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Abstract 

New data, for study of m:esoBS in the mass region above 1 GeV are 
available now from th-pCrystQ Ba.rreICOllaboration. These, together with 
the MUtts of 'GAUS andM8l'k-IIt, provide tich information about meson 
exotics..Based on these data we discuss a possible-scheme for the gluebal1' 
sector. 
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A,group of resonances with masses in the region 1-2 GeV which,have 
heen observf'd in the receut, experiments of Crystal Barrel Collaboration 
[1] (4], CAMS [5]-[8] and the re-analysis of the Mark-III data [9, 10] call 
')(' jntequeted as qq~states only with difficulty. It lOQksllke we face MCotic 

, mesons. 'Ve present here an interpretation of these resonances as glue balls. 
A striking result of.these experiments is the existence in the 1-2 GeVmass 
regiop. of a large ntimber of scalar mesons, I ;;:: 0, JPc :::; 0++; not all of 
th('iD, can be fitted as qq. We suggest that the existence of these resouanct'S 
iFi a reSl;ut of the colour symmetry surviving at large distances. The survival 
of the colour SU(3)-sY'mmetry at hadromc distances, - 1 fm, is not t.rivial 
hecause gluonS in this region cannot, be treated as massless particl('8: it 
'is the requirement of analyticity of hadron amplitudes or, speaking more 
gent'rally, the requirement of, co~emerit. 

Up to now there are controversial statements about glueballs. An im~ 
portant agreement in favour of their ~xistence is that in the spectroscopic' 
models, which describe successfully qij-states, glueballs originate as a -nat
ural generalization of these schemes. Glueballs ar~ predicted in the hag 
model [11}, the flux-tube model [12], and in the J.8.ttice calculus (Sf'(. ref. 
[13, '14] and references therein). 

\Ve di'tnl85 glueballs here using an effective QC[)..motivated Lagrangian 
which operates with cOJl8tituent quarks and effective gl;uons. In the pure 
ghlt'hull sector this model gives' the same results as the others do, for ex
ampk, the hag model. But, in the model we nOW discuss, olle ('an SE'~ a 
mechanism for generation of addi,tional scalar mesons which a1"<' tf'lated to 
the (iolour ~ynlJnetry surviving in the largewr region. 

The paper is organized as follows. We discuss, first of all. the In'ob
lew of surviving colour symmetry at large distances. A model witl1 QeD: 

,motiV'd.ted 'elective Lagrangian is used to illustrate the mechanism by ·which 
the two extra scalar mesons appear in this case. After that, the scheme for 
the mesons in the mass region up to 2 Ge V is presented. Thi~ scheme 
includes 

1. qq.states: S- and P-wave meSOJl8 and their radial excitations, 

2. two-gluon glucba1ls: S-, pw and D-wave states, 

3., two scalar mesons I =0, ,JPC =0++ which appear because of colour 



symmetry conservation for eff{'ctiv(' ma..">siv(' glnons; b(~low we call 
tl~('~ s('alarons; 

Tllp introdltetioll of a~ pfu'ctiY(' massive glllon for Cjllark-gluon physirs at 
hug(' ,. (or for soft.:..int('rartioll physics) is a n'qllir~ment of an' analyticity 
of hadro11 amplitudes. l\1assll'ss gluom; give the wrong singularities, so we· 
uepd to use some type of <"lIt-off in t ht' infrared region. It is bE'liE'ved that 
this ('ut-off has a dynamical origin,b('iug a consequ('uee of thecoufinement. 

H~r(' Wp explore th{' Higgs mcchauisIll to gPIlM'ate the: gluou ma..<.;s. This 
lll('dmnism providesgaugeinvariancc naturally while restoring the corred 
aualytical properties of hadron amplitndE's. But it is an oversitnplific-atiol,l 
in some r{'sped. It ignores another feahIrE' of ('onfinemE'nt: the impossibility 
of outflow of coloured particles without colonr neutralization. 'We bypass 
this problem by not considering coloured partides in thE' iIJitial and final 
states of amplitudes. So, we model by the Higgs .m('(:hanism til<' dynamics 
of creating effective gluon mass. It. suggests that the Higgs particles have a 
dynami(~al origin. 

ExperiencE' of working with hadron qnark-gluon stru~:ture in the soft
iutC'raction region shows that colour is realized a,.c; an SU(3)-symmetry, at 
l<'a4lt as aglobal one. ThE' mechanism of the realil':ation of the global SU(3) 

,after spontaneous symmetry hreaking of the local 8U(3)-symmetry was 
studied in refs. [151-[19], although for other problems, Here, considering an 
effective Lagrangian, we follow this prescription. 

A simple mechanism of obtaining global colour symmetry and massivE' 
gluons is to introduce a scalar Higgs field which is a triplet of both the local 
COIOUf group 8U(3)(, and some global SU(3)g. 80, WP i'ntroducenine Higgs 
fiE'lds <PH: CUt SU(3)g triJ)}et (index k) and au SlJ(3), tripl('t (index f ,. 

We c:onsidera La.gr~ L whidl ('outains two parts: (i) Lagrangian 
of QeD, LQ(,lJ, and (ii) the Lagrangian for eolOlll'('d Higgs fields, L II : 

L = LQc/J + L" 

L1/ = -~T1'(Dll(p)+ Df./{,) + F(t». {I} 

Hel'(' DII. = 0" i/2 !JAflA~. The field (,J bas two illdk('s and hoth fnn ov('r 
t.hree "HInes: A' =1,2,3 and i =1,2,3. It is E'nough to r('striet (}urs('Ives in 
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thp pott'llt.ial.l/( ()) to tpfms l/J4 : 

'1(6) = -a Tr tjJ+q,+ A(T7' q,+¢f + B T,. ~)+ ¢l(1+,,) - C(det(jJ+ det tjJ+)~ (2) 

wht're 3A + B > 0, a > 0 and C > o. 
Tht' (~()l1,r symmetry is rt>alized aftt'r spontaneous symmetry breaking 

. as. a global SU(3)-symmt·t,ry. The 1l('W basis eontains: 

1. 8, massivE' gluons (C'olour oC'tpt, .Jp =1- ) with mass 

(3) 

whf'r(' (~ki)= 7Gbkiti and (3.4 + B)v2 = 3a + v'3/2Cvj 

2. 8 massiv(' colour Higgs mesons (colour octet, JP =0+) with masS 

(4) 

3. 2 massiv(' scalarons (colour singlets, J Pc =0++) with masses 

2 ' ) 2 1
M2 = -(3A + B t1 - H;Cv. (5)

3 v6 

W(' discuss the sector of low-lying exotic mesons which contains- two-gluon 
glueballs(GG) with L = 0,1,2, gluon-higgs hybrids (GH), and two-biggs 
mesons (HIl). It'looks reasona~le to estimate the masses of these Composite 
partidt's as a Sl1m of the masses of their constituents: M(GG) ~ 2mG, 
'J{(GH) '::! rnG + rnII and M(HH) '::! 2mH. We choose 

mt;= 0.75 GeV, mH ~ 1.25 GeV. (6) 

\Vith these masses we restrict ourselves to consideration of two-gluon ghle
balls: GH- and HH-states are in the mass region above 2 GeV. ' 

W<' RUggt'st the following scheme for ,glueballs in S-, P-, and D-wave 
states. 1- square braeket indicates a mixing between GG and qq states: 

0++(1505) ] 2++(1780) ] 
s: [' /0(1590) • [ 12(1710) 
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0-+(1440) ] 
P: 11(1~/95) . ,1-+(1910) , 2-+(?) (7)

[ 

D": 0++(2100). 1++('?), ,2++(?), 2++(?), 3++('!}, 4++Cn. 

AfTOr(ling to th(' ntles of the 1/N-expansio~ [20, 21}, a gll1~hall ('an ('asily 
mix with nearby qq-states, so it is possible that some glueballs aT(' sprf'ad 
0\"('1' n('ighhonring mesons. We suppose that just t.his happens. with 8
wayp 0++- and 2++-gluebalh;: they are corresponding mixt.ur('s of fo( 1505) 
/0(1590) mesons and 12(1780)-/2(1710) mesons. Tbesamc 1laljpens wit.h til(' ~ 
P-wave 0-+-glnehall: it. is a mixture of 1,(1440),1/(1295), 11' and mayhf' ('Vl'll 

1/. Such an admixblre of low-lying mesons' to the 0-+-gl.lwhall call ('xplain 
t.he shift of t(1440) to the lower mass region. Th('re is anothf'r import.ant 
consequence: mesons which are mixtures of glueball and qq-st'ates do not 
obey flavour-blindness ·in their decay as is expected for pure glueball state's. 

The possible existence of the exotic resonance 1-+ in the mass region 
17DO-2000MeV is very important for the glueball schemf'. A resonance' at 
1910 MeV is reported by GAMS [8]: it decays ·to 1/'1' but not. '1'/, and th('y 
sllggf'st Jpc .= 1-+, though this needs confirmation. 

Resonances 2t+(1780) and 0++(2100) were observed in t.he re-analysis 
of Mark-III data J /t/J -+ -y41('. [101. Around 2++(1780) GAMS <:Iaims 2++
resonance at 1810 MeV [5}: it looks like it may be the same state. 

Th~ resonances 2-+(1650) and 2-+(1850) were recently seen [41 in Crys
tal Barrel data pfi -+ 1/1('01('01('0 decaying purely to a2(1320)1(' and f2(1270)'1 
correspondingly. Mark III data on Jf'" -+ 1(1/1('1(') [23] also show a peak at 
1850 MeV, though ;"~JP analysis has been d~ne. The resonance 2-+(1850) 
can be consi'dered as a candidate for 2-+-glueball. An alt.ernative' is that 
2-+(1650) and 2-+(1850) are the D-wave 'qq-states, part.ners of 1('2(1670) 
and K 2(1770). . 

The scheme forgllleballs should be complemented by a qq-schl'm('. The 
basic 3Ph 3P2 and 1PI qq-multiplets are fixed now, but. not the 3Po-multiplf't. 
Below we discuss three possible variants for this multiplet. Thes(' variants 
depend on how one assigns /0(975), ao(980) and /0(1000), the hroad re'so
nanee in the region of 1000 MeV. 



l.The first scheme assigns /0(975) a.D:d 'ao(980) as qq-states: 

180(0-+) 
38(1--) 

I TJ,1(, 7r, K 
w.¢~p,K* 

radial excitations 
TJ(1295). 1/(1440). 7r(1300). K(1460) 
w(1390).l/>(1680), p(1450). /("(1410) 

3Po(O++) 

·1Pl(1+-) 
3PI (1++) 

3P2(2++) 

/o(915),/~(1240). a'o(980) , K(1430) 

hl(1170). hi (1380), bl (1235), KI (1270) 
h(1285), /HI510), al (1260), KI (1430) 

/2(1270)~ /~(1525), a2(1320). K;(1430) 

/o(133:i). [ /o(i590) ] '/0(1505) ,ao(1400).? 

) [ 
/2(1710) ] ) ?

12(1640, .12(1780) ,P2(1690,. 
...., 
t 

-~ 
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COlW<'fUillg til(' radial ('xdtat.iollS of tIl(' S-wav(' multipl('ts (o- and 1-) 
W(' l'(,lllark olllyahont Il(1440). It is possihl<', tha.t in th(' region of 1(1440) 
th('l"«' an~ tW() pol('S. \V(, SllPpos(' tbat this is tb(' eas(', and 'l(1440) is just 
th(' s('('()ud poh'. ,/(1295). as well as 7l and '1. has a larg(' admixture oLtlU' 
ghwhall COlllPOll('ut, a.... dis('uss('d ahov('~ for th(' sak(' of simplirity w(' do not 
('sl)('dally (,lllphasi7.(' this in th(' Tahl('. 

In this variant., t.h(':' IMO++)-radial f'xdtatiolls arf' h('avjE'r tlla;l th(' hask 
stat('s hy 35U -too M('V~ IE'sS than for S-wa,'(' qij-stat('s. But t.hat does 
not S('f'lll to 1)(, au arglllll('nt against this variant:· thf' same mass-splitting 
()(,(,lU'S for :s P:z(2++ )-stat<'s, Such a (i('('rPHs<' of' tli(' mass split.t.ing looks (f11it.p 
1)Ossi' )J('. 

A lllf'rit of this variaut is that th(' location of th(' finit 8('alaron is obvious: 
it ('xplains tIl(' hroad r('S011a11('<' iu the r('gion of 1000 :M('V. III this lllass 
n'gioll two p()lc's d"fillit('Iy ('xist 11<'a1' th(' /\ j\' tlu('shold. However, a. (,Ollnt('r 
argllm('ut[23] to thc' ntriant lwillg dis(,llSS('d is t.hat t.h(,8(, two pol('s may 
("on'(,Hpo1l<i a siugl(', state' whosc' s('co11d and third polf'S are s('pal'ated ill 
hoth lllass and width hl' ('ol1plillg I)('twe('n 11'11' awl /{K ('ha11n('ls. A se(;{md 
ilisadvalltag(' of this '1U'iant is that fM 1240) is not w('U ('stahJish('d as an 
..,ij state'. How('ver, for tlw lllOlll('11t we' iguor(' thefil(' diffkulti('s and suppose 
that 10(975) has botb nan'ow s('('oud ~11l<l third sh('d poles, a..'1 argtl('d hy 
Morgan and P('IlDington[241. 111 this Scll(,UU' tile S('alal'on eorresponds to the 
hroad ('nhan('(,lllent obs('rved in the pion-pioll 1=0, .1"(' = O++,5'-wave. 

For th(' second s('alaron th('rf' an' sev('ral possihilities: 

(i) TIl(' s<'('oud sealarou is Io(·at(.d 11('a1' 1000 MeV just like th(' first one. 
Tll<'u the hroad euhat1<'('lIlent is ciu(' to two scalaron pol(,8, 

(ii) It is not ('xclnci('d that in the r<"gion of 10(1335) there are two 1)0Ies; 
th('n the sec'Olld may he rE'latE'o to t.he second 8calaron, 

2. GAMS report.ed a r('souaucc at. 1740 ME'V in th(' ,.,,., Syst(,lll with 
./1'(' = 0++ or 2++ [71. If ./I'c· = 0++ it lookl'i a. candidatp for tllf' S('('()ud 
s('alaron. Th(' first sealaron, bdng of t.h(' same na,t,uf<', has t.o ha.v(' a small 
width also: it is rE'a.'1onable to id('nt.ify it as 10(975). Th('n Hl(, :l Po-Illllltipll,t 
Illdnd('s th(' broad rf'Sonance 10{1O()(J): 

;IPo(o++}: /0(1000), 1~(1240), (l0(980). K(1430). (8) 

Tbat agr('cs to the spedroscopicealculations whi('h give th(' mass of th(' 

http:report.ed


low('st ()++qq-StHt,(' n('ar lOOt) Mf'V and the width of thf' ordt'r of 400-600 
j\i('V [251~[26J.· .. 

;3.Th(' third variant for th(' 3 Po(0++ ) qij-statf' is 

"P.,(OH): 1.(1335), [~:g~:l], a.(1400), Il(1430). (9)' 

Then thE' radial exdtatiollS of these resonan(~es aresomewher(' in th(' mass 
region i650-1800 ~ff'V,.in the SaDl(, r('gion wh('re the 2+-ra(liHl ('xdtatiollS 
are locat('d. In this variant it looks a.~ possihle to consirl('r the r('sonau.('('s 
10(975) and 'ao(980) as Gtibov's millions[27]. Location of tl1(' s(~ala.rolls is 
th(' same as in th(' variant 1. 

The following candidates for gllleballs 

0++(1550), 2++(1750), 1-+(1910), 0++(2100) (In) 

are fixed in all variants for 3Po-multiplet: Wf' can use th('ir massf'S Ito ('s
timate a position of others glllebalL'i. In eq.(10) the average magnitudes 
are !'tanding for the masses of the gllleballs whieh are realiz('d as a mixture 
of the resonancf'S 10(1505)-/0(1590) and 12(1710)-/2(1780). If the ghw
ball mas..<;-splitting is treated as a perturbation then the following fonnula 
provides masses of the GG- states: 

M =1n+aJ(J+1)+bS(S+1)+('L(L+1) (ll) 

Here Sand L are total spin and orbital momentum of the GG -st.at.p. It giyps 
m=1550 MeV, a=88 M('V, b=- 55 l\1eV, and ('=147 M('V, so W(l ohtalu tlip 
following ma.~ses for the ghH'balls 0-+, 2-+ and 1++: 

P : 0-+(1730), 2-+(2260) , {l2} 

D : 1++(2280). 
\ 

TIl(' masses of others D-wavc glllehalls calculated with us(' of ('<t.(11) art' 
as follows: 2++(2630), 2++(2960), 3++(3160) and 4++(3860). Tlw mass 
splitting term for these glllcballs is too large t.o he consi<it"r('d as a p(~rtnr
hat.ion therefor the calculated magnitUdes ShOlllcl be regar<i('ci only as all 
indi(~ation that these resonanees art" probahly in the region of' largf' IlUt.,\!.;('S. 

The mass of the pnrt" O-+-ghwball, without qq...acimixtllJ"(', is 1730 Mf'V, 
If'sS thf'll the mass of thf' S--wav(' 2++-gll1ehall as argll('d ill n'f. [2R). 

http:ff'V,.in
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Tiw GH and HH states are iocat.ed in the regiollof masst's largt'r than 
:2 Gf'V. The GH-states in thf' S-, P-, and D-wave an' as follows .9 - 1 _. 
P - ft+-- ~ 1+-, 2+-; D - 1--,2--, 3--:-. HH-st.at.f's art' possihl(l with ('VPll 

I,: .'; - 0++; D - 2++, 

III ('()]l(:hlsion, tht' sdumlt' for exotic mesons in tht' mass region 12 Gt'V 
is snggf'sted'ha.'ied on n£'w data [l]-[I(l]. It, includes S-, P- and D-wavp two
ginnu glnehalls -and two scularons (1 = 0, ()++) whos£' ('xist(']wf' is- rf'lntf'd 
to thf' tmrvival of th£' colollr SU(3) symmet.ry in t.he rf'gion of soft physks. 
Fo)' P-wave qq-st.at:es t.lwTf' arp t.hrN' variants which clifff'l' in :I Po-lIl11ltiplpts. 
[n Ollf' ()f th£' Varial\t tbf.rt'- isn frp(~ place for minions of rf'f. [27]. ' 

Th£' aut.hors thank ~1.Faf'ssier, S.S.Gershtein, L.Montanet. V.A.NikollOV, 
Yll.D.Prokoshkin, R..M.Ryndin and A.V.Sarantsf'v for nSf'fui discussions. 
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