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A form to describe hadron strong decays is in terms of quark and gluon degrees of free-
dom in microscopic decay models. Initially we assume that strong decays are driven by
the same inter-quark Hamiltonian which determines the spectrum, and that it incorpo-
rates gaussian confinement. An A — BC' decay matrix element of the JKJ Hamiltonian
involves a pair-production current matrix elements times a scattering matrix element.
Diagrammatically this corresponds to an interaction between an initial line and produced
pair. In this work we apply the model to the light meson sector and calculate the decay
rate, comparing with the experimental values.
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1. Introduction

Historically, the quark model calculations were used to describe the hadron spec-
trum. In particular in 80’s this method was used by Oka and Yazaki for the calcula-
tion of the NN scattering with quark interchange. In the 90’s the quark interchange
techniques to meson-meson and baryon-baryon scattering were extended by Barnes
and Swanson (Ref. !) and Hadjimichef et al (Refs. 2~1). Recently these techniques
were applied to meson decay, glueballs and other exotics.
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In the present work we shall use the Fock-Tani formalism to obtain a decay
amplitude for vector mesons p.

2. The Meson in the Fock-Tani Formalism

In the Fock-Tani formalism we can write the meson creation operators in the fol-
lowing form M) = (Dqult(ﬂ,, where ®~" is the bound-state wave-function for two-
quarks. The quark and anti-quark operators obey the following anti-commutation
relations

{quvql/} = {qwa/} = {qw@/} = {qmql} =0,
{(I,uvq)]:} = {@qult} = 5#1/ . (1)

The composite meson operators satisfy non-canonical commutation relations

[MOHMB} =0, (2)
and
[Maa Mg] = 60(,8 - Aaﬁ ) (3)
where
Ang = P10 qlq, + PN T (4)

The idea of the Fock-Tani formalism is to make a representation change, where
the composite particles operators are described by operators that satisfy canonical
commutation relations, i. e., which obey canonical relations

[Ma,mgl =0, (5)
and
[0, mb] = Gag (6)

where m/, is the operators of the “ideal particles” creation. This way one can trans-
form the composite state |«) into an ideal state |a). The transformations are given
of the following form

o) = Je) =U" o, (7)
and
O~ Opr =U'OU, (8)
where the U operator must be unitary so that
(ala) = (ala) , (9)
and

(@]0]a) = (a|OFpr|a) . (10)
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In the meson case for example we have
U=t Mf|0) = m{]0) = |a), (11)
where U = exp (tF) and F is the generator of the meson transformation given by
F =miM, — M/ m,, (12)

with

%®:Z~ﬂﬁ (13)

3. The Microscopic Hamiltonian

The JKJ Hamiltonian is given by

= [ @adyl @KL - DI @), (149

with
TE) = o (&) (Th)as U5 (), (15)

where
TH = Ar @ C,, (16)

and A* is related to the v* matrixes (Ref. ). The expression of the Dirac quarks
field is

Vol@) = sy [ @Bl (Baa(B) + oo Bl (17)

(2m)
After some algebraic manipulations we found
H; = Vogaldbalas — Vagal@tabau , (18)
where
1 . L
Vag = 207 /dgk'l Ak d*ks d°kad (ks — ks + k1 + k2)
x [ D26 — 1) + D i + )| { [l (O)s sl (T2} (19)
1

wﬁ:ﬂﬁﬁ/fhﬁ@fmeM@—m+h+b)

x | Dl (s = k) + Dty + 82) | { [ (T)ases]lu] M)z 1val} . (20)
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We are interested in the calculation of hy;. Applying the Fock-Tani transforma-
tion on the interaction Hamiltonian H; we have

(f | Hpr | i) = 6(Pa + Ps — Py)hy;, (21)
where,
| f) = mbm, 0), (22)
and
| i) =ml | 0). (23)

Calculating the transition matrix we find
| Hpr | 8) = Vig (s op) (4 0f + B 007 — Dl — ahia ) o
+ Vi (w3 0p) (L2 + DB — DLPOY — DD ) 917, (24)
where the ground state wavefunction can be expressed as
L = 6(Pa — by — k) ek, by )x6" 66" CL" (25)
with o(k,, k), x4, &4 and CHY, being respectively space, spin, flavor and color
wavefunction. For this work we consider the following process p — w7 of the light

sector, with p meson at rest. Then P, = 0, P3 = —F, and only the confinement
term will be considered ((T'#1)y; = T94).

4. The Confinement, Flavor and Color Factors

In this work we consider that the confinement is gaussian

Deb, (ki + ky) = Ae™Btk)* (26)

1v1

where A and B are the gaussian parameters. The space wave function is already a
gaussian

3/4 k)
(k1 ko) = (2) e s (27)
b

The flavor factors are f1 = f; = —1/v/2, fo = f3 = 1/4/2 and the color factor is
C =2%/3%2. Then

hyi = C(fihygi, + fohgi, + fahypi, + fahyi,) - (28)
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The full expression for hy; is

3/2 3/2
41 11N\ o« ™
hf,ZC{ 3ATaTb7 (2) ( 1 ) 232
V2 (27) 2my \ 7B z=+B (ﬁ-i—B— 133%2)
2 - 2 2
o | CALIOBE) P +iPy) | —itidls | (29)
4+ 12Bp?
The decay amplitude for this process is given by
drpﬁﬂ.oﬂ.+ EoFE _+
— LRI =2 P | by |2 (30)
ds) M,

of where finally we obtain

3
. p2psBnnBrr p4 1 (1 oz
=27 — A — | — -
pomom M, 34 m2 \ np? L+B

3

X

2 2 2
1 _ [(5+ 16352)} o~ iostRE | (31)
(ﬁJrB_%) 44 12Bp
Adjusting the theoretical result to the experimental data of this process, we
find T' = 149.4MeV (Ref. %), being used for the parameters the following values:
A =450 GeV, B =5.55 GeV~2, m = 0.33 GeV, M, = 0.138 GeV, M, =0.77 GeV
and f =~ 0.3 — 0.4 GeV.

5. Conclusions

The Fock Tani formalism is proven appropriate not only for hadron scattering but
for decay. The next step will be to apply the model for all the light sector and
compare with other models and experimental data.
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