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Summary

The decay constants of pseudoscalar mesons and scalar di-
quarks are calculated in an approximated way within a quark

model developped previously.
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1. Introduction

The quark-diquark picture of baryons has been recently shown
to be a viable and appropriate description of light and heavy
hadron spectroscopy within a relativistic scheme (') . This pic
ture is being presently extended to take into account also the
decay widths(?). Among other things, this extension could be
important to shed some light on the pbssible existence of two
charmed baryons A: which are predicted to exist within the
quark-diquark picture(®) (some estimates of the AZ decay ex-
ist (%) based on a non relativistic approximation of the wave
function of three quarks at the origin). To this aim, the pre
liminary task is to provide an estimate of the diquarks decay
constants.

In this paper, we begin by analyzing the decay constants of
pseudoscalar mesons and scalar diquarks using a non-relativistic
limit of the equations developped in ref. 1. To avoid diffi-
culties and ambiguities, we take raticos of decay constants so
as to refer all of them to a basic one (that of the pion). The
formalism of ref. 1. does, in principle, allow one to evaluate
also the decay constants of vector mesons and diquarks as well

as of baryons. This will be done in subsequent work.

2. The decay constants and the wave function at the origin

The fundamental ingredient to evaluate the decay constants

in the nonrelativistic limit is the celebrated formula of Van
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Royen and Weisskopff which is written, in the pseudoscalar case( %)

G. [v_(0)
(2.1) £ =2—%——'—-l‘i—a—l
P Gy VM
p

where GG and GA are the renormalized interaction constants of
quarks for vector and axial couplings; wP(O) is the wave func
tion at the origin and Mp is the (pseudoscalar) meson mass.
Recently(?*’®), a relativistic, spin dependent equation has
been proposed for dealing with the spectroscopy of quarks of

current (or bare) mass m m

17 72

(2.2) [-V2 4 2uVS—(ER—V)2 + (mR+S)2] Y =0

where, as discussed in ref. 1.,

Wz—(mi-}m;)

E =
R 2W

and

are the relativistic generalizations of the effective energy
and reduced mass(’), respectively (W being the total energy in the
c.m.). We shall see later on the importance of using My in our
calculation. V(r) is the (Coulomb-like) part of the potential

which simulates one-gluon exchange and transforms 1like the

time component of a vector
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(2.3) Vir)z |88 L=Ar v, ﬁl-ﬁz
27 rin)r

(A being related to the QCD scale parameter A by A=A exp (y)
where y is the Euler Mascheroni constant). S(r) is the confining

part of the potential which transforms like a scalar,

(2.4) S(r) = -[ﬁlxiAEle] FoF,
27 ZInlix

In (2.3,4), %1 and fz are the color SU(3) F spins of the two

interacting quarks. For a quark-antiquark system in a singlet

%1-§2==—4/3 whereas §1-§2==—2/3 for two quarks to form a di-~-

guark in a 3 representation.

In (2.2) ¢ is defined as

(m1+S(r)/2)(m2+S(r)/2)

(2.5) u =

m1+-m2+ S(r)

and <mi+S(r)/2> are the effective (constituent) quark masses(').

Finally,

9192 Gapnae vir) 3% .3

(2.6) V. = - 5,
2u 3(m1+m2+S(rn

S

is the spin-dependent potential where §1, S, are the spins of

2
the two particles and 94 and g, are the g factors which arise
for the color magnetic moments of the two particles.

In the above mentioned formalism, the evaluation of Y (0)

is technically complicated by the fact that eg. (2.2) has a singu-

larity at the origin which is only logarithmically less singu
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lar than 1/r?%. If, in fact, the bound state Coulomb problem
is solved with a relativistic wave eguation, the wave func-
tion is singular at the origin(®). In the case of (2.2-6), as-
ymptotic freedom reduces the degree of singularity at r=0 but
only by means of logarithms. This implies that although Y (0)
is finite in our case extreme care must be paid on how to
proceed in its evaluation(?). An alternative way to overcome
the above difficulty is the one that we propose to follow in
this paper. Our recipe is: 1) to take -the non-relativistic
limit of (2.2) and, ii) to evaluate only ratios of wave func
tions at the origin. The determination of all decay constants
will therefore be made in terms of a basic one (and only one)
inserted from the outside and to which all the others will be
referred. This procedure, while greatly reducing the above
mentioned technical difficulties should also bypass the am-
biguities connected with the evaluation of the wave function
at the origin.

Going now back to equation (2.2), we take its nonrelativistic

x2

limit P ::Eé—m§=0 (implying ER=nm) in the spinless case

(V4=0) . Neglecting V? and s? we get

(2.7) [-V2+2mRU(r)]UJ= 0

where

(2.8) U(r) = V(r) +S(r) = _Fl.ﬁz 6w ii:lEli_kv
27 rln)r ©

Around r = 0 the dominant contribution to U(r) is of the

o AF '
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Coulomb form 1/r which leads to

(2.9) lw(o)y| = x /mC

where K is an undetermined constant and

(2.10) c = -F -F, 22T
27

_ lém _ 8m .

(so that Cpseudoscalar’ =55 and Cdiquark = 27) . We checked numeri

cally that in the region where

differs significantly from
rin\ix
1/r the wave functions is already significantly smaller than
at r=20.
We should also mention that to obtain the value of K we

should have to solve the equation (2.7) up to r >, thus in

the region where our approximation fails badly.

3. The ratios of decay constants (pseudoscalar mesons)

In eq. (2.9) we have obtained the wave function at the ori-
gin as the result of some approximations and few comments are
in order. First of all, we notice that the reduced mass my
which appears in (2.9) was defined previously in terms of the
bare (current) guark masses m. and of the invariant mass of
the system W which was evaluated in ref. 1. for the various con
figurations. The result (2.9) has been obtained in the non-

-relativistic approximation and doubts may be raised on the

validity of such an approximation in the light meson sector.
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If, however, instead of fp (eg.(2.1)) we demand only ratios

of decay constants such as

£, |y T /mb AL

(3.1) -2 2
£, |y, 0] /M /mPt M
P p P R P

the approximations made may become much more acceptable and
these ratios are expressed entirely in terms of current quark
masses and of their bound states. Therefore if the meson P(P')
is made of a quark-antiquark pair i, j (i', 3'), using the de-

finition of my in (3.1) we get

(3.2) B. B f_ i

Notice that fp/fp, is expressed intirely in terms of ratios
of current quark masses and of their bound states which are
less model dependent than the masses themselves (). Equation
(3.2) is our main result which we now apply to evaluate all pos
sible ratios of decay constants for all pseudoscalars(wi,Ki’o,Di'O,Fi).

A few examples follow

/
fki _ M’TTi m ) fko _.M’IT_ s
£+ ) n. £t Mo/ m
- Mk_ 4 £ Mko m
(3.3)  {
Tpr oy s Epo o+ £+ M+ /mm
c _ _m /e | c _ ﬂ_//ﬁz . _F Tm S ¢
\ £+ M m £+ M my fr M_% m.m

T D= u T D°
C C

but other ratios could be considered such as
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h

(3.4)

i
~e
{
.
.
.

4. Numerical results (case of pseudoscalar mesons)

In the above formulae (3.3,4) we take the physical wvalues(®)
of the pseudoscalar meson masses whereas for the quark masses

we take (1)

175 + 55 Mev

1.5 Mev m

=]
I
wl
'—-I
+

(4.1)

2.6 Mev m 1.27+0.05Gev

=
]
o]
L]
©
I+

'fkt £ 0 £po £pt

= 1,25 ; = 1.64 ; S - 0.89 ; —< =1.18
£ £+ £+ £ =+
™ iis il il

th fkt ng fDO =0.54
(4.2) { = 4.83 ; = 0.76 ; = 0.72 ; —
fﬂi fko fko fko
fDi fD° £t £p2

= 0.94 ; € -0.71 ; = 3.85 ; —= = 1.32...

\fki fkt fki fDo

If we now inject, as a further information the well deter-—

mined experimental value ()

(4.3) fﬁip = 131.75+ 0.13 Mev
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we get the absolute predictions

'fki - 164.69 £ 0.16 Mev

£L0 - 216.07+0.21 "

(4.4) { £+ = 155.47£0.15 "
C

fro = 117.26+0.12 "

| £p* = 636.35:0.63

Using the same experimental value (4.3) for fﬂi we can how
determine the constant k in eq. (2.9). With some trivial al-
gebra and taking into account the color factor (V/3) missing in

(2.1) we have

3 ex MTri
(4.5) k = —— fo4F
g8/m /m my
which gives
(4.6) k = 0.58 Gev

5. Diquark decay constants

The above results enable us now to go back to the diquark
model(!). Indeed we can extend our predictions to the diquark

decay constants. To this aim we apply again eq. (2.9) where,
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as already mentioned, C /C =1/2. Furthermore,

diquark’ “pseudoscalar

in the case of diquarks, we shall take the diquark masses as

calculated in ref. 1. We also denote by M and M

M(i,]) D(i,])

the masses of pseudoscalar mesons and diquarks with the same

guark content. We then have

PSR S (£ 51
D(i,]) /5 M(i,]) M
D(i,j)

(5.1)

For example, using(!) M 1895 Mev, 531.Mev,

Dlcu) = ™p(cd) = My (ud)®

MD(us)— MD(ds)= 807.Mev, and using our previous results, we

get

fD(cd)z 108.04 + 0.11 Mev
fD(cu): 82.08 +0.08 "
fD(ud): 24.49+0.02 "
fD(us)= 71.45+0.07 "
fD(ds)z 94.38 £+ 0.09 "

for which, however, it was assumed m =m which should not

d’

be very serious shortcoming.

6. Concluding remarks

In this paper we have presented an approach for evaluating
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hadronic decay constants within the general relativistic scheme
of ref. 1. This has been done using a non-relativistic limit
and referring all calculations to the fundamental input con-
stant fﬂ circunventing difficulties and ambiguities present in
the general case, in the hope that the general results be main
tained in a future relativistic calculation. Very important was,
in the present case, the use of the reduced relativistic mass
instead of its nonrelativistic limit u::mlmz/(m1+m2).

Other calculations('?) within potential models have already
been proposed, without, however, being careful to take all the
precautions we have discussed here. Besides we have only one
undetermined constant. Thus the value fki =1.25 fﬁi (see 4.2)
predicted in our scheme is in complete agreement with experi-
mental results,

The inputs used have been, the pion decay constant fﬂ, the
current quark masses, the experimental pseudoscalar masses and
the calculated diquark masses(?!).

Notice that different values were obtained for the decay
constants of neutral and charged mesons in agreement with ex-
pectation in current algebra calculations(?).

It is also quite interesting that our results (3.3) are com
patible, and in fact, in agreement, with results obtained within
QCD sum rules calculations(!*). In particular, the first of
our equations (3.3) coincides with eq. (6.25) of ref. 14.

2 2
Ms M Kk

2 2
d Mﬂ fﬂ

= e m—

m

(see also eq. (6.33) of ref. 14. as compared with - the third
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of eq. (3.3) above).

In conclusion, we have developped a scheme of approxima-
tions within the approach of ref. 1. to derive decay constants.
This has been applied so far to pseudoscalar mesons and scalar

diquarks. We plan to extend the calculation to take into ac-

count also vector mesons and baryons.
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