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ABSTRACT

We propose a natural generalization to the case of unequal
constituent masses of the formula which gives the correct decay
constants for vector mesons of the quarkonium type. Within the
philosophy where diquarks are used as baryonic constituents, this
allows us to evaluate the decay widths for all vector particles
both mesons and digquarks to be used later on the calculate the

baryon lifetimes.
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In a recent paperl, we have evaluated the decay constants
of pseudoscalar mesons and of scalar diquarks considered as
bona fide particles. This is done following a philosophy where
baryons are considered as quark-diquark systems much in the
same way as mesons are quark-antiquark objects. The actual re
alization? of this scheme has shown its viability in providing
an accurate description of the hadronic spectrum both in the
mesonic and in the baryonic sector from light to heavy masses
using a relativistic equation of the Todorov type®. To complete
the proof that diquarks are convenient tools in describing the
baryons, one needs also to estimate their decay constants and
the result of ref. 1 is a first step in this direction. The
next step would be the discussion of axial-vector diquarks. Un
fortunately, the method used in ref. 1 does not lend itself to
an immediate generalization to the case of vector particles owing
to the spin complications of the problem. As it is well known,
these complications are quite substantial and we will proceed
in a heuristic way to bypass them. As we will see this can be
done in a rather simple way be introducing an Ansatz consis-

> and with the heuristic

tent both with sum rule calculations"”’
expression for the wave function at the origin obtained from
the Van Royen-Weisskopff formula®. The Ansatz relies on the
use of relativistic variables appropriate to the case of quark
-quark and quark-antiquark states with unequal masses. This
will allow us to evaluate the decay constants of all vector par
ticles both mesons and diquarks in terms of the meson masses
using the diquark masses calculated in ref. 2. The knowledge
of the axial-vector diquark decay constants is particularly re

levant for getting the lifetime of particles such as the AZ
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which in a quark-diquark scheme’ is dominated by the contribu-
tion of axial-vector diquarks. This point will be considered in
a subsequent paper®.

The leptonic width of vector mesons of the quarkonium kind

is given by the Van Royen-Weisskopff formula as®’’
3 to—y - 2 ~2 2 fax2
To(n®s; > 2727) = 16ma® 0} |v_ (o) /M2 (1)

where a colour factor of 3 has been properly inserted in eq. (1)
as compared with the derivation of ref. 6. In eq. (1), o is the
fine structure constant, MV is the mass of the vector particle
in the state n3s1 and Qj is the charge of the j-constituent quarks.:
wn(o) is the wave function of the bound qgq system at the ori-
gin.

The experimental data for all vector mesons of the quark-
onium type are known to be consistent with the empirical rule’®

r V-+e+e—)/Q§ = const = 12 KeV (2)

e(
which follows from the data as one can see from Table I. The
latter shows that although the values for Fe vary over well one
order of magnitude, the ratios Fe/Q§ present very small varia-
tions as compared with the mass differences involved.

The above considerations imply for the case at hand

ly ()] = & m (3)

v

Inserting eq. (3) in the formulal’ fv,=2V§ [\U(O)|/VMV for
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the decay constant of vector mesons, one has

1/2
v

f = 2/3 KM (4)
V .

where K is the proportionality constant in eq. (3).
The above result, however, is only valid in the case of
vector mesons of the quarkonium type. In the case of quarks of

unequal masses m, # m sum rule calculations differ from the

2’
above estimate (eq.(4)). For instance, sum rules with U(6) wave

functions"® give the relation

£ m,, m?
—2 = 14,3 X — > 1 (5)
K* mp mK

(contrary to what one would expect if eq. (4) were valid).

Similarly, QCD sum rule calculations give®

Hh
Hh
*

Hh

*
b~ .2 D . D (6)
£ ££,

fK*

where both fD/fK and fD/fw are of order unity' in striking con
trast; again with eg. (4) if applicable.

These considerations suggest that a generalization of
eq. (4) is needed in the case of vector mesons made of gquarks
with unequal masses.

In the quarkonium case, the masses of the constituent
quark and antiquark being the same, the c.m. of the system
coincides with 1i&s origin and the effective bound state
mass seems an appropriate variable to use: the heavier

this mass, the larger the probability that the quark —antiquark
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system be found in its center of mass (i.e., the 1larger the
wave function at the origin). When the constituents have une-
qual masses, however, the c.m. does not coincide with the ori
gin and the effect becomes more and more important with the in
crease of the mass difference of the constituents. We  corre-
spondingly expect the probability of finding the system at the

origin (i.e. |wn(o)|2) to decrease as Iml-m increases. This

|

leads us to conjecture that in the case ml;é m the mass of the bound.

2’
state Mv is not the proper quantity to use in (4) but should be
replaced by an appropriate relativistic variable which reduces
to Mv/2 in the quarkonium case. We want to argue that the prop

er generalization of eq. (3) to the case of unequal constitu-

ents is
lv(o)| = 2K (Ep+ mp) (7)

where ER and m, are the effective energy and effective mass (or
the relativistic reduced mass) which enter into Todorov's e-

quation® and which are defined as

2 2
W —(m1+m2)

2W
(8)

where W is the c.m. total energy and m m, are the constituent

17 72
masses. K is the same factor as in eq. (3).
It has already been stressed in previous papers'’?  the

importance of using the above variables when dealing with a
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relativistic equation in order to obtain both the proper ha-
dronic mass spectrum within a quark-diquark scheme? and the cor
rect estimates for the decay constants of pseudoscalar mesons'.

From (8) we notice that

E -ém = (9)

has exactly the property we expect 'w(o)| to have on the grounds

of our previous intuitive discussion, namely to decrease at

given W when |m1--m2 becomes large and to reduce to M&/z in
the case m,=m,. We are therefore led to generalize eq. (3) to
eqd. (7) which we take to be our main Ansatz. Inserting it into

Kraseman's equation?!’ £ = 2/§]w(o)|//ﬁ;, we are then led to re-

place eq. (4) by
£, = 2/3 2K R R (10)

which reduces to (4) in the quarkonium case.
To proceed, we now fix first of all the proportionality fac-
tor K in eq. (10) by using the experimental value for the lep-

tonic decay width of the ¢ meson. This gives
K = 2.12 (Mev) /2 (11)

Using now the experimental mass valuesllep=77OMeV,M 892 MeV,

K*~
MD* = 2010 MeV and MF* = 2040 MeV and the current quark masses!?
m = 5.1 MeV, my = 8.9 MeV, m_= 175 MeV and m, = 1270 MeV, we get

the following decay constants
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200 Mev

n

f = 204 Mev

h

(12)
236 MeV

Hy
*
I

fK*f 212 MeVv

These results are, for what said above, in automatic a-
greement with the data for vector mesons of the quarkonium type
but represent a generalization of the naive eqg. (4) to the case
of unequal constituent masses.

We can now proceed to evaluate the axial-vector diquark
decay constants by just replacing the vector meson masses in
the previous calculation with the diquark masses evaluated pre

viously by Lichtenberg et al?. (i.e., with M(l)ézM(l):=820MbV,

uu dd
M(l) :.M(l) = 892 MeV and M(l) = M(l) =1910 MeV to obtain
sd su cu cd

£(1) . 508 Mev

ud
£1) 2212 Mev (13)
sd
£(1) 2181 Mev

cd

With the above results, we could now obtain the decay am
plitudes of axial-vector diquarks which would have the same ex
2
pression as that well known for p* > 4£F +v (T + =G g2 3,
pr>Lv o 7o TP
This amplitude in the case of heavy diquarks is presumably the
leading contribution of the process known as W-exchange for ba

ryons decay. We shall come back to this problem in a forth-

coming paper®? discussing the lifetime of the charmed baryon

-+
AC.
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TABLE I

Empirical rule Fe/Q?
J

meson I, (Kev) Quark content Q§ Fe/QE(KeV)
0 6.5+0.5 ﬁ%(uﬁ-—da) /2 13+1
1 -
+ +
W 0.76 +0.17 73(uu-fda) 1/18  13.6 + 2.2
b 1.34 +0.08 ss /9. 12+0.72
J/v 4.9 £ 0.6 cc 4/9 11.1+1.3

Y 1.26 +0.21 bb 1/9 11.4

I+
=
O
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