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The e xistence of bound states o f gluons ' 1 ' ,ca l led g l uo n i a 
o r g l ue bal ls , is a clear predi ction of QCD, but predi c t ions o f 
the properties of the g l ue ba l ls a r e less cl ear / 2 /. Some theore
ti c a l ca l c u l a t ion s seem to a pp r o a c h the definit e value s f or 
gl uo nium mas ses / 2 - 4 ~owever decay properti e s of the glueball s 
are not so known. 

The s calar g l uo n i um i s probably t he lightest one with the 
mass aro und I GeV / 2- 4: 50 , the nu mber o f its hadroni c de cay 
mod es is limit ed. It decay s dominant l y to th e pair of lighter 
p s e udo s c a lar mesons. This su ggest s, that in order to understand 
th e decay pro perties o f t he scal a r g l ue ba ll , it is r equired 
to have a mode l de scrib i ng int eraction s between this gluon i um 
an d pse ud o s c a l a r me so ns . 

Rec entl y, s uc h ef f e c tive La nr ang i a n mode l s ha v e be en s u g
ge s t e d ' 5- 8.The s e phenomeno lo g i ca l La gr an g i an s s ati sfy s ome 
i mport ant l ow ene rgy theo r e ms ' 4 ,9 / o f brok e n c h i r a I s ymme t r y 
a n d sc a le i nv ari. ance , a nd t he sc a l a r r,lue ba l l i s assumed to 
do minat e t h e anoma lous t r .«, a of t he e ne r gy- momentum t ensor of 
Qcn / 10 ' *. Th i s np p r o ach call be b a sed Oil t he I i ne a r ' 1)/ as we l I 
a s t h e no n l i ne a r ' 7. tV r e n I i.z n t i on Ill' ch i r a l symmet ry , a nd 
it seems t hat d i me ns i o nn l ly c o r rvr- t t r c-ntmo n r or t he anoma l ou s 
tra c e o f t he c ner gy-mol'lp nlum t c-ns o r 1" lId fl I " t.lu " O ll e l u s i ou n .8 
that t he he a v y (wi t h moH. " I (:L'V) ,c,lIlr h llHhnl l hn s p r obn b l y 
a l ar ge wi d t h i nd, rw nl!'J'I l l y 1' 1 t ill 1·.· ·i1 i ~ .l l i I 'l l U'II'd, 

In t his ta l k we s h.r l l olIOI.' t h r r 1'1 ,," 11111' "1 ,. p l i , i ll y 
r e v i e wi ng the e f l urt i vr 1..1 ~'''lI1 r·.i ,, " III"'!. I , l,I iI ' II 'I j " n t lu-I.

no n l i nea r r ea l i z.r t i nn " I r h l r r l 'l VlIIl1 11 I IY \~I .1111 1 l' I J ' I ! V 
d i s c u s s r e l e va n c e of ti lll h 11I 11l 1, I i I II 1 111 I'll , ' I I I I I i l l 1, 111, " IIIIt 

cand id a t es ~ 1l ( 1240 ) 7.1:l" 1J1<1 11 '1 ',')0) 111,1 

To do th is , WI! 9h;1 11 .If 'OI II'U' 11 ,11 I h.ll III 1101.' "II' r • I' l l 

gl uod yn ami c s (with no q u n r k s ) i 'l "' 11 " 1Jtll 'ol I. I 1111. 1, 10 11 II 

g luon i um f i e ld a(X ] wi t h Uillll' n '; i 1111 'i I ', • 'I'l l< f ll ll l ll' I ' 0111o 

* I n fac t , effec t i v e La grang i anu f ill" h l"l l k" JI " hi, I I 11]( 1 h ' . 1. 
invarian ce we r e dev elo ped more t hn n 10 ye .i r s DgO 11 1)1' 1101" I h 
quark model a nd QCD were gen c r a Lly acc e p ted . At th.ll ti 1111 ' , I I II 

exis tence o f the Hi de s ca l a r pa r t i c l e co nne c t e d wi t l, br ol ' I I 

s ca le invariance wa s a lso d educ ed /11.1 2 I, h O\~eve r, be I o r. - (!CD, 
no one h ad t hou ght a bo u t g l u e ba l ls . NO\~ , whe n a n errl·.·l i v . I I 
r a ngian treatment of the trac e anoma l y i s a v a i la b le 'r' .11 , 0111 

can interpret this parti cl e as gluo n i um 7 .8 

wi th the tra ce a noma ly o f the ene rgy-mome n t um tensor o f QeD / 10/ 

(0 11 ) = - 1-1= j3(g) F(lI.) F (lI.)/lv ,
 
It l'lIl 2g IlV
 ( 1 ) 

( FJ~) 's , a = 1,2, . .. , 8 , a nd j3(g) being gluon-fi eld strength ten 
sors and the reno rma l i za t i o n-gro u p f uncti on , re spect ively ) is
 
proven to be / 5- 8/
 

4
 
H( x ) = _ 

01
a_[ a(x)]

4 

(2 )
 16Ho
 

i n o r de r f o r the a-glueball t o dominate the sca l ar g l uo n ic 
c u r ren t H(x ) and t o sati s fy l ow-energy theorems of r efs .'4.9/. 
Here lTIa is a mass of the a-parti cl e, Ho = < OII-l!O> , and a physi 
ca l interpolating f i e l d u ( x ) o f the a-particl e is de fined as 
f o ll ows / 6 - 8, 111 

a(x)
a ( x ) = aO exp (--) I (3) 

aO 

where a = < Ol a IO>.o 
Low-ener gy phy sic s of pure g l uo dynamics i s t hen described
 

by the ef fec t i ve La grangian /5 - 8/
 

41 2 m af ~ - ( a a ) - _ _ (14 In - , (I, ) (1
a 2 It 161-1 0 A 

whe r e A is a constant of inte gration of mas s dimen s ion a nd 
i s fixed by the r elation 

ao 1
-1 In A =  (5 ) 

In o r d e r 1 0 el i mi na ce t he l i ne a r t erm in a from t he La g r a ng ian . 
II i f! (' I, ' n r t.h a t t he loga r i t hmi c potent i a l bre a k s s ca l e i nva 
li .III I"'· 111111 I ,·;trl r; 10 t he I r ace a no ma l y ( 2) , t hus r epre sen r i ng 
'111 , 1111 11111 1· 1 r " C I,1 II I pu r v 1: luou yn:lTll ic s . This mea n s t ha t, un l i ke 

11 11 ' " 111I' , t ~ "l il ll l ,'.lul1n i lllll is not e xp ec t ed to have a ma s s « I GeV. 
S i ll " " WI ' 111 " i u t r-rr- n t r-d mn i n l y i n d e c a y p r o pe r t i e s of t he 

' 1 1 11 1-\ 1111' 11 ' 1 1 1 I " Iltil'u d fl l il ' , i1 i l r p. i i r s , Lnr,r ;lJlgi a n (I. ) ha s t o 

Itl " ,iI .1I W' oI ', ,, ,I " I " i n l' tl r pll r il l ,. l i gh t p s ou rlo s c n l a r mesons 
" . ... . II HIII '/Ilnd l'l) . Tld ll IIIl H h" 1'1\ do n I' i n r e f s . / 7- H/ s t.a r ti ng
1, ,,", 1 11.1 "'''l V I ' lI lt ''1l1 1 II ' ·lIlr"l\I - ~I I " . l'br/l 1.i1 ~ r n ng i 1J n 

I , I 

'1'111",,1 1)( I 1.1 \ 1. u (6 ) 

wlw l " U I l) I II p . lIl l1ll1' l ri/. .' d mn lr ix 
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B A. cf; ( x ) 
U ( x ) = f exp ( i ~ __1__1- - ) • ( 7) 

IT j = 1 fIT 

Here the pion de cay cons t an t f IT = 93 He V, t he fbi ' s ar e fi e l ds 
of the p s eu do s ca Iar Go l dsto ne mesons and t he Cel l -Hann A mat -
r i c e s are no r mal i zed t o T r ( Aj A, ) = 2511 • In c h i r a l s ymme t r y 
l i mi t , t he compl ete e f fect ive Lag ra ngia n , i nc ludi ng t he ps eudo
sc a l a r Go l ds tone meso n a nd t he 0 - gl uo nium f i elds , ha s been 
found i n / 7 ,B! a nd .can be c ompa c t Ly pr e s en t e d a s f ol lows 
co 1 (0 )2 1 ( 0 ( x ) )N , [ ( . ( . /t .,. 1 ru~ 4 0 (8 )
~ QO = - (1 (J + - - - - f r (J U ) a U ) - - - a In2 /l -I o 0 1/ . 1611 A • . 

0 

whe r e t he cond i t i on ( 5 ) i s sa ti sf ied , and N = 0 '7 / or N = 2 / 8
 

Th i s La , r angi a n f ulf i l s l ow-e ne r gy theo r ems o f r ef s . / 4 ,9 1 and
 
l eads / 7 to t he f ollowi.ng t r a ce of t he " i mpr oved" / 17/ energy 

moment um t e ns or
 

m'l 
(/ = ~ -3_ ( O ( X» N Tr l ( i1/l U ) ( a lt U + ) 1_ 16I(; 0 4 . ~ 9 )
 

/l 4 a O 0
 

He s ee tha t f or N # 2 , t he Lagrang ia n (8) g ives a d i men s i on 
N j 2 "", 4 co ntr i bu tio n to t he e ffe c t i ve t r ac e a nomaly , eq . (9 ) . 
The special case N = 0 171 represent s t he s i t ua ti on when ze ro 
mass pseudo scalar pa r t i c les decoupl e [ rom t he gl ueba l l . The n 
po ss ibl e co up ling o f t he sca l a r gl uoni um t o ps eudo s ca l ar me
so ns ca n be onl y du e t o the c h i ra l-symme t ry- break i ng quark-
ma s s t e r m i n QeD La gr a ngi a n i mpl yi ng sma l l wi d t h of the s ca l a r 
gl ueb a l l an d l a r ge SU(3) break i ng i n i t s deca y. Thi s mode l was 
s hown/ 7/ to be in reasonable agreemen t wi t h t he g l uon i um ass i gn
men t for t he ~ s( 1 24 0 ) s tat e I1 3, 1 4~ U n fortunatel y, t he ca s e N / 2 
i s no t c o nsi st e~t wi th QeD t r a ce a nomaly ( I) o f d i mension 4 / 8! . 

To be co nsisten t wi t h eq . ( I) , one needs 18/ N =2 in eqs . (8 ) 
a nd (9) . The model wi th N = 2 was treated i n / SI (s ee a lso /l ~/) 
and wa s f ound t o give a l a r ge wid t h [ or heavy sca l ar g luebal l 
t o decay into t wo pions . Unl i ke t he previou s c a s e (N = 0). t he 
ca s e whe n N=2 r ep r e s en t s t he si t uation wi t h s t r ong coup lings 
hetween sca l ar gl uon lum an d t he membe rs o f t he pseudosca lar 
meson octe t . Due t o the prese nce of t he qua r k-mass t e rm, 

tll e se coup l i ng s are on ly weak ly corr ec t ed and remain a lmos t 
SUO) i nva r i ant / s /. On t he ba s i s of exis t ing da t a 1 1!lI we doubt 
t ha t scal a r gl uonium o f t he mode I wi th N = 2 could exi s t wi t h 
mass sma l l e r t ha n I GeV, and the r e f o r e we be l i ev e tha t thi s 
g lueba l l ha s a ma s s l ar ge r t ha n I GeV and is pr oba bl y t oo wide 
to be recognized as a wel l-defi ned resona nce . Nevertheles s , i t 
is interes ti ng t o note tha t t he mode l es timate of t he wi d ch 
1' ( o -+ IT7T ) / 8 / is qual i t at ively cons i s t en t with t he es t i ma t ed wid th 
o f t he ( 1300 ) me son / lB' 

HC' mus t koe p i n mind t ha t r e su l ts we have r ev Lewed here a r e 
ba s eu 011 t he a s sumpt ion o f a s i ng l e s ca la r gl ue ba l l dominan ce 
o f t he a nomalous t r a ce of t he energy- momentum t ens or o f QCD 
a nd t h i s domina nce can be quest i ona b l e fo r h e avy a nd wi.d e r e 
sonance. Horeov~r, on t he bas is o f l a r ge N - ca l cu l ati on i t e 
ha s be C' n a rgued 4 t hat the f o l lowing r e l a t i uns ' 4 

i r dx< OI T (ll rx) }\ (Q ) I O>= 4}\o . 

i r dx < 0 I T (H (X) lJ1 q QQ(O» I O> =3 < Oi lIl qQ QI O>	 ( 10 ) 

f	 ( 4 (X) bei ng t he field of the l i gh t quark of t he mas s mq ) 

c annot be simul t a neous l y sa t ur a t ed by n s i ngle mes on . To satu
r a t e c q s , ( 10 ) i n the lim i t Nr: ,.oo. on e need s t wo d is t i nc t s ca l ar 
re so na nce s : one o f qua r kon i um and t he o t he r o f g l uon i um na t ur e 4 

So, a s suming tha t a l so in t he rea l wo r l d t he t r a ce anomaly 
i s domina ted by t wo sca l a r re sonance s, a and y (wi t h di men s ions 
d a = (t\ , ~ l ) , t hen f Q (eq . (6» i n e q . (8) ca n b e mul t i pli ed by 
co mb i na t i on (y (x» 2-N( u (x ))N in s t ead of ( n (x»)N • In t hi s ..·my , 
t he co ns i s t ency wit h eq . ( I ) i s ob t a i ned f or any N . Th i s opens 
r oom f o r s pecu l a t i ons t ha t we coul d have one o f t he pa r t i c l e s 
r e a sonabl y na r r ow t o as si gn i t to one of t he re ce ntl y d i s co
vered sta tes ~ ,, ( 124 0) I J:l , 14/o r C ( 1590 ) 114 . I"! whi l e t he o t her 
pa r tic le shou l d sti ll r emain broad . Howeve r , wit hou t an y know
l ed ge o f dy nami cs (a nd mixi ng ) be t ween a and y par tic le s our 
specu l a t ions can be on l y acade mi c . 

I n conc lu s i on we shoul d no t e t hat t he bas i c: re sul t of t his 
tal k on t he exi s tence o f at l e a s t one heavy and wi de re s onance 
(gl ue ba l l ) , s trongl y coupl ed to the an oma lous tra ce o f the 
energy- moment um ten so r , seems t o be su ppo r ted a lso by QCD sum 
r u le approac h' Hl ' a s we l l a s by the e ffe c tive La gr angi an ap proac h 
based on l i near rea l iza t io n o f c h i r a I s ymmet r y / 5' wi t h cons i s 
t en t i nc l usion of s c a l a r quarko niurn s t a t es a nd t he i r eve n t ual 
mi x i ng wi th gl uonium. 

We woul d l i ke t o t ha nk Drs. A. T. Fi l i ppov , S . B. Ge r a s i mov 
and R. Ledn i.ckY [ or di s cus sions and Prn f . V. A. t1es hche r yak ov 
fo r i n t e r e s t and s uppo r t in t his wor k. 
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flaHHK II.	 E2-8S-260 
CKanRpHb..' rnJOOHI1 I1 11 nceenocxanapuue 
r OTlACTOYHOBCKl1e Me30HbI 

npeAcraBnReTcR KOPOTKI1" 0630P HeAaBHO np eAno~eHHblX 3~~e K r HB H bl X na r paH
eBCKHX MOA en e~ Ha OC Hoae HenHHe~ HO~ peanl13a~I1H Kl1 panbHOH CHMHeTpHH AnR 

CBR3CH Me~AY HH 3Kone~a ~HM CKanR pHblM rn~OHHeM H nce BAOC KanRpHblMH ronAc r oy
HOBCKHMH Me30HaMH. 3TH ~eHoMeHono r H4 eC K He nar paH~HaHbI YAoBne TB opR~T HH3KO
3Hepr eTH4cCKHM Teo peMaM HapyweHHoH KHpanbHOI1 U MaCWTa6HOH CHMMe r pHH H,TaK HM 
06pa 30M , allTOMa TH4eCttH npl1lJOART K HeHyneBoMY cneAY Te ll30 pa 3Hepr l1 l1 - HMnynbc a . 
npeAnonar aR cornaCHe 3roro ~eHoMeHono r H4ec Koro cn eAa c aHoManbHWM cneAoM 
leH30pa 3He pr l1 H- HMnynuca KXn H. 4ro 0AI1H HI1 3 KOne~a~I1H CKanRpHblH r nOOHl111 
AOMI1HH PyCT 3TOT cn~A , MhI npHxoAHM K 3aKn04eHH~ , 4TO TaKoH rn06on, BepoRT
HO, 04eHb WI1POKHH 11 e r o rpYAHo nOHHMdTb KaK xopOWO onpeAen eHHblH pe30HaHC. 
3TO H Mo~e r 6 b1 Tb ~CT04H I1 KOM TPYAHoCTel1 B ero 06 H apy~eHHI1. 

Pa60ra BbinonHeHd B fla60 pa r o pHH TeopeTH4eCKOH ~11 3 H K H OH~I1 . 

Uln l k J. El-8S- 260 
Sca la r Gl uon ium and PseudoscaJar Goldstone Meson s 

Recen tl y s uggested ef f ective Lagrangian mode l s f o r cou pl in gs between 
t he lowest-l ying scalar g l uonium and ps eudoscalar Gold stone mesons , based 
on the non1 in ear r eal iz a t ion of c h i r a l s ymme t r y , are r ev iewed. These pheno
menological Lagr a ngians sa t i s f y low-energy th eorems o f bro ken c hi ra l s ym
met ry and sca l e i nva r ia nce . an d in s uch a way , t hey a u t omatical ly l ead to 
t he non- ze ro a noma l ous t r ace o f t he en crgy-momentu m ten sor. DemandIn g co n
s i s t ency of t h I s phenomenol og ic a l t r a ce anomal y with the anoma lou s trace 
of t he energy -momentum t enso r of Qe D, an d f u r t he rmo r e , assuming t hat the 
anoma l y is domina ted by a s ing le l owest-l ying sca l a r gluonium, we concl ude 
that s uch a g luebal I i s probab l y too 
def i ned resona nce . Thu s , th i s can be 
or t he lowes t - l y i ng sca lar glue ba l l . 
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