it is that the meson
wave function /s, originally spread out in a large volume () — 0, is pushed
back by the approaching hadron so that €) is reduced to some finite volume
in the interaction region according to the reverse of (3.7b). Thus, (2.3), hence
(2.2) and @5y, become finite and confinement takes place.

2.3. Excited Mesons

The confinement term @5y has already been in effect for radially excited
mesons represented by #n > 0 in (2.1), as demonstrated in Figs. 2 and 3 of
ref. 9. The zero confinement formulas (2.4) and (2.le) together with the
quark masses of Table 1 of ref. 9 (m, = 0.6592 GeYV, . ..) cannot predict the
masses of the radially excited 1(1300) and other such mesons in Tables 5
and 7 of ref. 9. For these states, therefore, the superposition principle no
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longer holds and one cannot build wave packets for these excited states. This
may not contradict data, however, since these states have very large widths
and cannot be observed as freely moving particles. The same reasoning also
applies to the orbitally excited mesons of Tables 6 and 8 of ref. 9 because
these high>mass states also have large widths.

2.4. Fundamental Mesonic Length

It is well known that the differences of the squares of the masses of the
vector and pseudoscalar mesons are nearly the same, independent of their
quark content [16]. This fact has been used to determine the integration
constant d,, in Section 10 of I from (2.4). Insertion of six pseudoscalar meson
masses into (2.1e) and (2.4) has led to a determination of the five quark
masses and the other integration constant @y as well as successful predictions
the remaining mesons consisting of two quarks [9] (n and 1’ consist of six
quarks). For free mesons, (I 10.2) and the second line in Table 9 of ref. 9 give

dn = 0.864 GeV,  d,,' = 1.435 fm (2.5a)
®y = —0.24455 GeV? (2.5b)

which are independent of flavor.

In a free meson, the quarks are confined by the d,,/r term in (2.1b), just
as the electron is confined by the Coulomb potential e*/r in a hydrogen atom.
This comparison suggests that 1/d,, may be identified as the fundamental
mesonic length constant or d,, as the fundamental mesonic energy scale, just
as e is the fundamental charge constant in electromagnetic interactions. It
provides a reference length scale for mesonic phenomena, analogous to the
way e, together with the electron mass, controls the hydrogen atom radius,
which provides a reference length scale for atomic phenomena.

This is so because the original strong coupling constant g; of (A3) has
been elevated into the source term on the right side of (A9) for the confining
potential via (AS5). Its place is taken by d,/r, which is proportional to the
Green’s function of a second>order equation like (A3a), but is also an integra>
tion constant type of term in a solution (2.1b), (2.1c) to the fourth>order
potential equation (A9).

There is also a confining integration constant type of term e, in (2.1b)
which is a harmonic type of potential, contrary to the linear type of potential
supported by data. It has therefore been put to zero. Likewise, the integration
constants dy; = di3, dio = dso, and dy = ds in the intrabaryonic potentials
(6.8) and (7.5) of ref. 15 may lead to fundamental baryonic constants.
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2.5. Meson Radii

As is seen from (2.2), the meson radii are determined by d,. With
(2.5a) and (2.2), the strong interaction radii of free pseudoscalar and vector
mesons are

ro =1n2/dy~1fm,  (ro) = ldy (2.6a)
() = 4ld,, = 5.7 fm (2.6b)

where ro is the halbwidth of gy and (ri) refers to the maximum of . It
is known that the strong interaction radius of a pseudoscalar meson is of the
same magnitude as its electromagnetic radius (see also Section 9.1), which
has been measured to be 0.6—0.7 fm for K and 7 [13, 14]. These values are
of the same order as ry in (2.6a) and provide a qualitatitive support for the
present theory.

The large vector meson radius (2.6b), corresponding to that of the first
excited state of a hydrogen atom, is a unique feature of the spinor strong
interaction theory. A direct measurement of this radius will provide a crucial
test of the present theory.

The confinement term Dpyy will obviously reduce the meson radii. A
numerical integration of (2.1a)—(2.1c) has been performed and the confine»
ment potential and wave functions are displayed in Figs. 1 and 2 of 1. The
meson radii reported below these figures are smaller than those of (2.6), as
expected. The same kind of numerical integration has also been been carried
out for radially excited states with » = 1 and 2 and some confinment strength.
Figures 2 and 3 of ref. 9 show that the meson radii become fairly large, of
the magnitude of 15-30 fm.

3. NORMALIZATION OF MESON WAVE FUNCTIONS

The amplitudes (2.3) are determined by a further development of the
normalization procedure of the Appendix of ref. 8§ and Section 7 of II.
Following the last reference, the conventional normalization procedure for a
Klein—Gordon (KG) wave function g is used as a model.

3.1. Klein—-Gordon Wave Function Amplitude

Multiply the KG equation for a free particle by V&g and subtract it from
its complex conjugate. After a rearrangement, one finds

Ukg = Axg exp(—iEX® + ik X) (3.1a)
9 9
ot (\h«;@ VitG — c.c.) =0 (3.1b)

Integration of (3.1b) over X leads to
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ﬁ Neg =0,  Neg = QBQIE, Q= J SX (32

If the first of (3.2) is further integrated over X°, it will have the same
dimension as the action of this KG particle and will be a dimensionless
Lorentz scalar. Therefore, Nkc is also a Lorentz scalar and, for instance,
cannot depend linearly upon E, which is the time component of a fourvector.
Since there is no natural physical constraint on Ngg, it is conventionally
chosen as

Nxg = i (33)
so that (3.2) yields
Axg = 1/ \REQ (3.4)

which is the form used throughout the literature. Since £ < 0 is possible,
there is no positive norm; Ngg can be any number. This arbitrariness led to
some debate during the early development of quantum mechanics. This
remains an unsettled but ignored issue to the present time.

3.2. Meson Wave Function Amplitude and Flavor Independence

Following the procedure leading to (3.1b), drop the &’s in (A7a) and
multiply it by Y« = (Y&)*. Subtract the resulting equation from the complex
conjugate of (A8) multiplied by ;, dropping the &’s there. This was carried
out earlier and led to (A2) of ref. 8 or (II 7.2):

Ay duanty — NS = (PN Ouefrs) — (B (Ol (3.5)

Both terms on the right side cancel out for mesons at rest generally, as was
pointed out in (A2) and (A3) of ref. 8. Here, this can be shown by substituting
(I 3.1) with K, wyx = 0, (III 3.2) with ajx = 1 and ax" = 0, (III 3.6),
(IIT A3), (2.1), and (2.2) into the right of (3.5). Substituting the same set into
the left side of (3.5) and integrating it over x and X leads to

ﬁ Nu =0, Ny = —iEp Q J &k, Q= Jaﬁ} (3.6)

which is (A3) of ref. 8 and the analog of (3.2).

If the fisrt of (3.6) is integrated over X° and x°, it takes the dimension
of the action (III A4) or (5.1) below and becomes a dimensionless Lorentz
scalar. Therefore, N,,y must have dimension energy and be the time component
of a fourrvector and hence differs basically from Nkg. Since the only energy
constant associated with the meson is its energy Ej, N,y must be Ej times
a constant Lorentz scalar and can be put in the form
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Ny = —iEnQ/Q, (3.7a)

where (). is interpreted as the volume in the laboratory space X occupied
by the meson wave functions which are confined by the finite amplitudes in
(2.1a), (2.1c), and (2.1d). In the limit of free mesons, these amplitudes
vanish as

Q. >Q > (3.7b)

The appearance of i in (3.7a) identifies it with the time component of a
fouryvector.

The normalization (3.7a) is the consequence of the appearance of the
relative time x” in a Lorentzinvariant formulation. It answers at the same
time, at least in part, the two seemingly unrelated questions raised by Wick
[17] on the Bethe—Salpeter equation, namely the lack of a positiverdefinite
norm and the significance of the relative time. As is shown in (3.10) below,
the gauge boson mass M,, is also fixed by a relative time scale.

The choice of 7 in (3.3) is not aesthetically appealing. This and the
arbitrariness of Ngg are avoided by the specific fixation of (3.7a). This in
turn implies that the application of the Klein—Gordon equation with the
choice (3.3) in the literature lacks firm theoretical foundation and can lead
to erroneous conclusions. Two cases are mentioned here. Combining (3.6),
(3.7), and (2.2) leads to (2.3), which does not depend upon Ej,, contrary to
Agc in (3.4). This important difference makes possible the prediction of the
Cabbibo angle (II 11.4), which, at least in the meson sector, is not a fundamen>
tal parameter to be fixed by other data, as is the case in the standard electro»
weak model.

Further, (3.4) shows that all mesons will have different amplitudes
dependent upon their different energies and flavors. In contrast, (2.3) does
not depend upon energy, so that the meson wave function is flavor indepen>
dent. This independence converts (2.1d) to

New = Neoo (3.8)

which has been employed to obtain Table 9 of ref. 9. This flavor independence
is consistent with that of d,, in (2.5a). Both are required for the flavor
independence of (2.1a).

3.3. Nonrelativistic Mesons

The results of Section 3.2 were derived for mesons at rest for which
the coupled secondrorder equations (III B1) are decoupled and reduce to
(2.1a). For mesons in motion, K, # 0 in (IIT 3.1) and the singlet and triplet
parts in (III B1) couple, rendering an analytic solution complicated. The
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situation is entirely analogous to that of the coupling of the small to large
Dirac wave function components by motion; the singlet (triplet) parts in (111
B1) represent large (small) components for pseudoscalar mesons and vice
versa for vector mesons.

It will be estimated below that the normalization conditions (3.6)—(3.8)
also hold to order gy = Ko/Ey (III BS), i.e., for nonrelativistic pseudoscalar
mesons. That (2.1) holds to this approximation has been pointed out below
it. The small triplet wave functions in (III B1) are determined by (III B8) to
order g. These equations are also not simply solved, but have been treated
by a dimensional analysis in the heavy meson limit Ey >> d,, of (III B11).
The results are given by (III B14), and are also self>consistent to order &,
as is indicated by (III B17).

Equations (IIT B14) and (III B16) are inserted into (3.5). The calculation
is straightforward and will not be reproduced here. It shows that the right
side of (3.5) vanishes to order g. The left side receives a contribution via
Eyw — Ey + (dn/Eyw) rKo for the limit (III B1la), dropping the g} terms.
Here, 7 = x/|x|. Putting d,,/Eq ~ & for this limit, this contribution is also
of order &5 and can be dropped. Thus, (3.6)—(3.8) for J = 0 and (2.3a) hold
to order gy for heavy mesons (III B11) from a dimensional analysis point of
view. A similar conclusion can be obtained by an analogous treatment for
the opposite of (B11), i.e., for light mesons. Therefore, it is estimated that
(3.6)—(3.8) also hold for meson masses between these limits, i.e., for nonrela
tivistic pseudoscalar mesons of arbitrary mass.

3.4. Normalization in Weak Decay Processes

Under Sections 3.2 and 3.3 the integrals over the relative time x” cancel
out in the actions (III 2.1) and (5.1) below. This is no longer the case in
weak decays, in which x° can appear in the initial meson state, but not in
the final lepton state. This together with a more transparent handling of such
an integral over X lead to an ansatz of the type (II 3.1)—(II 3.3),

\J/”b N \Jfab CXp(_(XO/TO)2 — }2/142\4) (3.9a)

Q= J X —>J X exp(—2X413) = (022 (3.9b)

J ax’ —>J dx” exp(—2(x"/1))*) = (n/2)"?1, (3.9¢)

where T is a large relative time scale of the quarks and Ly a large cutoff length.
With (3.9), the action (5.1) below is neither Lorentz nor gauge invariant; valid
results are obtained only for large values of these parameters. This ansatz
leads to the gauge boson mass (I 5.2b),
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M3y = “445 @ NooTo = (80.33 GeV)? (3.10)

where g is the weak charge in (II 2.3d) and the relative energy — 0 in
(IT 2.9) and (II 3.2), as is suggested below (5.2). A factor of 1/ has been
introduced into (3.10), according to (9.2) of ref. 11. However, no such integral
over x” is present in the normalization condition (II 7.3), the equivalent of
(3.6) and (II 7.4),

N. = 47tN,00E0o€) (3.1D)

which is equivalent to N, of (3.7) and hence is equal to iEy. Application
of this result to (Il 6.5) would lead to a decay rate in disagreement with data.

These difficulties, not realized as such in Section 7 of II, are removed
by introducing the Ty factor in (3.9a) and (3.9c¢) into (II 2.8) and integrating
the so>modified (11 7.3) over x°. Equations (II 7.4) and (3.11) are now altered to

Ny = 41t JU2NaooToEonQ = 4 M7y EnQg* (3.12)

where (3.10) has been consulted.

Now Ny is a large, dimensionless Lorentz scalar and thus cannot depend
linearly upon a time component of a founvector like Eyp. The decay volume
Qin (3.11) and (3.12) is a representation of a & function, like that in (7.3b)
below. Combining (3.12), (3.10), and (II 6.4) leads to the decay rate

2 \2
v+ + M1G3m2 m
['K* = %uv):g\ﬁm;(l—(a}:)) (3.13)

which replaces (Il 6.5) and (I 10.4). The prediction of the ratio of the K
and 7 weak decay rates in I, without introducing any Cabbibo angle, remains
unchanged by (3.13), which is finite if

Ny = M$LS (3.14)

where Mgy is some mass scale of the order of 1.4 Gev. As was pointed out
below (I 11.5), the pion decay constant F cos 0. there is essentially the ratio
between two large constants Ny and L.

Similarly, the relative time scale To o« M#{) according to (3.10), (2.1d),
(2.2a), and (2.3a). Conversely, M7 is basically the ratio of two large quantities,
To and Q. Also, N;of (Il B6) is, like Ny, a large Lorentz scalar o LY. For
free mesons, however, the amplitude 44 in (IT B6) is of the type (2.3), so
that Ny Li.
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4. CONSTRUCTION OF QUSAI-FOUR-QUARK MESON
EQUATIONS

In the simplest OZI rule obeying decay of a vector meson into two
pseudoscalar mesons, four quarks are involved; quark A4 of flavor p and
antiquark B of flavor r forming the tworquark vector meson and a pair
comprising quark C of flavor ¢ and antiquark D of flavor ¢ created from the
vacuum and considered as perturbation initially. The vector meson AB decays
into the two pseudoscalar mesons 4D and CB or AB and CD.

The method of construction of the tworquark vector meson given in the
Appendix is extended to apply to the fourrquark case under the following
restricted conditions. The wave functions for the quark C and antiquark D
are the same as those in (A1) and (A2), except for the labels and I — III
and II — IV for the designation of new coordinates for C and D. Consider
the case that the C and D amplitudes are small relative to those for the quarks
A and B and that the quarks A4 (B) and C (D) are close to each other so that
X=X, zm~z, Xiv~xy, and ziy~zy. In this region, one may consider that
the wave function for quark A is augmented by a perturbed wave function
of quark C according to

Yas(x)EA(z) + Aes(x)EH(z), Vix)&i(z) + Ven)Elz)  (4.1)

A similar set holds for the antiquarks B and D. Instead of two separate quarks,
they are considered as a mixed state so that the genuine fourquark problem
is reduced to a tractable two>quark one.

Equations (A1)—(A3) generalized to the fourquark case now read

AN (as(x)Eh(z1) + Yeo(xn)e&(z))

= i(Maop(z1, 010z1) — Vp(x)(Wi(x)E4(zr) + Ve (x)el(z1)) (4.2a)
Ors(Wia)Eo(z) + Ve (x)Ee(zr)
= i(Maop(z1, 010z1) + Vip(x))(Yac(x)E(z1) + Yce(x)El(zr)) (4.2b)

Ouer(B(x&azn) + Ab(x)&pg(zn))

= i(mpop(zu1, 0/0z11) — Vac(xn))(Wae(xn)Epzn) + VUpe(xn)épg(zu))  (4.3a)
At (ae(x)énr(zn) + Wpelx)eng(zn))

= i(mpop(zu, O10z1) + Vac () (b(xn)&srzn) + b(x)Epy(zn)) (4.3b)

LVep(xn) = igé[(\lf%(xl) + UhOa) (ss(x1) + Yos(x1)) — c.c.] (4.4a)

CnVac(xn) = igg[(\lfi(xn) + VEm) (Naa(x) + Kea(xm)) — c.c.] (4.4b)
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We follow the procedure in the Appendix and multiply together (4.2a) and
(4.3a). This leads to a equation similar to (A4), but with four product wave
functions on each side instead of one as in (A4). Each of the resulting products
is generalized to a nonseparable meson wave function, distinguished from
each other by the subscripts 4B, AD, CB, and CD, or to internal operators
in the same way as in (A5) and (A6). Since only three mesons are involved
in V. — PP, one of the four product meson wave functions is dropped. This
can be represented by dropping CD, the created gg pair, so that (i) 4B —
AD + CB; D' —> D" is an example. Alternatively, (ii) AB — AB + CD;
D" — D'’ provides an example. In the following, only (i) will be consid>
ered. The interchange D <> B among the decay products turns this case to
(i1), which will be applied. The resulting meson equation corresponding to
(A7a) reads

X Auer (W ams(er, x)EX(zr, zi) + Xaps(xt, xim)EL(zr, zn) + Y Lmsxr, xm)EXzr, zir))
= (@ palon, 1) — gy | VABECD MO Z0)
pa(X1, Xn 207 Ny (o, x)Eh(z1, zn) + Wse(xr, xi)&4(z1, zi)
(4.5a)

where ®p4 is defined in (4.6a) below. Multiplying together (4.2b) and (4.3b)
and following the same procedure gives

Ores M (UhieCxr, x)ER (21, znr) + Wi, xi)&h(z, zn) + Ve, xi)EX(z1, zir))

Ypdxn, Xxm)Eh(zr, zir) + Xl xi)EX(z1, zir)
4.5b)

Multiplying together (4.4a) and (4.4b) and following the same procedure
leading to (A9) leads to

d N p +
= (D1, x1) — 1) [XAB‘(’“’ e, )

—Vep(x)Vac(xn) = Pps = Qpygp + D1y (4.62)
@ pan(r, xir) = wRe(Wns(xin, X0 izalxi, X1)) (4.6b)
O @ paCr, xir) (4.6¢)

W pp(x, XI)XéBa(XII, x1) + Véas(xm, XI)X?IDU(XII, x1) +
1| Véss(xu, XI)XZ‘Ba(XII, x1) + Vps(x, XI)XZDU(XH, x1) +
16 | Wss(x, XI)X}éBa(XH, x1) + Wéss(xu, XI)XZBU(XII, x) +

Vs(xat, X0 X apaCeas, x1) + Wpp(xar, X)X apa(1t, X1)

C.C.

Multiplying (4.5a) and (4.5b) by &,(z1, zn), EX(z1, zin), and &;(z1, zn) and making
use of (IIT AS) and (IIT A9) leads to



2630 Hoh

01" Oussams(x1, xu) = (Ppa(i, xu) — M)Wz, xn) (4.7a)
Oundff Waselxt, xu) = (Ppaar, ) — MAp) it xu)  (4.7b)
(4.7) with AB — AD (4.8)
(4.7) with AB — CB (4.9)

where (A7b) and (A7c) have been employed with M,z = M,, All other
product equations vanish in the same manner as the corresponding ones do
in the Appendix.

Equations (4.6)—(4.9) form a set of seven equations for the seven vari
ables V5, Yup, AB — AD, AB — CB, and ®p,. The various meson wave
functions for AB, AD, and CB are coupled strongly in @py of (4.6), and
contain new and strong interactions not present in the tworquark meson
equations (A7)—(A9).

Equations (4.6b) and (4.7a) are of zeroth order and account for the
vector meson AB. Equations (4.8)—(4.9) and the first two terms on the right
of (4.6¢c) are of higher order. They describe the decay products AD and CB.

5. ACTION FOR V — PP DECAY AND DECAY AMPLITUDE

Equation (4.7) is converted into the form of an action (III A4) or (5.1)
of ref. 8§ with some of the symbols changed;

_ T b”XABa)@HqX Lgb) + (5}]”‘11/13”)(514‘11 b)) + c.c
S J @ dn { + 2(Dps — MAR)(Wpaxs: + c.c.) -1)

This action is entirely similar to the actions (III 2.1) for the radiative decay
V — Py and (II 2.4) for the weak decay K — pv and will be treated in an
analogous manner. Laboratory coordinate X and relative coordinate x are
introduced in (I A3a).

The vector meson wave function is written as a special case of (III 3.1),

Vs, xi) = (@5 + aHXO)exp(—iEi X)(—0 Y 1(x))  (5.2a)
(5.2a) with y =y, (5.2b)

The relative energy ®,x = 0 has been set in (5.2) for similar reasons as those
given above (III 4.2). The annihilation operator and initial and final states
are defined, as in (Il 4.3), by

aAB CXp(_lEmX) —> A 4B, ‘l> = ‘VAB>

amVis) = |00, (1= (5.3)
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a(A}E;(X %) is a firstorder quantity varying slowly with the time X” and character
izes the decay of Vg, the vector meson AB.

Equation (5.1) is thus divided into a zeroth>order part, accounting for
V4p at rest, and a perturbational part consisting of terms of type (i) and type
(i1), as in IIT Section 2. The type (i) terms are linear in a(All);(X %) and type (ii)
terms are linear in the perturbed potential ®,p4 of (4.6¢).

The treatment of type (i) terms proceeds in the same way as in III
Section 3 and IT Section 4 with the modifications indicated in (5.2) and (5.3).
Sandwiching these terms between ( f" and ‘i) leads to the equivalent of (III
3.5) or (Il 4.4),

1 - S
—i 5 ElOSﬁQNJ d*x “JIIO(X)

2 Qu= J X (5.42)
Sp = (0lalid @) (exp(iE10®))ais|Vas) = a'ii (@) (exp(iEig®))  (5.4b)

Sandwiching the type (ii) terms in (5.1) between (f| and |i) and making use
of (5.2) and (5.3) and (I A3a) leads to

i -
2 J d*X d*x O pa(exp(iEio X)W 100 (5.5)
Equating (5.4a) to the negative of (5.5) yields the decay amplitude
Sp =
4 - - - =SS
i Jd“x dx <Dlp4(exp(iEmXO))\q;lo(x)P/J X @ 5.6)
102&N

6. PHYSICAL PICTURE AND PERTURBED POTENTIAL

The solution to the zerothyorder potential ®pyp of (4.6b) has been given
by (2.1b) with J, n = 1, 0 and Dpy, e, = 0, according to Section 2.1 and
the discussion above it. A perturbational treatment holds if in (4.6)

‘(D1P4‘ « ‘(DPAB‘ R

dul(r) — @o| = (0.19 + 0.24) GeV (6.1)

which will be justified below.

Only the first two source terms + c.c. on the right of (4.6c) will contribute
to @, ps. These terms are associated with the decay products 4D and CB
having a total energy Ej¢ in (5.6); the remaining terms will drop out upon
integration over X° because they are associated with total energies differing
from E10.
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6.1. Physical Picture

In the rest frame of the vector meson AB, Vi(r) = Wm(r)‘ in (IIT 3.6)
and (5.2a) is given by (2.2b) and (2.3b) and is evenly distributed in a large
volume () with vanishing amplitude A4;. A virtual quark—antiquark pair CD
is initially created in 4B. To be specific, let BA — uc and DC — dd and
choose alternative (ii) above (4.5a) to represent D — D, This initial
stage is illustrated in Fig. la. The ¢ and d_quarks are about 6 fm apart
according to (2.6b), much greater than the d-d distance. Therefore, (4.1)
does not apply; a genuine founquark theory would be required. However,
the source terms corresponding to those on the right of (4.6¢c) in such a
theory are also small at this stage because the d and d wave functions
are perturbations. Therefore, the condition corresponding to (6.1) holds at
this stage.

The initial stage is followed by the intermediary stage of Fig. 1b. In
Fig. 1 of III for D — D", the ¢ and & quarks move inward and one of
them flips its spin to form a D, the energy released goes to the photon
and D°. Analogously, the ¢ and u quarks in Fig. la behave in the same
way to form a D’, the energy released now goes, in addition to D’, also
to create a distance between the d and d quarks in Fig. 1a and converts
this virtual pair into a real meson in the end. In this intermediary stage,
xi (xp) 1s considered to be close enough to xyv(xy) so that the approximation
(4.1) applies.

In this stage, both embryo pseudoscalar mesons interact strongly with
each other and the meson wave functions are not uniformly distributed in X
space. This stage is too complex to allow for an estimate of the source wave
functions. It is not known whether (6.1) is violated or not. However, the
effect of an eventual violation is small because this stage lasts a very short
time compared to the duration of the final stage below, so that its contribution
to the time integral of (5.6) is small.

Since diquarks do not exist, ¢ and d tend to move away from each other.
This leads to the final stage, depicted in Fig 1c. Both pseudoscalar mesons
D’ and dd are moving away from each other. The same process holds for dd
— uu and a ©° is observed (see note a in Table 4 of ref. 9). After a
short time, small compared to the decay time 7, in (7.2), the so>produced
pseudoscalar mesons have moved so far away from each other that they no
longer interact with each other via strong forces and can hence be considered
as free mesons.

The absolute magnitudg of their amplitudes according to (2.2a) and
(2.3a) is proportinal to 1/ —> 0, so_that (4.6¢) is small and (6.1) holds.
But in this stage the quarks u (¢) and d (d) are so far apart that (4.1) and
hence (4.6¢) are no longer valid. Nevertheless, it is possible to set
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cixi)

a(xa)
a)
D’ 7
c(xi) e o d(xm)
KD <« - K"
Q(xa) « o d(xw)

c)

Fig. 1. Illustration of D*° — D°rt’. (a) In the initial stage the peak of the free D*° amplitude
is located on the circle according to (2.6b) and a virtual pair dd with small amplitude is created
at the origin. The ¢ and u quarks tend to lower their energy in the potential well —d,,/r of
(2.1b) by moving toward each other to form the final state pseudoscalar meson D°, which has
a much smaller radius and hence much lower potential energy. (b) In the intermediary stage
the ¢ and u quarks have moved inward and the potential energy released goes to compensate
for the energy needed to create a separation of d from d in order to form a quasi>dd pseudoscalar
meson. The spin of ¢ or u flips to convert D*” to D°. Also, the quarks u(c) and d(d) start to
move away from each other since the diquark does not exist. With dd —> uu in half of the
time, it becomes a 7’. This process continues until it reaches the final stage (c), in which D°
and 7t° become free mesons.
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X = 7(3613 + xi) = —%(an + xiv), X' = 7(x? + xf)= %(x?n + afv)
= = - = =
X = Xn — X1 = Xiv — Xm (6.2)

where the superscript 3 denotes the direction of the meson velocity. This is
possible because of (i) the symmetry in the motions of the quarks in both
mesons, (ii) the flavor independence of nonrelativistic free meson wave
functions, and (iii) the fact that the wave functions are finally integrated over
x and X in (5.6).

The spin of the D*” is transferred to a relative angular momentum
between both pseudoscalar mesons. Formally, this can be seen by applying
(IIT 3.6) to the upper integrand of (5.6) to obtain

V()27 D1 pa(exp(iEro X)) n(r)
Here, the last 7 represents the vector character of the initial state and the first
7 denotes the spin state of the both pseudoscalar mesons, represented by the
bracket using (6.5) and (6.9) below.
6.2. Perturbed Potential

The negativerenergy solutions for the pseudoscalar meson CB in motion
are chosen in (4.6c). The terms on the right of (4.6¢) that will contribute in
the final stage (Fig. 1c) are written as

1 . .
_E (\IliileXg'Blﬁa + \Ilg'%bXAD}}a)

1 i =2 3 : = = 0
- E expli(Koap — Koc)X — i(Eokap + Eokc)X')
- % - - = T -
X 20K ap(X) Yok cr(x) — VoK an(X) X okca(x) + Y <) (6.3)

where the form of (III 3.1) with bjx = 1 has been employed. Comparison
of (5.4b) to (5.6) together with (4.6¢) and (6.3) shows that

- - -
Koap = Kocz = Ko (6.4)

Replacing the right of (4.6¢) by (6.3) and using (III A3) with a = 1/2 given
above (III 4.2) leads to the form

- il - -
@ pa(x1, x11) = D1 p(x) expli(Koap — Kocs) X — i( EoRap + EoRes) X’ (6.5)

Using this expression, the left of (4.6¢c) similarly becomes
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- = - E? ¥ -
texpli(Koap — Kocg)X — iEmXO]}(W + f)cblp(x) (6.62)

Ev = EoRapt EoKcs (6.6b)

The last relation is evident from (5.4b), (5.6) and (6.5).

6.3. Green’s Functions
Equating (6.6a) to (6.3) yields

V2 + £1Io (I) (x) _ 1 ‘JIOI?AD(;C;)XS‘ZCB(;_); - E&)EAD(;:?Z@CB(;_Q +
P YR ap(0Res(x) — X 8an(X)V 0Rcs(x)

(6.7)
The Green’s function for (6.7) satisfies
E
(W + f)G(x X = 8(r—x') (6.82)
6.3 = =il TEl - V]| s
X, X AEn sin| ) lo|x — x .8b)
In the E19 — 0 limit, (6.8b) reduces to
- 5 = -
G(x, x') = —|x — ' (6.8¢)

which is the confining Green’s function of (I 7.1) for the zeroth>order ®pyp
of (4.6b). Note that homogeneous solutions of the type 1/|x — x" and constant
that accompany (6.8c), as in (I 7.2), cannot be added to (6.8b) due to the
presence of Ejo. Applying (6.8a) and (6.8b) to (6.7) yields

LX) = 8TE D) 5(x)
_1 e \JIOKAD(X )Xﬂ‘_’CB(X ) — ‘JIOKAD(X )XS‘_’CB(X )
4 XaﬂAD(X )\JIOKCB(X') XaﬂAD(X )\JIOKCB(X')
sin(% Enlx — ¥’ ) (6.9)

For nonrelativistic mesons, vector product terms in (6.9) are of order
€} and can be dropped. The bracket in (6.9) then depends only upon [x'| =
r" and angular integrations can be carried out to yield
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(R
f% dR R'(sin R — R cos R [. .. (")]+ )
Jo
sinR| dR R[...(r')]sin R —
Lip(r) = 2—? J o (6.10a)
10 {cos RJ dR' R'[...(r'")] cos R + >-
R
sin R )
dR' R'(cos R' + R’ sin R)[...(r")]
R |,
\ R=Eo2, [..()=L.]in(69) (6.10b)

'112) = Evlx — x|/2 and (6.9) takes the
form of (I 7.2) for the zeroth>order potential @ p4p. In that limit, (6.10) reduces
to the form of the bracket in (I 7.4) or (3d) of ref. 9 times Ejo/2 for the
confining potential.

7. DECAY RATE

Inserting (6.9) and (6.5) into (5.6) and performing the X° integration
yields

El()Q

-
Sp = J 4’ X (exp z(KoAD KOCB)X)S(EN) — Eokap — Eokcs)

X J s Vi(r) Re IIP(;)/J dx Vi(r) (7.1)

Here, (III 3.6) has been used. The decay rate corresponding to (III 4.3) is

O3
F(V - PP) = 2 Sﬁ 2/T(,{ = N6 dSE()AD dSEOCB Sﬁ 2/Td
final states 6471

(7.2)

Inserting (7.1) into (7.2) and carrying out the X integration in a manner
analogous to that leading to (III 4.3) gives

1

Q= J X (exp i(}ofw - }OCB)}) = 87335(20@ - EOCB) = (2nd(0))°

(7.3b)
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Px = EicKo \Eloap + K3 \Ehocs + Kb, Ko = ~M2Ew (7.3¢)
A= Ety + ESoap + Ebocs — 2E30(Efoap + Edocs) — 2E30apEdocs

(7.3d)

Tip = J &% Wi(r) Re Tip(x) /J 43 i) (7.4)

where Ky = ‘Ko‘ of (6.4). Since the decay is strong, the branching ratio
determined by the isospin Clebsch—Gordan coefficient C, has been inserted.

The Eoo are the masses of the pseudoscalar mesons AD and CB deter
mined by (2.1e). The relation (IIT B10), shown to hold to order g, has been
used in deriving (7.3c), (7.3d).

As was mentioned in Section 6.1 in connection with Fig. 1b, the time
during which the four quarks are close together is short compared to the
decay time 7,. During the greater part of T,, the mesons have moved so far
from each other that they behave like free mesons. Limiting consideration
to nonrelativistic mesons or €9 < 1, as in (III B5), they can be described by
the restframe free meson wave function (2.2a) and (2.3a), putting Q to Qy
by (5.4a). Inserting these expressions into (7.4) using (6.9) and (2.2b) leads to

Qudyp = g1 + Ao)Iyp (7.52)
d -
Iyp = —; a’3; 2 exp(_;lmﬁ)J d3;’ sin(% Elo‘; - ;’ )
X exp(—dmr’)/J d3; r? exp(__;lmﬁ
3
4\1+4p*| |243 (1 + »%°
2 4 6 — im.
X (2 — 1167 — 400" + 21b7) |, b—E (7.5b)
10

where (6.10) has been employed.

The g7 factors in (A3) have been absorbed into the meson wave function
by (ASa) or (I 6.11) so that they are not visible in (A9). This scale change
makes no difference in linear problems, but plays an essential role in the
nonlinear problem here. Therefore, this g7 factor is reinstated so that gj is
multiplied into the right of (A9) so that it takes the original form (I 4.12).
This gﬁ} factor now appears in (7.5a).

The A, in (7.5a) represents the €3 terms in (6.9). This relativistic correc
tion term cannot be evaluated because (111 B8)—(III B9) have not been solved.
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Its order of magnitude has, however, been estimated using dimensional analy»
sis and is given by (III B14) and (IIT B17) in the heavy meson limit. In this
approximation, no new integrals are involved and

A = K%( L - i) <1, dy< Ey (7.6)

EwoapEoocs  dm

The infrared cutoffs Q, and Q% are also not known, but
Q.IQ% = M3y (7.7)

must be some finite constant to obtain a finite decay rate, just like in the
weak decay case (3.14). Such ratios of two large quantities, each approaching
infinity, are a particular feature of the spinor strong interaction theory and
their roles are not understood presently.

The decay rate (7.3a) now becomes

[(V > PP) = C,CiPip(1 + Ay, C = gMi/Am®  (1.8)

which together with (7.3¢), (7.3d) and (7.5b) determines the decay rate for
nonrelativistic decay products.

8. APPLICATION AND COMPARISON TO EARLIER WORK
8.1. V — PP Decay Rates

The decay rate (7.8) can now be applied to the various decays in Table
I. It holds for g0 < 1, so that A, < 1 and can be neglected. The condition
for the estimate of A, by (7.6) is not met by the decays in Table I except
for D*. The predicted decay rates are obtained by putting A, to 0. Futher,
Cy in (7.8) is fixed by the measured ['(¢ — K*K ™) and is C; = 0.35 GeV".
Since g is not very small according to Table I, the A, term for this decay
may cause an error of 10-20% in this C; value.

For D*, g0 < 1, so that the predictions are expected to hold rather well.
Since (7.6) holds for this decay, it reduces the rates by 2-2.6%. Data [1]
show that [(D** — D'n")/[(D** — D*n’) = 2.23 =+ 0.28. This value is
11.6% greater than the ratio 2 obtained from the Clebsch—Gordan coefficients.
In Table I this ratio 2 is raised to 2.13, within experimental error. The very
small decay rates are due to the canceling effect of the sine factor in (7.5b)
and are far below the measured upper limits. An experimental determination
of these rates can provide an important test for the spinor strong interac»
tion theory.

For K* and p, g is no longer small and the A, term will be appreciable.
Nevertheless, the predicted values are off only by a factor of about 2 and
support qualitatively the present approach to strong decays.
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Table I. Decay Rates and Parameters Limiting Their Validity Regions’

[ (keV)
€ = Ko/Eoo & Cq (7.8) Data[1]
D't »>D'n’ 0.021 (D) 0.00596 1/3 0.012 <40
0.284 ()
D't > D" 0.021 (D) 0.00596 2/3 0.025 <89.5
0.284 (m)
D" —» D'’ 0.023 (D) 0.00736 1/3 0.013 <1300
0.32 ()
D »D'n” 0.023 (D) 0.00736 2/3 0 0
0.32 ()
¢ > KK~ 0.257 0.066 12 Input 2.18 X 10°
¢ —>KK° 0.221 0.0488 1/2 1.89 X 10° 1.51 X 10°
K" >K'n® 0.586 (K) 1.26 1/3
2.14 ()
252 X 10° 49.8 X 10°
K" > K" 0.574 (K) 1.17 2/3
2.05 ()
K" - K’ 0.583 (K) 1.25 2/3
2.15 ()
24.8 X 10° 50.5 X 103
K" ->K'n~ 0.59 (K) 1.23 1/3
2.09 ()
pt >’ ~2.6 6.91 1
62.5 X 10° 151 X 10°
p' >t 2.61 6.81 1

“ Column 2 gives the relative momenta of the decay products. Column 3 shows the product
of the g¢’s in column 2 for both decay products and is a measure of A, in (7.8). The isospin
Clebsch—Gordan coefficient factor in (7.8) is given in column 4 and the data [1] in column
6. The decay rates in column 5 are obtained from (7.8) with (7.5b), (7.3c), and (7.3d), putting
A, = 0, and hold only for g < 1. For K* and p, & > 1 and A, # 0, so that the decay
rates are only estimates.

8.2. Ratios of V —> Py and V — P’ Decay Rates

The results in Table I may be combined with the orderof>magnitude
estimates of the radiative decay rates in Table 1 of III. Some results are
shown in Table II.

The estimated ratios are consistent with the measured ones, given that
['(V — Py) is an ordenofmagnitude estimate and that I'(V — Prt°) is also
an estimate due to the unknown A,, except for D*. The too large estimates
for p stem from the too large I'(p — 7y) in Table I of III and are discussed
at the end of Section 5.1 of III. On the other hand, the orderofmagnitude
agreement for the D* case is rather remarkable in view of the very small
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Table II. Ratios of Radiative and Strong Decay Rates”

[D** ->D%) I'd* 5D ILK* 5K%) ITK* 5Ky T 5>’y
[©o*" -Dp’n") ['(D** »D'n") [K** -»Kn’) ['K*" ->K'n’) [(p" - n'n")

Estimate 0.21 0.015 323 X107 =172 X 107 >22 X 107}
<172 X107 =22 x107°
Data [1] 0.615 0.036 3.45 X 1073 3.03 X 1073 0.9 X 1073

“ The estimated values are ratios of the orderrofymagnitude estimates of I'(V — Py) of Table
I in III to the predicted I" in Table I here. The last line gives the experimental data, using
the Clebsch—Gordan coefficients in Table 1.

I'(D*) values in Table I and of the rather coarse estimate of (4.8) and (4.10a)
of III.

8.3. Comparison to Earlier Work

The present work differs basically from earlier ones [3—6] which were
based upon phenomenological Lagrangians (not derivable from first>principle
theories such as QCD). These consist of local meson fields and the physics
related to the finite size of the mesons is largely lost. These Lagrangians
have been constructed for different applications, are different from each other,
and often contain a large number of terms and many free parameters to be
fixed by nearly as many data points. They cannot account for more general
mesonic phenomena such as confinement, meson spectra, the U(1) problem,
the absence of Higgs bosons, etc.

The chiral perturbation theories and the decay rates obtained from them
hold approximatively for light mesons [3, 4]. When the meson contains a
quark with mass — %, a new spimflavor symmetry appears in QCD [5].
[(D** — Dx") has been estimated in this heavy quark symmetry limit [6].
However, correction due to the finite ¢ quark mass, which can be appreciable,
has not been included and the predicted rates depend upon the data chosen
to fix the parameters.

In contrast, the Lagrangian in (5.1) is Lorentz and gauge invariant. It
is nonlocal, contains the internal structure of the mesons, and is much simpler
than the phenomenological Lagrangians. The same Lagrangian also led to
predictions on confinement (I), meson spectra [9], the U(1) problem [8§], the
absence of Higgs bosons [8], weak decay (II), and radiative decay (III), if
appropriate gauge fields are incorporated.

In the nonrelativistic limit, A, = 0 in (7.8). The only free parameter is
C\, which is fixed by I'(¢ — K'K"). The fundamental mesonic length 1/d,,
in (2.5a) was determined in L.
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9. POSSIBLE CONNECTION OF STRONG TO
ELECTROMAGNETIC INTERACTIONS AND FORMAL
DECOUPLING OF ELECTROMAGNETIC AND WEAK
INTERACTIONS

9.1. Possible Connection of Strong and Electromagnetic Interactions

The radiative and strong decay rates of D* in Table II are of the same
order of magnitude. The phase spaces available for both types of decay are
very small due to the small difference of D* and D masses. Next to D, 7’
and Y are both light particles. These observations may indicate that both
types of decay are associated with the same coupling strength.

This can also be seen from the similarity between Fig. 1 of III and Fig.
1 here. As was discussed in Section 6.1, the initial stage of both decays is
the same, i.e., the inward motion of both quarks in the vector meson. A
photon is emitted in the radiative decay, but is reabsorbed by a virtual ggq
pair to form a real g¢ meson to be emitted in the corresponding strong decay.

Each type of decay is characterized by its coupling strength. The coupling
strength of the weak decay rate (Il 6.5) or (3.13) is determined by the Fermi
coupling constant

G = P gUsmi ©.1)

according (Il 6.4), where My is the gauge boson mass and g the weak charge.
The coupling strength of the electromagnetic or radiative decay rate (111 4.3)
is the fine structure constant o in form of the square of the quark charges.
The coupling strength of the strong decay rate (7.8) is gj. The M3, factor
there, given by (7.7), is of basic importance in strong decay, but is not related
to the quark—quark coupling constant g; in (A3).

Therefore, it may be conjectured that the strong and electromagnetic
couplings are connected to each other by relating the strong meson—meson
coupling constant g5 in (7.8) to the electromagnetic one, the fine structure
constant o, in the radiative decay rate (III 4.3) according to

(ga/4m)* = of = o = e¥/4m = 1/137 (9.2a)
o, = (1, *i) X 0.2923 (9.2b)
g, = (£1, ®i, £(1 + i)/ \E) = 6.328¢ 9.3)

A factor of 1/(4m)* has been absorbed into the M /47’ factor in Cy in (7.8).
It is seen that o is of the same magnitude that appears in the literature,
but can be imaginary here. The hypothesis (9.2) may eliminate one more
“fundamental parameter” ., in the literature [1], in addition to the Cabbibo
angle (II 11.4) in the meson sector and the Weinberg angle [see (9.5) ff.] in
the limit of SU(3) flavor symmnetry. Such a connection (9.3) has in addition
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the cosequence that the existence of the electron implies that the quark or
hadron also exists.

9.2. Detachment of Electromagnetic and Weak Couplings

Independent of the above connection in Section 9.1, such a detachment
is already implicit in Section 3.4, which will be made explicit here. In the
standard electroweak model [1], the strength of the weak processes is con»
trolled by the Fermi constant (9.1), where the weak charge g is related to
the electron charge —e via the Weinberg angle,

sind, = elg = 1/2 (9.4)

which in effect couples the electromagnetic and weak interactions.
In the spinor strong interaction theory, however, G is independent of g,
hence also e, according to (9.1) and (3.10):

G=1/rn \ETE]VCO()TO =2 \E/TEQ/TO (9.5)

The last relation is obtained from (2.1d), (2.2a), and (2.3a) and shows that
the Fermi constant is the ratio of two large parameters, each —, but at
different rates, just like My in (3.14) and Mgy in (7.7) do.

Further, the Weinberg angle in (9.4) has, in the limit of SU(3) flavor
symmetry, its origin in the 1/ factor in the eighth of the GellbMann matrices
according to (5.2) and what follows in ref. 11. Thus, (9.4) is related to the
nomalization of the Gell>Mann matrices and not to any physical coupling of
electromagnetic and weak interactions. From this viewpoint, the Fermi con»
stant in weak interactions is dissociated from electromagnetic interactions.

Such a detachment is not possible in the standard model because My
in (9.1) is a constant generated by the hypothetical Higgs boson which is
unrelated to g. Since no Higgs boson has been found after decades of search,
the standard model is probably incorrect in this basic aspect. In the spinor
strong interaction theory, the low>lying pseudoscalar meson doublet and triplet
play the role of the Higgs boson [8, II] and no such difficulty exsists. As
was shown in II, the remaining main results of the standard model can be
taken over and are not affected by this decoupling.

That the strong and electromagnetic couplings are interconnected while
the electromagnetic and weak couplings are disconnected is more natural
than the current view in which the connection and disconnection are reversed.
The electromagnetic and strong interactions both conserve parity, while weak
interactions violate maximally parity conservation. Further, o is smaller than
o, by a factor of about 40 according to (9.2), but is greater than the weak
coupling constant Gmfl by a factor of about 10°.
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APPENDIX. CONSTRUCTION OF TWO-QUARK MESON
WAVE EQUATIONS

Construction of tworquark meson wave equations (I 5.4) and (I 4.12)
has been carried out in Sections 4 and 5 of I. This is repeated here to facilitate
the construction of the fourrquark meson wave equations in Section 2. Some
errors in Section 4 of I, which do not affect the meson equations there, are
removed here.

Equations for a quark A4 and an antiquark B under mutual pseudoscalar
interaction (I 5.1), (I 5.2), and (I 4.7) read

AW as()E(z1) = i(maop(z1, D1z1) — Vep(x)W(xn)El(z1) (Ala)
OreV(x)&(z1) = i(manp(z1, 010z1) + Vu(x1)) Y ae(x1)E(z1) (Alb)
Onefx s (en)Epr(z) = i(mpop(zi, 010zn) — Vea(xm)Wpe(xi)EpAzm) (A2a)
o pe(xm)esz) = i(mpop(zi, 010zi1) + Vea(x)) X B(xm)E-(zn1) (A2b)
Ll Vep(x) = gq[\lfB(XI)XBb(XI) —c.c] (A3a)

U Vea(xn) = + q[\llA(XH)XAa(XH) - c.c.] (A3b)

where ¥4 = (x$)*. In (1 4.7), let

2488 > g, (A3c)

Similarly, the g’s in (2.4) and (2.7) of ref. 15 for scalar strong interaction
among quarks are also identified as g,; there is no reason why pseudoscalar
and scalar strong quark—quark coupling should be different.

Since (A3) cannot contain any function of the internal coordinate z, the
wave function Y& in (A1) and (A2) has been multiplied by &* to yield £*y§
=\ by using the reverse of (A6a) below, (Il A9), and (IIT A5b).

Now multiply together (Ala) and (A2a):

6i)661113J‘XA15(X1)XJ;(XII)&{Q(ZI)&BI(ZII)
- _(onmeop + VPA(XII)VPB(XI) - onpVPA(-xII)
— mopV (X)) )WACX) U pe(oxn) E4(21)Epr(z11) (A4)

The basic hypothesis of the spinor strong interaction theory for mesons
consists in the following generalizations. In the first place, the products of
quark and antiquark wave functions are generalized into nonseparable meson
wave functions according to



2644 Hoh

s B () = X0, xn), 2V Use(xir) —> e, xin)
(A5a)

Next, the product of the pseudoscalar potentials for the quark A4 and antiquark
Bis analogously generalized into a nonseparable meson potential according to

Vea(x)Ves(xt) —> —Dp(x1, xir) (A5b)

Consistent with these generalizations in space>time, the corresponding gener>
alizations in internal space are made:

Eu(z0)8p:(zn) = &(z1, zn) (A6a)
mA017(21, 6/821)”’13017(211, 6/6211) _>m20p(21, 6/621, Z1, 6/6211) (A6b)

Insert (A5) and (A6) into (A4). Since the quarks are not observable, their
wave functions are put to zero. Therefore, Vpy = Vpg = 0 also by (A3).
Equation (A4) now becomes

5i’5511(y’xjg(xl, )&z, zi) = (O p(xr, xu) — Ma)WeGu, xn)E(z1, zn)

(A7a)
ngp(ZI, 6/621, Z11, 6/6211)&1,3(21, 211)
2
— Iy Y i Y i P — 2¢p
- Z 4| v + iy v + c.c. E_,r(Zl, ZH) - Mmé,.(zl, ZH) (A7b)
2 Oz1 ozn

The internal wave function & characterizes its flavor content via the quark
flavors p and r and has been given by (III A9). m,,, of (A7b) is of the form
(I 9.6a) and my is the quark mass of flavor v so that

M, = S(m, + my) (A7c)

Multiplying together (A1b) and (A2b) and following the same procedure
leads analogously to

AuenOiE oty ) (zr, zi) = (Do, i) — M2y, x)E(zr, zi) (AS)

Multiplication of (Ala) by (A2b) and (A1b) by (A2a) leads to products of
the form .4 (x1)Vpe(xn) and \Ilj(xl)xé(xu), which after generalizations of the
type (ASa) transform like diquarks. Since such objects, like quarks, are not
observable, they are consistently put to zero. Observing this in the product
of (A3a) and (A3b) leads to

ChOn®@p(x1, xu) = $Re(Wix, XI)Xg(XIIa x1)) (A9)

where xf, = (x2)*. Multiplication of (A3) by (A1) or (A2) also leads to zero
contribution by the same reasoning as above.
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Equations (A7)-(A9) are the meson equations (I 5.4), (I 5.5), and
(I14.12), which are manifestly Lorentz invariant by virtue of their spinor form.
Justification of these equations does not come from the above construction, but
has to come from confrontation with data. To date, such confrontations have
been somewhat limited in scope but successful in many different areas of basic
importance mentioned in the references. No major and basic contradiction to
data has so far been encountered.

The meson equations (A7)—(A9) have been converted into the action
integral (III A4) and (3.1) of ref. 8.
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