


Tlicse corrections depend on tlie bcliaviour of the po- 
tciitial undcr Lorciitz traiisfor~natio~is. Tlie Coulom- 
biaii part of tlie potcntial, due to one gluon excliange, 
is vcctorial. Nevcrtliclcss, tlie coiifiiiing poteiitial docs 
iiot Iiave a Lore~itz structure knomn frorii first princi- 
plcs, but oiily iilforinatioiis from a pliciioinciiological 
poiiit of vicw. Tlie confini~ig potciitial lias bem con- 
siclcrcd in previous work5 as a misture of vcctorial and 
scalar coupling, i.e., 

Tlie confiiiing potciitial is purcly vcctorial for f = O 
aiid purcly scalar for f = I. Comparison witli expcri- 
mcntul data6 leads to a scalsr contribution for tlie coii- 
fiiiing potcntial of tlie ordcr of 50% to 60%. 

For liglit quark-aiitiquark systciizs tlie iionrelutivis- 
tic approacli is safe only if tlie ratio v / c  is sniall. As 
a mstter of fact, only tlie 16 sy s t c :~  fits nicely tlik ap- 
proadi, altliougli tlie c<: systeni may also bc considcrcd 
as acccptable. \\íitl~ tlie relativistic eqiiation 

((p - ( E ,  - A ) ~  + 26,V - V' + (in, + s ) ~  

Crater and Alstiiiel obtained tlie liglit aiid heavy me- 
son mass spectra taking into accourit only tiinc-like vcc- 
tor couplirigs (A = O, C = 1 aiicl V # 0) and scalar 
coupliiig. TIie espression for tlic intcraction V aiid S 
werc obtaincd witli tlie Ricliardsoii poteritial4. Tliis pc- 
tciilial, iil tlie nonrelativistic approxiinatioii, describcs 
only tlie lieavy meson spectroscopy, and is not adeqiiak 
Cor liglit mcson spectroscopy. Cratcr and Alstiiie cx- 
tcnded consistently tlie applicability oT tlie Ricliardsoii 
potential 10 liglit meson spcctra. 

111 previous work we liave uscd another potential to 
dcscribe the liglit aiid lieavy mcson spectra in tlie noii- 
relativistic aPprosimatioii5, Tlie same potcntial is uscd 
Iicrc ir1 the relativistic equation for two scalar particlcs. 
111 tlik scnse tlic obtained spectra is spiil-averaged. Tlie 
potcntials ivliicli appear iii Eq. ( 3 )  are dc-fined by 

\I1itli tliese potcntial functioiis Eq. (3) talrcs tlic for111 

a2 5a t  
-2<r,- - -5 + 

r r2 4r2(1Irr i- 2 ~ ~ ) ~  (5) 

+21:(~,(1- f )  + jm, + 
+K~[(L f - l ) r  +- 2m,C + C' i1, = L'+. I 

TIie parametcrs of tlie potential and cliiark masscs 
are fitted in a ivay sliglitly differcrit from tliat of tlie 
nonrclativistic case5. Iristead of givcn as inputs, Lllc 
quarks masscs are fitted togctlier witli tlie potciltial 
parametcrs. Again tlie paramctcr I\' is universal for 
a11 pairs of qiiark-antiquark. Tlie stroiig coupling is iiot 
coi;staiit but dcpcnds of tlic t r a~de r r cd  ii~omciitum aiid 
thc iiuiiibcr of flavors of tlie quarks 

Tlie xa le  paramctcr A is fixed by tlic bottomonium 
spectriim aiid )I/ assumes tlie valucs 5, 4, 3 and 2, for - 
tlic systeim bb, cc, s&, qq, rcspcctivcly. IIere q rcprc- 
sents a liglit quark u or d. Using Eq. (5) wc obtain 
f = 1, A = 0.118 GcV, Ir' = 0.740 CCI'~/', and b,  c, s, 
and ZL qiiark nmsscs of 4.5, 1.41, 0.337 niid 0.1G GcV, 
respectivcly, wlicrcas a,(G) = 0.187, a,(c) = 0.231, 
a,(s) = 0.324 aiid N,(u) = O.34G. C(q,?,) taltes tlie 
~ulues -0.275, -0.S00, -1.129 and -1.207 CeV, for tlie b6, 
cé, sii arid uü, rcspectivcly. C(qa@,) is fittcd as 

Tlie rcsulting spectra are slio\rn in tublcs Ia and 111. 
Tlic csperiinciital results for tlie statcs u i  aiid SE havc a 
striicture lSo aiid arc oiily s!ioirn as a liiiit to tlie \nlucs 
of tlie 3S1 statcs. Tlie masscs of t!ie botiiid states u6, 
sc, c6 are calcrilatcd usiiig (7). 111 Table I1 we compare 
our resuhs witli tliose obtained by Cratcr and Alstiiiel, 
and also wiili tIiosc obtaiiicd using a iionrelativistic ap- 
proacli. 

Tlie expressions for tlie leptonic aricl liadroiiic de- 
cays of tlie n3S1 states, iiicluding perturbative correc- 
tioris of QCD are givcn by7 
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Table Ia - Rfass spectra of tlie liglit aiid lieavy mesoiis, in GeV 

C(qa fa) 
1:; thcory 

esp 
2S thcory 

exp 
3S Ilicory 

exp 
4S tlieory 

exp 
5s  tlieory 

exp 
GS tlieory 

esp 
1P' tlieory 

esp 
2P ~lieory 

exp 
1Ci tlieory 

exp 
2D tlieory 

exP 

TuMe Ib - Mass spectra of tlie li& and lieavy mesons, i11 CeV 

C(qaG) 
1s theory 

exp 
2s  theory 

esp 
3s  tlieory 

ex p 
1P tlieory 

ex p 
2P tlieory 

exp 
1D tlieory 

exp 
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Table I1 - hlass spectrn of tlic liglit aiid heavy mesoils, iii GeV. \'alues willi a asterisk are 'So statcs 

No~lrelativ.~ Rclaiiv. Relutiv.' Esp. 



Table I11 - Leptonic and Iiadronic decay widtlis for tlie bottoinoiiiuin aiid cliarinoniuin S-statcs, in KeV. 

B o n r e l a t i ~ . ~  Rclativ. E X ~ . ~  

bb. cc bb cc b b c? 

Table IV - Radiative transitions in bottonlonium and cliarmoiiiun~, in KeV. 

Nonr~ l a t i v .~  Rclativ. E X ~ . ~  

b6 cc I b cc b b cc 



Our rcsults arc sliown in Tablc 111. For liglit ~nesons, tlie 
liadronic decay width is calculatcd froin QCD witliout 
pcrturbativc corrcctions. 

Tlic cxprcssioiis for tlie clcctromagnetic transitions 
iii tlic clcctric dipole approximatioiis are giveri byg 

and 

wlicre w is tlie energy of tlic pliotoii emitted and R ( r )  
is tlic norinalizcd radial wave functioii. Tlic rcsults for 
cliarmoiiium and bottoinoiiiuin fainilics are sl1own in 
Tablc IV. 

Comparison of tlic results obtaiiied i11 this work 
witli more rccciit cxpcriincntal rcsults6 sliows tliat tliis 
modcl dcscribcs wcll tlic riicsoii inass spectra. Tlie 
grcatcst discrepnncy takes place i11 tIie uEi aiid uS 
systerns. For tlie systcrn uü, tlie resonaiices ~ ( 1 4 5 0 )  
a i ~ d  ~ ( 1 7 0 0 )  are iiitcrpretcd as 2s aiid 3 s  statcs, re- 
spcctivcly, whereas for tlie ub system tlie resoiiances 
Ii '(1370) and I í t (1680)  are iiiterpreted as 2s and 3S, 
rcspectively. Uiitil 1988 tlie cxperiinental results Iiad 
furaislietl evidence tliat tlic rcsonance p(l600) was a 2 s  
state of tlie uü systcm. Since tlien, it is believcd tliat 
tliis resonance is.a supcrposition of tmo others, E(1450) 
and E(1700). Table I1 sliows tliat our results are com- 
patible witli otlier approaclics. 

For tlie bottomonium, the leptonic decay midtlis 
prcsent a better agreement with the experimental rc- 
sults than in tlie nonrelativistic case. Tlie same docs 
not liappcn witli the results for cliarmonium. As a mat- 
tcr of fact, this is expected since a nonrelativistic a p  
prosimation was done in tlie calculations of tlie 
lcptonic decay widths and consequently the rcsults 

for bottomonium are favored. \\'itli tlie approacli uscd 
hcre we do not obtaiii compatil>le rcsults betwccn cs- 
perimcntal aiid tlieorctical hadroilic dccays widtlis. Iii 
fact, oiir rcsults are worse tlian tliosc obtaincd witli 
tlie nonrelativistic approacli5. Tliis is probably duc to 
the way by viliicli tlic liadronic dccay wid~lis mcrc cal- 
culated Iiere. TIie criicial diffcrencc is tlic liadroiiiza- 
tion lVas macle takiiig as modcl siiiiilar calculations 
iii QED for tlie case of tlie tlirce-plioton dccay of 
tlie ortliopositroniuin. 1.1 bcttcr unilcrstandiiig of tlic 
Iiadronizatio~i proccss may coiitributc to improve tlic 
results. 

The rodiativc transitioii ratcs, iii tlic clcctric dipole 
approxiination, furnisli practically tlic samc rcsults for 
tlie l>ottomonium wlicn comparcd nd11 tlic nonrelativis- 
tic case. Ncvcrtlielcss, for tlie cliarmo~iiuin tlic rcsults 
obtained witli tlie relntivistic description are improvcd. 
Tliis fact sliows tliat tlic relativistic cf ic ts  are more 
impor tant for tlie cliarmonium. 
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