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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 pp̄) (see

Ref. 1,2). 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 4.

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†α = Φµνα q†µq̄
†
ν , (1)

Φ is the bound-state wave-function and q†(q̄†) 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

G†α =
1√
2

Ψµν
α a†µa

†
ν , (2)

Ψ 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 [aµ, a
†
ν ] = δµν and {qµ, q†ν} = {q̄µ, q̄†ν} = δµν , all other

(anti)commutators are zero. The composite operators M and G in (1) and (2) have

non-canonical commutators

[Mα,M
†
β ] = δαβ −Mαβ ; [Gα, G

†
β ] = δαβ + Gαβ , (3)

where

Mαβ = Φ∗µνα Φµσβ q̄†σ q̄ν + Φ∗µνα Φρνβ q
†
ρqµ ; Gαβ = 2Ψs̄tµγ

α Ψγρ
β a
†
ρaµ. (4)

The presence ofMαβ and Gαβ in (3) reflects the composite nature of the meson. In

the FTf, the physical particles M† and G† are replaced by “ideal particles” m† and

g†, where canonical relations are satisfied:

[mα,m
†
β ] = δαβ ; [gα, g

†
β ] = δαβ . (5)

For more details on this calculation see Ref. 5.

Applying the Fock-Tani formalism to a microscopic Hamiltonian H gives rise to

an effective interaction HG,

HG = U−1HU . (6)

For the glueball decay we shall use the following phenomenological microscopic

Hamiltonian

Haqq̄ =
g2
G

Λ

∫
d3x d3y ψ†(~x)ψ(~x)V (~x, ~y)ψ†(~y)ψ(~y) , (7)

where

V (~x, ~y) =
[
~α · ~A(~x)

] [
~α · ~A(~y)

]
,

Ai(~x) = Abi (~x)λb/2 ,

and Λ 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

1760071-2

In
t. 

J.
 M

od
. P

hy
s.

 C
on

f.
 S

er
. 2

01
7.

45
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 G

E
R

M
A

N
 E

L
E

C
T

R
O

N
 S

Y
N

C
H

R
O

T
R

O
N

 @
 H

A
M

B
U

R
G

 o
n 

05
/0

8/
19

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.



July 22, 2017 11:6 WSPC/CRC 9.75 x 6.5 1760071

X(1835) Decay in the Fock-Tani Formalism(
q†q̄†q†q̄†

)
(a a) can be obtained from (7). The effective Hamiltonian HG obtained

is

HG = VI Φs̄tµρβ Φs̄tνηδ Ψτξ
α m†βm

†
δ gα , (8)

with

VI ≡ δ̄2 αs

Λ 8
√

2π2

λbτλbξ
√
ω~pτω~pξ

Πµ ν(Pτ ) Πη ρ(Pξ) , (9)

where

αs = g2
G/(4π) ,

Πµ ν(Pτ ) = ~σµν · ~ε(Pτ ) ,

P is the gluon’s polarization and

δ̄2 = δ(~pµ + ~pν − ~pτ )δ(~pσ + ~pρ − ~pξ) .

The wave-function of the ρ meson is written as the following product

Φµνα = χ
sµsν
Sα
Ccµcν ξfµfν ϕ ~pµ~pν~Pα

, (10)

χ is the spin contribution (Sα is the meson’s spin); C is the color component; ξ is

the flavor part and

ϕ
~pµ~pν
~Pα

= δ(3)(~Pα − ~pµ − ~pν)φnl(~pµ, ~pν) ; (11)

the spacial wave function is 6

φnl(~pµ, ~pν) = (
1

2β
)lNnl|~pµ − ~pν |l exp

[
− (~pµ − ~pν)2

8β2

]
Ll+

1
2

n

[
(~pµ − ~pν)2

4β2

]
Ylm, (12)

and

Nnl =

[
2(n!)

β3 Γ(n+ l + 3/2)

] 1
2

. (13)

Ll+
1
2

n (p) are the Laguerre polynomials. The glueball wave-function Ψ has a similar

structure to (10 - 13) with the parameter βq replaced by βg and with the flavor part

absent in (10).

To determine the decay rate, we define the initial and final states by |i〉 = X†α|0〉
and |f〉 = m†βm

†
γ |0〉. The matrix element between these states is

〈f | HFT | i〉 = δ(~pα − ~pβ − ~pγ)hfi. (14)

In our example we shall study the following decay channel X(1835) → ρρ. The

amplitude obtained is

hfi =
4
√

2
√

1
β5
g
g2

9π7/4
(

1
β2 + 2

β2
g

) . (15)
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3. Results

The hfi decay amplitude can be combined with a relativistic phase space to give

the differential decay rate 7

dΓα→βγ
dΩ

= 2π
PEβEγ
Mα

|hfi|2 = 2π
PE2

π

Mf0

|hfi|2, (16)

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

made: ~PX = 0 (P = |~Pρ|). The meson masses assumed in the numerical calculation

have standard values of Mρ = 770 MeV and MX = 1835 MeV. There are other sets

of parameters, the coupling constants αs = 0.6, the wave-function widths βq and

βg. 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 βg, that should be adjusted (see Fig. 1).
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Fig. 1. Decay width of X(1835)→ ρρ as a function of βg for three values of βq .

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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