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LEPTONIC DECAYS OF VECTOR MESONS IN SIX-QUARK MODELS* 
S. FAJFER and Z. STIPČEVIĆ

Institute oj Physics, University oj Sarajevo, 71000 Sarajevo, Yugoslavia 

Within the six-quark sequential model and the assumption that heavy quarks do not mix 
we deduce the vector meson leptonic-decay ratios compatible with an empirical rule. A speci­
fied modification of Weinberg's first spectral function sum rule is implied. Received 5 October 1979 UDC 539.12 Original scientific paper We consider six-quark models with a charge assignment (2/3, -1/3, -1/3, 
2/3, -1/3, 2/3) for (u, d, s, c, b, t), respectively (This corresponds to what is usuallyrefered to as the sequential model (Harari 1978 0 and has gained wide acceptance through its connection with the sequential doublets of quarks and leptons in unified theories). The quarks are classified according to a 6-dimensional representationof S U( 6). Due to large mass differences among the quarks an interaction symmetryconnected with this group would be badly broken. We assume, however, that the electromagnetic current j�m transf orms as components of a regular tensor operator 
i: of U(6), i.e. of the direct product of the SU(6) and the baryon number group 
U( 1). Since the electromagnetic current never changes quantum numbers we demandthat j�m, as a linear combination of i:, contains a corresponding only to the labels of the S U( 6) x U( l )  diagonal generators, i.e. a = O, 3, 8, 15, 24, 35. The quarkcharge assignment and the choice of ,l-Iike matrices for the quark representation of the S U( 6) generators yields
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or 
(2) with coefficients given in Table I . 

TABLE 1. 

a o 3 8 15 24 35 

c: 
1 1 2 2 3

(3 j/j -v-6 i110 - J/15

It is assumed that the vector rnesons with vacuum quantum numbers: e0, w, <p, "P, T and , form a unitary mapping of quark-antiquark pairs: uu, dd, ss, cc, bb and ii. This necessitates the inclusion of yet undetected but broadly discussed veryheavy resonance C (e.g. Lichtenberg and Wills 1978) 2>. We sustain the assumption thac e0, w and <p contain only thc SU(3) triplet quarks u, d and s with the w-<p ideal mixing. The heavy qu, rks c, t and b composc hcavy resonances but cann.ot rnix, as notably evidenced by the succes�; of the quarkonium approach. The qm.rk in the 1(9.46) is taken as b on account of tht. recent rne,su1ements c�rricd out by thc PLUTO and DASP collabomtions whicb indic:Hc the chargc assignmcnt -+ (Be·rge1 ct al. 1978, Darden ct al. 1978) 3 '4>. 
So we have 

(3) 

with nonzero coefiicients: 
·1 

C(! =-G'1 =C"' =C"' =-
"" dd uu "" � 2' 

c: = q� = C;, = I.

Making use of the 6 x 6 reduction coefficients of SU(6) one can express vector mesons via the basis of the regular and the singlet representations. One gets 
I V> = c:1 a >, a = O, 3, 8, 15, 24, 35,

with coefiicients C!' given in Table 2: 
(4) 
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TABLE 2. 

o 3 8 15 24 35 
o 1 o o o o 
1 1 1 1 1 

V1 
o 

V1 J/6 Vio Vis 
(O 

1 2 1 1 1 
J/6 o -1r6 Vu ·v20 V3o 

tp 
1 3 1 1 

V6 .O o - -·· 
J/20 J/30 1/ 12

1 4 

V6 o o o - V20 V'JO
r 

1 

i76 o o o o 
- J/30

The electromagnetic decay of vector mesons into a lepton pair is given, in 
the zero width approximation, by 

r ( V + -) 4n a i 2 ( 2 ) -+ e e = -3 :i- Cv mv mv 

with the vector meson form factor Cv (p2) defined via 

(5) 

(6) 

The assumed current structure (2), vector meson composition ( 4) and the Wigner­
-Eckart reduction 

give 

4.n a2 
I'(V -+e+ e-) =--C2 /2 (m2 ) 

3mi V v, 

with coefficients Cv = � c: CJ given in Table 3. 

TABLE 3. 

I f!
0 I CJJ I rp I 1P I T I C I 
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Examining the experimental decay widths 
I'Qee = 0.0067 MeV, I I'wee = 0.0007 MeV, I',pee = 0_0013 MeV, {Particle Data 1978)I''l'ee = 0.0047 MeV.and the recently established I'-ree = 1.32 ± 0.09 keV (DESY, Fliigge 1979), whichfor comparison with the above values can be taken as I'ree = 0.0013 MeV, oneconcludes that satisfactory agreement with (8) implies the assumption that 

f 2 (m� )/mt is mass independent. Thus we have 
(9) or, equivalently, I'eee : I'mee : I''f}ee : I'"'ee : I'ree : I',ee = 9 : I : 2 : 8 : 2 : 8. (10) Noting the equality 

(11) 

which connects quark charges Q« with the coefficients C �' c: and c:"' one obtainsthe empirical rule (Flilgge 1979) 5> 
{12) We would like to make ·two comments. First, the expected decay width I',eeshould be comparable to the I'v,ee· In case, however, that instead it happens to be roughly equal to I' ree this would be an indication for Qt = - {, and consequentlythe quark charge assignment (2/3, -1/3, -1/3, 2/3, -1/3, -1/3) for (u, d, s, c, b, t) which, within S U( 6) quark classification, presents an alternative possibility. Thesecond comment concerns the implication of the mass independence assumption for f2 (mJ)/mJ, which indicates approximate validity of a Weinberg-type spectralfunctions sum rule 

I (!a 

��
2

) đm2 = const. (13) 

An appropriate analysis of the field theoretic origin of ( 13) could add to our understanding of the high energy approach to exact symmetry. 
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LEPTONSKI RASPAD VEKTORSKOG MEZONA U MODELU ŠEST KVARKOVA 
S. FAJFER i Z. STIPCEVIĆInstitut za fiziku, Unt'verzitet u Sarajevu, 71000 SarajevoUDK 539.12 Originalni znanstveni rad 

U okviru sekvencijalnog modela šest kvarkova i pretpostavke o nemiješanju teških kvarkovaizvedeni su omjeri leptonskih raspada vektorskih mezona koji su kompatibilni sa poznatimempirijskim pravilom. Rezultati impliciraju potrebu jedne specijalne modifikacije Prvog Wein­bergovog sumacionog pravila za spektralne funkcije. 
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