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fo0(1370) Decay in the Fock-Tani Formalism
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We investigate the two-meson decay modes for f(1370). In this calculation we consider this resonance as a
glueball. The Fock-Tani formalism is introduced to calculate the decay width.
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I. INTRODUCTION

The gluon self-coupling in QCD opens the possibility of
existing bound states of pure gauge fields known as glueballs.
Even though theoretically acceptable, the question still re-
mains unanswered: do bound states of gluons actually exist?
Glueballs are predicted by many models and by lattice calcu-
lations. In experiments glueballs are supposed to be produced
in gluon-rich environments. The most important reactions to
study gluonic degrees of freedom are radiative J/y decays,
central productions processes and antiproton-proton annihila-
tion.

Numerous technical difficulties have so far been present in
our understanding of their properties in experiments, largely
because glueball states can mix strongly with nearby gg reso-
nances [1],[2].

The best estimate for the masses of glueballs comes from
lattice gauge calculations, which in the quenched approxima-
tion show [3] that the lightest glueball has J©¢ = 0% and that
its mass should be in the range 1.45 —1.75 GeV.

Constituent gluon models have received attention recently,
for spectroscopic calculations. For example, a simple poten-
tial model, namely the model of Cornwall and Soni [4],[5] has
been compared consistently to lattice and experiment [6],[7].
In the present we shall apply the Fock-Tani formalism [8]
to glueball decay by defining an effective constituent quark-
gluon Hamiltonian. In particular the resonance fy(1370) shall
be considered.

II. THE FOCK-TANI FORMALISM

Now let us to apply the Fock-Tani formalism in the micro-
scopic Hamiltonian to obtain an effective Hamiltonian. In the
Fock-Tani formalism we can write the glueball and the meson
creation operators in the following form
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The indexes o and P are the glueball and meson quantum
numbers: o = {space, spin} and [} = {space, spin, isospin}.

The gluon creation a}, and annihilation ay, operators obey the
following commutation relations [a,,ay] = 0 and [a,,a}] =
O,v. While the quark creation q:ﬁ, annihilation ¢, the an-
tiquark creation qi and annihilation g, operators obey the
following anticommutation relations {g,,qv} = {Gu,qv} =
{‘htaq_v} = {qy,éi} =0 and {Q,ua‘]\T/} = {‘jmq:r/} = 8,uv' In
(1) @ and W& are the bound-state wave-functions for two-
gluons and two-quarks respectively. The composite glueball

and meson operators satisfy non-canonical commutation rela-
tions

[Gaiy Gp] =0 3 [Ga,, Gf) = 8op +Agp

[Mo,Mp] =0 ; [Ma,MB} =8¢ +Aop ()
The “ideal particles” which obey canonical relations

(8:8p] =0 3 [80,8h) = Bop
[ma,mg] =0 ; [mmmg] = 8¢p- 3)

This way one can transform the composite state |a) into an
ideal state |a), in the glueball case for example we have
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where U = exp(tF) and F is the generator of the glueball
transformation given by
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o
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In order to obtain the effective potential one has to use (4) in a
set of Heisenberg-like equations for the basic operators g,G,a

dGy(t
dt
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The simplicity of these equations are not present in the equa-
tions for a

day(t) _
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The solution for these equation can be found order by or-

(0)

der in the wave functions. For zero order one has a,’ = ay,
gg)) (1) = Ggsint 4 gg cost and Géo)( 1) = GB cost —ggsinz. In

the first order g&” =0, Gé )~ 0 and a,, ( ) = \fdf'va\;gﬁ
If we repeat a similar calculation for mesons let us to ob-

tain the following equations solution: qf,()) = qu, q‘,(lo) = Gu,

g (1) = ¥4 glmg and g, (1) = =4’ glm.

III. THE MICROSCOPIC MODEL

The microscopic model adopted here must contain explicit
quark and gluon degrees of freedom, so we obtain a micro-
scopic Hamiltonian of the following form

H=g / dxd>y ¥ (X)PyAY (R xz ¥(x)
T3 by 7‘17
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Where the quark and the gluon fields are respectively [9]
Z / d3k

$)q(k,s) +v(—F,5)q" (—F,5)]e* (6)

and
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We choose this Hamiltonian due to its form that allow to ob-
tain a operators structure of this type ¢'g'¢"g"aa.

£

IV. THE FOCK-TANI FORMALISM APPLICATION

Now we are going to apply the Fock-Tani formalism to the
microscopic Hamiltonian

Hpr =U 'HU (8)

which gives rise to an effective interaction Hpr. To find this
Hamiltonian we have to calculate the transformed operators
for quarks and gluons by a technique known as the equation
of motion technique. The resulting Hpp for the glueball de-
cay G — mm is represented by two diagrams which appear in
Fig. (1).
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FIG. 1: Diagrams for glueball decay

50

— G—>mnn
40 | ——- G —>KKbar
G->nn
30
S
()
£
—
20
10 +
0 i e L
0 0.2 0.4 0.6 0.8 1

B (GeV)

FIG. 2: Decay width for f,(1370)

Analyzing these diagrams, of Fig. (1), it is clear that in the
first one there is no color conservation. The glueball’s wave-
function ® is written as a product

Bl =y Cr B, ©)

XX’:V is the spin contribution, with Ay = {S¢, S5}, where Sg
is the glueball’s total spin index and S the index of the
spin’s third component; C*¥ is the color component given
by % & and the spatial wave-function is

Bubv _ s(3)(B = = 1\ L (5p)
q)pa = 8" (Py— Pu—Dv) ) e % - (10)

The expectation value of 7> gives a relation between the rms
radius ro and B of the form B = +/1.5/rp. The meson wave
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function W is similar with parameter b replacing . To deter-
mine the decay rate, we evaluate the matrix element between
the states |i) = g&0) and | f) = mmy|0) which is of the form

(f | Her | i) = O(Pa

The hy; decay amplitude can be combined with a relativistic
phase space to give the differential decay rate [10]

— Pp — Py)hyi- (11)
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After several manipulations we obtain the following result
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Finally one can write the decay amplitude for the fj into two
mesons

51202 PEy E 1\?
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where
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with m, the u and d quark mass and m; the mass of the s quark.
The decays that are studied are for the following processes
f—mn, f — KK and f — nn. The parameters used are
b =0.34 GeV, my = 0.33, my/ms; = 0.6, o, = 0.6. Experi-
mental data is still uncertain for this resonance. There is a
large interval for the full width I" = 200 to 500 MeV and the
studied decay channels are seen, but still with no estimation.

V.  CONCLUSIONS

The Fock-Tani formalism is proven appropriate not only for
hadron scattering but for decay. The example decay process
fo(1370) — @aw; KK and Mn in the Fock-Tani formalism is
studied. The same procedure can be used for other f (M) and
for heavier scalar mesons and compared with similar calcula-
tions which include mixtures.
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