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ABSTRACT. The fact that gluons carry color charge, makes the a',sllmption of bOllIld states of
glllons, 999, a fundamental prediction from qllantllm chromodynamics (QCD). Despite the search
for these exotic mesons llave revealed the existence of a large nnmber of candidates, the llnam-
bignous identification remains unsolved. The most recent experimental measurements in pp, 7rp,
and jJp interactions, from several experirnents at FNAL, BNL, and CERN, have accumulated
strong evidences of some well established candidates to exotic rnesons. In this paper the experi-
mental situation for the search for exotic mesons is discllssed. The paper ontline the experimental
difficulties in the field and emphasizes the import.ance for QCD of the unambiguous identification
of such exotic mesons. The paper emphasizes also the importance of the most recent and Hew
measurements corning from experirnents with high statistics in gluon-rich channels.

RESUt-.1EN. El hecho de que los guones transporten carga de color, hace la suposición de estados
ligados de gluones, 999, una predicción fundamental de QCD. A pesar de que la búsqueda de
estos mesones exóticos ha revelado la existencia de un gran número de candidatos, la identifi-
cación no ambigua permanece aún sin lograrse. Las más recientes mediciones experimentales en
interacciones pp, 1rp Ypp, provenientes de varios experimentos en FNAL, BNL YCERN, han acu-
mulado fuertes evidencias de algunos candidatos a mesones exóticos. En este artículo la situación
experimental en la búsqueda de mesones ex6ticos es discutida. El artículo delinea las dificultades
experimentales en este campo y enfatiza la importancia para QCD de la identificación no am-
bigua de tales mesones ex6ticos. El artículo enfatiza también la importancia de las rná..,recientes y
nuevas mediciones provenientes de experimentos con alta estadística en canales ricos en contenido
gluónico.

rAes: 14.00

l. INTRODUCTlON

The experimental confinnation of the cxistenee of qllarks becaulc available more titan
two dccades ago. Deep-inclastic scattcrillg cxpcriulCllts of elcctrons on protons shmvcd
evidence of point-like constitnents (qnarks) inside the ¡>rotan. A new type of charge
caBed "color" was assigned to the qllarks. Tite interaction hetween qllaxks is mediated
by t}¡c cxchange of a spill 1 partidcs caBed gluons, wllich have tlle notable property of
carrying color chargc as thc qllarks do. Tite fleJd thcory tllat govenls tlw interactioIl
hetwecIl colored glllOIlS and <}l1arks is called qllantlllIl chromodYllamics (QeD).

According to tlle quark mudd, <jllarks can he comhined in two forms to produce aU
tlle kllOWIl Itadrolls; t}¡at i5, I1WSOIlSare hOllnd stat.cs of valCllCCqllark-alltiquark pairs r¡rJ
and baryol1s cOllsist of tIJree valenc(~ qllarks fJ(lfJ. However, dile to the [ad. that gluoIls
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carry color chargc, thcy can, in principie, illtcract amollg thcIIlsclvcs to fOfm bOllUd states
of gluons. Mesons eOIllposed entirely of valenec ghlons (gg or I/gy) arc eallcd glucballs.

During the la.."il two dccadcs a majar experimental effort ha." bccn made to filld evi-
denee fOl' t.he exist.enee of glncballs. In addit.ion 1.0 glueballs, two new kinds of unusual
mcsolls llave hecn abo proposed. Thesc are hotlud statm.; of valcllcc quarks, a.lltiquarks
and glnons ('1'71/), called hybrids, aIHI fOIll'-'luarks bonnd st.at.cs 'P'72, ealled IIlo1eeules.
A II tltcsc slales are gCllcrally caBed cxotic mcsons ar llon-qt}mCSoIls.

In recent. years t.here has bccn grcat. aet.ivit.y in light IIlCSOllspeet.roseopy, whieh not
ollly ha.s givcll thc opportuuity lo study ordinary IIlCSOllS,hul lo observe the cxistence
of statcH which are candidatos to be non-qij. A cOllfirmatioll of those states with more
cOIllplieat.ed inner struetlll'e will bc an impor'tant t.est for QCD. In this papcr thc seareh
for cxotic mCSOllS is disCllsscd.

The IIlost reeent nlC'L'Ill'CIllents mainly from Fennilab, nNL MPS, and CERN, have
accullllllatcd strong evidcIlcCS of SOIlle well establisllcd cxotic ci:llldidatcs and some gluon-
rich processes.

The stl'1lct.me of this papcr is thc following: Sect.. 2 is devoted 1.0 thc diseussion of
gcneral featmes of cxotie mcsous. Seetion 3 is eoneemed 1.0some theorctieal ealculations
of thc m'L" spect.rum for cxotie mcsons. In Scet. 4 are diseussed cxpcrimcntal fcatmes
eoneemed 1.0t.he seareh for cxotie mesons. Finally, in Scet. 5 it. ontlincs thc pcrspeetives
in thc tield, acc:ording t.ú the most recent measurcmcllts.

2. GENERAL FEATURES OF EXOTIC MESONS

Sin('c thc 197()'s experimental evidence of the existcllce of a large JIl1mber of IIlcsans
which do 1I0t tit to the schcmes of the qij models has accuIllulatcd. Thosc mesons are
states wit.1t 1lI1tlstlal combil1ations of quantulIl Illunbers .lI'C' forbiddcn for hadrons with
ordinary qllark st.rllcturc, or statcs with eithcr allomalollS decay chauuels, 01' uIlllsual
productiOll Illo(lc ..;.

AecOl'ding 1.0 the <[uark modcl ncutral '1'7mcsons wit.h spin S aud orbital angular
1Il0lllClltUIIl L Itave parity P and charge conjugation e giVCIl as [1]

(1)

Thcreforc, sOllle cOlllbinations of qualltuIll Illllllbers are not allowcd for the conveIl-
tional qr} IIlcsons. Tlw possihlc cxistence of IIlCSOtlSwith qUilntuBl nUBlhers forbidden,
is illtcrprctcd as a strong cvidence of the existencc of IIlCSOIlSnot cOlltemplated in the
quark modelo

Table 1 sltows tltat set of quantlllll IlulIlbcrs ,]pc allowed for qi¡ lIlesons up to .J = .:1
alld tite corrcspondiug qllalltllIll Illullhcrs forhiddcn for qr} states.

2.1. r.lllel",lls

From a t.heordical viewpuiut glueballs are b'L,ie predict.ions of QCD [2J. Althongh t.he
exist.euce of a glueball spect.rum is prediet.ed by QCD, t.1", predict.iOlI of glucball masses
remaillslik(~éLJlilllportalltelIallcngc[2-4].GlueballlllasscalculatiollsareBolrcliablc.
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TABLE 1. Set oC quantuHI 1l111nhers .JI'C allowed and forbictdcn Cor qij states up lo .J = 4.

J (spin)

O

1

2

3
4

J pe allowcd fOf qq slatcs
0++,0-+

1++,1+-,1--

2++,2-+,2--
3++,3+-,3--
4++, ':1-+, .1--

,]PC forbiddcIl COI' qij statcs
0+-,0--

1-+
2+-

3-+
4+-
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FIGURE 1. Spcetnllll prcdictcd for glllchalls (frolll Ba\i el ni. 1993).

SOIllCcalculatiolls show that t}¡e lowest. scalar alld tensor glucballs lie in lile Illcl."iS rauge
of 1-2.5 GeY [3]. Other ealclllatiolls show that ~1l1eballs are lIOt li~ht, ~ivill~ vallles of
Mo++ = 1.5 GeY for the 10west Iyin~ scalar ~1l1eball and "'2++ = 2.3 GeY for the tellsor
glllehall. Figure 1 shows tite predict.ed gl110llic spectrtllIl. Several t.heoreticalmodels llave
heell illlplt~lIlellted t.o extract eXlwctatiolls of a glllollic spcct.rulIl; iJag lIIodels ill \•...hich
the glllOIlS are ("()Ilsiden~d m<lssl('ss spill-l partidcs [5L potcIltial lIIodds with massive
l:OlIstitu"nt ~lllolls [0,71, lattire ~au~" t¡¡('uries [8, aj, QCD sum rul"s [10 1(;], alld flux
t.l1lw lIIodd [17]. However. in all thes(~ IlIodds (in which variety is a sigllatllre of the
('omplexity of tite problclIl) t.here is SOIlW a!!:n'emcllt that thc lowcst stat.e cxpectcd in the
glllollic slwdrtllll is tite scalar .JI'(' = 0+ t- al a1'0I111<11.5 Ce\' [18].

Frolll tlle experimental poillt of view t.lw situation is also incotlelnsivc. Although
tlw!"{~a!"{~s(~\'(~ralc<tlldidat.es rOl' gl1H~balls, t.llCn~ is Bol (yet) a COlldllSiv(~ cOllfirmatiotl.

Thos(~ st.all~s ('()Jlsistillg of 1>ot.iJ qllark:-i alld glllolls as cOIlSt.itlltl'lI!.S an' call1'd il.vllri<1s.
Tiws(~ s!.at(~s can have l~itllPl' 1lll1lSWtl prodllctioll alld decay t1H'dlallislIIs nI' au l'xotic Sl't
(JI' qWlIlt.UIII 1IIIIIJher:-i.
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In the 'Jqg system the 'JI! must he in a color oete( and the whole system qqg must he
in a color sillglet, with total angular momclltuIIl given by (UJ]

.J = j + 1+ s, (2)

wllPre j is lhe angular IllOIIH~J1tlllll of the gluons. 1 is tite orbital angular mOlIlCllltlIlI of
tite fJrI ane! s is the Hum of tlw quark spills.

Like glueballs, the stud)' of the hyhrid mass spectrum has abo heen earried out in the
framework of several models sueh 'L' Img model [20-23), QCl) SlUUrule [24,25], potential
model [26) ano flux tube model [17]. The general result of the speetrascopie studies from
all these models is that the lightest h)'brio mesons are below 2 GeV in mass [18]. In
fad, accordillg to tlIc bag mode! tll(~Illasscsof the low-Iying Itybrid IIICSOIlSarc betwecll
1.32 GeV and 1.87 GeV [23]. This m'L" regio n coincides with tbat expeeted for glueballs;
so aeeordingly it h'L' been suggested that bybrids are largely mixed witb glueballs [20].

An important featme of these modcls is tbe predietion of a 'JI!g state in the n"L"
range betwecn 1 CeV ami 1.8 GcV~ with quantulIl Illllllbers 1-+ forbidden for a normal
!JI! n"'SOl1, Calculations frOln the bag model predict a 1-+ bybrid witb mass between
1..1 GeV and 1.8 GeV, wbile the QCl) sum rule model gives m'L"'" between 1 GeVaml
1.3 Ge V for that state.

Finally, 'Jljg speetrascopy has hybrids heavier than the eorresponding quarkonia by
an amount of (J.7 GeV to I.(J GeV, whieh is attributed to the dfeetive gluon energy [27).

2,.'1. M"l""ules

Tite third da."isof lloIl-qrl states are weakly-boulld four-quark mcsons q2¡¡2, gcncrally
calleel h.ulronic 1I1Olecules.

'1\\.0 diffcrcut interpretatiolls I~avebecn given to tite int.ernal strlldurc of II1ultiql1arks
stal cs. Aeeording to the bag model [28-:Jl) multi-quark states exist 'L' bound state of
fOllr (juarks ronfincd in a bag illterading via glUOIl cxchange. OH the othcr haIld~ ill lhe
po(elltiallllodel [:32-36] the grolllld state of the q2q2 systelll is treated aB consisting of two
weakly int.cracting mesons. III othcr wordsl r¡2¡¡2 bOlllld state do Ilot exist lt.'i resonances
in this lIlodel. 111faet, \Veillst";lI alld Isgll!" [32,3:3, :W] have poillted out that the 0++
seetor of (his systelll with f( ¡( qllalltulll IIl1mbers is probabl)' the ollly exeeptioll in the
potf'lItial Illodcl.

FrOlIl the aboye elaims it is el""r Ihat t!te theoretical predietions for the praperties of
,hpse statps are somc\\.lmt cOlltrat!ictories. Howc\'crl somc COIIlIIHHlsigllatures have beclI
pn'dicted for Ihese lIlulti-quark states [1, 29, 37, 38]:

1. i\.lass closc to somc importallt. t.hrcshold. duc to a billding cllcrgy of a most 50
lOO 1\"'\1.

2. Larg(~brallchillg ratio jo deca.y¡lIt,o correspollciillg:hadrollic C:()Il~titlleIlt..s.

:L Tot.al angular IlI01IWlltUIIl l. = O. cine (,0 the short l'allVPof tlle nuclear [orces tila!
hilld lIIo!f'ClIÍes.
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FIGURE 2. The isovcctor mesons. Salid lines represent the predicted masses oC statcs according
to the G1 Illodel. Shaded arcas corresponds tú the experimental masscs and their uIlcertaintics
aeeording lo lhe PDG (1994).

3. THEORETlCAL PREDICTIONS

A large number of theoretieal modcls have been devcloped, from whieh can he extraeted
predietions about the mass spcctrum for glueballs, hybrids, and moleeules. Models sueh
as bag lIlodel, potcntial lIlodel, and latticc gallge thcory, includcs diffcrcllt a"isumptiolls
and havc differcnt cxpcctatiolls, which in saIne cases are somcwhat contradictories.

3.1. The Godfl.ey-Isgur model

The present understanding of hadron strueture is based on the quark model in whieh
baryons are eomposed of three valenee quarks and mesons are eomposed of a pair of
valenee quark-antiquarks. The spectroseopy of qi] states is treated in several models
inspired by QCD.

On the other hand, there exists general agreemcnt that a high eonfidenee signal of
the existenee of cxotie mesons probably requires a better understanding of the speetrum
of eonventional qi] mesons. In that sense, in 1985 S. Godfrey and N. Isgur (39) proposed
a relativistie quark model (GI) whieh is able to describe with enough aecuracy the qq
meson sJlcetrum from the 1f to the T. Because of its large range of predictions and its
accllracy, this lIlodel is widely llsed to compare ¡ts predictions with the experimental
findings and to test if a resonance belongs or not to some qrj multiplet.

In this section we compare the predictions of the GI modcl with the experimental
mcasnrements as given by the Partide Data Group (PDG) [37]. Only the light meson
sector is takcll iuto aeCOllUt. Figures 2 thru 4 .show the comparisoll fOI"tite isovector
mesons (1 = 1), the strange mesons (1 = 1/2) ami the isosealar mesons (1 = O).

In Fig. 4 the states f) (1710), X (1740) and X (1950) appear in all the J"c = (even)++
sector,; see the I'DG (1994) [37].

Prom Figs. 2 thru 4 can be drawtl two ilIlportant cOIlc1usiollS; the first conccrllS the
high leve! of eonfidence of the GI mode! predietions. The seeond is probably the most



SOMI:: HEMAHKS ON EXOTIC ~1ESONS 13

--- .-..............•
--- ' •••• M ••••••• IHIIHIH

--- ..-... "..~.._ ...- ..
""' .._- !l' , rlq ,..••..•.•_,_ ..

•••••••••N.N•• '."
!U111l1l11l1l111l11--- _.~_..•..•...•.

.•.N'N''-'''''' --------- ...•.....".."......

---

, , , ,

-;-
~

2.5"~~
o 2"

.5

0.5

o
1- O'

"
2' 3' 4' 4- 5-

quonturn numbers (JP)

FIGUHE 3. TIJc strange mcsons. Solid Iincs rcprcsent the predictcd masses of statcs according
to tite G 1 IIIodel. Shaded arcas corrcspond to the experimcntal JIlél..-;SCS ami thcir uncertainties
accordillg to tite "DC (1994).
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FIC:UHE 4. The isoscalar Illcsons. Salid lines rcprcsent thc predict.cd lI!íL..¡;¡SCS of statcs according
to the GI lJIodeJ. Shaded areas corrcspond to thc experimental 1U:L.'iSCS aJl(i thcir uncertainties .
accordillg 10 tite "DC (1994).

illlportallt result: SCCJIare SOIIlCstates \vhieh appear lo Ilol have a place in the r¡ij nanets
of the q\larkoniuIIl sc}¡clIle. Figurc 5 shows t}¡ose isoscalar llleSOIlsectars in which thcre
secm to be more stat.cs thall t}¡osc predicted by tlle GI lIIodd .

•1. SEAHCII FOil EXOTIC I-IESONS

Tlw sparl'J¡ fol' exot.ic IIl{,SOIlShas played aB important. I'ol(~in Iight meso n spectroscopy
over tlle I;L"\t t.W()decades. Tlle scarch ita,,; involved several experimellts alld has led to
tile discovery of several célndidat.es, although the reslllts remaill ítmbigllollS.
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FIGUHE 5. Isoscalar meson sectors with nOIl-qij calldidat.cs. Salid lines represent the prcdirted
ma.sses of st.ates according to the GI modcl. Shaded afea.s correspolld to the experirncntalmass('s
alld tla'ir IIllcertainties according to the PDG (lDD.l).

There an~ several rca.';.;onsthat complicate t.}¡e dil'cd i<iclltificat.ion of exotic lIlCSOIIS:
1. 111 t.he \-2 GeV mas, region \Vhere one expect.s lo find the larger mnnber of exot.ic

IIWSOIlS, t.hcrc is a hllge lllllllbcr of fJrj grolllld states which evcn overlap, in the S<LIIlC
m(l....•s regioll. with tlteir radial cxcilatiolls.

2. The existcllce uf "cryptocxotic" mcsolIs [1]; that is, hadronic states that do Bot hav(~
cxotic qualltum Ilumbers, and \\'hich !lave a complcx internal structllrc that call 0111)'
be established indireclly by examining part.icular feat.ures of t.heir prodnct.ion and
(leca)'.

3. A big nnmber of t.hese mesons are expect.ed 1.0 be very \Vide, 100-200 MeV [11,
making it diffienlt 1.0identify cert.ain st.at.es.

Bo\'.:cvcr, it is expccted that thc llon-qlj IIlCSOIISshO\v ccrtaill COIIlIllOIl signatures \I,.'hich
can c<mtributc lo thcir idcntification:

1. No place ill qq 1l01lctS.

2. Exotic quallt.\lJll lllllubers 1101.allO\vcd for (Jf! st.atcs (in so me cases).
3. Anomalies in cither tlwir produdioll 01' <Iecay 1II0<iCS.

Tite findillg of statcs cithcr havillg .J l'e of au already complctcd Ilallet 01' liavillg an exotic
.JI'C combillatioll conld be the most rdiahle sigIlal rol' havillg fOlllld an exotir. stal.e.

4.1. No Jllllee in 'Ji¡ nonets

The first sigll of tlle existence of cxotic IlJeSOIlS ("()JIlCSprccisely frolll tite experimelltal
ohservatioll of more statcs than those predictcd by fJrJ lIlodels.

In Fig . .J is shüwn that:
(a) in the O--r mesoll sector frolIl 1-1.& Ce V t1H'n~ is olle state prf'dir.tcd hy tlw el

model at 1.44 GeV ami there are Iw() obs"rv",1, the lit 12%) m"l Ihe T/( 1441)).
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FIGUHEG. Differenl produclion meehanisms roc non-qq mesons. (a) J /l/J radialive decay. (b) 11
inleraclions. (e) Double Pomeron excbange (DPE). The J /l/J radialive deeay amI lhe DPE are
cxpcctcd to be a SOllrcc of gluonic statcs.

(b) In the 0++ meson sector from 0.9-1.8 CeY there are three states predicted at
1.09 CeY, 1.36 CeY, and 1.78 CeY and seven observed, the 10(980), 10(1300),
10(1370),10(1525),10(1590), Ij(1710), and .\"(1740).

(e) Finally, in the 1++ meson sector from 1-1.6 CeY there are two predieted at
1.24 CeY and 1.48 CeY ami three observed, the ft (1285), ft (1420), and ft (1510).

Although in principie these ¡extra' IIlC80llS are scriolls ealldidatcs lo be tlOIl-qij, the sit-
uation remains problematie. There are several questions not fnlly clarified; specifieally
somc of thesc '¡extra" mcsons have Bol hccll reliably cstahlishcd [1].

4.2. Exotic qua"tu", "u",bers

The firmest evidenee for having fonnd im exotic meson wonld probably be the finding of
a stale with a jl'C combination forbidden for an ordinary 'Ji¡ meson, ,~, given in Table I.

VI> to 1l0W, ouly two statcs have beclI observed lo have cxotic qllalltulIl IlUlIlbcrs.
The first one is the ¡i(1405), seen by CAMS [401 in "-JI --f 7/"0,, reactions. They c:laim
to have observed a state with jl'C = 1-+ HoweveL this state needs confirmation [37].
Yery recently. the MPS [41] Collaboration h,~, pnblished resnIts of a spin-parity analysis
of lhe reaction ,,-1' --f ft (1285 ),,-1', in which they fonnd evidencc of a broad j I'C = 1-+
structure at 1.6-2.2 CeY. I3ut again, their results are based ou limited statistics, which
reqnired additional data for a more complete understanding of this state.

4 . .1. Prodttctio71 aud/01" decay rnechanif17fl.

Othcr intcresting cvidcllces ror having obscrvcd exotic IIlCSOIlSarc either peculia.r fentures
or anomalies in their prodnction and/or deeay modes. A typical example of this is the
"0(980). for which proper (ji¡ assignmenl remains a problem [:l7). This state shows both
élma...,sand width whirh seem to bc incompatible with those expeeted for a IIlcmhcr of a
qq tlOtlct.

Several theoret.ical IIlodels propose explallatioll~ for tlds s1.ate, hut t.herc is Ilol general
a.greemeJlt. SOIlW JIlodds have proposed a qij (42. 43] illterprelatioll ofthe uIlusual fcaturcR
of the ao(980), while other ones interprPl this state ,~, a mole""le [33.44. 45J.
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TABLE 11. Productioll lIl('chanisms cOIIlIllouly lIsed in the :-;ca[('1IrOl' non-qq mcsoul'l.

Interactioll Reactioll

J /t/J -+ (w,1J)X

TY-+X

PI' PI' -+ X at re,t

,,+1' -+ p(X),,+

1'1' PI' -+ p,(X)1'J

Dcscriptioll

Mark 11 [,tú], Crystal Ball [<17,,18J, ".lId Mark III [.19J. The
.J/l/J radiati\'c <Iecay is cxpcctc(i to procced tltI'ougll a two
gluon illtennediate state [50J. See Fig. fia.

~Iark III [51). Like the J /1/J radiatiye decay, lhe J /1/J
hadronic <lecay is useful in the im'cstigation of (he quark
and possible gluonium contento oCa sr ate X.

TPCjTwo-Gamma [52J and I\lark 1I [53,54]. S"" Fig. fih.

Experimcnt usillg the Sacia)' hydrogcn buhhle rhalllber al
CER~ (,55). Jt W;L"i the first obscr\'ation of a Ilon-qq candi-
date.
LASS 15fi] alld BeL 157J. Chanll"'s in g- illdllced reac-
tious are cxpected to be particularly rich in IIlCSOIIS with
dominan! s.;¡ quark con ten! [5G].

KEK [58]' ~lPS [59], and an cxpcrimcnt usillg the hydrogen
buhhl" chamher at CER;\" [fiO].

"'A7fi [fil].

\VA7fi [fi1, fi2], Efi90 [fi3]. Ce lit rally produced sI ates Yia the
double Pomeroll exchangc lIleChallislIl (DPE) an~ pn'ciict.ed
to be a sOllrce of gluonic stat.es [G..J.].See Fig. Gc.

\\':\ 77 [G5]. High PT hadroproduct.ioIl of mesowi. Tile direct
high Pr IIteSOII productioll da higher t.wist lIl('challislIl is
expcct('d lo be an important SOllrce of gluoniulIl (GG]. It has
been postulated also that gluollilllIl sta tes could be fonned
at high 1'"(' ill the fragm"lltatillll of glllOIl jets [fi7).

LASS [fi8].

Fillally, the search for exotic meSOIlS ha.o.;hecn carricd out in differcnt productioIl
mcchanislIls. 'rhe existcnC(~ of botlt highcr statistics data and thc diversity of mea ..."'lllrc-
IIlcnts in differcllt product.ioll IJICcitaIlisms llave lIlcant a sigllificanl progrcss in rccent
years. In Table II are S}¡OWII those productioll IIlcchanisllls COllllllOllly used. Figure (i
shows the differcnt prod IIctioll mpchauislIls fol' 1l01l-qij lIlCSOIlS.

5, PERSI'ECTIVES

FroIJl tile previolls discussiolls it is ciear thal lile IllIiUIlUiguOllS idelltificatioll of <tll exotic
IIWSOIl in <lll II1lso1vcd problellL whidl n~lIIaillS a challenge.

H()w(~v(~r, llw lIlost reC(~lIl data in gllloll-I'ich prodllctioll IIH'cilanislIls like douhh'
Pomerotl exdlallge (DPE) alll! JI1/; radiativ(~ ll(~l:ays. llave n~v(~aled more cUllviIH.:illg
proofs of thp (~xistellc(~ of SOIlJ(: well (~sta"lish('d 1I01l-q(} )JU'SOIl calldidah's. 111tlw sallH'
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way, thcoretical calclllatiolls froIll lattice gaugc theory have hcginnillg lo be more COI1-
sistent with the Bew lIlca ....mrclIlcnts. Progrcss is sllch that the questioll of whcthcr cxotic
mesOlIS will be found may well be expected to be answered in the near futme. Along this
theoretical progress, the proposals for new high statistics experiments in several labora-
tories around the world, such as Fel"lnilab, I3NL, CERN, I3eijing, amI Cornell, provide an
ideal opportllnity to anSWel"many 'lllestions still open in this field. It is expected that
the new hadron spectroscopy facilities and the new experiments may contribllte to shed
light in the search for exotic mesons.

(i. CONCLUSIONS

In recent years, the great activity in light meson spectroscopy, specifically in glllon-rich
chanuels, have revcalcd a largc nmnhcr of mcsons which canIlol be accomInodatcd within
the conventional schemc of the 'luark model. However, despite those strong evidences,
tlle llualllhiguous idcntificatioIl of IlOIl-qijmcsons rcmaills a ehallenge rOl' the experimental
high energy physics. It h'L' becamc clear that much work still needs to be done to provide
a cOllvincillg proof of tite cxistcllcC of a sllch cxotic statc.
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