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It is assumed that the q(549) and q'(958) mesons are each composed of a nonstrange-quark part, a
strange-quark part, and an "inert" part that interacts weakly with mesons. This type of structure was
suggested previously by the author on the basis of self-consistency conditions postulated by Odorico, Various
experimental results on hadronic processes and electromagnetic decay rates are used to analyze the q and q'
wave functions. The results are compared with the predictions that follow from the Odorico postulate. It is
suggested that the inert component is a gluon bound state. It is predicted that a third pseudoscalar meson
with mass less than 2 GeV/c ' exists; this meson should be produced copiously in m p and K p collisions at
sufficiently high energy.

I. INTRODUCTION AND PROCEDURE

Several years ago the author proposed that the
light P (pseudoscalar) meson nonet is part of a
decimet, composed of an octet and two singlets
of SU(3).' The three physical, isotopic-scalar
P mesons were postulated to be specific mixtures
of the isoscalar member of the quark-model qg
octet, the quark-model singlet, and a singlet that
is "inert" in the sense that it does not interact
strongly with mesons. Two of the physical me-
sons, denoted here by g and q&, are identified
with the 549 and 958 MeV g's, respectively.

This proposal resulted from a combination of
duality with a postulate of Odorico, the postulate
that the zeros in PP scattering amplitudes are
linear in the Mandelstam plane. ' When combined
with SU(3) symmetry, the Odorico postulate led
to a specific g -qo mixing angle, and to predicted
interaction ratios of tensor mesons with PP states
that are quite different from those of the standard
quark model 2" [The interaction ratios of the
standard quark model are defined as those spec-
ified by the Okubo-Zweig-Iizuka (OZI) rule. '] The
inert meson state is required if one assumes both
Odorico's solution to his conditions and the inter-
action ratios of the standard quark model. '

Alexander, I,ipkin, and Scheck have used the
quark model and the OZI rule to derive two sum
rules for differential cross sections near the
forward direction. ' 'These rules are

these results are caused by a large inert part
in the qz wave function. '

The purpose of this paper is to discuss the
quark-model wave functions of the g~ and gz,
under the assumption that they may contain large
components of an inert state. It is suggested in
Sec. II that-the inert state is a gluon bound state;
the implications of this suggestion are discussed.
In Sec. III the specific predictions that follow
from the Odorico hypothesis are listed and dis-
cus sed.

Various experimental data are used to analyze
the q and g& wave functions in Sec. IV. This
analysis does not depend on the nature of the inert
components. Most of the experiments considered
are not new. However, most earlier analyses
involved the assumption that the q and gz do not
contain inert parts. '

The possible identity of the third, isoscalar P
meson is discussed in Sec. V. Some of the prop-
erties of this meson are predicted.

Throughout this paper the three physical g
mesons are denoted by g, q» and q~. Their wave
functions are written

g, =a&„4„+a,,k, +a,,4, , (3)

where 4„=(uu+dd)/V2, 4, =ss, 4,. is an inert
state, u, d, and s denote up, down, and strange
quarks, and a is an orthogonal matrix. The SU(3)
singlet and octet qTt' states are given by

o(~ p-r/ n)+o (m p-q, n)+o(m p-m'n)

= o (K'n-K'p)+ o (I p-K'n), (1)

o (K P-'g, A)+o (K P-q~A) =o'(K P-n'A)

(2)1/2@ (1)1/2y

(1)1/2y (2)1/2y

Ii. THE NATURE OF THE INERT STATE

(4a)

(4b)

Experimentally, the sums of q (549) and r/&(958)
production are consistently smaller than predicted
by these equations. " I,ipkin has proposed that

In this section we discuss the possible physical
structure of the inert state 4,. One possibility
is that 4, is a qq pair made of charmed quarks
or other heavy quarks. ' However, there are two
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arguments against this possibility. First, if one
uses the observed Z/g-q y and J'/g- qa y decay
rates to estimate the amplitudes of the cc pair
in the g and g~, the results are very small. "
Second, the mass of a heavy qq pair must be much
larger than those of the 4'„and 4, states; it is
unlikely that a large mixing occurs among states
with such different rest masses.

A second possibility, emphasized by I.ipkin,
is that the 4, is a radial excitation of some com-
bination of ss and (uu+dd)/v2 states 'T. his is
a plausible suggestion; I know of no strong ar-
guments against it.

Another possibility is that 4, is a gluon bound
state. It is usually assumed that the dominant
mechanism for the mixing of 4 „and 4, in the
states is virtual annihilation into gluon bound
states, i.e., the mechanism 4„-t"-4,." 'The
intermediate gluon bound states |"do not contain
quarks or antiquarks; the simplest component
of the G consists of two gluons. A gluon is as-
sumed to be a V (vector) particle that corresponds
to the octet of color-SU(3) symmetry. One of the
attractive features of this mechanism is that color-
symmetry-and charge-conjugation invariance re-
quire that the simplest term in the corresponding
virtual-annihilation mechanism for t/' mesons
involves three gluons. Therefore, the inter-
mediate-gluon-bound-state assumption is con-
sistent with the fact that 4„-4, mixing is Smaller
for V mesons than for P mesons. Although this
assumption does not lead to a prediction of the

and gz masses, I assume the mechanism is
important for mixing the g states.

It may be that all gluon bound states are too
heavy to be mixed appreciably with 4„and 4,.
However, in this section I postulate that this is
not the case, and that 4, is a gluon bound state.
The mechanism discussed above contributes to
C.„-4, and C,-4, coupling to lower order than it
does to 4„-4, coupling. Therefore, if 4, is a
gluon bound state, one expects the inequalities

lead to specific predictions of the wave functions.
The application of these conditions to PP PP
amplitudes is discussed thoroughly in Refs. 1 and
2. Therefore, I give only the results here. In
every solution to the conditions the ratio of the
a, and a, of Eq. (3) is fixed for each ri meson.
Any solution also corresponds to fixed ratios of the
constants of interaction of various vector and
tensor Regge trajectories to the PP states.
consider only solutions for which the tensor
coupling ratios are those of the standard quark
model, as discussed in Sec. I.

A solution of this type is given in Eqs. (9) and
(13) of Ref. 1, with 8 =tan '(—,')'~'. In terms of the
basis of Eq. (3), this solution is

q = (-,)' '4'„——,4, —2 4', ,

(~)ih@ + (L)ih@

This solution is on the borderline for satisfying
the partially pure P conditions of Eq. (5).

I next consider whether or not there are any
other soltuions, in addition to those obtained
by permuting the n, P, and y in Eq. (6). If there
is only one inert state, it can be shown that in
all other solutions that have the interaction ratios
of the standard quark model, one of the a,„ is of
magnitude one, or one of the a„ is of magnitude
one. These solutions are in strong disagreement
with experimental data, and so need not be con-
sidered. The solution of Eq. (6) is compared with
experiment in Sec. VI.

If there are two or more inert P states, the
conditions are not so restrictive. However, one
can use the methods of Ref. 1 to show that in any
solution to the Odorico conditions with the stan-
dard-quark-model interaction ratios, the qq
components for every g meson must satisfy one
of the following four conditions:

2( 2( . 2 ' 2 2 2a a 0. a „a~„&a~ & a~ (5)

III. SOLUTIONS OF THE ODORICO CONDITIONS

I next consider the conditions that follow from
the Qdorico hypothesis, since these conditions

so that the g is primarily a 4„-4, mixture and
the q~ is primarily a C,-4, mixture. Equation (5)
is called here the "partially pure P" hypothesis.

This hypothesis is not used in making the data
analysis of Sec. IV. The assumption made there
is simply that the wave functions of the q's are
of the type of Eq. (3).

It is interestirig that while a, = (—,)'~'a„represents
a pure singlet, there is no solution corresponding
to a pure octet q.

The Odorico consistency conditions were derived
in Refs. 1 and 2 without considering the effects of
mass differences among the P mesons. However,
one can show that the limitations on the g wave
functions arise only from considering the qK-gK
amplitude and the crossed amplitudes of the other
channels. Since the g and K masses are not
greatly different, one mould expect the wave-
function condition of Eq. (7) to be applicable par-
ticularly to the q .
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IV. EXPERIMENTAL ANALYSIS OF q WAVE FUNCTIONS

In this section I discuss various experimental
evidence concerning the quark-model wave func-
tions of the q (549) and qz(958). I continue to
assume that the 4, state is not coupled to mesons.

In many theoretical treatments of the q and g&

the Gell-Mann —Okubo (GMO) mass formula is
assumed, either for the masses or for the squares
of the masses. In terms of the squares this for-
mula may be written

where q, is the wave function of Eq. (4b). The
right side of this equation is not far from the
square of the mass of the g, so use of the rule
forces the g to have a large octet component.

Since the masses of the g and gz are not under-
stood theoretically, I do not assume the GMQ
formula and do not require the q to have a large
octet component. No attempt is made here to
calculate the q and q& masses.

TABLE I. Experim. ental and theoreti. cal values of g
{in GeV 2) for PP decays of the tensor-meson nonet.

Decay

A 2 (1310) EE

f (1271) x7t

f EE

f ' (1516) EK

z+ (1421)—7t x
7r gn

A2

~n&n

g ~ (exp)

0.57 + 0.07

2.57 + 0.29

0.82 + 0.21

1.50 + 0.53

1.38 + 0.14

0.63 + 0.06

&1.04
'C

&0.8

&0.35

g (theory)

0.74

223

0.74

1.48

1.12

1.48anu2

1.48a8„~
a, , I

1.48ans4

0.37(a n„+~2ans)2

quently, if one considers only the vq~/IU7 branch-
ing ratio of the A, the prediction is different, i.e.,

a „'=0.55+0.07. (9b)

A. The tensor-meson decays

We first turn to the PP decays of members of
the tensor-meson nonet. Since the 7[7[ mode of
the f'(1516 MeV) is unobserved, I make the usual
assumptions that the QZI rule applies and that
the structures of the f(1271) and f' are (uu+dd )/
&2and ss, respectively. Those decays that do
not involve an q fit the predictions of SU(3) sym-
metry and the QZI rule remarkably well, if the
partial widths are related to coupling constants
g by the simple formula

I',. =g, 'p, '/m, ', (8)

Z;[g (exp)-g (theory)]/E

be a minimum, where the sum is over the five
non g modes of Table I and E, is the error in
g (e~).

The value of a „' corresponding to theA, mg
decay is

(9a)a „2=0.43+0.04,

where the error does not include any error in
g'(theory). The prediction and experiment dis-
agree somewhat for the A, -KK decay; conse-

where p is the decay momentum and m is the
mass of the tensor meson. This is shown in
Table I. The experimental data are taken from
the compilation of the Particle Data Group, "and
the method of determining the errors ing'(exp)
is explained in a previous analysis. " The overall
normalization of the g'(theory) was determined
by the condition that the quantity

Comparison of these two values gives a rough
idea of the accuracy of this determination.

It is seen from Table I that if the experimental
upper limits on the decays A, -nba, f' q 7), and
K~ -Kg were decreased, significant information
about the g and q& wave functions would result.
A tighter limit on the K~-Kg decay would be
particularly desirable, since the Qdorico solution
of Eq. (6) predicts this decay to be absent.

B. Other hadronie processes involving the 0'„ terms

We consider next the charge-exchange sum
rule, Eq. (1). A derivation is given in Ref. 5.
I will write the amplitudes of Eq. (1) in a form
convenient for analyzing the g wave functions.
It is assumed in the derivation that something is
exchanged between the meson and the baryon.
If one sets the amplitude for the K'n-K'p process
equal to that of the inverse process, then the
baryon vertex for all the processes involves the
conversion of a p to an n; the interaction at this
vertex may be represented by a common factor
B. In the simple quark model of Ref. 5 (which
includes the OZI rule), there are two amplitudes
at the meson vertex, M(du) and M(ud), where
M(ij) is the amplitude for converting a,n i qua. rk
of the initial meson to a j quark of the final me-
son. It is convenient to use the amplitudes M,
defined by

M, = [M(du) ~M(H)]/W2.

The amplitudes A for the processes of the sum
rule are
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u(K'K')+~(K K ') —c(~ v')
o (m tI )

(12)

It has been shown that Eq. (12) is consistent with
6-GeV data over the range of four-momentum
transfer squared 0-1 GeV', if a „' has the value"

20

This result is usually presented differently, " If
the q is a pure octet particle containing no inert
piece, then the gz term may be dropped from Eq.
(1) if a factor of 3 is inserted in front of the tI

term. This is called the octet sum rule and has
the advantage that its derivation does not require
the OZI rule. However, satisfaction of the octet
sum rule implies only Eq. (13) and provides no
evidence concerning the relative sizes of a, and
a,.

The results of Eqs. (9a), (Bb), and (13) are

X(K K')=B(M. -M )/W2,

Z(K'K') =B(M, +M )/W2;

X(~ ~') =BItf,

A(7t g)) =Ba;„M,,
where A(jk) is the amplitude for which the initial
and final mesons are j and k. Each amplitude
may be a sum of contributions of several different
exchanges; for example, there may be several
contributing Begge trajectories. Nevertheless,
the amplitudes may be written in the form of
Eq. (11). The cross sections near the forward
direction include contributions from both helicity
flip and nonf lip, in general. The sum rule of
Eq. (1) follows if a „'+aa„'=1.

Since the ratio a~„'/a „' may be measured in
many ways, I use a modification of Eq. (1) that
does not involve the tt~. It is seen from Eq. (11)
that a „' is given by

0.25 &az„'/a „'&0.5. (14)

summarized in Table II, along with other ex-
perimental results discussed later in this section.

We next consider the up-down quark probability
for the tiz(958). Okubo and Jagannathan have
considered several hadronic processes that in-
volve an q or ga and other hadrons that are made
exclusively of up and down quarks and antiquarks
in the quark model. " (The nonstrange baryons
and isotriplet mesons have this property. ) If
these processes are described by simple quark
diagrams that satisfy the OZI rule, the predicted
ratios of g~ and g rates are proportional to the
ratio a~„'/a „'. The processes analyzed include
the m p- gn cross sections of the charge-exchange
sum rule. The statistics are not good for many
of the experiments; however, Okubo and Jagan-
nathan show that most of the data are consistent
with the approximate relation, K=a,„'/a „'-0.50."

- On the other hand, it is pointed out in Ref. 15
that dStermination of the tie/tI ratio for the pro-
cesses n'p - tt, 4" at 5.45 GeV/c leads to the value
K=0.24 +0.11,"and 7.1-GeV/c 7t p- tI, E' data
imply K=0.25 +0.025." Furthermore, the rt~/tt
ratio from the w p-tt, nreaction. s at 8.4 GeV/c
depends on f'= ~t —t(0') ~, where f is the square
of the four-momentum transfer. " The tt~/tt
ratio is close to unity for very small t', is about
—,
' for 0.15 (GeV/c)'&t' &0.3 (GeV/c)', and is
smaller in the t' range 0.4-0.9 (GeV/c)'. Fuchs
has pointed out that the spin-flip cross-section
is more suitable than the non-spin-flip cross
section for measuring K, because absorptive
corrections and Regge cuts are more important
for the non-spin-flip process. " He estimates
the spin-flip contributions to the 8.4-GeV/c data,
and concludes that K is approximately 0.27. Our
conclusion from these analyses is that K is prob-
ably in the range

TABLE II.' Summary of evidence concerning g~ and ge wave functions.

Parameter

2
anu

2ans

Sign (a,/ „)

aa„ /a„„2 2

2ass

Si.gn (a8,/aa„)

Value

0.33 to 0.55

negative

0..25 to 0.5

not small

positive unless

a&„very small

Source

I'(Q ~g ) 0 (7/ p t/~ Pl),

I"(p-l 7)
I'(Q g~y), consistent

with 0(K P g~~)

I'(g ~~), crQ p g~A) dip

Hefs. 15 and 19

a'(E p ~ ggA)

I'(08 'Y'V)/ I'(68 P'H
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I.ipkin has pointed out. that another measure of
a~„'/a „' in this model is the cross-section ratio
B„~~=a'(K P-naA)/o (K P n A) in the backward
direction, since there are no strange quarks in
the proton or exchanged baryon. " The experi-
mental ra.tio at 4.2 GeV/c is'

Rb„„=(2.0 + 0.68)/(1.27 + 0.39),

suggesting an az, '/a „' ratio much larger than
0.5. If this result persists experimentally, a
possible interpretation is that the 4, part of the

q and qa wave functions interacts weakly with
mesons but strongly with baryons.

Further evidence concerning the interactions
of q mesons with baryons may be obtained from
decays of ba, ryon resonances that correspond to
the first excited level in the quark model. We
consider the g N partial widths of the J~= 2, N~
resonances. These widths cannot be predicted
from non-r) widths and SU(3) symmetry alone,
because the ~ resonances probably are mixtures
of states of different SU(3) multiplets. However,
it was shown in previous papers that SU(6)~ sym-
metry is valid approximately for most P-meson
decays of states of this quark-model level, and
this symmetry leads to a prediction of the sum
of the squares of the coupling constants to q N
states of the fV, &, (1516) and K,&,-(1668).""The
experimental value of this sum is (106 +40) GeV', .

while the theoretical prediction is 45 a „'QeV' in
the notation of this paper. " [The experimental
va. lue results entirely from the X*(1516).] Al-
though there is a large error in the experimental
value, it appears that the prediction is very low.
A possible resolution of this conflict is a strong
coupling of the inert state 4o to baryons This

, requires that the q has an appreciable 4, term,
of course.

C. Electromagnetic decays involving q mesons

In order to analyze electromagnetic processes
involving q mesons, one must make additional
assumptions. I make the usual vector-dominance
assumption in R simple form. It is assumed that
the y interactions are a linear combination of those
of the p', &u, and Q, and that the VVP interaction
ratios are in accordance with SU(3) symmetry and
the OZI rule. It is convenient to express the y
interactions in terms of the uu, dd, and ss V
states rather than the observed V states. The
requirement that the y interacts as a U-spin scalar
then allows one to write the y interactions in terms
of two parameters f and S, i.e.,

y-f[(,'S —2)(uu)+(-,'S+1)(dd +ss-)]. (15)

The parameter S measures the relative contribu-

tion of an SU(3) singlet component of the photon;
S = 0 if the photon interacts as an octet particle. "

I consider first the I'y decays of V mesons and
certain Uy decays of the p& meson. The partial
width for a U-Py decay is taken to be

= Cg]'p ]', (16)

where C is a constant that is the same for all
V-I'y decays, and'p is the decay momentum,
i.e. , P = &(mv —mz')/mv. The Predicted couPling
constants g, are listed for the relevant decays in
Table III, along with the experimental values of
the widths. Andrews et a/. list two solutions. to
their data analysis for the-p-g y and ~-g y
widths. " The solution not listed in Table III is
I'(p- q y) = 76 + 15 keV; 1 (v- q y) = 29+ 7 keV.
This solution is neglected here because it dis-
agrees with vector dominance.

Even if the appropriate phase-space factor is
more complicated than the p' factor of Eq. (16),
the three possible e/p ratios are nearly indepen-
dent of these factors. These ratios are predicted
to be

I'(cov) I'(pal ) I (7/&p) 9
I'(p&) I"(~ri. ) I'(n&~) (I —S)' (17)

TABLE III. Experimental partial widths and calcu-
lated coupling constants for some V Py decays.

Decay I (keV)

870 + 61

35 ~ 10(p-~-) '
3.0 + 2.5

50 +13

75 +35

74 +15

(—1+S)a „

(2+ S)a,

~Reference 23.
"Reference 24.
c Reference
~Reference 26.

where I'(ij) denotes the partial width for the decay
i -jy, and 0 represents the, phase-space ratio.

If S = 0, the predicted e —my/p- vy ratio is too
large by a factor of more than 2. The experimental
I'(~w) and I'(p m") of Table III lead to the relation

~

1 —S
~

= 0.615. The choice S = 1.61 leads to large
contradictions for other processes, so I take
S = 0.385.

Recently, Zanfino et at. have determined the
py/coy branching ratio of the g8 to be approximate-
ly 9.9+2.0." It is seen from Eq. (17) that this
result is consistent with S =0 but not S=0.385.
The measured I'(pq )/I'(&uq„) ratio of Table III is
large, as predicted, but the errors are so large
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that this ratio is consistent with either S=0 or
S =-0.385. I shall compute other V-I'y results for
the two values S=O and 0.385. The v-my decay
rate will be used as a standard, i.e. , to determine
the constant C in Eq. (16).

This model does not fit the K'*-K'y decay. The
predicted I'(K"*K') is 290+140 keV if 8=0.385
or 210+100 keV if 8=0. This does not agree with
the experimental number in Table III. Bohm and
Teese have assumed a coInpli. cated dependence of the
phase-space factor on the V and P masses in order to
fit this rate and other V- Py rates. " Unfortunately,
there are so few measured rates that the model loses
most of its predictive: power if many symmetry-
breaking effects are present. Consequently, I will
continue using Eq. (16), with the g,. equal to those
of Table III.

It is seen from Table III that the ratio I (prl )/
I (&uw) is a. measure of. a „'. The experimental
numbers lead to the value

a~„' =- 0.45 + 0.12 .

This i.s consistent with the value obtained from
purely hadronic processes, and so lends support
to our simple model of V-Py decays.

The ratio I"(yr7 )/I'(&ow) measures the strange-
quark probability of the g . The numbers in

Table III and the formula of Eq. (16) lead to the
result

a, ' = 0.22 + 0.05 if S = 0,
or

a, '=0.16+0.035 if S =0.385.

(19)

. I'(r7 —yy) . 25 m„'
1(w'-'-yr)

=
9 m, '

If we take I'(r7 -yy) to be 324 eV (Ref. 28) and
I'(w'-yy) to be 7.86 eV,"the result is

[rr „+(v2/5)a„, ]' = 0.22+ 0.035.

(20)

(21)

For comparison, the g amplitude of the Odorico
solution of Eq. (6) leads to 0.32 for the quantity
of Eq. (21). Because of the number of assumptions
involved, I do not use this result to estimate a „
or a, . However, Eq. (21) is consistent with the
approximate a~„' and a~, ' values shown in Table II

This is the most direct measure of a~, ' that is
possible at present; and is included in Table II.

Ne turn next to the yy decays of the self-con-
jugate P mesons. The vector-dominance assump-
tion is extended in the usual way, i.e. , the ampli-
tude A(P =yy) is assumed proportional to Z,A(P- V,y)A(V, -y), where A(V, -y) is equal to the
appropriate coefficient of Eq. (15). I take the sing-
let term S to be zero. This leads to the result

only if the relative a „—a, sign is negative. Thus,
this result is evidence for the negative sign. This
is the sign that is usually assumed, since it cor-respondss

to a large qtT octet component for the

A formula analogous to Eq. (20) applies to the
yy decay. Unfortunately, the total pz decay

width is not known, although the yy/p'y branching
ratio of the g& is known approximately. Conse-
quently, we consider the ratio A defined as fol-
lows:

I (ng ry-) I'(&"- wy)
I'(w' rr)-I"(re pr-)

(22)

Our model predicts the ratio I (~- wy)/I'(r)w —py)
to be w~rrw„'(p„, /p«)', where the p are the decay
momenta. The factor 3 results from the sum over
spins in the py final state. Consequently, the pre-
dicted value of B is

27 m, m„(m„' —mp')g 5 aw„

(23)

where q denotes the q8. If the + 7ty width is
taken from Table III and the m yy width and g 8

branching ratio are taken from Ref. 12, the re-
sult is

[1+(W/5)(a /a „)] =1.87+0.35.

The two solutions to this equation are

(a&, /a&„) = 1.3+0.5 and -8.4&0.5.

(24)

(25)

The positive sign is probably the correct one,
since ae„does not appear to be nearly zero. If
the ratio is positive, one cannot consider this to
be a reliable determination of the magnitude of
QH~ /Qsg ~

A(K w') = B',Vf(su)/W, -

A(w K ) =B'M(us),

A(K rl, ) = a'][a,.„M-(su)/vY ] + rr„M(us)].

(26)

The cross sections are the sums of the squares
of the helicity-flip and nonf lip amplitudes. If the

D. Strangenesswxchange reactions

In order to understand the relevance of the
strangeness-exchange sum rule of Eq. (2), we
follow the procedure used for the charge-exchange
rule in part B of this section. The baryon ver-
tices of the reactions of Eq. (2) all involve the
transition p-A, and will be represented by the
factor B'. The meson vertices involve the quark
transitions s -u and u - s, and are denoted by
M(su) and M(us). The amplitudes involved in the
sum rule may be written
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TABLE IV. Average experimental values of do/dt' [in pb/GeV ] in different t' regions for
strangeness-exchange processes at 4.2 GeV/c.

t' region ~-p- z'A

0-0.05
0.05-0.15
0.15-0.3
0.3-0.6
0.6-1.0
Average

0-1.0

138 + 8.8
62.5 *3.9
12 +2
3.2 + 0.6
6.7 + 0.6

18.6 + 0.7

211 + 14
150 + 8.1
75.3 + 4.6
20.3 +1.9
2.6 + 0.5

44.0 + 1.4

234 + 9.6
162 + 5.6
88.7 + 3.3
42.8+ 1.7
18.5 z 0.9

61.5 + 1.1

280 + 22
165 + 12
66.6 + 6.0
19.6 + 2.3
10.7 +1.5

50.7 + 2.0

v(K q, ) =a„'o(s K') if g, „=O, (27b)

Another simple way to analyze the data is in
terms of two Regge trajectories corresponding

inert components of the q and q &
vanish and if

the a matrix is an orthogonal two-by-two matrix,
the sum rule follows.

The strangeness-exchange sum .rule has been
checked at 4.2 GeV/c. The two sides of Eq. (2)
are plotted as a function of momentun transfer in
Ref. 7. I list the 4.2-GeV/c differential cross
sections for all four processes in different t '

ranges in Table IV, where &'= ~t —t(0') ~. The
experimental cross sections for the three K p
processes are taken from Ref. 7. The. m p-K A
cross sections are interpolations between the
3.9-GeV/c measurements of Abramovich e&

al. and the 4.5-GeV/c measurements of Crennell
et al." ' The errors in Table IV are essentially
root mean squares of the errors given for the
smaller t ' bins in the experimental papers. More
precisely, the error given here for any of the
K p processes is (E,E,'F,f,)'~', where E, is the.
error in do/dt ' for the experimental bin i, F,
is the ratio of the bin size to the t' range of this
paper, and f, =F,O„where 0, is the fraction of
the experimental bin that overlaps the t' range
'used here. In most cases this overlap fraction
is one. In the p p-K'A process, the errors for
the 3.9- and 4.5-6eV data were each determined
by this procedure; the results given here both
for the cross sections and errors are simple
averages of the results at these two energies.

No kinematic correction factors have been in-
troduced, although the meson mass difference
may be important for a lab momentum as small
as 4.2 GeV/c.

A few preliminary formulas are useful for the
interpretation of the data. First, we note from
Eq. (26) that if either of the qq components van~
ishes for either of the g's, a simple prediction
results, i.e.,

I

o(K q, ) =a,„'o(K n') if a„=O, (27a)

to the vector and tensor mesons K*(892) and
K**(1421). For these trajectories individually,
the amplitudes of Eq. (26) are related as follows:

M(su) = -M(us) for the K",
M(su) =M(u s) for the K**.

(28a)

(28b)

V. POSSIBLE MANIFESTATIONS OF
A THIRD q MESON

If the g or q8 contains an appreciable compo-
nent of an inert P state, then at least one other

%'e now consider the K p-g„A cross section.
If g„, were zero, it would follow from Eq. (27a)
and Table 1I that g(K q )/o(K m') is about ~ or

This is consistent with the data for t '&0.:15
(GeV/c)' and t') 0.6 (GeV/c)', and so supports the
conclusion that a, is not large. However, the
most striking feature of the K p-g n cross sec-
tion is the dip at about t' =0.4 (GeV/c)'. ' It is
usually assumed that this dip is caused by a
wrong-signature zero in the K"(892) exchange
amplitude, in which case the contribution of the
K**(1421)trajectory must be small. In Ref. 2
Odorico uses this argument to support his solu-
tion for the TPP couplings; it is seen from Eqs.
(26) and (28b) that the K"*-Kn coupling van-
ishes if the q has the structure of Eq.(6).

On the other hand, it is difficult to interpret
all the data in a simple Regge model. If K*(892)
exchange is unimportant nea, r t' =0.4 (GeV/c)',
it follows from Eqs. (26) and (28b) that the m p
-K'A cross section should be significantly larger
than the K p-n A cross section. This contradicts
the data.

Finally, we consider the K p-qBA cross sec-
tion. It is striking that this cross section is sig-
nificantly larger than the g A cross section for
all f' &0.6 (GeV/c), despite the fact that the ps
mass is large. Since much evidence exists that
as„ is small (reviewed in Sec. IV 8), this is
strong evidence that a8, 2 is not small.
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physical q meson should exist that contains an
appreciable component of at least one of the
quark states 4„or4, . Therefore, the observation
of a third g meson is crucial to the hypothesis
that the g or g 8 contains a significant inert
piece.

The third q (called here the 7l ) must be even
under charge conjugation, and so should not decay
into a p and m'. However, if the q is sufficiently
massive, it might decay into a KKor possibly
even a, pp.

The 1420-MeV E meson is a possible candidate
for the q„. Ths spin and parity of the E are not
known, but the two possible assignments that are
favored experimentally are 0 and 1'.' An ap-
preciable KIP(892) decay mode is observed. If
the E were an SU(3) singlet, this would imply a
strong p'p' decay, a decay forbidden by charge-
conjugation invariance. On, the other hand, if the
E is a pure octet particle, it is a, mystery that
other members of the octet have not been discov-
ered in the (1100-1600)-MeV energy region.
Therefore, the E is probably a singlet-octet
mixture, and may be the gz.

The possibility that the E is one of the q mesons
of Eq. (6) has been discussed previously. " It was
shown in Ref. 31 that if the phase-space factor
for V-PP decays is p'/m ', the corresponding
phase-space factor for P -YP decays is P'/E„.
If the E is the q„, SU(3) symmetry is used for the
VPP interactions, and a K*-Km partial width of
49 MeV is used to fix the overall coupling con-
stant, . then the predicted (Jf'lf'~+X&*) partial width

p~~j of the E is

I'~~+ =(54 MeV) a,2,

where a, is the component of the octet qq state in
the E. This is given by as=(s)'~2 a„„-(3)'~2a „.
The experimental partial width is about 12 MeV,
implying a,' -0.22. In the Odorico solution of
Eq. (6), the q„has no octet component. '2

The most crucial experiments to test the con-
cept of the inert P state involve measuring the
forward cross section of the sum. rules of Eqs.
(1) and (2) at sufficiently high energies that pro-
duction of the q„ is not inhibited very much be-
cause of its mass. If the a matrix of Eq. (3) is
orthogonal, and if the g is included. in the sum,
then the sum rules should be satisfied if the me-
sonic vertices of the 0, are zero. If these ver-
tices are not zero, then the sum of the q, gz,
and q„cross sections should be greater than the
predictions of the sum rules. Because of the
large predicted q„production cross sections, the
m p -g„p and K p -g A processes may be useful
in identifying the g„ in the first plage. After such

a meson is identified, the sum rules test the ex
tent to which the 4, is inert.

VI. CONCLUDING REMARKS
F

I

The sums of g and q8 forward cross sections
in both m p gn and K p qA processes are
smaller than expected. This is evidence that
one or both of these g mesons contains a part that
is different from the qq parts of the quark model.
This part interacts relatively weakly at the me-
sonic vertices of these processes. I have used
experimental data to analyze the g„and g 8 wave
functions under the assumption that each is a sum
6f a nonstrange-quark part, a strange-quark part,
and an inert part that does not interact with mes-
ons. The OZI rule is assumed for the interactions.
of the quark parts.

The results of the analysis are summarized in
Table II. A simple vector-dominance assumption
was made for photon processes; the resulting
prediction of the K + K y decay width is not in
agreement with experiment. Consequently, re-
sults that depend only on observation of electro-
magnetic decays cannot be considered solid.

The results of Table II are in approximate
agreement with the predictions of Eq.(6), obtained
by combining Odorico's consistency conditions
with the interaction ratios of the standard quark
model'. The one significant difference between
the experimental results and the predictions is
that the experimental ae„~ is not close to zero,
although it may be as small as 0.1.

It is suggested that the inert Q state is a gluon
pound state. The interaction between such a gluon
bound state and a qq state is of lower order than
the interaction between two qq states that proceeds
through virtual gluon bound states. This suggests
the "partially pure P" hypothesis of Eq. (5). The
results of Table 9 are consistent with this hypoth-
esis.

The search for gluon bound states is an impor-
tant problem of particle physics. However, in the
case of P states, it may be that one will see mix-
tures of gluon bound states and quark states, rath-
er than nearly pure gluon bound states.

It is pointed out in Sec. IVB that experimental
results on the g„N decays of Ã* resonances, and
on backward production of the g and g8, lead to
conflicts with the rest of the analysis. This may
indicate that the inert components interact fairly
strongly with baryons.

Since we lack a theory of gluon-bound-state
interactions, the experimental data, do not provide
evidence concerning whether the inert. state (or
states) is a gluon bound state or something else.
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Another possibility is that this state is a baryon-
antibaryon bound state of the qqqq type. " It has
been argued in the literature that these states
should interact much more strongly with baryons
than with mesons. '4

A third physical q meson, the q, is predicted
in this model. The 1420-MeV E meson is a pos-
sible candidate for the g . At sufficiently high
energies the q should be produced copiously in
m p -q n and K p -q A reactions.

y y
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