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Abs» ¤ct We show that the E( 2230 ) must have a wtdtlmmtBeh bmader dzan the rePOEt ed 2OMeV . A

bEWader m dÉ does M Emceesaztly mle out h e( 2 30 ) ó a d uebell , but it does m plain why the meson

cam ot be seen m p F Ø pertmenu - TheEÊ £" ' É e c£auw emy between diEemnt expedmental mSUIts does

not d e out the exis-ence d the tensor sluebal l E( 2230 ) .

Key words

Gl uOE± , wiÉ the pmpeEä of self - interaction , wem pmpoeed l ong before quarks[1] , in order to

exp lai n the stm g intemction . h 1972 , Fri tzch and Gel l » t ant z] poi nted out that " i f the × Bade-d u¤

on ad d theoÇ indeed yiel ds a com et descd ption d the stmng interactions , them must exi st d ue
states in the hadmn specm zm" , and FEt zel1 and MinkowslEi UJ pmsented a detail ed di scussion of dze

phenomenology d the gl Ud al l ( " gl ue- states" ) spect m m .

Gluebal l s m boeons ÷ × baE70EZ number and ¤ equal Ø m m ( B = I = 0 ) . They am

but only to the extent to whi ch SU ( 3 ) bmaking d ects can be ned ected [31
SU ( 3 ) si ng¬ets ,
color singlet s , two-glum glueball s have the same × m tum numbem m two-photon m tem , i . e ,

, ( 2 n + 1) î î m d 2 n - î , ¶ É n = 0 , 1 , 2 , ¤ -

111e exi stence of giuebd l has been pmdieted in many QCD based model s ,
For example , MÐ bag model [4] and i ts variant , the consti tuent d uon model [Ê , Flux -

, QCD sum m le[7] , and Latt i ce Calcul ationsM . Serious puESUits of d uebd l am now

JFC= 2Ff Õ

cal c ul at ions .
t ube mod el M]

on .
In 1986 , MARK E M SLAC, investiÁ ting radiative decays of 5 .8 Á 1á Jç , mPOEted m ab-

nom ally nam w enhancementMU dubbed S( 2230 ) , in the k gk g channel ( Me = 2230 ¿ 1OMeV ,

¸ = 181 ¿ 1OMeV ) and f k channel ( M e= 2230 ÷ 15MeV , r e z 261 ¿ 17MeV ) . t hey m-
POEted allowed JPC= ( even) ++ . Ä e upper limits (90 96 CIJ wem d so Ø for decays of e( 2230 )
into m and p p a the level B ( J/ tJr+ £ ) B ( Åú X ) ´ 2 x 10 - 3. At nearly the same time , AIde d

d . also rePOEt ed[10] a relauvely bmad enhancement ( F 4 150MeV) a M- = 2220MeV in the mac-

Hon Ð- pú EIX , X ú ¡ ' . Ê 1e legend of a 2 + Õ 81Ud al l w± bon1¤

UnfoEt unately , in 1988 , DM2 at ORSA Y reported 11J on the radiati ve decays of a sample of

8 .6 x 106 Jç , and concl uded ú " in " nei ther channel C K - or L L i s e( 2230 ) seen" . ÓTEe up -

per l i mi ts ( 95 96 CL ) for both decays wem lower than the bmnchi ng mtioe mponed by MAR K E by
a factor d W o . 'n zey a d , however , obeew e a bmad enhancement ( r - 20 1 Ã 5 1MeV ) in the

Reed ved 19 Od eb- r ª MBI
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Ee g on ( M = 2 19 7 ó 17 M eV ) . h ap peared that the legend d the nar m w S( 22 30 ) was d ead .

Between 19 87 and 199 3 , a n u mber of au empt s were mad e to look f or th e Elan £ w e ( 22 30 ) i n
th e p p ú k s k s m d k ÕK - formati on experi men tsL12] . None m por ted m y su ccess .

× 1e l egend of g ( 22 30 ) was rev ived by B E S at B E PC i n 1996 ÷ × a m por t [ 13] of t he obsew at ion

d e ( 22 30 ) i n the rad i at i ve decays of 8 . 0 Á 10 6 J/ Ð ¤ 111ey c l ai med t he ob se rvat i on of E( 2 230 ) not

j uM i n t he k sk s an d th e k + K E chann el s , bu t al so i n th e õ i M d the p p ch an nel s , wi th masses

i n an chan n el s between 22 30 an d 22 35 M eV , m d É between 15 an d 20 M eV , and th e b ranch i ng m -
Hoe B ( J / tJr + y e ) B ( Sú X ) between 1 . 5 Á 1O J and 5 . 6 Á 10 - 5 . h a subeeq uent pu b l i cat i on [14] ,

B ES al so m POEt ed th e obeew at ion d g ( 2 230 ) ú J J a a 3 . 6 Ò si Á i f Ecan ee level and 90 9º cod -
denee l i mi ts a B ( Jç ú y e ) B ( Å+ 7771) ´ 5 . 6 Á 10 - 5 and B ( J/ Õ + YE) B ( Åú ¡ ' ) ´ 2 . 2 Á 10 - 3 i n

Ref . [ 15 ] . I t ap peam d that E( 22 30 ) i s veÇ mu ch d ive , p er tEape even nan£ w th an 2O M eV , and

the m POEt ed wi dth i n eac h channe l i s al moet exactI y eq u al to th e exp er i men tal Ó sol ut i on wi dth .
H owever , m m m ent meastIÓ ment [ l6; con c l uded É ± none of t he twø body dec ays of p p ú Ó ,

k sk s , t t , 71Tl showed m y evi dence f or t he ex i st ence of the nar ro w E( 2 230 ) , i . e , in th e pm t on-

an t ip roton ann ih i l at i on ex peEt nBen ts no ev i dence i s fou nd f or t he exi st ence of e ( 22 30 ) , th e mu ch

heral d ed cï Ed i d ate for the ten so r gl u ebal l .

Does t he t ensor d uebd l ex i st ? h th i s note we tÉ to m swer th i s quegt i on . W e study hi d z ener -

gy pm ton - pm ton el ast i c sc att em g i n d1e h mewor k d th e Pomem n exchan ge mod el , wh ic h Ø m -

sponds to p p scat teri ng ®i n t he t - channel . Ú Ee Pomem n has been th ough t of as bei ng a Rew i n d
tensor gl Ud al l E ( 2 230 ) [ 17] ÷ × qu m tu m nu mb em f J PC = 0 + 2 ¨ . h the p m æ ± work , we uØ

thi s assu mpti on an d aSSEEm th e p p elasUc sc at te ri ng PEW eed s thm d 1 th e tenm r gl uebal l exchange

mech am 8EI1. Ä e pad i al decay wi d th e ven by our pm sen t anal ysi s shed l i d Et on th e undemtan d ing d

th e unsett l ed ex per i men taI si tu ati on .

OUI- m sui ts obtai ned f m m app l yi ng th e th eory d tenso r d u ebal l form at i on an d decay i n the

tchamzel to a tt i ng si mul taneousl y the pp total cm s8 sect ion an d to the d iE m c ti on peak of t he pp el as-

t i c d iEeEÉEnt i al cEWes sec t ion s are t ab u l ated i n T ab le 1 , wheEª, Ë . an d A t am c u t - OE masses of t he fon n

facto r u sed i n th i s cal cul at i on Ll7J . g 1 an d g 3 aIÉE coup l ing con stan ts of P- mzd F - w aves , Eü sped i vel y .

r r pF is the pam al decay width of L meson into p p channel .

T-Me 1. RØa cted pó¤² E decay wtea- Ø the p p cMm el h m the pp m tteriù "

J i = mGev amd Ø GeV-

m ons JDGev h fGeV AJGeV 8l h r h- PFfMev
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We see from Table

Em f - Fun herm£" ' g 3´ Ã , which i ndicates the F-wave ( L = 3 ) component of the veËex is neg-

ligeab le . 133ese resul ts m due to the fact that the masses d them memm aIü veÇ cl ose to the p l i

thmshold . ¡ Ee narmwness of the pan ial wi dth indicates É ± the p p decay channel must be a smalI

PM of the total decay width of these C mesons .
11Ee BES coll aborati on mPOEt ed si mi lar branchi ng rati os ( BR ) for eú p p , K + K - , ¦ Ð ,

õ i decay modes . Later , they publ i shed[Ei 18] the observation of e»ä £ó , ¡ , ¡ ' , É' É' ¤ It i s in¤
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d iØ ted th at t he B R h r ÐY i s si mi l ar Ø tM for i i . H owever - i n Rd . [ 18 ] th e m d th r r w"
M e ven by th e m al y sis bu t was a xed a 20 M eV . A s ­ th e B R for ¡ , ¡ ' , É' Û' , a muc h hi ­ e r

upp er bou nd w± gi ven L11 . A ssu mi ng equ al B Rs fo r d t hese 8 decay m od e- and tak i ng h om T ab le

l th e avem ee val ue d F e+ PF = 1 . 94 M e V , m ob tai n r r = 16 M eV - Consid m ng the exped mental

m Ã é i n ty d th e wi d th e ven i n Ref . [ 14 ] a wid th d 16 M eV has al rea dy m - ehed th e obeew ed val -

ue . Ä i s i mp l ies that th em am n o othe r u nob - en ed d ecay mode- lef t . × Ei e ia a veÉ u nl i k ely poem -

b i l i t y .
I t was al so Ó p£rt ed in Rd . [ 14 ] ú " tb e B R d e decayi ng i nto Ø Õi i s equ d to or lese th an

2 % . A m znm g Þ i n µ al BR , th en th e 2 96 h cu on m d r û FF = 1 . 94 M eV i ë i y th at r f =

r h F/ 0 . 0 2 = 97 M eV - Ý ieh i s veÉ ia® comp ared m th th e r r - 2OM eV gi ven i n Rd . [ 14 ] . h

orde r to ob tai n 20 M e V , the 2 96 f rac t i on woul d req u i m tha the p red i c ted r e- p- Shoul d be re d uced

by a f ac tor d i i . e . ± uc ing the cou p l i ng con stan t g l by a fac tor d J E . W e coul d ÷ EM m ch

a so i ut i on i n ou r anal ysi s .

A b mad wi d th i s also Colu mtent w i t h the non - ½ , e w at ion of a m son an ce stm etu m i n t he 2 . 23
Ge V mSi on i n th e p p exp er i men t -164 . W e Ó cd l tha th ere am many broad L resOM Er es in the

nei å b orh ood d 2 . 23 Ge V . c on sequen tl y , ai l these re- om aceg eontd bu te sm al tan eou sly to t he p p

reac t i on an d the conÄ, pond i ng d ig eren t i ai em - - secu £" Ô É en e ven by(ø) |2 ¨ »8¤f(t) |2
| | , ( 1 )d t 1 . . - | j S - M i + i M i r ; ¤¤ |

WizeEÉe S and t am th e tota l energy and t h momentu m tm ad er , f ( t ) th e t - dependence d t he d if -

feE· n t i d cm es sect i on . TE e i ndi ees a and i dead e . re- pec t i vel y , tb e in i ti d ( p p ) and th e a nal

d h ) c han nels , ì ú C »3. g r Jf . aM C h j g r p a, bei ng ti ze eotzp l inp d the i n i h l an d EM ¢ ¤

to th e m sonan ce j , re spec t i vel y . Ò 1e pam al dec ay w id ths , r Úë pp , am th eoret i cal p m di ct i ons based

¶ E tt i ng si mul taneou sl y tbe pp totd cEØ ¤ ¤eet i on and to dze d i Hm ct i on peak d the pp elast i c d ig er -

en t i al c m es seCUon ( see Rd . [ 17 ³ for d eta i l - ) and e ven m T ab le 1 . Á ead y . a resonan t stRECtu m

m l l not show up i n t he energy dependence of t he cm ± sect i on i f CJE-- = 0 , i . e , i f the m sonance j

does not ex i st . H owever , we ad voc ate É ± even ¤ th e m sonanee does exi st , th e st m ct um sti l l may

not be 8een i n th e data .

W e have exam i ned the general f eatu re of th e ener gy depend ence d t he p F ú h h reac t ion by

h t l y con si der ing a eam where al l th e nu mem tors i n Eq . ( 1 ) am ê to be eq ual , an d tak e th e pub -

l iSIzed vd m fo r th ei r m p´ ¯ Ô , M t tM I ? " a m abh - U at is , ì ú th e È ( 19 Ë ,

L ( 20 10 ) , 4 ( 2 150 ) , L ( 22 30 ) / e and L ( 2 3Þ ) EÊ £nan ces i nto ac cou n t . Ou r cal cu l at ion shows th±

th sha1¢ d th i s energ dep en d ence is vm se nsi t i ve to th val ue d F F . A resonance pea lE can be

c l ed y m n i n the mass reö 2¯ ô 25Þ M eV wh en r r i s nm ww th an m M eV . Eh ¶Íew ,

the pealE is m lon ge r , iÁ iS can t when r r i s 75 M eV - and di ë eam ë en r r m c hes ~ 1Þ M eV -

U e l ast M val ues m i n l i ne m th the 97 M eV d ed ue- d f m m Ref s . [ 13 , 14 1 that th B R d e decay -
i ng i nto i Ð - i s equal to or less th an 2 96 m menti on ed p revt ously .

W e al so consider m © " m case i n w hic h th e nu merator of t he ² ( 22 30 ) / S tem i s md uced by

a f ac tor of 5 ÷ × m spect to the oth er m som mees . W e note th at even wi É thi s red uc t i on , the m i s

st i l l a veÇ c lear resom mee m ¤ m ¤ r r = n M eV . H owever - the peak i s m longer sta i gat al l y

si Á i Scan t wh en t he ÷ d th i 8 50 M eV , and com p let el y d i sappears when the m dÉ i s 75 M eV .

h conchad i on , we c lai m th at t he p - exper i me n t d Rd . [ 16 ] onl y scanned th e mass m g on d

222 2 . 7 to 2239 . 7 M eV , an d eon seq u en tl y . cm onI y eoazfm z the ex i stence d a narrow L ( 22 30 ) / e

í ¬ Ë È :Å ¿ à Ö ò e(2 30)æÚ ð ? 31E
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m onance - h other words , no obsem tion d the m ozm m m ctum i n Rd . [ 16 ] is not a sum d ent

mason for rej ecti ng the existence d e ( 2230 ) , but m y j ust i ndicate tha e ( 2230 ) hm a bmad
wtdth . Our anal ysi s puts , themfom , a lower bound d - 1Þ MeV h r r r . 'IEe broader width does

n´ necegsad ly m le out the E Ø a si m ball , but it does expl ain why the meson cannot be seen in the

p p mEped menu d Rd . [ 16 ] .

We ÁÓ tmr7 878SÕ $1 Ø PFçf . L . S . k issl inger j br hts F TAi´ ai discussion . Om qf Ø , W. X .
MÁ , zeizh Ø eöpm s his sha dsness Ø LANL j br she hmpitai w whem the work wØ inisiased .
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