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Radiative decays Y(1s) — y(7n', n) are studied by an approach which has successfully predicted the

L(/y—yn")

1atio T77,=m)

. Strong dependence on quark mass has been found in the decays (J/¢, Y(1s)) — y(n', n).

Very small decay rates of Y(1s) — y(n', n) are predicted.
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New small upper limits of the branching ratios of radia-
tive Y(1s) decays into n and 5’ have been reported by
CLEO [1]

B(Y(ls) = yn) < 1.0 X 1076,

1

B(Y(1s) = y5/) <1.9X 107° m
at the 90% C.L. In an early search for Y(1s) — yn' by
CLEO [2] the upper limit of the branching ratio is deter-
mined to be 1.6 X 1075 at the 90% C.L. B(Y(ls) —
ym) < 2.1 X 107 is obtained in a previous CLEO experi-
ment at the 90% C.L. [3]. Comparing with B(J/¢ —
v7'(7n)), the branching ratios of Y(Is) — y(n/, ) are
very small.

J /i and Y(1s) are heavy vector mesons. It is known that
the decay of heavy vector meson is a test ground of
perturbative QCD (pQCD). The decay of a heavy vector
meson to light hadrons is described as V — ggg and at the
leading order the decay width is expressed as

I'= bmyai(my),

where b is a constant which is independent of my,
ag(mys,) ~ 0.3, and ag(my(y) ~ 0.18 [4], respectively.
In the process V — ggg — hadrons ¢g pairs are produced
by the three gluons and light hadrons are formed by re-
combinations of the quark pairs. In pQCD V — ygg is the
process for radiative decay of a heavy vector meson. The
two gluons are color singlets and they can form 0%+, 0~ 7,
and 2+ states. J /¢ radiative decay has long been regarded
as a fertile hunting ground for glueballs [5]. So far, the
existence of glueballs has not been established. The efforts
in the search for glueballs are complicated by mixture
between the components of gluons and quarks. It is argued
in Ref. [5(a)] that forV(heavy) — yR one expects

B(R[qgG] — gg) ~ O(a3),

where R[qg] and R[G] are ¢g state and glue state, respec-
tively. The production of the quark state in radiative decay
of heavy vector meson is suppressed by O(a?). It is shown
in Ref. [5(b)] that the gluon content of a meson can be
determined by using productions of this meson in both
radiative decays of heavy vector quarkonium and y+y col-

B(R[G] — gg) ~ 1,
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lisions. The relation between B(V,; — v + R) and B(R —
gg) has been proposed in Ref. [5(a)].

The upper limit of B(Y — yn’) (1) is smaller than
BR(J/¢ — yn') = (471 £ 0.27) X 1073 by almost 3 or-
ders of magnitude. This is a challenge to the study of
radiative decay of heavy vector mesons. The difference
between the radiative decays of J/¢ and Y(1s) is caused
by the mass difference of ¢ and b quark. As pointed out in
Ref. [1], the B(Y(1s) — ymn') predicted by naive scaling is
too large. There are different theoretical approaches in the
study of the branching ratios of Y(1s) — y(n’/, n). Very
small branching ratios for Y — yn, yn' (107°-1077) are
obtained by employing the vector meson dominance model
in Ref. [6]. B(V — yn(n’) ~ (5-10) X 1077) obtained in a
nonrelativistic quark model [7] are too large. By using the
QCD sum rule and the U(1) anomaly, B(Y — yxn') =
3.3 X 107 and B(Y — y7n) = 4.4 X 107° are determined
in Ref. [8]. They are larger than the upper limits (1). It is
pointed out in Ref. [9] that the quark mass dependence of
the decay width of V(heavy) — %' obtained in Ref. [8] is
proportional to # and this factor does not lead to small

q
B(Y — yn/') [1]. Using my ~ 2m;, and my;,, ~ 2m,,

B(Y(1s) =y +n)/BU/¢p— v+ 1)

~ 1.31(Q3m®)/(QZm§)(a(m.)/ a,(m,)),
B(Y(1s) = ym) ~3.3 X 1077,
B(Y(1s) = yn/) ~ 1.7 X 107°

are obtained in Ref. [9]. They are compatible with Eq. (1).
In 1984 we studied J/¢ — yn, yx' [10]. In this study 7’
and 7 are taken as mixing states of glueballs and ¢g

mesons and the gluon contents make dominant contribu-
LU/y—y7')
T/ —yn)
successfully predicted [10]. In this short paper the same

approach is applied to study Y — yn'(n).

It has been known for a long time that 7’ contains
substantial gluon content. The U(1) anomaly of the 7’
meson [11] shows that there is strong coupling between
7’ and two gluons. The contribution of the quark compo-
nents to the mass of the 1’ meson is

tions to J/¢y — ym, yn'. The ratio has been

(mi. +mi, +mZ)=0.17 GeV?
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which is much less than mi, = 0.918 GeV2. Therefore,

gluon components in 7’ are required and they should
make an important contribution to mn, Experimental

data [4] shows that BR(J/¢ — w(d)n) >BR(UJ /iy —
w(d)n'). In pQCD J/i — light hadrons is described as
J/— ggg, ggg — qqg pairs. This experimental result
can be understood since the quark content in 7 is more
than the one in n’. On the other hand, B(J/¢ — yxn') >
B(J/¢y — ym) has been reported [4]. It is known that the
gluon contents of 1’ and n make dominant contributions to
J/¢ — yn'(n), and n' contains more gluons than 7 does.
The larger branching ratio of J/¢ — %’ can be explained
by these arguments. The experimental data and theoretical
arguments mentioned above support that in radiative de-
cays of J/i to (n', 1) quark contents of 5’ and 5 are
suppressed and the gluon contents of %’ and 7 play domi-
nant roles. J/¢, Y — ymar are another example of sup-
pression of quark components. The resonance structure of
the 777 channel is complicated. We concentrate in the
region of o(600). o is a 0" " mesonic state made of quarks,
and o — 7 is the main decay channel. o has been
observed in J/i — wo, o — w7 with a large branching
ratio by the DM2 Collaboration [12] and by the BES
Collaboration [13], respectively. However, J/¢ — yo,
o — 7r7r has not been reported by BES [14]. In Ref. [15]
the decay Y — y#7 has been studied by using the soft-
collinear effective theory and nonrelativistic QCD. The

By~ 0.01-0.02 has been predicted in the

range of low m2_ [15]. Because J/ — yo, o — mwmw
has not been observed, the theory [15] predicts very small
B(Y — ymar) in the same region. No Y — y77r events
have yet been found in the o region [16]. These experi-
mental results and theoretical study are consistent with that
because the suppression of gg B(V(heavy) — yR[gq]) is
small.

A brief review of the study done in Ref. [10] is presented
below. There are two parts: the amplitude of J /iy — ygg is
calculated by pQCD and the couplings gg — n'(n) are
dominated by the gluon contents of i’ and 7. The flavor
singlet part of 1 and 7’ is a mixing state of glueballs and
quark singlets

|m0) = sing|G) + coslq),

where ¢ is the mixing angle. It is argued in Ref. [10] that
the quark contents of % and n’ are suppressed in J/¢ —
yn(n') by O(a?). Therefore, only the glueball content is
taken into account in the calculations of I'(J/¢ —
vm1(n')). The coupling between state G and two gluons is
expressed as

(GIT{AG (x)AR(x2)HO)
3ah
\/2TG Eaﬂ;uz(xl -

ratio

Xz)”PVfG(xl — xz)e(i/z)l’(;(xl +X2)_

(2)
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The function f;(x; — x,) is unknown. In order to see the
effect of this function f;(x; — x,) is taken as a harmonic
function at first to calculate the decay width, then instead
folx; — x2) fg(0) is taken. I'(J/¢y — ym(n')) obtained
from these two expressions of f;(x; — x,) are different
by about 10% [10]. The possible dependence of f;(x; —
X;) on x; — x, has been ignored and f, is taken as a
parameter. The decay widths are derived as

LJ/y— yy) = 005265m2¢ aaz(m )lpJ(O)fG

2

_ A%
X 0=
2m m3)2
X {2m3 — 3m2, (1 + ) 16—}
’7 my my

3)

11
T/ = ) = sintbsin o aaXm)U3O0)f2
m

Cc

(1 -2

my;

{1 -2 o+ 4m(}2

2m 2
{2m, — 3m? (1 + ) 16ﬁ} ,
mg my
4)

where 6 is the mixing angle between 7 and 7', and ¢,(0) is
the wave function of J /4 at the origin, which is determined
by the decay rate of J/iy — ee™

X

27
2 m‘%rf/i,l/ﬁee*' (5)

2 =
45 (0) 64mTa

m. = 1.25 £ 0.09 GeV are presented in Ref. [4]. In the
study of J/¢ — y + f(1273) [17], it is found that m, =
1.3 GeV fits the data very well and this value is in the range

. T/ y—yn'
of m,. [4]. In the ratio % the unknown parameter

f¢ is canceled. The mixing angle of n — 7’ is determined
by the following equations:

2 2
Mg — M 1
tan20 = 35—V md = (4m} — m3),
m,, — Mg 3

6 = —10.75° = 0.05°.

Taking m, = 1.3 GeV and the value of the mixing angle, it
is predicted

L/ — yn')
L'(J/¢— yn)

where the errors are from the mixing angle only. The

= 5.30 = 0.05, (6)
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prediction agrees with current experimental value
4.81(1 £0.15) [4] (in Ref. [10] 8 = —11° is taken and
the ratio is predicted to be 5.1).

The factor # in Egs. (3) and (4) shows strong depen-
dence of the decay rate on m,. (3) and (4). Because of the
cancellation between m; and m, in the factors

2m, 2
{2m3 = 3m37,<1 + ﬂ) - 16ﬂ} 3),

my my
2m, 32
{2m3 - 3m%,<1 + ﬂ) - 16ﬂ} @),
my my

the decay rates are very sensitive to the value of m,. This
sensitivity has been found in the study of the decay J /¢ —
v + f(1273) [17] too.

By changing corresponding quantities, the decay rates of
Y(1s) — ymn', yn are obtained from Egs. (3) and (4). The
ratio is determined to be

_ BOY =7
7 BU/¥— )
2 2

—mi3 _ My m2\2

a2(my) Y30) md (1 =587 (1 =250 +4708)

1

4 o2 2 8 m?, m?, m

4 as(mc) ¢/J(O) mb (1 _m_ré)Z (1 _ 2m_g_|_4m_2i)2
J Y Y

2m m’
y {2my = 3m2,(1 + 22) — 1621 T, -
{2m3 = 3m2 (1 + 32 — 162p Ty
where
ZY(O) _ FY—»e(fr m_%( (8)
$70)  Typyeer mj

In order to compare with the result obtained in Ref. [9]
my; = 2m, and my = 2my,, are taken in Eq. (7)
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R, _ B(Y — yn')
T BU/¢g— )
_ I'(Y = y7n)/T(Y — light hadrons)
T/ — yn')/T(J/¢ — light hadrons)
B(Y — light hadrons)
B(J /i — light hadrons)

2

_ ay(m,) (ﬂ)7 - ﬁ B(Y — light hadrons)

ay(m,) \m,, | — Q B(J /4 — light hadrons)
4m¢
r X \7
w Dvmee _ g 5g @slime) (m—) . )
F.I/x//—vee as(mb) my,

Stronger dependence on quark masses and small coeffi-
cients are obtained by this approach.

Both I'(J/¢r — y7n', yn) and I'(Y — y7n', yn) are sen-
sitive to the values of m, and m,, respectively. m; = 2m,. is
not a good approximation. In Ref. [4], m, = (4.7 =
0.07) GeV is listed. my = 2m;, works well. In this paper,
my = 4.7 GeV and m,. = 1.3 GeV are taken. Inputting

B(J/¢ — ym') into Eq. (7),

B(J/¢y— yn') = 1.04x77
(10)

B(Y = yn') =R,

is obtained. Replacing m, by m,, in Eq. (7), the ratio R, is
obtained. Inputting B(J/¢ — y7) into R,),

B(Y - yn)=0.022 B(Y—yn)=023X10"8

(1

is determined. Both branching ratios are less than the
experimental upper limits [1].
The approach used in Ref. [10] is applied to study the

decays of Y(1s) — yn'(n). Very strong dependence of the
LU/y—yn")
T(J/g—ym)
and very small branching ratios of Y(1s) — yn'(n) are

predicted. The predictions agree with the data very well.

decay rate on quark mass is revealed. The ratio
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