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In this work we have obtained an effective Hamiltonian to describe the strong decay of
pseudoscalar glueball, where the microscopic interaction between the constituent gluons
have been taking into account. The pseudoscalar glueball candidate we have considered
here is the X (1835) resonance. In our calculation the X (1835) was a pure glueball.
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1. Introduction

The X (1835) was subject of several works which have tried to set its internal
structure. The most investigated possibility is the baryonium (bound state pp) (see
Ref. 12). The pseudoscalar glueball is another possibility that was investigated in
the literature 3. On this way we shall calculate the X (1835) decay width considering
this as a pseudoscalar glueball. For this purpose we shall use the Fock-Tani formal-
ism that is an effective non relativistic field theory which consider the constituent

quarks and gluons inside the hadrons *.

2. The Fock-Tani Formalism

In the Fock-Tani formalism, the starting point are the definition of the compos-
ite glueball and meson creation operators. First, an operator that creates quark-
antiquark bound-state meson can be written as

M = @4 qlq), (1)
® is the bound-state wave-function and ¢f(¢") is the u, d, s quark (antiquark)
creation operator. The next step is the definition of the glueball creation operator,
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written as a two-gluon bound-state

Gl = f\m;" alal, (2)
U is the bound-state wave-function and a! is the gluon creation operator. The
gluon, quark and antiquark operators in the former equations satisfy the follow-
ing canonical relations [a,,af] = 6,, and {q.,q¢}} = {@u, @)} = 6., all other
(anti)commutators are zero. The composite operators M and G in (1) and (2) have
non-canonical commutators

[Mom Mg] = 504[3 - Maﬁ 5 [Gaa GJ{;} = 504B + gaﬁ 5 (3)
where
Mag = OO qhq, + @0 glgy 3 Gap =200 alay,. (4)

The presence of Mg and G, in (3) reflects the composite nature of the meson. In
the FTf, the physical particles MT and G are replaced by “ideal particles” m! and
g', where canonical relations are satisfied:

[ma,m;g] =0ap [gong};] = 0ap- (5)
For more details on this calculation see Ref. °.
Applying the Fock-Tani formalism to a microscopic Hamiltonian H gives rise to
an effective interaction H¢,

He =U"THU. (6)

For the glueball decay we shall use the following phenomenological microscopic
Hamiltonian

Hygg = %2 / B Py T (D@ VE DY (@), (7)

where

A(@) = A@)N 2,

and A is a scale parameter, set to 1 GeV in our calculation. An effective second
order amplitude with a four quark-antiquark and two gluon operator structure
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(¢'¢"'¢"q") (aa) can be obtained from (7). The effective Hamiltonian H¢ obtained

1S

He =V; @Zt“p SRRV m,}; m ge (8)

with
vog 0 NN g e P 9
I= AS\@WQ\/W pv(Pr) Iy p(Pe) , (9)

where

s = gé/(47r) )

II,,(P:) = G - €(P;),
‘P is the gluon’s polarization and
52 = 6(ﬁu +ﬁu - ﬁT)é(ﬁO’ +ﬁp _ﬁf) .
The wave-function of the p meson is written as the following product
q)gl/ — X?;Su CC[I,CV gfufu @g:ﬁu’ (10)

X is the spin contribution (S, is the meson’s spin); C is the color component; £ is
the flavor part and

—

@;‘pr = 5(3) (Poz 7ﬁu *ﬁv) ¢nl(ﬁ/uﬁu> ) (11)

a

the spacial wave function is ¢

— — 1 — — (ﬁ _ﬁl/)2 l+% (ﬁ _ﬁl/)2
(bnl(puvpu) = (%)anl ‘pu _pu‘l €xXp |:_p48,82 Ly HZLT }/lmv (12)

and

B 2(n!) 3
N = {B3F(n+l+3/2)} ' (13)

,cif% (p) are the Laguerre polynomials. The glueball wave-function ¥ has a similar
structure to (10 - 13) with the parameter 5, replaced by 3, and with the flavor part
absent in (10).

To determine the decay rate, we define the initial and final states by |i) = X[ |0)
and |f) = m2m1;|0> The matrix element between these states is

<f | Her ‘ 7’> = 5(ﬁa _ﬁﬁ _ﬁv)hfz% (14)

In our example we shall study the following decay channel X (1835) — pp. The
amplitude obtained is

42 BiggQ
a1 2
971'/ (ﬁ2+ﬁ§)
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3. Results

The hy; decay amplitude can be combined with a relativistic phase space to give
the differential decay rate 7

PE?
|hyil* = 2m —

0

oy _, PEE,
Q M,

which after integration in the solid angle €2, a usual choice for the meson momenta is

gl (16)

made: Px = 0 (P = |B,|). The meson masses assumed in the numerical calculation
have standard values of M, = 770 MeV and Mx = 1835 MeV. There are other sets
of parameters, the coupling constants o, = 0.6, the wave-function widths 3, and
Bg. The quark sector widths are in the range of 0.3 - 0.5 GeV (see Ref. 7). The free
parameter is the glueball’s width §,, that should be adjusted (see Fig. 1).

18 ;

16 ¢ B=04 ,,,,,,,,,,,, 1
14t / S B=05 e
10 | ;;5’:/ ]
08| 7 " -
06
04 ¢
0.2 r

0.0
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Fig. 1. Decay width of X (1835) — pp as a function of 8, for three values of 5, .

In conclusion, we have showed that the Fock-Tani formalism applied to the
glueball decay seems to be promising. We need to calculate other decay channels to
have more conclusive results. We also need to investigate the possibility of mixing
with the quark sector. And finally use the arguments in Ref. 2 to estimate the
channels observed in experiments.
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