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It is shown that in order to explain the ratios x and y of the helicity amplitudes for the process
J/Yp—y+f,(1270) and the experimental datum R =B(y'(3685)—y+f,(1270))/B(J/Y—7y
+ £>(1270))=(9%3)% in terms of the mixture between the meson f,(1270) and a 2* * glueball, two
D-wave components have to be considered in addition to the S-wave component of the 2+ * glue-

ball.

It is expected from quantum chromodynamics (QCD)
that gluonium states, or glueballs, bound states consisting
of gluons only, should exist because of the self-coupling
between the gauge bosons (gluons).! Therefore, the
identification of glueballs is an essential proof for the va-
lidity of QCD.

The radiative decay of J /1 to states other than 7, is
believed to proceed mainly through a two-gluon inter-
mediate state in the lowest order of perturbative QCD
(Ref. 2). Therefore, radiative J /¢ decays are considered
to be an excellent place to search for glueballs.

A number of candidates for glueballs have been report-
ed. ¢/n(1440) and 6/f,(1720) are two of these candi-
dates. 7(1440) was first observed in 1980 by the Mark
II  Collaboration in the radiative J/¢¥ decay
J/h—yn(1440)—>yKIK*7r T (Ref. 3). The spin and
parity of 77(1440) were determined to be JFC=0""1 (Ref.
4). The tensor state f,(1720) was discovered in 1982 by
the Crystal Ball Collaboration in the reaction
J/Y—y f,(1720)—ynn (Ref. 5). The JP=2*1" assign-
ment of f,(1720) is supported by the Mark III Collabora-
tion.® These states found in J /¢ radiative decay do not
seem to fit into gg nonets of the quark model and hence
are viewed as glueball candidates.*’ But an analysis of
LJ/Y—{y,0,6} +f,(1720)) and T(f,(1720)—yy)
shows that f,(1720) has some type of quarkonium admix-
ture in addition to the major glueball component.® Be-
cause there is no indication of f,(1720) from LASS data,’
it can be expected that the s§ component included in
f,(1720) is very small. A component (ufi +dd)/V'2 is
included in f,(1720); hence, there should be a glueball
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component (gg) in the meson f,(1270). Many arguments
support that there is a glueball component in the meson
S2(1270) (Ref. 10).

In Ref. 11 the meson f,(1270) is considered as a bound
state of a pure quark-antiquark ¢g pair and the calcula-
tion of the helicity amplitudes shows a 40 discrepancy
compared to the experimental data (Table I). In order to
explain the experimental data a mixture between the (g7 )
component and the glueball component (gg) was intro-
duced in the meson f,(1270) in Ref. 12.

The ratio

B(/(3685)—y +£,(1270))
= =(9+
B(J /—y +f,(1270)) (933)%

(1)

has been measured by the Crystal Ball Collaboration.!3
In this paper it is shown that in order to explain the ra-
tios x and y in Table I and R in Eq. (1) not only an S-
wave component but also two D-wave components
should be included in the glueball component (gg) of the
meson f,(1270).

In perturbative QCD the diagrams for the processes
J/Y—vy+(qq) and J /yp—y +(gg) can be shown by Figs.
1(a) and 1(b), respectively. As mentioned in Ref. 12 the
glueball component of the meson f,(1270) gives the main
contribution to J/¢¥—y + f,(1270). Therefore, we shall
calculate the helicity amplitudes contributing only from
Fig. 1(b).

The S-matrix element corresponding to the diagrams in
Fig. 1(b) can be written as
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TABLE 1. The experimental data (Ref. 8) of the ratios x and
y of the helicity amplitudes for the meson f,(1270).

x y
Crystal Ball 0.88+0.13 0.04+0.19
Mark II 0.81£0.16 0.02+0.15
PLUTO 0.6 +0.3 0.3%9:¢
Mark III 0.94+0.10 0.06%0.11
DM2 0.83+0.06 0.01+0.06
where
1/2
(x,,x )———‘——1— 7y ex s (x,+x,)
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is the wave function of J /4. ,(x) is its internal wave
function and

—((gg M, |T[4%(x,)4p(x,)]10) (4)

aB(xl’xZ

is the wave function of the glueball component (gg).
A==1,0, A;==1, and A,==2,%1,0 are the hellcmes of
J /¢, the photon, and the glueball, respectively. e ‘(py

and eMp,) are the polarization vectors for the photon
and the J /9 particle, respectively. For a JP¢=2%" glue-
ball, the bound state of two vector gluons, the relative or-
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FIG. 1. Diagrams for the process J /¢—y + f,(1270). (qg)

and (gg) are the quark component and glueball component of
the meson f,(1270).
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bital angular momentum can be 0, 2, or 4. For simplici-
ty, here, we only consider the S wave and two D waves.
There is one wave function in the S wave. For a 2%+
glueball in the D wave, the total spin s of two gluons can
be taken as O or 2; hence, there are two D-wave functions.
They have S=0, [=2 and S=2, =2, respectively. The
wave function of the S wave (/=0, S=2) is

80b
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where C %"’1 im, 18 @ Clebsch-Gordan coefficient, e, ! and

mo %k . . .
eg 2" are spherical polarization vectors, and

X=Lx,+x,), x=x;—x, .
The wave functions of the D wave (/=2, S=0 and /=2,
S=2) are, respectively,
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Substituting Eq. (3) and each of Egs. (5)-(7) into Eq. (2)
and comparing with the definition of the helicity ampli-
tudes T7~2’

((ggh,¥a,IS10,) =(2m)*8%P; — P, —Pg)
e
X—mee=T_, (8)
VS@YEJEG h

we can obtain the formulas of the helicity amplitudes for
each glueball orbital component. For the S-wave glueball
wave function (5) we have
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For the D-wave glueball wave functions (6), the helicity amplitudes T7~z can be written as
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Finally, if the D-wave glueball wave function (7) is taken, we obtain
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In formulas (9)—(11), m,_ is the mass of charm quark.
Here, instead of the internal wave function ¥,(x) and
G (x) we have taken ¥,;(0) and G(0), respectively. It is a
reasonable approximation as mentioned in Ref. 12.

From Egs. (9)-(11) the helicity amplitude ratios

x:Tl/To, y=T2/T0 (12)

can be obtained for each glueball orbital component. The
only parameter in x and y is the charm-quark mass m..
The width for the process J/¢Y—y + f,(1270) can be
approximately written as
a mg
1 —_—
6mJ mJ
X T2 +1T 2+ 1T,o %)

(13)

O(J /Y—y +£,(1270))=

-
It is worthwhile to point out that formula (13) is also
correct for the process ¥'(3685)—y + f,(1270) provided
we take the mass m, of ¢, the running coupling con-
stant ¢ (¢'), and the wave function at the origin 1,(0) in-
stead of the my, a,(J /), and ¥,;(0) in Eq. (13), respec-
tively. From the calculation of perturbative QCD the
running coupling constant is about a,=0.21 (0.20) for
J /¢ (¥'). The value of |4,(0)|? can be obtained from the
formula

167a? 4

mJ

L(J/p—ete )= h/u (0)]? (14)

and the experimental data about the width
I'(J/¢p—e e ™). Similarly, we can get the value of
I¢¢,(0)|2. Therefore, after substituting Eq. (13) and the
corresponding equation for ¥’ into the ratio R in Eq. (1),
the charm-quark mass m, is only a parameter. Our nu-
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merical calculation shows that in the m, range 1.1-1.6
GeV we cannot fit the data in Eq. (1) and Table I simul-
taneously for each glueball orbital component. For ex-
ample, if we consider the S-wave glueball in the meson
f>(1270) and take m,=1.3 GeV as mentioned in Ref. 12,
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we have x=0.66, y=0.04, and R=31%. It is clear that
the value of R is not consistent with the datum in Eq. (1).
It is possible that both the S and two D waves are includ-
ed in the glueball component of the meson f,(1270). The
mixed glueball wave function can be written as

8 i m
b = ab ipgX 1*
ng(xlaxZ)Az— € 2 Clm lm2 a €B
Vv 2mg my,m,
ml* my* A, 2 L mak L Mk
+a 2 Clmllm Clm3 lm4mG(x e Nx-e )
My, ..., my
m, * my* ms 2 my* L Mgk
+b 2 C2m 2m6(jlm11m2 a Clm3 Im, mG(‘x'e )(X 4 ) ’ (15)
my,...,mg

where a and b are two mixing parameters which can be
fixed by fitting the data in Eq. (1) and Table I. x, y, and R
for this wave function can be obtained. Now there are
three parameters: a, b, and m,. In a reasonable range of
m, we can fit the data in Table I and Eq. (1) by choosing
mixing parameters a and b. For example, if we take
m,=1.21 GeV, a =—0.0034, and b = —0.028 our results
are

x =0.75, y=0.06, R=10% . - 16

These values are in excellent agreement with the data.
From the numerical calculation it is learned that D waves
with S=0, /=2 and S=2, [=2 are indispensable, in addi-
tion to the S wave, in order to fit the experimental data,

although their mixture is small. We also note that only
the two D waves cannot fit the data.

To conclude, it is shown that the ratios x and y of the
helicity amplitudes for the process J/¢—y + f,(1270)
and the experimental datum in Eq. (1) cannot be ex-
plained simultaneously if the glueball orbital components
of the meson f,(1270) is solely an S wave or two D waves.
These data can be understood, however, if both the S
wave and the D waves are included in the glueball orbital
components of the meson f,(1270). This means that not
only must a glueball S-wave component be included in
the meson f,(1270) but also a D wave with s =0,/ =2
and a D wave with s =2,/ =2, in addition to the major
quarkonium component.
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