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Abstract 

The specia,1 a.dnlOtagcs or the L.1 detector ror II collision physics are pointed 

ouL The recellt measu[ernent by L3 of 1' 1'1' (71(: ) is brieny dcsnibed. Agreement. of the 

va.lue u[ o:,(Mc ) det.errnined from the branching ratios: rn (7]r:)/l''7,' f'r.r.(.1/1))/1''7c 
with d(>ep in(,lastic scattering r('sIIlts is much improved by inc.luding dfective gluon 
mass corrections. l\ comparison is 1IJ(l.de, ror charrnonillm physic.s in II collisions,I I 
between LEP and B-fRctorics. F:st.irnRl.es o[ tlH~ rates to be expected at. LEP200 for 
hidden charm and bea.ut.y production a,re give!!. The important complemcntarity of 
L[~P (l,nd a. 'l'RtI/Charm factory ror cha.rrnonilJrn st.udies is st.rcssed. 

t Talk gi1rr n at f.lw lForkshnp on Tp,:o-Photon Physics from DA<I>NE to LEP200 and 
Beynnd, Paris 2-4 Febrllary 1994 

1 Two Photon Physics llsirlg the L3 Detector 

The cent.ral detect.ors of L3, the TEC (Tirne Expansion Chamber) [1 J nnd tlH~ BGO 
Elec trornagne tic Calorirnetcr [2], (sec Fig 1) arc well adapt.ed to the study of CXclllSiV(' 

final states in phot,oIl-photon colliSIons. 1'1Ic irnport.(l nt chara.cterist.ics of the TEC in this 
respec tare: 

• 	 62 sense wires covering t.he <lIlgnlar rangp. : 13° < e< 1G7° 

• 	 Good dE/dX rnCaSllrCIIlcnt, (rcsolllt,ioll 10%) for low IIlonlcILtllIIl tra.cks in the 
1/ f3'2 region. 

• A fa.st trigger [4J wit.h a low PI' threshold of 100-200 l\leV. 


The rIlOdest. PI' resoluti o ll of t.he TEC is qllite adequate for the low rnornentllm charged 

particles 	produced in the final states of fl' c()llisioIls. The BGO calorirncter has ~ 11,000 
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cryst,cds arranged in b(}rrcirnooules (42° < () < 138°) and end-cap Dlocilli es (11.6° < g < 
38°,14:2° < () < 168.4°) . The energy rcsolut,i() n of t.h e detect,of for low energy phot,o ns is 
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Fig 1. The Cent,ral Regi o n of L3 

Type ] Angular rClnge [Q2 range (GeV)i] 
. . . 

BGO 
~ 

11.6° < () < 38° --r- 332--340'0  J 
Lead/Scillt.illat.nr 3.go < () < 8° 36-160 

BGO 30 rnrad < () <62 nlfad 7-30 

Tungsten/Silico n 4 lnrad< () < 10 mrad 0.2-0.8 

Tabh' 1: L3 Tagging detectors. Q2 est.iu1at.es are for LEP200 with EbcnrT/. = gOGe F . The 

Very Srnnll Angle Tagger is still under st.1ldy. 

excellent with (JE/ E ~ 0.05 at 100 l\'IeV and ~ 0.023 for E > 1 GeV. In addition L3 is 

well equipped with detectors able to tag the final state c± in photon photon collisions. 

The char<:l cterist.ics of these detectors are slJlnnwrised in Tahle 1. All, except the VSAT, 

behind the first. quadrupole, which is cllrrcnt.l.y under study, are shown in Fig l. Analyses 

o f single t<'lgged data (for exarnple the rneasnrcmellt of t.he photon structure function) are 
llndt~ rw(1.y, 011 t, a re n o t described here. 

The dE/(Ll rneasurcment in the TEe (see Fig 2) is used t.o separat.e 7r/K/p,p for 

lnorncIlturll below 1 GeV, a.nd also to reject, bearn gas events which typically contain one 
o r lHorp low energy prot.oIls. 
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Fig 3. Two photon effective rnass distribut.ions sh()wing signals for: 
a) 11"'0, b) 'I, c) 'I' 
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Fig 4 . a) 71'"+ 71'"- effec ti ve Illass dis tri bu tion 

b) K7I'" effective mass distribution. 
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The first step in t.he 1]e: analysis, cl('scrihecl helow, is t.o llSC the good BGO ellf'rgy 
fesolut,iort and t.he clE/clX inforrIlat,i()n t,o icirnt.ify t,he [nllowing llIlstable particles in fln"l 
st,at,es of low charged rnnHiplicit.y (2 or (± chargrd tfflCks) : 

7], 7],
I 1(*(892) 

Effedive ma ss dist.rib1ltions shon-ing signals for t.hese part.icles are shown in Figs 3,4 . 
Snch idrIl f,ified 11 ItS t,il LIe pa r t.icles are llsed in the sC;l[ch f()r t, he cliffcren t known [5] dec a,\' 

chnIlncis of t.he 71r:

Measurement of f i /(77r) 

This rneasnrcmcnt [6]' [7] llsed fiat,a corresponding t,o an intcgrat.E'cl lurniIlOsit,y of JO 
ph-I collect,ed in 1091-19g2. The basic cnt,s lls('d t,o seled, exclllsive final stat.es originnt.illg 
frorn t.he 77c. decay WE're: 

• 2 or 4 cha rged t.racks 

• Charge balance 

• BenIn gas bClckgrollnd (event.s wit.h prot,oIls) rcrnovcd llsing dE/dX. 

• Sluall PT imbalance: I LP1'12 < O.rn5(GrF)2 . 

The 12 different, decay rnodes where an 77c sign(ll was looked for clIe listed in T" hIe 
2. The entries in this Table are: the TI1Casu red [S] hra nching r a t.in (B It), the () ccept,a ncc 
(gi '\'E'n by i\Innt.e Carlo calculatinn indlldjng full detector sirnulation), t.he nllrnbcr of(J 

nbscrycd cvent.s Noh,,, and the est.inlat,ed nllmber of background evcnt.s Nback ' The l\Iont,c 
Carlo generator [8] used the exact transvcrs(, lurllinosit.y function [9] and a pure phas(~ 
sp(lce dis t.ri bn ti()n f()r the final s t() tc part.iclcs. The backgrollnd levels were es timat.cd by 
fi t,I,ing rxpOlleIl tial fund,ions t() 'side bands' in t he I L Pl'12 or effce ti vc rnnss dis tri bll t,ions. 
T he ' signal' region of effect.ive mass was 2900-3100 )\Ic V. The effec ti vc rnass distribu tion 
fur the SUIn of the 12 analysed channels is shown in Fig G. 28 c()ndidat,e en~nts are obsen·ccl 
in t,he signal region ",it,h an est.irnat,cd backgroulld of 11 ('vcnts. A Gaussian fit to the 
rrlClSS peak in Fig 5 gi yes: 

J..1T] r: = 3003 ± 15J..f~F, (T = 4;:) ± 121'fcV 
The fit.t.cd In(lSS vcdue is consistent with the IncClsllrcd [5] 7]c In(lSS of 2979 ± 2J..JcV, and 
t.he Ganssinu width (J" is consistent. with the InrlSS resolution, cstirnated by l\Iont.e Carlo 
t n be 60 ruc V . The natural width of the 11c [5] of r T/r = 10 ± 4J..! eV is rnuch smaller. The 
valnc nbt,<lincd for the radiat.ive widt.h (see [5], [G]) for more details) is: 

f--y-y(77(J = 8.0 ± 2.3 ± 2.4krV (L3) 
T he firs t, error is st,atis t,ical, t.he second sys tcmatic. 
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Fig 5. Effec ti ve mass distri bll tion sllrnrned over the 12 analysed cha nnds. 

Channrl 8R [G] Acceptance Noh., N'n,. l
% % 

- I 
TJrr+ rr (TJ => ,,) 
rpr+rr- (TJ =? rr+rr-rrO) 

1j'rr+rr- (17' => pO,) 
17' rr f- rr (TJ' => ;r+ rr- lJ) 

1/rr+rr- (1/ => ,,) 
rr+ rr- rr+ rr
[(+ [(-rr+ rr

](*0 ](± rr=f (](*O => K~ rr±) 

K*o K*o (](*o =} I(± rr=f) 

4~rP (¢ => 1(-1(+) 
](± rr=f (=> rr- rr+) 

K+ K-rro 

1. 27 ± 0>17 
0.77 ± 0.28 

0.82 ± 0.34 

0.47 ± O.la 

0.06 ± 0.02 

1.2 ± 0.4 

2.0 ± 0.7 

1.33 ± 0.46 

0.19 ± 0.06 

0.17 ± 0.07 

1.51 ± 0.41 

1.10 ± 0.30 

2.4 ± 0.1 
0.53 ± 0.07 

5.2± 0.2 

1.3 ± 0.2 

3.0 ± 0.2 

3.7 ± 0.1 

3.6 ± 0.2 

G.6 ± 0.2 

5.8 ± 0.3 

5.G ± 0.2 

6.9 ± 0.3 

3.8 ± 0.2 

1 
2 

2 

0 
1 

8 

4 

5 

1 
0 

3 

1 

O. 

0.8 ± D.6 
0.5 ± 0.3 

0.5 ±0.6 

O. 
1.7±0.3 

3.2±0.4 

2.9±O.3 

0.5±0.2 

O. 
0.5±0 .2 

0.2±0.1 
-

Table 2: The d(~cay rrlOdcs explored in this iUl<11ysis wit.h their llleasnred branching rat.io, 
t.he detector acceptClnce, the nllrnlwr ()[ obscn'cd event.s in t.he I11aSS interval 2aOO-3100 

Cl nd their cstirnat.ed baci<grOllIlcl. 

II Experiment I Reference I TDecay channel I # Evcnts IL £(pb- 1
) ] 

-
](0 ](±rr~PLUTOt 4523 ± 12 10[10] J 

KO K±rr~TASSOt 41 8316.1 ± 6.3 ± 6.0[11 ] lJ 

64+53 691TPC/2, [12J . -3.1 rPrP 
+3 I ](0 K±rr~CLEof 4297.8_ 2:5 ± 2.3 10[13J lJ 

8 r: +1.6 ± 3 9 1(+ K-rr+ rr';)-4 .2 . 

1(° ](± rr:'f 163043CLEO II 5.7 ± 1.3 ± 1.2 ± 1.6[14] lJ 

~ 10 0.511 (PI»R704 [15] 4.3~~:i ± 2.4 
3017see Table 28 .0 ± 2.3 ± 2.4L3 "[7J 

Table 3: Cornpilatinn of rneaSllrClnent.s of I'-y-y (TIc). Errors arc ci thcr t()t.al (single error) 

or: S t,a t,IS ,lca ,sys erna ,IC, H<lIlC Ing ra 10. \... V , 1.. · t' 1 t t' l h' t' t l'rl(I.)·c(oc>.t.Cls tha.t a.lll·mpro"ecl }(1(~'1r bra.nching(J /I 

rat.io is used. 
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This result, t.ltr first. hYe) pllOt,nIl r(ldiatin~ widt.h to be rneasllrecl at, LEP, is C()lllp~[('d 

\"it.h previnlls lOC(lSllrClnrnt,s in Table 3, The L3 dctCrIIlillat.inn is rerIl(lrkable fnr the l(lrgc 

llllrnbcr of channels analysed and t.he (cnrrclnt.ccl) brge r(lt,in: # signal event.s / I: [ 
()bt.(linccl. The updat.ed 'Vorlet Aver(lge ,""lue is fonnd to be: 

('VA) 

Since (Ill lIlC(lSnrCrrlcnt.s have a. c.OlnnWIl large syst,clnatic errnr dne to t,he llIlcert(linty 

uf the branching ratios l, t.his CCllnrn()n error is rCIlll)vcd frulll the systeuwtic err()r of each 

expcrirnr.nt bef()re perfufIlling the weighted Clverilge. To calclllate the weighted aver(lge 

t he rernaining syst,ern(ltic error and the st,(l t.istic(ll errnrs arc (lssllmccl t.o be llncorrdated 

hetween t. he different, experirnellts a nd (He (ldclcd in q ll(ldr at 1.1 reo The first error qllnt.ed 

(l bO\'e is tha t on the weight.ed (lYcr(lgc 2, while t.he secolld error ( 28 %) is the syst.ernatic 

erru r due t,o t,he branching ratio. 

3 Tlleoretical Estimate of I',,(rlc ) 

\Vit,hin the nOll-relat.ivistic qllarkOIliurn rnodel t.he 17e ~ " transit.ion (Fig 6b) IS 

silnply related to t.he decay .l/~) ~ c+c- (Fig 6a). In fact [16J: 

647ra 2 
2 3.4 


27/tJ2 I 'liT)JO) I [1 - -;-a,,(/tle)] (1) 

e 

(2) 

Assulning: 

~ncl neglecting t.he O(a,,) QCD correct,ions leads to the ~irnple predicti()n: 

(3) 

T hE' Illeasnred value of rr.r.(J IV)) o f SA ± 0.3 keV [S] leads to the estilnat.e: 

i n exccllent agreement with the \VA v(llllc gi\·en above :l 

4 Determirlation of (Ys(J\I(J 

In t.he nOll-relativistic qnnrk model t,be t.ottll width of the 17e is given, in lowest order 

of pertnrba t,ive QCD, by t,he process showIl in Fig 6c. It is t,he sarne as for 17e ~ " 

I This is due (0 I,he poorly known branching ratio r(J/~1 ~ TJc1)/r(J/1/J ~ (wylhin.'l). See (l)so Section 
;) below. 

/(J =!I: -\-j-l/2
IT 

:l[ncl'lding' t.he O(n.) QeD correction wit.h a.(AJc ) = 0..1.1 gives 8.G keV 
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except .that the final st.at.e photons Hre rrpl"ced hy glllons. On taking the rat.io of the 

tot.nl wldt.h of the TJe: f1]c = fgg(TJe) to f,,(llr), there is not only an exClct cancellation of 

~, he ~vave fund-ion .a~ the origin, but. also, in view of t.hc close silnilarir.y of the diClgrarIls 
1[1 Flg 6b,6c, relativIstic corrections are ;:liso expectcel to largely cancel. Thus 0'6 at the 

y 

J / \jJ TJc 

*-(0) ~(O)
7]C T}c 

a) b) c) 

Fig 6. Lowest order diagr;HIls in the non-relativistic quarkoniull1 model: 


a) .J / 1/J -~ e +e- , b) TJ e -4 II c) T/ e -4 g1U 0 n g1u 0 Il. 


\]'(0) is the wavefllIlction at the origin of t,he bound st,ate. 


scale of the charrn quark rnass 0'3(1\le) may be determined frorrl the branching ratio [16]: 

f 1] c _ 9a " (11!e r~ [ 8 . 2 (..)] (4)- 2 1 + (l'., 1\/c: 
f" ( TJe ) 80' . Tr 

\Vir,It t,lie aeldi bonal a.ssumptioIls sirnilar t.o those rnade above in cleri ving Eqn 3, bu t, 

retaining the O( a,,) correc tion, Ct., (1\1e) IIlrly also he deternliIled from t,he br<lIlching rat.io: 

(5) 

The experirnental widths [5]: 

r,,(17r) 7.1 ± 2.3kr.l' 

r ce (J /~)) 5.36 ± O.29ke F 

r 1],. 10.3 ± 3.61\1 e11 

Ul (~ TJ gl ve: ( I refers t,o Eqn( 4) , II t,o Eqn(5) ) 

a~(1\[c) 0.21 ± 0.04 

a~ I (1\1c) 0.20 ± 0.03 

These two values of (Y~(J\.lc) are quite consist,eIlt with each other, but only ma.rginally 

consis tent wi t.h the value of CY" (1\/c) cieri veel by eval u tion of the precise Deep Inelast.ic 

Scat.tering (DIL) result [17] which is [18]: 

a~)J1'(1\Jc) = 0.326 ± 0.017 
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T he discrepancies observed between o,!:){L ~lId r<, (Y~{ arc, resped.iycly, 2.7rr, 3.7rr. A 

p ossible E'xpla nat.ion [18] of t.his incollsist.ccy h;)scd on ide(ls proposed rnany rears "go 

by Parisi and Petronr,io [19J is a preciolnillantly ph(lse sp(lce effect due t.o a non zero 

'c ffcct.i \"(~ rnass' Tn q of t.he glnons in the final 51a I.e in t.he process shown in Fig Gc. Snch 

Cf[E~ct.S also S(,(, lD t.o be necessary [19, 20] t.o cxpJ (1 ill the indusi vc photon spectr a 0 bserved 

in t.he dec(lYs: ] /,r/! --- r.\, l' --- r .Y. For J /,Ij! decays the value of rnq reqnired t.o fi t 
the rnea. llred p hot.on sped,rum was foand t.o be: THy = 0.66 ± O. 08G~V [20]. Inclnding 
the correspnudi ng c()rrection factor calcldat.ccl in n .eQ18] ()f 0.70 in Eqns[4,5] leads t.() 

t.he' modified res111 ts f( lr O:'!, a! ( pH~sent.f~d ill T;l hlc 4. Two cases arc considered 'LO' 

,IT here the 0 (n .~) correction l.ernlS (1 re ncglcdecl 1 (l ncl 'N LO' where the O( 0:' ~) corred.i ons 

udculat.ed assllrniIlg nHlssless gl1lolls are used. III boUl cases t.he cliscrepancy with t.he 
DIL rcsult.s is red11ced. III t.he LO c(]se t.he agrcelllent. is now very good while in I.he 

NLO case discrepallcies fur (..Yi, a![ arc reduced respectively 1;0 2.00',2.50' respectivciy. As 

described in Ref[17], inconsistencies with much grcClter stat.ist.ical significance than in(1. 

the C(1se discussed hC'r(~, in rnany ot.her clwnll and heanty bUllnet state decay branching 

rat.ios, arc ,,11 rt~s()lved, wit.h()llt the ird,roctnct.ion of (lny adjust.able paranlders, by taking 

into aCCOIlIlt cffcdivc gillon rnass cffcct.s. A r110rr t.heoretically orient.ated discllssion of 
th~ r(~)l(' of t.he gluol1 luass in pertnrhnt.iv(' QeD !Itay b(' found in Refs[20,21]. 

[BR I 0 ' ., (LO) 0'., (NLO) -~ 

I O . 31!~ : ~~ [ 0.23] 0.24!g : ~~ [ 2.0~] 

II O.31!g:~~ [ 0.22] 0.24 ± 0.03[2.5] 


~----~-----------~--~ 

Tahle 4: Vallle's ()f cY, (]\!c) eV(1lnat.ed inci nding I.he gillon rnass corn~ct.ions froIrl Refs[ 1 g, 20]. 

Also shown in square lHacket.s is the qllanti!.y: I(-¥~ - aflIJI/j(O'i)2 + ((J'D[LF (i = I,ll). 
I,ll refer t.o I.he br(1IlChing fntios in Eqns[4,5J. 'LO',<NLO' are defined ill t.he t.ext.. 

.
Charmonium Procillctioll III rr Collisions. LEP 
versus B-Factories 

LEP has t.wo considerable ad. vn nt.ngcs over low energy c+ r: - colliders for t.he st udy of 

charmoniurn product.ion in rr colli.sions. These nrc: 

• larger cross-sec ti()IlS 

• rIlnc h r('ei uced backgroll nd froITl ()ne b()sol1 (l n nihilation 

In Ta.blc 5 the cross-sec tions for T7c prod lIC tiOll at. c()llidcrs wi th beam energies of 5, 45, and 

-lThe nc?;lect or these terms may be justifier! hy not.ing t.hat the phase phase sllPpression due to glnon 
mrlSS effects is ex.pected to be evcn stronger in the diagrams contributing to the NLO corrections than in 

the Born term or Fig 6c. fn partjcular gillon splitting: ,q --t gg should be strongly sllpprcsseo [IRJ. In the 

N LO Crlse massive gillons arc assurnco f()r the flom term and massless glllons for the 0(0:.) corrections, 
so that the latter arc surely overestimated. The NLO and LO cascs therefore give conser\'ati\'e lower ilnr! 
llpper limits respectively, on the size of the g/llon milSS corrections 
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aOGe v a.re cornpared. Even nftpr introdllcing realist.ic experiHlf'ntal Cll t.s,) the cross-section 

is four t.ilTIeS higher for B = aOGeV, t.hnIl for E = 5GeV. The irnprOH?ci background sit 

uat.ion ~t. high energies is illllstrntco in Fig 7, wbich C()lIlpnrCs t.he effective rnass sped,rn 
~)f C<HlChclatcs [or the process Tlc -+ 7T+ 7T-7T+ 7T '-, 1(+ I( --7T+ 7T- as as observed by two expcr
ln1C'nt.s: 

(i) CLEO [13] at, t.he CESR collicler at. Corncll with Vi = a.5GeF (i(1S) ) 

nnd I:£ = 42apb- l 


(ii) L3 [6, 7J at LEP wit.h JS = a1.2GcF ( Z ) itIld L £ = 30pb- l 

For CLEO no signal is observed a.bove t.he vcr:,>' large background of event.s frOITl 1(lS) 
decays t.hat. fake an exclllsi ve finHI st.at.e. F()r L3 a slnall signal is clearly seen above t.he 

mnch red llced background. The difference in energy be tween the one boson annihila t,ion 

channel is only 6.5 Gr F in t.he case of CLEO, as c()rnpared to 88 Ge V for t.he case of L31 

Estimates of Charmollium Production in If Colli
sions at LEP200 

In Table 6 es tinlates for the prod nd,ion ()f t.he s t.a t.es TJCl Tl~, Xe:O, Xc2 are presented, 

assllluing an integrated luminosity of 500 pb- l
, For the TJe: and t.he TJ~ an extrapolation of 

the L3 data present.ed in Table 2 is given, \Vith ;-; = 180Gell' at LEP200 t.he following 

extrapulation factors are used: acceptnnce (0.94), cross-section (1.43), luminosity (16.6). 

For the Xc states the acceptance estirnat,es take int,o aCCOllnt t,he calculated gcomctricnl 

acc('pt.ance, nnd expected irnproved detect.or per[orrnance6 . This irnplies that for the 17r: 

and 17~ where no sllch irnprovements are taken ild,() (lecount, the nnrnbers given in Tahle 

G sh()uld be taken as cOllservati ve lower lirni ts. 

It is irnportant to note that t.he [Illl physics potential a.t LEP200 for channOIliuITl 

prodlld.ioll can onl,V be realised if rImch irIlproved branching ratio mcnsurernents of the 

st.ates (lre obtained. This requires a bigh lllrninosit,y Tau/Ch(lrrn factory, and a udector 

equipped with high resolution calorill1C'tery 7 for low energy photons [23]. The error on 

the present \\TA value of r"'l"'l (TJe:) is alrca ely dOIllillat.ed by the 28 % bra nching ra tio (B H) 
error. In fact the experirnentnl rncaSllrcrncnt of BR.(J /,1/) -+ 71<:,) [24] that cleterrnines 

t.his error is based on only::: 30 evcIlts. Accordillg to Table 6 one lnay expect, the present 

st.atistical error of 2.3kc V 011 r TY( TJe) as Illeasnred by L3 to be reduced to ::: 0.6ke V at. 

LEP200, of the saDle order as the present (nun B R) systematic error and a factor of 4 

t.irnes srnallef than the current BIl syst,('rnat,ic error. Improved tests of QCD, sirnilar t,o 

that. described in Section 3 above, can he rnade onl,Y if much Illore precise rneasurements 

of the TJe branching ratios and to t al width heC()lne available. 

,liThe acceptance decreases \\'ith increa~iJ1g bearn cllergy due to increased collimation of the final state 

part.icles along the beam direction due to larger Lorentz boosts 

6for exarnple improved determination of the momenta and angles of charged tracks using the recelltly 

installed Silicon Microvertcx Drtector 
7This is, unfortunately, not the case for I.he detector at the high luminosity RES colLiricr at Reijing 
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Fig 7. iTt-7r+7r-7r- and J(+ ](- 7r t- 7r 
h ) L3 [6]. See text for discussion. 

b) 

~~~
2700 2800 2900 

~ ~J ,n n__ 
.1000 .1100 3 1. 00 .1300 .1<00 

Mass (MeV) 

effective nl!lSS distriblltions from a) CLEO [13}, and 

Cornell 5 13 0.69 9.0 
LEP100 45 95 0 .33 31.4 
LEP200 gO 136 0.27 36.7 

Tr:l. hIe ;): Cross- sec tinns for 7]r. prod lIC Lion. Th~ accep Lan cc A IS calclllatcd for t,hr. 
7r+]f+7r-7T- st.at.e ,vit.h t.he cuts: 16° < Orr < 164° , pj. > 80 11fl': 1". 

Decay channels I L BR % I AXf % I # Events II 
-

'7c 
1/~ 

7.1 
3.6 

as L3 
(1S L3 

r
11 
II? 

as L3 
as L3 

290 
80? 

Xr.O 1.3 2( 7r+ 7T"-) 
J(+ k--7r+ 7r

p0 7r+7r 11 10 70 
3(7r+7r-) 
](](* iT 

-
Xr2 1.3 2(rr+7T"-) 

](+ ](-7r+7r 5.3 10 170 
3(7r+7r-) 

,(.J/,ljJ ~ c+e-, Il+,t-) 1.6 20 IO'! .-

Ta bk G: EstiHl<lJes of Charnlolliuni prodnct,ioll at LEP200 wit.h ..jS = I80G~ 17, L [. = 

500pb- t. A = acceptr:l.ncc: f = efriciency. 

10 



\Vit.hOllt, nlC(1S11rCITH'nt.s of t.he pr()cillct hr(1[lcbillg r(1t,io: 

for differcnt decay ch(1nncis D: of t.he 7/~ it will not. be possiblp to det-errnine f-y-y ('7~). III 
this casc the only rnc(]surernents of physic<11ini,ercst. (1re the BlOSS of the 1]~ and the relative 
hr(1nchiIlg rat.ios of different decay channels. 

7 	 Estimates of Hidderl Beauty Production in rr Col
lisions at LEP200 

Est.irnatcs of the two ph ot()n r<lciiat,ive widt.hs of hiddcn beauty stat,cs can he lnade, in 
t.he non-rciat.ivistic qllarknnium nl0d('l, in <1 sinlili1r way as for t,he 1]e in Section 3 above. 

For the 1]0 and X')2(lP) states one fillcls: 

r -y-y (176) (6)
C~p. (1') 

r -y-y (Xb2(lP)) (7) 
r gaCYw(lP)) 

Using t.he experirnental widths [5]: 

and assnming [18] a.,(Afo) = 0.21 the folluwing cstilnat.es of the radiat.ive widths cHe 

obtained: 

f-y-y(77/}) O.5kr:V 

r -y-y(Xb2(IP)) O.09ke V 

The approximat.e formula [25] fo r t.he t.ot.;:d cross-section for the prodllct.ion, in phot.on 

photoIl collisions, of a narrow resonance R: 

leads 	t.o t.he estilnates: 

+ - + -)(J (C C ~ 171)r: c O.28pb 

(J(e+c- ~ Xb2(IP)c+e-) 0.20pb 

11 
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For L L = 500pb- L and a cornbiItp.d branching ratio x acceptance x efficiency of 10 % 
only ::= 10-15 events are expected. By c0l11hin ing rnany channels it rnay be possi hie t,e) 

observe the rIb and IneaSllre its mass. The fCflsihilit.y of this depends strongly 011 the 
background level. IHore detailed studies, such ns t.he QCD t.ests which are possible with 
charrnoniun are cleflrly excluded. 
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