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We observe in the usual z,pherical cavity approximation to the bag model that 

TM gluon modes couple predominantly in the s-channel toss quarks. We compute the 

spectrum of glueballs and meiktons containing TM gluons, which have unique decays 

to states of two, three, or four kaons. 
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The lack of a clear; simple signature is the chief obstacle to experimental 

verification of the glue ball spectrum expected in Q.C.D. 1 This difficulty also applies 

to most of the qqg states, which we call meiktons (pronounced "make-ton", from the 

classical Greek for a mixed thing- the terms hermaphrodite or hybrid have also been 

used), expected in bag and potential models2•3•4 and lattice calculations.5•F1 In this 

paper we propose a striking experimental signature for certain excited glueball and 

meikton states and we present the results of a calculation of the masses of those 

states. We find, in the spherical cavity approximB:tion of the bag model, that they 

often decay to final states of two, three, or four K mesons. 

These decays are striking not only because of their high K multiplicities. For 

example we find an I = 1, JPC = 1 + -meikton which decays prominently to qm and 

I = 1, JPC = (0,1,2)++ states which decay-prominently to tj>p. These would be 

extremely rare decay modes ofl = 1 qq mesons since for such mesons they would be 

OZI suppressed. Simila~ly we find strange meik~ns which decay to final states 

containing KKK. .. and·tj>-like meiktons decaying to KKKK. ... 

We first discuss the basis for the expedation that certain excited meiktons and 

glueballs decay in this fashion. We then present the spectrum of the lightest o"fthese 

states, calculated to O(a
8

) in the. bag model. We conclude by discussing the 

phenomenological implications. The 1(1440) resonance, the recently seen ~(2220), the 

candidate D'(1526), and the 4>4> candidate resonances at 2160 and 2320 MeV could be 

examples of these excited states. 

In the bag model the lowest energy gluon mode is the TE (transverse electric) 

mode with axial vector quantum numbers JPC = 1 +- and energy ETE = 2.74/R in a 

sphere of radius R. The TM (transverse magnetic) mode has vector quantum numbers 

JPC = 1-- and a higher energy ETM = 4.49/R. The TE gluon couples in the s-

·channel to iiu, dd, and ss in an approxim_ately flavor symmetric way, as may be seen in 
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Table 1 of Ref. (3). Because ofthis flavor symmetric coupling we suggested in Ref. 3 

that meiktons containing TE gluons should have l'arger branching ratios into final 

states with strange quarks than we would expect for ordinary mesons. This paper is 

motivated by the fact, also recorded in Table I of Ref. (3), that the TM gluons-channel 

coupling is much stronger to ss than to i:iu and dd. Therefore we expect glueballs and 

meiktons with TM gluon constituents to decay often to final states rich in kaons. 

This expectation is based on a decay mechanism in which the coupling of the 

gluon to quark-antiquark pairs gives rise to a qqqq component of the wave function 

which can fall apart into two mesons if above threshold. We can calculate the fraction 

of the state in the qqqq component using cavity perturbation theory. In the case of a 

meikton containing a TM gluon we would have a fraction: 

a
8 

X (COLOR-SPIN) X [L89M(mqR)/(2E
8
(mqR) - ETM))2 

where COLOR-SPIN depends on the flavor and spin of the state, and the remaining 

notation is as in Ref. 3: L""M is the TM gluon-quark-antiquark vertex, ETM is the 

gluon mode energy and E
9
(mqR) is the mode energy of a quark with mass mq in an s­

wave mode in a cavity of radius R. Using the values ofmqR found below (mu = md = 

0, m
8 

"" 2/R) it turns out that the ss enhancement over iiu or dd of- 25 due to the 

vertex factor L (L""M(mqR = 0) = .12, L""M(mqR = 2) = .58) is cancelled by the 

energy denominator, giving approximate flavor symmetry in the mixing fractions. In 

the TE gluon case the analogous calculation gives an enhancement of iiu or dd over ss 

instead of flavor symmetry. However there is good reason to doubt the validity of this 

calculation, particularly in the TM gluon case. The cancellation of the ss 

enhancement in that case occurs because of a fortuitous near cancellation of the 

lowest order mode energies, ETM "" 2E
8 

for mqR = 0 (equality occurs for niqR = 0.4), 

So that the energy denominator is small and varies rapidly with mqR. But· if other 

\ '): 

4 

O(a
8

) energy shifts, e.g. that due to the selfenergies, are larger than this small energy 

denominator, then one must include these shifts· in the energy denominator when 

calculating the mixing· fraction. This can lead to substantial modifications of the 

naive perturbative result. For example, if one includes the 0(a
8

) self energies· in the 

energy denominator (i.e. [ETM - 2E
8
)-+ [ETM + a

8
CTM - 2(E

9 
+ a

8
Cq)) where the 

notation of Ref. 3 has been used) then, for the values of the self energies used below, 

the enhancement ofss over uu or dd due to the vertex is not cancelled. Similarly the 

flavor symmetry in the TE case is restored. Now this perturbative mixing 

corresponds to mixing between physical meiktons and qqqq states. ·Because of the 

uncertainties in the bag model calculation, e.g. the gluon self energies and possible 

projections against spurious states (see below), we do not know the masses of these 

states, and in particular the mass differences, well enough to calculate this mixing 

accurately. But in most cases we e.xpect that the larger coupling of the TM gluon toss 

implies larger mixing with qqqq states containing strange quarks. Even with the 

pessimistic estimate in which the TM gluon mixes flavor symmetrically we would still 

have the striking signatures discussed below such as apparent violations of the OIZ 

rule. 

It should be noted that the enhancement ofss over uu + dd occurs for a large 

range of mqR and is thus not sensitive to the precise parameters we use in our fits. 

For example the enhancement due to the vertex is - 8 for mqR = 1.5; - 12 for 

mqR = 2 (as shown above), - 15 for mqR = 2.5, and - 50 for mqR = oo. The 

sensitivity to the cavity shape, however, remains to be studied. This latter issue is 

more serious for glueballs than for meiktons containing s-wave quarks and 

antiquarks (like those we consider below), since it is the gluon modes which require a 

nonspherical shape (see the discussion in Ref. 3). 

In Ref. 3 we computed the spectrum ofi'j
8
q

8 
TE meiktons, four no nets with 

-. ,. 
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JPC = 1--, (0, 1, 2)- +,and four glueball states, TE2 with JPC = (0, 2)+ +and TE-

TM with JPC = (0, 2)- +. The calculations were 'to O(a
5

) in the spherical cavity 

approximation, with self energies determined'empiricaliy. The c~lculations agre~ 

with those of other authors,4•7•8 though'varying treatments of the self energies lead to 

different predictions for the m~sses. We identified 'the TE- TM o- + glueball \~ith 

!(1440Jfrom which we determined the sum of self energies C~E + CTM' The 2- + 

mass was then predicted unambiguously to be 2.3 GeV (although see the discussion 

below for a possible problem), while the (0, 2)+ + glueball and the q
5
q

8
TE meikton 

masses were determined by the unknown ratio C~E/C™ which we considered 

between 112 and 2. CTE/CTMwill be fixed when the spin of the glueball candidate 

8(1700) is measured: for J(8) = 2 we have CTE/Cn.i- 1/2 while for J(8) = 0, 

cT~c™-2. 

It seems from experimental studies of the rznn9 and nnnn10 channels that 

!(1440) decays predominantly to KKn, contrary to what ohe might naively expect of 

glueballs which must be flavor singlets. However this is precisely' what the lowest 

order diagrams, shown in Fig. 1,lead us to expect for a pseudoscalar glue ball since it 

contains a TM mode. Figure (la) favors ss(iiu +. dd)FJ because of the L"sM vertex 

while Fig. (lb).favors ss overwhelmingly over uu + dd both because of LssM and for 

kinematical reasons (helicity conservation) special to a J = 0 state-·which have been 

discussed elsewhere.U·12 This example shows that it is perilous 'to use flavor 

symmetry to decide whether a given state is a glue ball. 

Because of the interesting experimental signatures they may possess we have 

extended the calculations of Ref. (3) to include the (TM)2 glueballs with JPC -

(0,2)+ +and the s-wave meikton.nonets q8q~TM with JPC 1 +-, (0, 1, 2)+-+ We use fit 

I and the approximations of Ref. (3). For the TM2 .gluebalis our computations agree 

with those of Carlson et a!. 7·F4 - The q
5
q

5
Tl\.f spectrum has not previousiy been 

computed.F5 The results are presented in Table 1 for CTE/CTM = 1/2, 1, 2. 

.r j 
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There is a complication which must be mentioned at this point. In addition to 

the q5q5 TM states there are L = 1 meiktons with compositions q
5
q

5 
TE*, q

5
qp TE, and 

. ' . 

qpq5TE." Here TE* is the JPC = 2-- transvers~ electric gluon state with mode energy 

3.87/R (i.e. slightly less that that of the TM mode), and the p (anti) quarks have either 

J =' 112 .or J = 3i2 with mode energies 3.81/R and 3.20/R respectively - to be 

c:ompared with 2.04/R for the s (anti) quarks. Barring dramatic differences in self 

energies these states will have masses in the same range as the q
5
q

8
TM states. 

•However roughly a third of these states are spurious,13 or at least are pushed to 

higher masses, 1
•
3 and should be proj~cted out. We have not done this projection - in 

fact it is not clear that it is uniquely defined because there are a number of states for 

each of the spurious quantum numbers - but we simply assume that after the 

projection there remain states which are substantially composed of q
5
q

8
TM. This is 

reasonable because only a part (113?) of the spurious excitation of q
8
q

8
TE involves 

~xcitation of the gluon ~ode, and this part itself is divided between TM and TE*F6. 

Given this assumption we expect the q
5
q

8
TM spectrum shown in Table 1 to be a good 

guide -to the real masses and.that the ss enhancement will apply. 

The same caveat appliesto the TM2 glueb~lls. These are doubly excited, and 

thus may be mixed by the projection against spurious states with TM-TE*, TE*-TE* 

TM*-TE and TE-TE** (TM* ha~ JPC = 2+-, TE** has JPC ~ 3+-). We again 

assume that a state ·consisting ·mainly of TM2 survives the projection. Given the 

premise of this paper it would be interesting to calculate the masses of the TM-TE* 

states. 

·A final comment should be made while discussing the excited glueballs. The 

singly excited glueballs are either TE-TM (JPC = (0, 1, 2)- +)or TE-TE*(JPC = 

(1, 2; 3)- +) while the spurious states have quantum numbers 1- X (0, 2) + + = 1- +, 

(1, 2, 3)- + Projecting against these spurious states leaves a o- + which is 

unambiguously TE-TM, and a 2- +state which will be a mixture ofTE-TM and TE-

-17'~ 
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TE*. Previous studies, 3•14 (including our own) have overlooked this mixed nature of 

the 2- + which means that the 2- + mass is somewhat uncertain. Furthermore the 

predominance ofss decays will be lessened, although, because of the TE* couplings 

mentioned above (see footnote) not removed completely. 

We now consider the decays and possible candidates for the q
5
q

8
TM and TM2 

states. For the range of CTE/CTM considered the 2 + + TM2 state has a mass ranging 

from 1.94 to 2.64 GeV. ForM > 2.04 GeV we expect it to have a substantial decay to 

t/Jt/J in a relatives-wave. This state might be identified with the t/Jt/J candidate seen at 

2160±50 MeV15. For the range ofCTE/CTM considered the o+ + TM2 state lies below 

the t/Jt/J and KKKK thresholds in which case it would decay to KK and, if it is enough 

above the thresholds, to KKnn or K*K*. There are in fact two candidate K
8
K

8 
o+ 

resonances seen at 1240 and 1770 MeV in np scattering,16 which could be identified 

with the TM2 o+ + state for CTE/CTM - 2 or - 1/2 respectively. It would be 

interesting to know whether either appears prominently in rp-+ yKK. 

The TM meiktons range from 1.8 to 2.5 GeV for CTE/C™ = 1/2 and from 1.4 to 

2.2 GeV for CTiCTM = 2. In either case, and especially in the former, they are 

sufficiently heavy that we do not expect much mixing with the qq p-wave nonets (this 

mixing is incorporated in our results to O(a
8
)). The "w" and "p" states will decay to 

KK. .. , the "K*" to KKiL., and the "t/J" to KKKiL .. For CTE/CTM = 2 the 1 + + "w" 

might be identified with the D'(1526) candidate17 seen in K*K, which would not fit in 

the A
1 

nonet if the existence and spin-parity determination ofE(1420) are upheld. A 

related possibility is that E(1420) and D'(1526) are mixtures of the ss 1 ++meson with 

the "w" (1 + +) meikton. The 1 + ± "K*" states might be identified with a peak 

observed in K-t/J at 1.84 GeV with r- 250 MeV, 18 again ifCTE/C™ ""2. The 2++ 

"t/J" meikton could for the larger CTE/CTM· value also be identified with the t/Jt/J 

candidate at 2160.15 

' ?· 
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A second 2+ + t/Jt/J candidate is seen at 2320 MeV in both the t/Jt/J d-wave and s­

wave. We would expect both the 2+ + TM2 glueball and the 2 + + "t/J" meikton to decay 

chiefly to the t/Jt/J s-wave and not to the d-wave. This candidate state could be the 2 + + 

TE2 glueball or its radial excitation. The TE gluon couples to q
8
qp and qpqs so that the 

decays of these glueballs involve two units of orbital angular momentum. In this case 

we expect substantial branching fractions to other final states such as pp and K*K* 

because of the flavor symmetric couplings ofthe TE gluon. 

The newly discovered {(2220) seen in rp-+ yKK could be identified with the "w" 

2 ++or 0 + + meiktons, which in Table 1 are at 2320 and 1900 MeV for CTE/CTM = 112. 

In this case we expect {to decay prominently to K*K* and t/Jw (see Table 2). As 

discussed below the t/Jw decay is of particular interest. 

Some expected two body decay modes are shown in Table 2. They respect G-

parity selection rules but not their SU(3) extension, since the assumed decay 

mechanism breaks SU(3) badly. There are many striking signatures among the final 

states listed in Table 2. For instance, "p" (1 + -)-+ t/Jn is a clean channel which is OIZ 

forbidden for a qq meson, as are the "p" -+ t/Jp, t/Jn decays found in the other partial 

waves.F7 Similarly t/Jrz and t/Jw are OIZ forbidden decays for w-like and t/J-like qq 

mesons (in the latter case they are like the "semi-forbidden" rp' -+ rpnn transistion). 19 

The t/JK and tPK* decays of the "K*" states also provide a good signature; they would 

not be prominent in the decays of strange qq mesons, since they could occur only by an 

OIZ rule violation (like rp' -+ rpnn) or by creation of an extra ss pair from the vacuum 

which is suppressed. The KKKK and t/Jt/J decays of the "t/J" meiktons are obviously 

spectacular. 

Finally it must be said that the reliability of cavity perturbation theory as 

applied here is by no means established. The convergence of the expansion remains to 

be demonstrated. The existence of states containing "valence" gluons, which are 

required in the bag model, has not yet been established experimentally. This could be 

"-- "J 
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accomplished by verifying the bag model glueball spectrum or by finding some of the 

predicted meiktons. 

,.The discussion of decays. given here raises another problem: efforts to compute 

baryon strong interaction widths in cavity·pertur~a~ionthe<iry tend to underestimate 

badly the measured values.2° Clearly fixed cavity perturbation theory is inadequate 

to tre\).t the effects of bag fission which must. occcur as the decay proceeds. However 

our prediction for the decay of the TM gluon to strange quarks refers to the initial 

instant of the decay which occurs in the original cavity, and we may therefore hope it 

is at least qualitatively ~orrect .. 

Furthermore if we carry out a semiquantitative analysis similar to that of Ref. 

20 (in which 1:!. ..,-+ pn was investigated in cavity perturbation theory) we-find, at least 

for the TM meiktons, a inuch·larger contribution to the width (r- 50-100 MeV) than 

that found in Ref. 20 for the 1:!.(1238) (r-2-5 MeV). This is because the mixing with 

qqqq occurs at lower order for the meiktons, and because·the larger number of open 

channels increases the recoupling factors. This result gives us confidence that our 

mechanism is important. Of course it is possible that the other mechanisms needed to 

understand 1:!. -+ pn may be operative in this case also and may dilute the ss 

dominance somewhat, although we still would expect a significant ss componentc 

In conclusion if there are. glueballs and meiktons containing valence gluons 

and if the spherical cavity estimate of the TM gluon couplings is qualitatively correct, 

then there exists a rich and. unique spectrum of new hadrons which can be identified 

by their prominent decays to final states containing two, three, or four K mesons. 
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FOOTNOTES 

Fl. It is plausible but not proven that the bag model meiktons may be identified 

with the states discussed in Ref. (5). 

F2. See Ref. (6) for a recent review of meson spectroscopy. 

F3. There would also be substantial ssss if 1 were well above the 4K threshold. 

F4. We thank Carsten Petersen for pointing out an error in our original 

calculation. 

F5. The diagrams are as for the q
5
q

5 
TE meiktons (see Ref. 3) except for differing 

intermediate quark modes in some cases due to parity conservation. 

F6. In fact the TE* gluon, which couples to qpl/2qp312 and its charge conjugate, 

favors ss over iiu or dd by- 4, so that a reduced ss enhancement will still apply 

to any q
5
q

5 
TE* component. 

F7. The JPC = 1-- ss pair formed from the TM gluon is of course in the color octet. 

With exchange of a soft gluon it acquires the quantum numbers of the 1/J. ,P's 

·may also form by final state interaction of KK pairs. 
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FIGURE CAPTION 

Fig. 1 Lowest order glueball decay mechl!nisms. 
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Table 1. Masses ofTM2 glueballs and q
5
q

8 
TM meiktons at O(a

8
) using fit I 

of Reference. 3. All masses are in GeV. The radii of the states are 

-5-6 Gev- 1. 

State CTE/CTM = 112 CTE/CTM = 1 CTE/CTM = 2 

(CTM = 2.16) (CTM = 1.62) (CTM = 1.08) 

™2 o++ 1.93 1.55 1.13 
2++ 2.64 2.30 1.94 

1 +- p/oo 2.13 1.95 1.76 
K* 2.26 2.08 1.89 
tP 2.40 2.21 2.02 

o++ p 1.80 1.61 1.41 
(j) 1.90 1.71 1.51 
K* 1.98 1.79 1.59 

tP 2.20 2.01 1.81 

1 ++ p 1.94 1.76 1.56 
(A} 2.04 1.86 1.67 
K* 2.11 1.92 1.72 

tP 2.31 2.12 1.93 

2++ p 2.23 2.05 1.87 
(A} 2.32 2.14 1.96 
K* 2.35 2.17 1.99 
tP 2.51 2.33 2.15 

13 
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Table 2. "Signature" decays of the q
5
q

5 
TM meiktons into two L = 0 mesons in a 

relatives-wave, as expected from the decay mechanism discussed in the text. 

1 +- o++ 1 + + 2++ 

"p" tjln,K*K*, tjlp,KK, K*K* tjlp, KK*, K*K tjlp, K*K* 
KK*,K*K 

r'CiJ" <Prz.<Prz',K*K*, tfiw, KK, K*K* tfiw,KK*,K*K tjlw, K*K* 
KR*,K*K 

rtK*" tjJK, tjJK* tjJK* tjJK, tjJK* tjJK* 

u~n <Prz. <Prz' t/lt/1, tjlw§ tjlw§ tjltjl,tjlw§ 

§These decays may be suppressed relative to the others in the table since they 

involve the TM gluon coupling to uu and dd, but they are included because they are 

not OZI suppressed for meikton decays unlike the corresponding decays of their 

ordinary meson counterparts. 

<> 
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