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In this paper we survey all radial and orbital excitations oflth® andl =1 nn system anticipated up to 2.1
GeV. We give detailed predictions of their quasi-two-body branching fractions and identify characteristic
decay modes that can isolate quarkonia; this should be useful in distinguishing quarkonia from glueballs and
hybrids. Several of the “missing mesons” with,q=2 andL =3 are predicted to decay dominantly into
certainS+P and S+D modes, and should appear in experimental searches for hybrids in the same mass
region. We also consider the topical issues of whether some of the recently discovered or controversial meson
resonances, including glueball and hybrid candidates, can be accommodated as quarkonia.
[S0556-282(97)02205-4

PACS numbgs): 12.39.Mk, 12.39.Jh, 13.25k

[. INTRODUCTION 1D, and IF multiplets, a total of 32 resonances in tha
sector. We also summarize the experimental status and im-
Theoretical studies of light hadron spectroscopy have ledortant decays of candidate members of these multiplets and
to the widespread belief that gluonic excitations are preserffompare the predictions for decay rates with experiment.
in the spectrum of hadrons, and so more resonances should Ve start by briefly reviewing the establishe® and 1P

; o states that confirm thalP, pair creation dominates most
be observed than are predicted by the conventiouaand ._hadronic decays. Simple harmonic oscillat@HO wave

qqq quark mOdZI' Thel twt? t?s?ngral gaéegorles IOf gt:uo.n'cfunctions are employed for convenience; these lead to ana-
mesons expected are gluebdtileminated by pure glue basis | sic results for decay amplitudes and are known to give

stateg and hybridsdominated by basis states in whiclyg  reasonable empirical approximations. This is sufficient for
is combined with a gluonic excitation our main purpose, which is to emphasize selection rules and
Some of these novel states, notably the light hybrids, areo isolate major modes to aid in the identification of states. In
predicted to have exotic quantum numbgasbidden toqq), addition to the 5 and 1P states we also find reasonable
such asJP¢=1"". The confirmation of such a resonance agreement between the model and decays @f 2P, and
would be proof of the existence of exotic nqurstates and 1F states where data exist; this confirms the extended utility

would be a crucial step towards establishing the spectrum dif the model and adds confidence to its applications to un-

gluonic states. There are detailed theoretical predictions fofOWn states. . .
Examples of new results include the following.

the decays of these exotic hybrifis,2], which have moti- The radial 2P. a..—pm is stronalv suopressed i
vate_d several experimental studies of purportedly favoregjlvave and dominalnt ilrI% vfave This c%xtrasit)sp with the ex-
hybrid channels such dgar andf, . . pectation for a hybrid,. The model’s prediction of a domi-
Although one would prefer to find these unambiguously,,ni b \vave has been dramatically confirmed for the
nongq J°° exotics, glueballs and hybrids with nonexotic 4 (1700 [7,8] and thereby establishes 1.7 GeV as the ap-
guantum numbers are also expected. For example, in the ﬂLBﬁ}oximate mass of then members of the P nonets. This
tube model the lowest hybrid multiplet, expected~et.8—  jncjudes the 0 nonet whosé =0 members share the quan-
1.9 GeV[3,4], contains the nonexotick “=0"", 1°%, 1", tym numbers of the scalar glueball.
and 2" in addition to the exotics 0", 1", and 2. To In the scalar glueball sector, we find that the decays of the
identify these nonexotic states one needs to distinguish ther),(1500 and thef,(1710 are inconsistent with radially ex-
from the “background” of radial and orbitajq excitations  cited quarkonia.
in the mass region=1.5-2.5 GeV, where the first few glu- We identify the 2 0~ " nonet. Theny members are pre-
onic levels are anticipateld,6]. dicted to have narrow widths relative to thecounterpart.
Our point of departure is to calculate the two-body decayThis is consistent with the broad(1300 and the narrower
modes of all radial and orbital excitations oh states @ candidatesy(1295 and 7(1440.
=u,d) anticipated up to 2.1 GeV. This include§$,23S, 2P, The vector statep(14695 and w(1419 are interesting in
that the decay branching fractions appear to show anomalous
features requiring a hybrid component. We identify the ex-

*Electronic address: barnes@orphO1.phy.ornl.gov perimental signatures needed to settle this question.
"Electronic address: fec@v2.rl.ac.uk The 7(1800 has been cited as a likely hybrid candidate
*Electronic address: prp@al3.ph.man.ac.uk [2,9,10 on the strength of its decay fractions. Th8 8~
SElectronic address: swanson@unity.ncsu.edu qq  is also anticipated in this region. We find that the
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decays, tAAI'/T'¢,,=43%, with an optimunB=0.36 GeV.

e ' ] A more sensitive test of th#, model involves amplitude
3 £ (1300) - nn ] ratios in the decay$,—wm and a;—pm. In these decays
08 Fhn o | e 3 both S- andD-wave final states are allowed, and the ratio of
- F ! ] these decay amplitudes is known toBES=+0.26Q35) for
(Gev) T, the b; and —0.0912) for the a; [14]. This ratio is quite sen-
04 | :j:; E sitive to the quantum numbers of the produced pair; With
- h 4 guantum numbers and the usyiive find reasonable agree-
o b b,->an F ment in sign and magnitude, whereas a one-gluon exchange
' (OGE) pair production mechanism gives the wrong sign for
2 S D/S [11]. This ratio test forb;—wm was historically very
P L N A 0% important in establishing th&P, decay mode[12].
0.1 02 03 04 05 08 0.7 These successes of tig, model motivate its use in pre-
B (GeV) dicting decays of the less familiar radial and orbital excita-

tions of light quarkonia.
FIG. 1. Partial widths of light $ and 1P qq mesons in théP,
model. The model parameters shown #e0.2—0.6 GeV(with .2 S STATES
B~0.4 GeV preferredand y=0.5. ] . ' .
We first consider the decays of the low-lying radially ex-
decays of the hybrid andS80~* have characteristic differ- Cited pseudoscalar and vector states. Our general approach
ences which enable them to be distinguished. We identifyVill be to review recent data on the state in question and

modes that may enable the separation of these two configgompare these data to predictions for candidate and
rations. (where appropriajehybrid states. In each case we will at-

Our other results for the manyn states predicted up to tempt to idgntify decay modes that distinguish between com-
2.1 GeV should be useful in the identification of these higheiP€ting assignments most clearly.
guarkonia and in confirming that nonexotic gluonic or mo-
lecular states are indeed inconsistent with quarkonium as- A. 07" 21s,: wand y
signments.
The order of discussion isSland 1P (Sec. I), 2S and 1. #(1300)
3D, (Sec. 1), 3S (Sec. IV), 2P (Sec. V}, 1D (Sec. V), and The 7(1300 was first reported by Bellinet al. [15] in
1F (Sec. VI). A summary and an outline for experimental 1982 but remains rather poorly known. It is seenvip,
strategy is in Sec. VIILI. w(7m)g, and 7fy(1300, with a width of 200—-600 MeV;
there is, however, no accurate measurement of the branching
fractions[16]. Recently higher statistics have been obtained
Il.1S AND 1P TESTBED for the m(1300 by VES[7,10] and by E852 at BNL[8]. The
First we will use the well-known decays of lighSland ~ VES data show a clear(1300 peak in 3r, with a width of
1P nn states to motivate and constrain fiigy decay model. 1'=400-500 MeV in bothm(mrm)s and pm, the latter is par-
Ackleh, Barnes, and Swansdfil] have carried out a sys- ticularly strong and dominates this channel _below 2 GeV.
tematic study ofjq decays in théP, and related pair cre- |t should be noted, however, that the size of the Deck
ation decay models:  In that work®®,-type amplitude was background inm(7m)s is uncertain, and it is not clear
established as dominant in most light decays.(For other ~ Whether them(1300 reported inm(7m)s is actually due to
discussions ofjq decays in thé’P, model see Ref[13].) the resonance. Figurdd of Ref.[7] suggests that the Deck
Figure 1, from Ref[11], shows®P, model predictions for Mechanism could cause all of the(1300— m(7m)s en-
the decay widths. Large widths are indeed predicted to b8ancementin Fig.(@) of that reference. We will assume that
large and smaller widths are found to be correspondinglyhis is essentially correct and that th€1300 resonance de-
small. If we choose the pair creation strengtk0.5 [Eq.  CaYS dorr;mantly tpm. _
(A3)] to set an approximately correct overall width scale, N the P, decay model we expegir to be the dominant
then I'(h,—pm) and I'(a;—pm) are both~0.4-0.5 GeV; mode of a B qq 7(1300, since this is the only open two-
I(f,—mm), T(p—mm), and ['(b;—om) are all ~0.1-0.2 body channeDNe assume that thg,(980 anday(980) are
GeV, andl'(a,—pm) is smallest~0.05 GeV; all are reason- dominantly KK, and so the moder(1300—f(980) 7 is a
ably close to the observed widths. more complicated three-body or virtual two-body detay.
The optimum parameter values found in a fit to the partiaWith our parameter set=0.4 andB=0.4 GeV we predict a
widths of Fig. 1[11] are 3=0.40 GeV(which is actually the partial width of
length scale most commonly used in light decay$ and
y=0.51; with these values, the rms relative error for these six I'(7(1300 — 7p)=209 MeV. D
decays iSAI/T ¢, =29%. In this work we have actually
found that the pair production amplitude=0.5 is somewhat This rate is given in Table IX of Appendix BAppendix B is
large for highert qq states, and so in our discussions of a tabulation of all our numerical results for partial widths in
higher quarkonia we will instead usey=0.4. In the 3P, model) In Fig. 2 we show the dependence of this
constrainedy fits we find that usingy=0.4 only moderately prediction on the wave function length scgleEvidently the
decreases the accuracy of the fit to the ligl® 4nd 1P prediction of a large width, comparable to observation, fol-
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FIG. 3. TheK*K +H.c. partial width of a 2S, ss 7(1440 in

FIG. 2. Th tial width of a 5 (1300, with 3P, model
epr partial width of a 5 (1300, wi o mode the ®P, model. Other two-body modes are excluded by phase space.

parameterg3=0.2—0.6 GeV andy=0.4.

lows from any plausible choice fof. Thus the observed fcle Data Group(PDG) width of the_n(}440 is_only
m(1300 is consistent with expectations for &, qq state. | =60(30) MeV, with signals reported ifK* K, a,(980,

Although the modef39(1300)7 is nominally closed by mms, andpy. . . .
phase space, thi(1300 is a very broad state, and so one E>_<cept for py these modes are not inconsistent with a
might anticipate a significaritrm)sm mode through the low- domlnalntlygstate. The o*nly two-body strong channel open
mass tail of thefo(1300. This possibility may be tested by OF @ 2°Sp SS7(1440 is K™K, but this could rescatter from
varying M (f4%: the resultingl'((1300)— f397) does not KK into the other reported modeg(980) 7 and nmrar. The

07 o 0 3P, model prediction for the partial widthy(1440—K*K

exceed 10 MeV over the rangd (f3%) =400-1000 MeV. o MOTEL prediction for the partia

Thus, the population of ar(mrm)s mode bym(1300 decays versus the wave function length scgds shown in Fig. 3.

h hani diattd . dicted to b I Evidently the predicted* K partial width is comparable to
through an interme |atf% 7 state Is predicted to be a small o opserved width, and so a180 Ss assignment appears
effect. If there actually is a large(1300— (7)) mode,

. ' . possible for this state. o
rather than a nonresonant Deck effect, this would be in dis- Of course thepy mode is_not expected froms and, if

agreement with thdP, model. Thus it would be very inter- , . — e
confirmed, may imply largen«< ss mixing in this sector as

?r?ggg()—}?r(w:)ﬁzkcﬂcli?ater; ?n fu?trj?g ?’C\ér:lg fraction for is observed in the @ 1=0 pseudoscalars. This can be param-
S .

etrized as

2. 7(1295)

This state has a width df=53(6) MeV [16], much nar- | 7(1299) = +cog #)|nn) +sin(H)[ss), 2
rower than itsl =1 2'S, partner7(1300. It has been re-
ported inay(980) 7 and nmrar. This small width is natural if
the 7(1300 does indeed decay dominantly per, since G | 7(1440)= —sin(#)|nn)+ cog 6)|ss). (3)
parity forbids the analogous processegs—pm and
7on— w7, to_the extent that the@,(980 and f,(980 are
dominantlyKK, there are no quasi-two-bodyg modes open A remeasurement of(1440— pvy, which should be possible
to the 7(1295. Consequently the decays must proceedat BEPC and TCF ins— yyp, would be very useful in clari-
through the weaker direct three-body and virtual two-bodyfying the nature of this state. Ideally we would like to know
channels such a&}%r andf3%%. the invariant mass distributions g¢fy, oy, and ¢y final

It is interesting to note the role that thes2nitial wave  states, since these are flavor-tagging modes that allow inves-
function has played in our discussion. Suppose for illustratigation of possible flavor mixing in the parent resonances.
tion that we had instead usedSlwave functions for the Similarly, an accurate measurement of the branching frac-
m(1300 and 7(1295; we would then have predicted partial tions in the flavor-tagging/—V (1440 andV (1295 had-
widths of several hundred MeV into the low-energy tails of ronic decays, with/=w,¢, would be useful for the determi-
the mode€ 3%+ andad?#, with consequent broad widths for nation of thenn-ss mixing angle.

the (1300 and the7(1299, in contradiction with experi- N summary, from the total widths alone it is possible to
ment. describe then(1299 and 7(1440 as unmixednn and ss

215, radial excitations. The report of a largg1440—py
radiative mode, however, suggests flavor mixing between
3. 7(1440) these states and should be remeasured with greater sensitiv-
These successes raise provocative questions regarding titig together with other’Vy modes. This mixing could also
7(1440 statds). This is a purportedly complicated region account for the largen(1440 signal seen inn(wm) by
which may contain more than one resonafib@. The Par- GAMS [17].
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TABLE I. Partial widths of 5, 1D, and hybridp states.

T o o7 pp KK K*K hyw am Total
po<(1465 74 122 25 - 35 19 1 3 279
p1p(1700 48 35 16 14 36 26 124 134 435
pH (1500 0 5 1 0 0 0 0 140 ~150
B.177: 23S, and °D; p, and » Although there are many similarities between theory and

experiment, there are problems in detail. The important cou-
1. p(1465),p(1700) plings of the lighter state tarw and w7 found by Clegg and

If one accepts that the(1300 and 7(1299 belong to a  Donnachie are consistent with &2juarkonium, but we do
21S, qq nonet, it is then natural to assign tp€1465 and  not expect a significant coupling of a3, p to 4 final
the w(1419 [16,19 to 23S, states. Indeed, one expects thestates. The dominant coupling of the heavier statertds/as
contact hyperfine interaction to raise the mass of the vectagpredicted for theD-wave quarkonium, but the reported ab-
nonet with respect to the pseudoscalar nonet by approxisence ofww is not expected. The presence of two states
mately this amounf19]. It is unlikely that the vectors near (2°S; and®D,) in 7 with comparable strengths, reported
1.4-1.5 GeV are dominantlp waves, since théD, nn by Crystal Barre[21], is expected.
states Should ||e C|ose to the Otth bandidates SUCh as the Of course it is difficult to dIStIﬂgUISh the contributions
m,(1670), p3(1691), and wy(1667). In the Godfrey-Isgur po- from two broad states with similar masses, and thefidal
tential model a mass of 1660 MeV was predicted for%@ _states themselves have not yet been com_plet+ely7 character-
state, whereas they expect th&s radial excitation at 1450 12€d-[Thea;m andh,m modes of thep(1700 in e"e -, for
MeV [19]. The p(1465 also lies well below flux-tube model €X@MPIe, have not been separaétiappears likely that the
expectations oM (1~ )~1.8—1.9 Ge\[3,4] for vector hy- states and their branching fractions are still inadequately re-

brids, and so, although the possibility of light vector hybridssmved gxperlmentally in this mass region, and so itis not yet

has been discusséd,20], these do not appear likely unless appropriate to attempt a detailed fit, using, for example, lin-
S . ear combinations of theQand 1D basis states.

the flux-tube model for hybrids is misleading.

: . . __ It is clear from our®P, results that in the future it will be
The experimental branching fractions of these ktates important to separate the = and h,ar contributions(which
are somewhat obscure, b_ecause there are at Ie'qst two bro 1D andH [2,20] states, and that ther and war distri-
overlapping resonances in each flavor sector in this ma
region. The status of these vector states as seesi @1
annihilation was reviewed recently by Clegg and Donnach
[18]. In the p sector they find that at least two states are

present. The lighter state is assigned a mad4 ofL.46325) 2. 0(1419) andw(1649)

GeV and a width oI'=0.31162) GeV; it couples strongly to We anticipate similar problems with at least two broad
4 states(including a;m but not hy7) and wm, and less  overlapping resonances in the=0 sector. Clegg and Don-
strongly to 7. The higher state ha#1=1.733) GeV, nachig[18] discuss both one- and two-resonance fits todhe
I'=0.40110) GeV, couples most strongly to(a,; 7 andh;m  sector in the reactions*e” —pm and wrr. In their two-
are not separat¢and perhaps®; 7 is also important, but  resonance fit they find a lower state with a mass and width of
the wm width is found to be small. M=1.447) GeV, I'=0.247) GeV and a higher, quite nar-
These states have also been reported recently by Crystadw state withM = 1.6069) GeV, I'=0.11320) GeV. The
Barrel[21] in 7~ = states inpd— =~ 7°7°p; both vectors PDG quote masses and widths ™ =1.41931) GeV,
appear in w 7% with masses and widths of 1'=0.17459) GeV and M=1.64924) GeV, '=0.22435)
M=1.41110)(10) GeV, [I'=0.34318)(8) GeV and GeV; the parameters for the lighter state are consistent but
M =1.780"35(14) GeV,T'=0.27542)(17) GeV, quite similar  the width of the higher-mass state is broader than Clegg
to theee™ results. and Donnachie estimate.
The °P, model predictions for pure 5, and®D; p states Clegg and Donnachie find that botl states couple
at 1.465 GeV and 1.700 GeV are given in Tableseée also  strongly tops. Only the second is found to couple éar,
Tables VIII and XV), together with flux-tube model predic- and that coupling is rather weak. A fit with a single reso-
tions for a hypothetical 1.5 GeV vector hybrid. Very charac-nance finds instead that thers branching fraction exceeds

teristic differences between the states are evident in theisr, and so these should be regarded as tentative conclusions.
couplings to 4r final states; & couples very weakly to these,

1D couples strongly to botla;7 and h,7, and the hybrid
couples strongly ta,7 but not toh;#. Both quarkonium
states have moderately large couplings #er and w,
whereas the hybrid couples strongly only&or.

Note that thdqq) components are spin triplet whereas the w,(1419 328 12 31 5 1 378
hybrid is spin singlet. This difference in spin underlies the (1649 101 13 35 21 371 542
characteristic pattern of branching fractions in Tables | and,, (1500 20 1 0 0 0 ~20
Il

Sutions should also be studied carefully, since these are ex-
i é)ected to arise mainly from quarkonia rather than hybrids.

TABLE Il. Partial widths of 25, 1D, and hybride states.

pT wn KK K*K by Total
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For comparison we again show the numerical predictiongal states will be possible given accurate measurements of
of the 3P, model for pure B, 1D, andH states. The masses the branching fractions to these characteristic modes.
assumed are 1996 PDG valu@ee Tables VIII and XVL We have not carried out a fit to determine the mixing
The largepm couplings reported for the vector states areangles because the experimental results do not yet appear
evidently consistent with expectations for bot8 and 1D definitive. However, we note that the partial widths reported
quarkonia. Again th&+S modes are predicted to be small py Clegg and Donnachie for the(1465, which include a

for a hybrid, and so they can be used to tag quarkonia or thgy.gel", _and a small’;, ., are inconsistent withQor 1D
gq components of mixed states. Since none of the favoredI 'Igh idths i ll | tin this stat
S+ P modes is open to ah=0 hybrid at 1.5 GeV, such a alone. These widths imply a lardé component in this state

state would be quite narrow, as shown in Table (TThe with the p035|b|!|ty of considerablel-2S mixing.
decaywy— b, 7 is excluded by the “singlet selection rule” Future experimental work could concentrate on an accu-

[2,11], which states that rate determination of therm, w, hym, anda,m branching
fractions of thep states. Théh,7r anda; 7 modes are espe-
(S4g=0)+(S4g=0)+(S4g=0) (4)  cially sensitive to the nature of the initial state. Similarly the

pm andb,m branching fractions of the states are the most

in the P, model; thew,, hybrid hasS, ;=0 in the flux-tube ; .
a4 interesting experimentally.

model. Interestingly, the singlet selection rule holds for both
3p, and one-gluon exchand®GE) quarkonium decay am-
plitudes[11].) IV. 3S STATES
A hybrid in this mass region should be visible as a narrow —+. 91
bump in thepsr invariant mass distributior(This channel is A 0772 37So m(1800
not favored for a hybrid, but it is allowed at a reduced rate The same experimen{§,10,15,22 that see ther(1300
due to differentp and 7 spatial wave functionsThus it may in pm and a possible broad enhancementritrri)g also
be useful to searchur final states for narrow resonances with report a prominent (1800 in fy(980, fy(1300,
improved statistics, although the signal would of course be (15007, andK(K#)s. None of these experiments see the
broadened by the width. 7(1800 in pm. This is striking, as also is the fact that the
The very largeb;7 mode predicted for the D quarko-  total width of ~150—200 MeV is considerably smaller than
nium is very interesting, because neithé or hybrid vec-  that of them(1300. Furthermore, the presence of clear sig-
tor states are expected to couple significantlybtar. This  nals in bothf (13007 and f,(980) is remarkable and was
two-body mode will appear asw, Clegg and Donnachie commented upon with some surpris.

do report anw7m mode for their higherw state, but the The decays intarp and KK* are both suppressed; VES
coupling is not as strong as we predict. The total width Ofguote the limits[10] ’

their higher-mass state is also much smaller than expecte

Since the D state is predicted to have a very large width, m(1800— 7 p°
~500 MeV (Table XVI), this discrepancy may be due to a =

distortion of the shape by threshold effects, with resulting m(1800— 7 1o(980)| 7+ -
inaccuracies in the reported couplings. Assuming that thgq
3p, model predictions are approximately correct, a study of
the I ~ wmm mass distribution should reveal tfi@ 1w basis (1800 — K ~K*

state in isolation(It may be distributed over several reso- (1800 5K K* (S wave 0.1 (95% C.L). (V)
nances. If the quasi-two-body approximation is correct, the

mass distribution ofv7 pairs in the resonance contribution 5 prominent KK% signal is present[observed as

to wmm should be consistent with ta,(1231). K(Km)sl, and so the virtual transition 7(1800)
—KK§ —KK7—f,(980)7 is probably responsible for the
coupling tof (980 ; this mode appears to be stronger than
Although we have considered the decay modes of pure (13007. The mass of this state makes it a candidate for
2S, 1D, andH vector states, the physical resonances argither the radial 3S, or the ground state hybridr,. The
certainly linear combinations of these and other basis statepredicted branching fractions for!S, (Table XI) and

Since the known resonances have similar masses, we shogprid states(from Ref.[2]) near this mass are shown in
consider the possibility that there is significant mixing andTaple 1II.

0.14 (90% C.L) (6)

C. Mixing in the 1™~ sector

introduce the linear combination The decay amplitude for 35,—3S,+1S, is actually
B 3 . 3 . close to a node with these masses, and so weak coupling to
V)= cog §)[cos $)|2°S;) +sin(¢)[*D1)] +sin(6)[H). pm is expected for both a8 quarkonium and a hybrid. The

most important differences are in they and fy(1300 7
The mixing angles for each resonance can be determinetiodes: pw is predicted to be the largest mode of & 3
from the branching fractions to certain states. TheS (1800 state, whereas for a hybrig,(1800— pw should be
modes identify thejq components of the stateee Tables | very weak(this is the usual selection rule agair®st S final
and 1)). In the | =1 states the # modesa,= andh,7 are  state$. Converselyf,(1300 is predicted to be weak for3
similarly characteristic; thér,7= mode is produced only by quarkonium but is expected to be the dominant decay mode
the 1D basis state, and,7 comes from both D and hybrid  of a (1800 hybrid. The observation of a largg(1300
states. Similarly in =0 the modeb, 7 tags the D quarko- mode argues in favor of a hybrid assignment for this state.
nium basis state andand 1D states both lead to stropgr ~ One should note, however, that tf, model also predicts a
couplings. Determination of the mixing angles in the physi-small branching fraction form(1300— m(mm)g; if the ob-
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TABLE llI. Partial widths of 3S and hybrid#=(1800 states.

pm pw p(1465 7 (13007 forr K*K Total
35(1800 30 74 56 6 29 36 231
74 (1800 30 0 30 170 6 5 ~240

servedn(7m)g signal is really due to the(1300 rather than is notable that the simpl8+ S modes have small couplings,

the Deck effect, the decay model may simply be inaccuratevith the exception ofp(1900— pp. Unfortunately the rela-

for N 1S,—1S,+ 3P, transitions. There may, for example, tively obscure &+ S modes are favored, especially for the

be large OGE decay amplitudes in these channels, as wag1900. Some S+ P modes have sufficiently strong cou-

found in the related transitiotP,— 1S, + 1S, [11]; this can  plings to the 3 vectors to be attractive experimentally, no-

be checked in a straightforward calculatif?8]. Thus the tably p(1900—a,7r and »(1900—b,7. As noted previ-

presence of a strong(1800—f (13007 mode is indicative  ously, theb,;7 mode is forbidden to am vector hybrid by

of a hybrid, assuming that th#®, model is accurate. the singlet selection rule, since this hybrid decay would have
Although the strongf,(13007 signal in the VES data S,;,=0 for all states.

may well have isolated the, (1800 hybrid, VES also finds

evidence for a larggw signal at a similar masg24]. We V. 2P STATES

expectpw to arise from the $ 7(1800 quarkonium state ) ]

rather than from a hybrid. These signals may be due to two The 2P states are especially important because the ex-

different resonances; thpw signal is evident well below Pected mass of this multiplét=1700 MeV) is close to the

1800 MeV, and persists to higher mass than @300 predicted mass of the lowest hybrid multiplet in the_ flux-tube

distribution. Similarly the modé, = is observedFig. 4d) of ~ Model, ~1.8-1.9 GeV[3,4]. Furthermore, the positions of

Ref. [7]], but at a mass ok1700 MeV, well below the the 1P and .2P unmixednn Igvels and the I'P'sslevel are

(1800 seen infy(1300. This may also indicate aSstate  heeded for input to quarkonium-glueball mixing studi2g]

somewnhat below a hybrig(1800. If two 0~ 7 resonances based on the_ lattice expectations for glue_balls_m this region

were to be isolated in this region, this would be strong evi{5]- Determining the nature of thig(1710 will be important

dence through overpopulation for both a hybrid andsadgy in this regard. Since the quantum numbers”land 1"~
excitation. occur in both the hybrid andR2 multiplets, these states need

(1300, andf,r could be useful to clarify the resonances See, a recently discovered 1state, thea, (1700, appears to

in the region of ther(1800); establishing the branching frac- Pe our first confirmed member of thé>2multiplet, in that it

tions to these states is especially important. The most chaR@sses a very nontriviatP, model amplitude test and

acteristic arepw and (1300, since the hybrid and 3 thereby for the first time establishes the mass scale of Ehe 2

quarkonium predictions differ greatly for these modes. TheoMmultiplets.

retical studies of the stability of the decay amplitudes under

variation of parameters and wave functions and the assumed A. 1%+ 23p; a,(1700

decay mechanisriL1] would also be interesting. ) .
Searches for the multiplet partners of this state may be A recent experiment at BNIL29] reported a candidate

_+ . .

useful, since they too have characteristic decay modess A 31~ €xotic, produced byrp and decaying tarf,. They also
nn 7(1800 quarkonium, for exampléTable Xl), is pre- S€€a 1" state in this channel at1.7 GeV, with a width of

L 1 ,-\, . . 7+
dicted to have larggp and e modes, which should be zero ~0-4 GeV; the relative phase of thé’iapd I waves was
for a hybrid. An 7(1760 which couples topp and ww was u_sed to support the claim of a respnanﬁlA similar 1
reported by Mark II[25] and by DM2[26]. The conclusions Signal has been reported by VES gm [7'1O]f+ .
regarding the presence of this pseudoscalar signal in the 1he challenge is to establish whether this"1a, (1700 is

Mark Il 47 data have since been dispuf@f]. a hybrida, ) (perhaps a partner of the reported'lexotio
or a radial 2P, nn state. The predicted total width of a

B 1 3% 17" a,(1700 hybrid in the model of Close and Pa@] is
vl ~300 MeV, comparable to the observed width. However, the
If the m(1800 is a 3S quarkonium, we should expect to total width predicted for @4(1700 23Pl nn state is similar,
find 3S vector states near 1.9 GeV. No candidates for thesabout 250 MeV(see Table XIJ. Some differences between
states are known at present below 2.1 GeV; however, therhese assignments are evident when we compare partial
are possiblep candidates at 2150 and 2210 M¢W¥6]. The  widths (see Table IV. Clearly the 2 state couples more
predictions for decays of @vectors are given in Table X; it strongly toS+ S modes than does the hybrid, as usual, and

TABLE IV. Partial widths of 27 and hybrida;(1700 states.

p pw p(1465 7 b7 (13007 fom fomr K*K Total

a;(2p)(1700 57 15 41 41 2 18 39 33 246
a; (1) (1700 30 0 110 0 6 60 70 20 ~300
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ried out. In the next sections we will discuss the decay

10¢ : . . — modes predicted for these otheP Atates.
08 F 3
3 F
A8 oo ; B. 0"+, 2+* 23p,, 23P,: a,(1700, a,(1700
a0y F ] With the a,(1700 as the 2P, “a,g” radial state, one
voozp ] may ask why theay,g and a,g partners are not seen in the
00 same experiments. A simple explanation follows from the
-02¢ E partial widths shown in Table XIl. Since the production
-04 | ] mechanism of thea;(1700 in wp—af,p apparently in-
-06 F ] volves natural parity exchanderobablyp or f, exchangg
-08F E the 0" scalar stateayz cannot be produced. Although the
ok - - - - ] E 2"" a,r can be producethote the large coupling, it has
02 030 - 035 040 045 050 055 a weak coupling to therf; final state and hence is not
P (GeV) readily observable in this channel.

There is some very recent evidence for state from

FIG. 4. The S/ID amplitude ratio in the transiton the Crystal E’a“’el: who report ay(1650 in 77 final states
2°%P; a,(1700—p predicted by théP, model. in pp—nym [30]. Although we expecty to be a relatively
minor mode, with a branching fraction of 7%, the mass and
reported width of'=260(15) MeV are consistent with ex-

S0 an accurate determination of the branching fractiopsrto ; :
and pw would be interesting. The other modes are less chaectations(Table XII). The final statep and pw are pre-
dicted to have large couplings to ag state, and so we

acteristic with the exception df, 7, which should come ex- tal ioanal in th 2nd 5r final stat
clusively from the quarkonium state. The absence of the geSxpect a large signal In theseranc Inaj states. .
The prediction of a large coupling to vector meson pairs

i ial f the singl lection rul .
caya, ) —+bym is a special case of the singlet selection ru esuggestSyy—>2 3P,—VV as a possible source of thgg and

cited previously as forbidding the transitiasy,— b, 7. We ) ,
- a,r states. Indeed, ARGUS has evidence that ghefinal
therefore urge that experiments that obsen.700)—mf, - F2 "2 i rechold is mainly in the partial wai&=2"",

also seek a signal, or a limit, fa,(1700 b,. Lo ;
9 a( e J,=2, and the'y‘y—>pow cross section is at a maximum near

A crucial test of 2 versusH assignments for the D . o +
a,(1700 arises in the decay amplitudesga. From Appen- 1.7 GeV[31]. The J,=2 signal is characteristic °f2"1§

dix A, Egs. (A53), (A58), and (A59), the transition resonance, as there is a selection {8 that yy—(J=

; A=0)=0 in the nonrelativistic quark model; henck=2
23pP,;—33,+1S, has bothS andD amplitudes, and thB/S ‘ i =
ratio is (wherex=|5|/ 8) dominates. A study ofy—57 with improved statistics, per-

haps at the CERN e~ collider LEP 2, may help to isolate

these states. Of course the interpretation of apy-VV re-
b Q27 X2< 1- 2—1X2) action should be regarded as tentative until the large
— = ) yy—p°p° signal[33] is understood, as this reaction also is
S 23p 35 415, 3°5 (1_ 4 e 4 x4) dominated byd"®=2"", J,=2, but contains botth=0 and
9 135 I =2 projections in thes channel and hence cannot come

from a single qq resonance. Finally, the reaction
vy—agr— b, may also lead to a significant signal inr5
final states and could be isolated if the-0 selection rule is
‘used to suppress theg signal.

The inverse of this ratio is shown versgsin Fig. 4; note

that theS-wave amplitude has a zero very close to the pre

ferred valueB=0.4 GeV. This is a striking and unusual re-

sult, since in most cases we find that the lower partial waves

are dominant. In contrast, for a hybrid one expegtwave

dominancea, iy — (pm)s:(pm)p~20:1. Encouraged by the likely confirmation of the radial
Experimentally, VES sees tha,(1700 prominently in  1*" a,(1700, we now turn our attention to thePRisoscalar

thepm D wave[see Fig. 2c) of Ref.[7]]; the resonance near multiplet. First we consider thi,(1700 2 *P, nn radial ten-

1.7 GeV dominates the entire 1-2 GeV region. In contrastsor. We predict a larggp width for the 23P, f,(1700), and

the pm S wave [Fig. 2@ of [7]] is dominated by the the modesww, 7, and perhapsra, should also be impor-

a,(1230 and shows no clear evidence for tlg(1700. tant(see Table XllI}. (Note that the simple branching frac-

E852 similarly sees this resonance clearly inpheD wave, tion ratio pp/ww~3 follows trivially from flavor counting.

with a mass and width oM ~1.66 GeV and'~0.22 GeV  The total width is predicted to be400 MeV.

[8]. This D-wave dominance of thps final state appears to Although there is no strong evidence for such a state,

be dramatic confirmation that the (1700 is a 2°P, radial  there are suggestions of its presence in several processes. A

excitation. Furthermore, the successful predictions ofarge 2°" enhancement referred to as thg1600, with

a,—pm being in S wave anda,r—pm being inD wave T'=400200 MeV, is well known inyy—p°° [14,34. The

support the extension of the model to radial excitations. small charged to neutrglp ratio, however, precludes the
With the a;(1700 established as aR2 nn state, the mul- identification of this signal with a singl&,(1700 resonance.

tiplet partners are expected nearby in méssiltiplet split-  There are also reports of a rather narréy(1640 with a

tings due to spin-orbit and tensor forces appear to be smaWidth of ~60-120 MeV inww [14,35-37. Although the

even atl ;g=1) and searches for these states should be capredicted 2P, £,(1700) width is much larger, it would be

C. 2% 23p,: £,(1600-1800
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reduced somewhat by threshold effects in the channel. Conversely, Sexton, Vaccarino, and Weingaft€hsuggest
Indeed, if the resonance mass is around 1700 MeV and itthat thef;(1710 is the scalar glueball, based on its mass and
width is several hundred MeV, as suggested by our analysi§n lattice QCD evidence that flavor symmetry may be inac-

it may decay strongly intep (due to the large width lead-
ing to a favorable phase spagcbut the narrowness of the
may cause only the upper part of the resonance to feed t
ww channel. Thus the resonance width dim may appear
smaller than irpp, and so both th&(1600 and thef (1640
may be aspects of a single state.

A recent reanalysis of Mark Ill data opp—ym 7" 7 7
[27] similarly sees evidence of a"2 state neaV =1.64
GeV, withI'=0.14 GeV, which couples strongly fep. (In
contrast they observe 0 states dominantly inre.) This
preference of the tensor state fap is consistent withtP,
model expectations for a®P, f,(1700) statgTable XIII).

Finally, it is possible that thd (1520 or “AX" state
seen inpp—3w [38] may be the low-mass tail of the
f,(1700.

D. 0** 23P,: (1500, f;(1710

The 0" f, sector in the 1.5 GeV mass region is clearly of
interest for glueball searches. It is thus important to identif))(

the 3P, quarkonia in this mass region. We stress that on

glueballs, are expectd@8]. Nonetheless, for initial theoreti-

cal guidance it will be useful to consider the predictions of

the naive®P, model for the decays of unmixetP, nn
guarkonia.

The decays predicted for theP2scalarf(1700 state in
the *P, model are given in Table XlII. Fortunately they are
very characteristic. The dominant modes ater, with ap-
proximately equal contributions from#(1300# and
a,(1230 7. The channelgp and 77 are also important, and
the total width is predicted to bec400 MeV. Then» and

KK amplitudes are both close to nodes and are predicted tﬁ)

be quite small.

The two well-known scalar resonances in this mass regio

which can be compared to these predictions are the glueb
candidatef (1500 and thef ;(1710. These states have PDG
masses and total widths & =150311) MeV, I'=120(19)
MeV andM =16974) MeV, I'=1759) MeV; both are rather
narrow relative to expectations for @2nn state. BES has
recently reported39] a spin parity analysis of th& ™K~
system iny radiative decays; they see balk-0 andJ=2
states. Both have widths 8100 MeV, much narrower than
we expect for P nn states. The presence of a significant
mode for both the ;(1500 andf,(1710 argues against aR2
nn assignment. The possibility that a node in the @ecay
amplitude is consistent with the observed weakness
f;(1710—mar is found to be unrealistic in practice; although

suppressed by these in tiB, model areyn and KK, not
qrir.

The disagreement of predicted decay modes Bf r2n
states with experiment for thg, (1500 and f;(1710 sup-

curate in glueball decays, together with a different pattern of
qg«< G mixing. It may be that the gluebalhn, andss basis

jates are all strongly mixed in this sector, so that an as-

sumed separation into glueball and quarkonium states is in-
accuratg40].

An alternative suggestion is that tlig(1710 may be a
vector-vector molecule, analogous to ¢80 anday(980)

KK candidates. The two paossibilities discussed in the litera-
ture areK*K* [41] andK* K* +w¢ [42]; these both predict
small nonstrange modes and large couplingk korr 7 final
states. The weakness of ther mode is due to the presence
of a hiddenss pair [just as forfy(980— ], since both
models assume that tHg(1710 is dominantlynsrs in fla-

vor.

In any case the R scalarnn states(or resonances with
large 2°P, nn components should appear inp7 final
states, and so it would be useful to search for these states,
especially in reactions that produce th€1500 or f;(1710.

Finally, we should consider the possibility that the
f3(1710 is dominantly a 2P, nn tensor statgsee Table
llI'), since the quantum numbers have not been determined
definitively. Again the quarkonium assignment is inconsis-

should not be overly naive in this endeavor since strong re‘%ent with experiment; theyy coupling is predicted to be

coupling effects, including couplings of quarkonia to nearby

small, and7# is predicted to be quite large. The largest
mode, pp, has not been reported for tlig(1710. The total
width of thenn state is again rather larger than reported for
the f;(1710. One must conclude that tHg(1710 does not
appear to be consistent with any quarkonium assignment.

E. 1%~ 2'P;:b;(1700,h,(1700

Predictions for the missing spin-singletP2states are
given in Table XIV. These are expected to be only about 250
MeV wide, and so they may be easy to detect. Reactions that
produce theh;(1170 and b4(1231) are obviously the most
romising for searches for their radial excitations. The
1(1700 couples dominantly t@, so it may be observable
for example inT~ p—pn, in production through natural-

rity exchange. Its partnér (1700 can be produced simi-

rly in wr final states, and less characteristicallypjm

VI. 1D STATES
A. 27t 1p,

Studies of the decays of hybrids in the flux-tube model
conclude that a 2" member of the lowest hybrid multiplet
may be observably narroy2]. This hybrid multiplet is ex-
pected at~1.8-1.9 GeM3,4], which overlaps the Godfrey-
Isgur quark model predictions of 1.68 GeV for tH2, nn,

O%.SQ GeV for'D, ss, and 2.13 GeV for 2D, nn[19]. Thus
|

may be necessary to use characteristic branching fractions

to distinguish quarkonia from hybrids in this mass region. Of
there are actually two nodes, the modes that are strongl g d y 9

dourse them,(1670 is presumablynn because it has well-
established D multiplet partners such as thg(1691), but

distinguishing the higher-masss and 2D quarkonia from
hybrids may not be so straightforward.

ports the suggestions that neither of these states is a quarko-

nium. Amsler and Clos¢28] have noted that théy(1500
could be a glueball that is mixed with the neamy andss

B. Ky

Experimentally, them,(1670 couples most strongly to

basis states, which explains the observed branching fraction;(1279# (~56%) and p7 (~31%), with weaker couplings
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TABLE V. Partial widths of D and hybridm,(1800 states.

p wp PRTT by forr fim fomr K*K Total
Ta(10y(1800 162 69 0 0 1 5 86 49 372
772(H)(1800 8 0 5 15 1 0 50 1 80

(at the 5—10 % levelo (13007 andK* K. The 1996 PDG  processes that report @,(1800 would be very useful as a
total width is 25818) MeV [14]. In comparison, théP,  hybrid search. Other modes are quite small, and so the hy-
model predicts a total width of 250 MeV, with branching brid should be a relatively narrow state, with a total width of
fractions of f,(12797 (~30%), pm (~47%), and K*K  only about 100 MeV. In summary, the characteristic signa-
(=12%); these are in reasonable qualitative agreement withyre of am, (1800 hybrid is a strond ;= mode and some
experiment. There is, however, disagreement with experih, 7 but weak couplings tem, wp, andK*K.
ment in that little fo(1300 7 is expected; we predict a
branching fraction of only 0.2% to this mode, whereas the C.
PDG value is 8.18.4%. The largest as yet unreported mode e
should bepw, predicted to have a branching fraction of 11%. A doubling of 2" peaks has also been reported by Crys-
In addition to the plausible quarkonium statg(1670, tal Barrel, in the isoscalar sector pp—(nm°7%)=° [48].
the ACCMOR Collaboration in 1981 noted a 2 structure Masses and widths of M=164514)(15 MeV,
near 1.8 GeV, coupled th, and weakly tof (13007 and T'=18073%25 MeV, and M=187520)(35 MeV,
pm [43]. This is similar to reports of a possiblé 2 (or even  I'=200(25)(45) MeV have been reported for the two 2
1"") seen in photoproduction ofr8states near 1.77 GeV states. Thisy,(1645 is seen ina,(1318 [49], and in view
with a width of 100—200 MeV, which couples tar andf,m  of the approximate degeneracy with the(1670 and other
[44]. The VES Collaboration also claims a peak near 1.81D candidates is probably th®., nn isosinglet partner of
GeV, which they believe, however, to be nonresorfddi.  ,(1670. The higher-mass state,(1875 has been seen
Last, two-photon experiments which see thg(1670 in — only in f,(12757 (only 50 MeV above threshojdand no
yy—momaa [46] and yy—m—m m m [47] also see  gyidence of it is found irmg(980 m, f,(980)7, or fo(1300 7.
indications of a possible contribution around 1.8_ GEM.  The Crystal Ball Collaboration some time ago reported a
both cases the data appear skewed towards the higher masses (or possibly 0*) at 1880 MeV, with a width of 220

kr)elatn)/(e tots:jm?kra Brenmvvrlgnerr] avnd tPIrDvaaIur)?ﬁn_:,nmaﬁ MeV, decaying equally toa,(13187 and ay(980 7 [46].
€ expected formyp) through veclor meson dominance 1, oo a3 are also consistent with a contribution from

(VMD) as its pw coupling is predicted to be large and . .

thereby provide a further probe for anyp2component in ijét6§?£hnggﬁépiisisiy;rﬁzgge?;ﬁgvgﬁg (t;ir:;i?g"
. - - 2 .

(1800 state. It may be possible for LEP 2 to clarify this Here again LEP 2 may have much to contribute.

situation. In Table VI we compare the decay modes expected for a
If there is indeed a second, state near 1.8 GeV, it is hybrid at 1875 MeV with®P, model predictions for a hypo-

much too light to be a radial excitation of the(1670 and Y : )
may, instead, be a hybrid. To test this possibility we havetheucal D, 7,(1879 quarkonium. Both assignments lead to

calculated the branching fractions ofr(1800 hybrid in the ﬁ]zgglﬂcantfzn signal, and both predict a much largeym
flux-tube model, and for comparison we show the partial Thé most characteristic modes and which
widths of a hypothetical @ quarkoniumm,(1800. These ' app @,

are given in Table V[The partial widths tca,(1230» and should be very weak for a hybrid but large for B fjuarko-

* ) nium. Similar results follow forK*K and a,m. Clearly
Ki(1273K are .<1 MeV in both models, and so these searches fom,m, pp, and ww would be most useful. The
modes are not displaydd.

A . . large predicted coupling tpp for the encourages a
Evidently there are very characteristic differences be- 9c. P Ping top 72(1D) g

tween hybrid and D () branching fractions. First, note search inyy for this state.
that a largef,(12797 mode is not distinctive; this is ex-
pected from both states. ADL quarkonium should also
couple strongly topm, wp, and K*K, and the total width Here we consider only théD, and 3D, states since the
should be about 400 MeV. In contrast, th&eS modes are  °D, vectors were previously discussed with thés states.
weak for a hybrid; the second largest mogster f,m) The 3~ statesp;(1691) and w4(1667) are well-established
should beb,, which is forbidden to quarkonium by the D; nn quarkonia, with masses as expected f@ $tates
singlet selection rule. Clearly a study bfs final states in and widths of about 200 MeV. Thg; (Table XIV) is ex-

D. °D; states

TABLE VI. Partial widths of 1D and hybrid7,(1875 states.

pp ww fom ay(1450 = am a,m K*K Total

72(10)(1879 147 46 45 1 43 264 61 607
721) (1875 0 0 20 2 0 160 10 ~190
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pected to decay mainly tpp (41%) and 7 (34%), with a  |p,./B|°; this extreme sensitivity means that a small increase
somewhat weakews mode (11%). Experimentally the de- of 8 by ~10% halves the decay rate and gives agreement
cays to 4r are about 70%, of which 16)% is wm. The wm  with experiment. Thus this disagreement is quite sensitive to
branching fraction is observed to be 23.6)%. There are parameters and is probably not significant.
alsoKK andK*K modes of a few percent, roughly as pre-  The predictions for branching fractions of the five missing
dicted. The total width is predicted to be 174 MeV with thesel =0,1 1F states suggest that several of them may easily be
parameters, consistent with observation. Thus #8691  found by reconstructing the appropriate final states. The total
appears to decay approximately as predicted by *g  widths of all except théF, states are predicted to be300
model, which supports the application of the model to decay$leV, and so they should be observable experimentally. The
of highL states. f4(2050 is predicted to couple dominantly @,7. In the

Its isoscalar partnei;(1667 is a more interesting case. spin-singlet'F; sector, theh;(2050 should appear ips and
Since few modes are open and the couplings are rather weag,(1691) 7, just as we found for tha;(2080. The b3(2050
we predict a total width of only 69 MeV. Although this ap- should be evident im,7 and less strongly imgm, wm, and
pears inconsistent with the PDG width of 166) MeV, this  pp. Modes such aa, are preferable because the two-body
observed value is presumably broadened by the hadronimesons are not excessively broad and they are far from
width of the p andb, in the two-body modegpw andb,7.  threshold, and so a resonance can be distinguished from a
The reported modes ager and wrr; we expectpr to be  threshold effect. In some cases the amplitude structure of
dominant, with=10% branches tb, (the source oforn?) these final states is also characteristic; these can be deter-
and KK. The KK mode affords an opportunity to measure mined from the results quoted in Appendix A.
the actual width of thess, which may be much smaller than ~ The missing®F, states may be more difficult to identify,
it appears inpm andb,;7 modes. as we predict large total widths o600 MeV for these

Our results for théD, 2™~ statesp,(1670 and w,(1670 states. The a,(2050 couples most strongly tobm;
are especially interesting because these are "missing mey, (16497 and K} (1273K are other important modes. Its
sons” in the quark model. We find that these are rather broag=0 partnerf (2050 should be evident inr,(1670 7 and
states, with total widths of about 300—400 MeV. Theis  will also populateK? (1273 final states.
predicted to have a large branching fraction of 54%ja, Identification of these E states and determination of their
a.nd SO It Should be Observable In.thIS f|nal state or In thq_)ranching fractions and decay amp”tudes W|” be avery use-
secondary modes or K*K. Thew, is predicted to have an | contribution to the study of resonances, as it will allow
even larger branching fraction of 74% gar. It too couples  getailed tests of the usefulness of fliy model as a means
significantly tok* K and may also be observable dny. for identifying quarkonium states in this crucial 2 GeV re-

gion.
VII. 1 F STATES

The 1F states provide us with an opportunity to test the
accuracy of the®P, decay model predictions for higher

quarkonium states, since thé 4and 3" states expected  \ye have established that thg(1700 is very likely a 2P

near 2.05 GeV do not have competing assignments as glugagdial excitation. This follows from the weaR wave and

balls or hybrids. At present only two of these states are reastrongD wave inpsr. This also establishes the natural mass

sonably well established, thg,(2044 and a,(2037 [14].  scale for the 2 multiplets as~1.7 GeV. We have been

There is also some evidence for ag(2080 [16]. . unable to identify radial scalars. These are predicted to be

We do not yet have experimental branching fractions fothrad, and so their nonappearance is not surprising. Con-

thel =1 1F states. The,(2037 is seen iKKK and 3r, and  yersely it raises interest in theelatively narrowy fo(1500

the 252080 is reported in 3 and ps(169)m, with psm  and possible scalaf,(1710. We do identify some(more

dominant. The branching fractions of th¢2044 are known  gpecylative potential candidates for'? 2P members. We

with more accuracy,ww and mm are important modes, note thatyy production may help identify these radiaP2

26(6)% and 17.01.5%. KK and 77 modes are both known, states and also clarify the nature Q1500 and f (1710

with reported branching fractions of about 0.7% and 0.2%j4q).

resspectlvely_. ) The 7(1300 and 7(1295 appear to be convincing
_°P _predictions for the decays of thesE, states are gtates. This conclusion is based on their relative widths; the

given in Tables XVIII and XIX. Thea,(2050 is indeed ex- large pm mode of them(1300 has no analogue for it

pected to appear inB(mainly pm), and the dominant mode coynterparts. The status of thg1440 remains open: the

is predicted to bepw. This state is predicted to be rather ynass and width suggest a dominandly state, but theyp

narrower than reported. Tha;(2080 is predicted to decay mode argues against it. Studies f> 7(1295,1440+ (w,d)

dominantly to pzm, as is observed. Them3mode is also gpqg y— v+ (yo,yp,yé) may identify the flavor content of

predicted to be large and to arise from bpthandf,m. The thesen states.

f4(204£}) P, mo_del pre_dictions are also in qualitative agree- The p(1465 and w(1419 have masses that are consistent

ment with experiment, in thatm andww are expected to be ith radial 2S but their decays show characteristics of hy-

important modes, as observed. Thepartial widths to pseu- pyrigs, as noted previousi2]. We suggest that these states

d?hscalar parrs are umiortmly too large, for example,may he B-hybrid mixtures analogous to theSahybrid mix-

Iy .-=62.0 MeV, butl'f'”. . =35(4) MeV. This decay, ing suggested for thec [50]. This can be tested by accurate

however, isG wave, and so the rate has a prefactor ofmeasurement of the partial widths of these states and their

VIIl. SUMMARY AND EXPERIMENTAL STRATEGY
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vector partners at 1.6-1.7 GeV tom, o, and especially whereasm,, is much suppressed in®+ S hadrons.

h,7 anda;. (7rm), (7w), (a;m), and (h,7) are important in the inter-
The 3Swis expected in the 1800 MeV mass region as is goretation of the vectors between 1.4 and 1.7 GeV, which may

4 hybrid. We find that the decay patterns of these states areontain large hybrid components.

very different. A strongf,(13007 from the hybrid con- (fom), (fm), and(pw) can all be searched for evidence of
trasted with a largew mode from the $ quarkonium is the ~ (1800 states. . _
sharpest discriminant. The VES stat€1800 clearly exhib- m p—(mp)°n or (mw)'n access, respectivelyy;r and

its this hybrid signature. It is now necessary to establish th@lR-, i
presence of 0" in the pw channel and to see if any resonant _ Finally, many two-body channels are predicted to couple
state is present that is distinct from the1800 seen in Stongly to specific 2, 1D, and I states, as shown in

: - - Appendix B. These include “missing mesons” such as the
fo(1300. Itis possible that there are twe(~1800 states, , and most P states, and studies of these two-body final

qq and hybrid, whose production mechanisms and deca tat  th - Th
fractions differ sufficiently so that they can be separated. W ates may reveal tné missing resonances. 1nhe mﬁﬁs
pp, andb,7r are important for many of these missing states

suggest that the possibility of two suel{~1800 states be and merit careful investigation.

allowed for in data analyses. . DT
y We reiterate that it is in general a good strategy to study

In the immediate future there are opportunities foy ;
physics at LEP 2 and @& factories. Possible strategies for dgcays into bott+S and S+ P meson modes,.as t_he_ rela-
tive couplings of these modes are usually quite distinct for

isolating some of these higher quarkonia include the follow ) i !
- hybrid versus quarkonium assignments.

ing.
vy—5 contains(i) pw which may access the radiapg

and a,g near 1700 MeV and a possible;5(1800 and (ii) ACKNOWLEDGMENTS
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yy—nm May access the isoscalar partners of these
states.

In the near future it will be possible to stugy e~ anni-
hilation up to~2 GeV at DAFNE. The channels"e™ —4x
should be measured angla,; and h, states separated in We quote results for th&P, model A—BC meson decay
order to carry out the analysis of hybrid and radial vectoramplitudes in terms of an invariant amplitudet,_ s, ,
components in Sec. Il B. The isoscalar partners of the vecyhich is the LycSgc projection of the3P, pair creation
tors also need confirmation, and final states with kaons argiamjltonian matrix element divided by a momentum-
needed to investigate possikle$ mixing; a potential weak-  conservings function,
ness of the present data analyses is that such flavor mixing is

APPENDIX A: A COMPILATION
OF 3P, MODEL DECAY AMPLITUDES

assumed to be unimportant. M2 =(IaiLec,SeclBC)
In the next century there will be new opportunities at the
COMPASS facility at CERN. This will enable further studies X (BC|H,(3Py)|A)/ S(A—B— C). (A1

of central production and also of diffractive excitation. For

the latter one may anticipate improved studiesmoéxcita-  This amplitude and the derivation of tAe, matrix elements
tions[such as ther(1300 and =(1800 state$, possibly in- are discussed in detail in Appendix A of Ackleh al. [11].
cluding Primakoff excitation. Judicious studies of specificThe partial widthsl',_ g are related to these decay ampli-
final states as discussed above may help sepafatang8l  tudes by

hybrid states. The use & beams will allow analogous stud-

ies of the strange counterparts of these states and may help to r 5 PEgEC
A—BCT £T

> IMd2 (A2)
S

clarify the spectrum of quarkonia, glueballs, and hybrids. Ma
Experiments withm beams can access the following in-

teresting channels. The full ®P, decay amplitude is the sum of two Feynman
mp—(mfy)p, to confirm the D-wave dominance of diagrams, calledl; andd, (Fig. 5).

a;r(1700 and to seek its partner. In a specified flavor channel these diagrams have flavor

mp—(mfy)p can access bothr,;p) and m, ). These weight factors that multiply the spin-space matrix element.
can be separated m 7; the singlet selection rule forbids this The flavor factors for all the processes considered in this
mode form, ;) but allows it form, . (mp)p can also sepa- paper are given in Table VII. The/{ g amplitudes listed
rate m,1py from m,y; m1p)—pm is the dominant mode, below are the sums of both diagrams with unit flavor factors,
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TABLE VII. Flavor weight factors.
; B f >_§ B
Generic decay Subprocess  lgaoldy)  lavorlds) F
A ¢ Ao € p—TT pt—ata® +1WV2 —-1V2 1
d d, f—mm fomtm —1M2 —1M2 3/2
f—KK foKYK™ 0 —-1M2 2
FIG. 5. qq meson decay diagrams in tig, decay model. a—pm a'—p'n° +1V2 —1V2 2
, , a—KK a*—K*K® 0 -1 1
mean|ng|(dl)_= +1 andl(d,)= =1, with the phase chose_n b— war b* s wrt ) Y, 1
so that the diagrams add rather than cancel for_the givep_, hosp® Yy 13 3
angular quantum numbers. To convert thé, 5 amplitudes * s+ L+ 0
. . L —Km K*T SK' 7 +1M2 0 3
listed below to physical ones, one multiplies by a flavor fac- KK K K- 1 0 )
tor of 2[|(d1)+|(d2)] if this factor vanishes, the correct ¢ ¢
factor is instead3[1(d;)—1(d,)]. Thus for p*— a0,
from Egs. (A3)—(A5) we have M= (y/wl"‘ﬁl’z) s
—[—(25/3%)x]exp(—x?/12)4[1/\y2—(1/\2)] so using
Eq. (A2) and substitutingP=x5 yields JpT—=mta® S-S+ A8)
=7 y?(2*%38)(E2/m,)x%e “6 Some states populate LS ’
several decay channels for example—m-r 97° as well as 1 s 1
—m"7; to sum over all channels one should multiply the P ST = 3, 3Py, (A9)
width by the flavor multiplicity factorF in Table VII. In
these flavor weights the pairéma), (p,b), (w,h), and (15y—3s,+3s)) 3
(f,7,7) are equivalent, up to factors due to identical par- P Y= B (A10)
ticles in the final state.

We take all spatial wave functions to be SHO forms with2s 1S+ 1S
the same width parametes; as a result, theM, s decay  (See 15— 1S+ 1S for channel coefficients.
amplitudes are proportional to an overall Gaussian in
x=P/B times a channel-dependent polynoniily(x), 2925 2

y fp:—§g72—X 1—1—5X (All)
2
MLS:W Prs(x)e "2, (A3)
2S—1P+1S

wherey is the®P, pair production coupling constafit1]. To
specify these amplitudes it suffices to quote the polynomial 24 7., 2,
PLs(x) for each decay channel. The complete set’®f fs=za | 1-g X+ 57X/, (A12)
decay amplitudes for aljq resonances with “excitation
level” Npa=Np+L, <4 decaying into final states with 292(13 5
Ng=Np—-1 andCzlscJ (andC=3S; in most casesis given D:—e—) X2 1— — XZ) (A13)
below. For the relatively obscure transition§-31D+C, 3 39
1F*>1P+C 1F—2P+C, and F— 1D+ C we restrictC
to 1S,; this does not exclude any decays allowed by phase 2°S;
space.

We include a few additional amplitudes in this list. Some (23s,-1p,+15) | fs %Sy, Al4
of these are of interest as couplings to virtual two-body Pls “|fp %Dy, (AL4)
states, although phase space nominally forbids the decay.
1S-1S+1S 35, 3p 41 —2fs Sy

" P:_zs S1—3P1+1Sp) _ \ﬁf D (A15)
fp: - ? X. (A4) 2 D 1
3
Sy 3¢ _3p_,1 3
2°S,—°P
P;;Sl_’ So+ SO) f 1P11 (A5) 7)(22 1 2+ _ E fD 5D1, (A16)
P(nsﬁ S+ —v2fp °Py, (AB)
1
3
( 1 3 1p .3 B \/; fo D1,
5
5 0 3, \ﬁ fo °Di,
7)( Sl‘> SlJr Sl) { 210 (A?) 2
a \E fo *Pu, (235,-%pgt3s,) _ [ ~V3fs %Sy
Pt O :[O (A18)

L0 °F;. Dy,
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—2f, 3s,, 3's,
3¢ _.3p .3 — E f 3D (315p—23s; +159) 3
77|(_25 S1—7P1+78)) 2P v (A19) P =—V3fe “Po, (A32)
\/§ f 5D (315p—2150+3s)) 3
2o 1 P =—Vv3fp °Py, (A33)
( 3 1g ,93g 43
0 331, eSS B, 3P, (A34)
_ 3
\/;)fD D1, 3S-1P+1S
3e 35 .3 1 (See BZ—1P+1S for channel coefficients.
P|(_23 S;—°Po+ Sl):< EfD 5D1, (AZO)
f——2353/2 Seer e 26| (ass
‘\EfD D, S 5X T o5sX 505X ) (ASY
5 ,
L0 °G;. f_27/272 o1 20 o 4 736
)is, o=geg X | 177X F 133X | (A3O)
(21sy—3Pg+1sp) _ 1 3S5—-2P+1S
Poo V3fs 'S, (A21) (See Z— 1P+ 1S for channel coefficients.
1g ,3p 41
Py S PS= 3£ 5Dy, (A22) f_25’2 1 47 2.1 4 8 o) 2 A3T
) s=37 | 118X 2 X" 208X * 10035% |0 A7)

(21sg—1Py+3s) —V3fs 7S,

Pis | -v3f, °D (A23)

b 0 f 2% 2| 1 o7 2, 13 1 6) (A38)

1 3 400 2700 24300

(2130H3P1+331) \/ng SO,
Pls = 3. s (A24) 35 .1p+1'ls,
- _fD Do,
2
T (1 22t Xt 8| (A39
1 _3p_ .3 9 P X T X T X T 1215% )

'P(222 So— P+ Sl): \/; fD 5D0. (A25) 3 15 45 1215
3S-1S+1S fF:—ﬁ—25/12§43) x3(1——92 x2+—4 x4). (A40)
(See 15—-1S+1S for channel coefficients. 35 1161 3483

o 271251127 (1 4 ., 4 . 26 3381
P— 31172 X 1_5X 3_15)( . ( ) 3 1 1 f 5P
35-25+1S G SO):[fz 5':1’ (A4
2453/2 1 1 1
__ T2 T A 6 335, 3D, +1 1
fe= 55 X<l 27X X 6075X>' (A2 Pa T NG e Py (A2
3%
' 31‘ °p
(3%s;-215+15)) _ 1 3¢ 3n .1 - N2 P L
P1o fo Py, (A28) PRSI %) 5 (A43)
(3331—>2351+1SO)_ 3 \/: fF SFl’
e — vif, 3P, (A29) 3
(3%s-2150+3s)) _ 3 3g 3p.41 4
P =v2fp °Py, (A30) 73(33; S s S 3 fe TFy. (A44)
(
\ﬂf 'p 3's
3 P 1
3 _.3g |3 0 3Py, 1sy—3D,+1
P Ty g (A3) P S - yst, 3R, (A4
1 3 1
L0 °F;. P(seé b SO):_‘/ng "Fo. (A46)




4170

1P—1S+1S
25
— 2
fS 3—5/2(1 9X ,
26
fo= NG
3P2
3 1 41
,P(20P2~> So+ SO):fD,
(3Py—3s+15) _ \F
7)212 ' - EfD'
_‘/ifs 582,

1
(3P,—35,+3s)) \/: fD 1D2!
PLSZ 1+°S1) _ 3

5
——\A;fD °D,.

3Pl
fs °S,
73(3F’P3sl+1so)_ ® 5l
LS - _\ﬁf 3D
6 D 1
0 3s,
7)I(_:-.*Spl_,:isﬁ351): 0 3D1,
_\/ng 5D1.
3P0
P(SpoﬂlsoJrlSo)_ \ﬁ f 1
00 - E S SO:
1
N
7)<3F>W3sl+~°’sl): 2 S >
LS 20 .
- ?fD Do.
1P1
1
—-\/=fs 3s,
PSSy _ 25 ™
LS - 5 5
- §fD Dl!
fS 381!
1p. ,3g .3 10
7)l(_spl TS ?fD Dy,
0 °D;
2P—1S+1S

(See P— 1S+ 1S for channel coefficients.

29/251/2 4 4
— g2, y4a
fg 3 1 9x +135x),

(A47)

(A48)

(A49)

(A50)

(A51)

(A52)

(A53)

(A54)

(A55)

(A56)

(A57)

(A58)
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211/27
fD:ﬁ XZ( 1-
2P—2S+1S

__2451”7 L 1 2, 2, 2
SIE 2% 7 25% " 2835%

. 2%y 13, 1,
=3t X| 17 133X T 592
23p,

3p,__,olg 41
P(zé e SO):fD

3p._53c 41 3
A TR TN

3 le .3 3
P(Zzl Py—21sp+3sy) _ \/; f, 3D,

1D2,

f_‘/ifs 582,
1
\/;fD 1D21
P£283p2%23sl+3sl): 0 3D2,
7
—-\ﬂ;fD °D,,
| O 5G,.
23p,
fS 3511
(23P1 2%, +1sp) _
Pls ' S _\/Ef 3D
6 D 1
—fg 3,
(23P;—21sy+33)) _
PLS ' = \/Ef 3p
6 D 1
3 3 3
73(222 P1—235+ sl):_\/ng 5D, .
2°p,
(23Py—215+15p) 3 1
Poo - Efs So.
1
Vs s,
73(23|='0ﬂ23sl+331): 2°° S
LS 20 5
- ?fD Do.
2P,
1
_ \/:f 35 ,
73(21P1%23sl+130): 2°° !
LS 5 .
- §fD Dlv

(A59)

(AB0)

(AB1)

(AB2)

(AB3)

(AB4)

(AB5)

(AG6)

(A67)

(AB8)

(AB9)

(A70)

(A71)
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2 3P,
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LS
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3 2 2
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5
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\ _397ﬁ'2512X 1_4_5X Fa,

211/251/2 11 ) 1 . .
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X2 x4
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1
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3D1,
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(A78)
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24 5 2
_ 2, _— y4 5
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—5 X3 1-—=x?| °F
3° 45 1
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245872 17 2
_ i Y B
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_c 315 2] s
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APPENDIX B: NUMERICAL DECAY RATES

In this appendix we quote numerical values for partial
widths predicted by théP, model. The masses used are

215/2
3% Xz(l‘
2
x4(1— ®x2) G,

" s

13

1-—x?

1
4 3
427 " 189" ) Ds.
4 (A230)
4( 1-3 xz) Gs,

(A231)

1
__X2+_X4__X6) 783,

60 5670

1 1
y2, U4 7
1% " 1134" ) D3,

(A232)

3.

This gives a zer&waveK;(1273)—K* 7 coupling; experi-
mentally,D/S=1.0(0.7), and the small partial width implies
a small S-wave amplitude. The orthogonal statg(1402),
Eqg.(B3), is predicted to have B/S ratio of +0.049 inK* 7,

experimental values of well-established candidates, usually,ite close to the experimental/S=+0.041). The large
taken from the 1996 PDG: otherwise, we used an approxig , (1273)—Kp mode is not predicted and is possibly due to

mate multiplet mass. These are 1700 Me\P}21670 MeV
(1D), 2050 MeV (IF), and 1900 MeV and 1800 MeV,
respectively, for the 3S; and 3'S,. The lighter meson
masses assumed arg =138 MeV,m, =496 MeV,m,=770
MeV, m,=782 MeV, andmyx =894 MeV. For other states
we used the 1996 PDG masses except for the brgad
which we left at 1300 MeV.

Although we found optimum parameters near0.5 and

B=0.4 GeV in afit to light 15 and 1P decays, these param-

a virtual intermediate state such I§5(1429)x followed by
a final state interaction.

Tables VIII-XX give partial widths for all nonstranges?
3S, 2P, 1D, and IF quarkonia to all two-body modes al-
lowed by phase space, rounded to the nearest MeV. The
predictions of the dominant modes of the “missing states”
in the quark model, such as thé 2 states and most of the
1F states, are especially interesting. If tﬁéo model has
even moderate accuracy, these tables should be very useful

eters lead to moderate overestimates of the widths of thin searches for these states.

well-established highel-statesm,(1670 andf ,(2044); with

this B, a value closer tg/=0.4 is preferred. Consequently we
guote widths for all these higher quarkonia with the param

TABLE VIII. Partial widths of 23S, states(MeV).

eters Mode p(1469H Mode (1419
(19?2
(y,8)=(0.4, 0.4 GeV. (Bl)  ww 74
T 122 p 328
The tables are largely self-explanatory. Except in a fewon 25 w7 12
cases the states are specified uniquely by their labels. The (25)(19)
exceptions include thiy547) and|7' (958)), which we take  #(1300w 0
to be the usual ¥2 combinations oflnny and|ss) basis (1P)(1S)
states. We assume that thg1295) and|7,(1649) are pure  h,(1170x 1 b,(123)7 1
Inny states. The strange mesdtg(1273 andK (1402 are  a,(1230« 3
taken to be the linear combinations: a,(1318 7 0
(19)? strange
2 1 KK 35 31
|K1(1273)= \[g [*Py)+ \[g °Py) (B2 gk 19 5
Total
1 5 ST 279 378
|K1(1402) = — \[5 |*P,)+ \[§ I*P,). (B3) et 31060) 174(59)
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TABLE IX. Partial widths of 2'S, states(MeV). TABLE XI. Partial widths of 3'S, states(MeV).
Mode (1300 Mode 7(1295 Mode m(1800 Mode 7(1800
2
mp 209 | none open pg 73 op 112
Tota ww 36
3T 209 0 (29)(19)
r 200-600 58) p(14697 53
ot (1P)(19)
(12797 28 a,(13187 61
(19)? strange
K*K 36 36
Total
ST 228 275
Fexpt 21237)
TABLE X. Partial widths of 35, states(MeV). TABLE XII. Partial widths of 2°P, a, states(MeV).
Mode p(1900 Mode (1900 Mode a,(1700 a,(1700 ag(1700
(18)° (18
- 1 n 23 5
ik 10 5
T 5 p 14 o 104 58
pn 8 wn 8 wp 109 15 46
Y 11 w7y 10 (29)(19)
712997 3 43
pp 92 p(14697 0 41
(29)(19) (1P)(1S)
(13007 70 by(123D) 7 28 41 165
(14197 50 (14657 121 fo(13007 2
(1P)(19) (12827 4 18 30
(12797 20 39
hl(ll7Q7T 32 b1(123])77 75 (]_S)Z S[range
b,(123D) 7 4 h,(1170 7 6 KK 20 0
*
a,(1230 26 K*K 17 o 33
a,(13187 46 ST 336 246 293
(2P)(19)
h,(1700 7 0 b,(17007 0
a1(17OQ7T 0
31700 0 (10)(1S) TABLE XIII. Partial widths of 23P;f states(MeV).
(16707 0 Mode f,(1700 f1(1700 fo(1700
(16497 0 (17007 0 (19)?
wy(16707 0 po(1670 7 0 ™I 81‘ 4g
nm
w3(1667 7 0 p3(169) 7 0 ' 1 16
(19)? strange pp 159 27 72
KK 1 1 W 56 6 22
(29)(19)
K*K 21 21 (13007 8 130
0 o
(1P)(1S) strange a;(1230 16 70 122
K¥(1273K 5 5 a(1318w 4?15)2 86
strange
K¥ (1402K 4 4 KK 20 0
Total K*K 17 33
T. Total
2l 403 292 ST 405 224 409
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TABLE XIV. Partial widths of 2'P;b; andh; states(MeV). TABLE XVII. Partial widths of 'D, m, and 7, states(MeV).

Mode b4(1700 Mode h,(1700 Mode (1670 Mode 17,(1645H
(19)% (19)?
wp 56 p 173 p 118 pp 33
pn 18 w7 17 wp 41 ww 8
pp 60 (29)(19)
(29)(19) p(1465 7 0
(14197 13 p(1469 7 31 (1P)(19)
(1P)(19) b,(123) 7 0
h,(1170 = 0 b,(123) 7 0 (13007 0 ay(1450 0
ao(1450 2 f,(1282 1 a,(12307 5
a,(12307 10 (127957 75 a,(1318 7 189
a,(1318 7 67 (19)? strange
(19)? strange K*K 30 26
K*K 30 30 Total
Total EiI‘i 250 261
ST 257 252 Texpt 25818) 180739(25)
TABLE XV. Partial widths of°D} p; states(MeV). TABLE XVIII. Partial widths of 3F; a; states(MeV).
Mode pa(1691) po(1670 p,(1700 Mode a,(2037) a5(2080 a,(2050
(19)? (19
T 59 48 nmT 12 13
T 19 73 35 nw 3 13
pn 2 28 16 pT 33 86 37
pp 71 15 14 wp 54 28 19
(29)(19) (29)(19)
(13007 0 0 712997 1 0
(14197 0 0 0 (13007 0 0
(1P)(1S) p(1469 7 0 1 0
h,(1170# 6 5 124 (1P)(19)
ay(1450 7 0 b,(123) 20 12 140
a,(1230 7 1 3 134 fo(13007 4
a,(1318 4 201 2 (12827 2 6 36
(19)? strange f(12797 10 67 14
KK 9 36 ay(1450 7 0
K*K 2 44 26 a1(12307 0 1 16
Total a,(1318 7 0 24 4
PR 174 369 435 h1(1170p 0 40 21
Pexpt 21520 235(50) b;(123)w 0 17 5
(2P)(19)
b,(1700 7 0 0 2
fo(1700 0
f1(1700 7 0 0 0
TABLE XVI. Partial widths of3DJwJ states(MeV). (17007 0 1 0
(1D)(19)
Mode w3(1667) w,(1670 w,(1649 7,(1649 7 0 3 67
5 p1(1700 7 0 1 1
(19) (16707 0 1 89
pm 50 221 101 p3(169) 7 2 127 1
0y 2 27 13 (1S)? strange
(29)(19) KK 8 14
p(1469 0 0 0 KK, 4 28 15
by(123D)7 7 8 371 . (1P)(1S) strange
1S)? strange Ko (1429K 0
( K¥(1273K 0 3 91
KK 8 35 K* (1402)K 0 0 0
K™K 2 44 21 K3 (1429K 0 31 4
TOta| Tota|
5T 69 300 542 ST 161 483 606
Texpt 168(10) 220(35) Texpt 427(120) 340(80)
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TABLE XIX. Partial widths of3F; f; states(MeV).

HIGHER QUARKONIA 4187

TABLE XX. Partial widths of*F5 by, andh; states(MeV).

Mode f4(20449 f3(2050 f5(2050 Mode b3(2050 Mode h3(2050
(19)% (19)*
T 62 34 W 37 p 115
nn 2 4 p7 13 w7 13
ny 0 5 o7’ 4 w7y’ 4
77 0 0 pp 33
pp 86 37 31 (29)(19)
@ 27 1 9 (14197 1 (14657 1
(29)(19) p(14657 0 (14197 0
(13007 2 1 (1P)(15)
(39)(19) h,(1170w 0 b,(123) 7 0
1800 0 0 b1(1231) 7 0 h,(11707 0
(IP)(1S) ag(1450 7 1
ay(1450 2 2 (1230m u
a,(1230 9 20 113 2,(1318 107
2 A 2 192 0 412300 3 2,(1230p 12
fo(13007 0 (2P)(19)
fyrpad ° 0 ¥ haroon 0 b,(1700 7 0
(12757 1 25 5 a(1700 0
(2P)(19) 0
a,(1700 7 0
ag(1700 7 0 S roon 0
a,(1700 0 0 1 2
a,(1700 7 0 3 0 (1D)(18)
(1D)(1S) strange (1670 0
(16707 1 4 197 (17007 0 (17007 0
(19)? strange (16707 1 po(1670 7 2
KK 9 14 w3(1667) 7 48 p3(169) 7 138
K*K 5 26 15 (15)? strange
K*K* 10 4 2 K*K 22 22
(1P)(19S) strange K*K* 5 5
K5 (1429K 0 (1P)(1S) strange
K*(1273K 0 2 91 K& (1429K 0 0
K¥(1402K 0 0 0 K (1273K 0 0
K3 (1429K 0 23 4 K7 (1402)K 0 0
Total K3 (1429K 17 17
PN 237 350 579 Total
| - 20913 ST 308 330
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