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I. INTRODUCTION

Several exotic QCD states, such as glueballs, hybrids
or multiquarks, are expected to have masses between 1
and 2.5 GeV/c2 [1]. Radiative J/ψ and ψ(2S) decays are
traditionally regarded as gluon-rich environments; such
decays, although well investigated, are still promising for
the discovery and identification of QCD exotica. For ex-
ample, in radiative decays into pseudoscalars, two of the
most promising glueball candidates, the f0(1500) and the
f0(1710), are seen [1]. Several high precision partial wave
analyses of radiative J/ψ decays have been performed [2],
and a recent BES-paper presented an analysis of a high
statistics sample of ψ(2S) decays, without a partial wave
analysis [3]. This paper updates the ψ(2S) radiative de-
cays [3, 4] with γK+K− and γπ+π− final states, giving
access to scalar and tensor intermediate states.

Within the quark model [5], the ψ(2S) is believed to
have 2 3S1 as its main component, and the J/ψ is the
1 3S1 cc̄-state. This gives a ψ(2S) with a behavior that
differs from J/ψ only due to the difference in energy scale
and in the radial wave function. The so-called 12%-rule
from perturbative QCD (pQCD) relates the branching
fractions of the two states into a particular hadronic final
state (h.f.s.):

BR(ψ(2S) → h.f.s.)

BR(J/ψ → h.f.s.)

pQCD
=

BR(ψ(2S) → ggg)

BR(J/ψ → ggg)
(1)

⋍

BR(ψ(2S) → e+e−)

BR(J/ψ → e+e−)

=
(7.43 ± 0.06)× 10−3

(5.94 ± 0.06)× 10−2

⋍ 12.5%,

where the branching fractions are from Ref. [1]. A ra-
diative decay mode would be similar, but would proceed
via one photon and two gluons, exchanging one power of
αs with α in the coupling [6–10]. A large violation of
the 12%-rule was first observed in 1983 in ψ(2S) decays
to ρπ and K∗+K− + c.c. by MARKII; it became known
as the ρπ-puzzle [11]. Since then, many two-body de-
cay modes have been compared, of which some obey and
some violate the rule [1, 12].

The analysis uses the BESII data sample of (14 ±
0.56) × 106 ψ(2S)-events [13], corresponding to an in-
tegrated luminosity of (19.72±0.86) pb−1 [14], and a set
of continuum data at

√
s = 3.65 GeV, (6.42±0.24) pb−1

[15], also measured with the BESII detector.

II. THE BESII DETECTOR

BESII is a cylindrical multi-component detector, de-
scribed in detail in Refs. [16] and [17]. Around the
beam-pipe is a 12-layer straw vertex chamber, which
provides trigger and track information. Located radi-
ally outside, there is a 40-layer open-cell geometry main

drift chamber (MDC), covering 85% of the solid angle.
The MDC is used for tracking and particle identifica-
tion using dE/dx-techniques. The momentum resolu-

tion is σp/p = 1.78%
√

1 + p2 [GeV/c] , and the MDC
(dE/dx)/E resolution for hadron tracks is ∼8%. Particle
identification by energy loss techniques is complemented
by a measurement of the time-of-flight (TOF) from the
interaction point to 48 scintillation counters surrounding
the MDC (time resolution ∼200 ps for hadrons). Outside
the TOF-scintillators is a 12 radiation length lead-gas
barrel shower counter (BSC), which measures the energy
of electrons and photons over ∼80% of the total solid
angle with a resolution of σE/E = 22%/

√

E [GeV] . In
addition, the iron flux return, outside the solenoid coil
(0.4 T axial field), is instrumented with three double lay-
ers of counters for identification of muons with momenta
larger than 0.5 GeV/c. The cylindrical structure is closed
by end-caps.

III. EVENT SELECTION

Events with at least one photon and two oppositely
charged tracks with good helix fits and complete co-
variance matrices are selected. End-cap information is
used to reject background with extra charged particles
in the end-cap region, but only events within the well-
understood barrel detectors are included in the analysis.
The polar angles of the charged particles are required to
fulfill | cos θ±| < 0.8 for K+K− and | cos θ±| < 0.65 for
π+π−, where θ± is the angle of the charged particle with
respect to the beam axis. The vertex of the two charged

tracks is required to satisfy Vxy =
√

V 2
x + V 2

y < 1.5 cm

and |Vz | < 15 cm, where Vx, Vy, and Vz are the x, y, and
z coordinates of the point of closest approach of each
charged track to the beam axis. The photon with the
highest energy is tested for quality: it must be within
the barrel detector, it must have its first hit in the BSC
inside the first 12 layers out of 24, it must be separated
from charged tracks by at least 15◦ in the xy-plane at the
entrance of the BSC, and the photon direction from the
origin to the BSC must agree within 35◦ with the shower
direction in the BSC.

A. Particle identification

The most abundant e+e− reactions at GeV-energies
are QED processes, mainly e+e− → e+e− and e+e− →
µ+µ−. In cases where there is initial or final state ra-
diation, the event could be misidentified as γπ+π− or
γK+K−. Muons are rejected using muon chamber in-
formation; this is especially important in the γπ+π−-
channel, therefore the stricter angular cut. Bhabha
events, e+e− → γe+e−, are rejected using the dE/dx χ-
value under the e± hypothesis (χe = (dE/dxmeasured −
dE/dxexpected for e±)/σdE/dx e±) combined with the en-
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ergy deposited in the calorimeter Ecal and the mo-
mentum pMDC . To reject background from e+e− →
(γ)e+e−, the selected sample is required to satisfy

χ2
++χ2

−+6

(
√

(
Ecal.

pMDC
)2+ + (

Ecal.

pMDC
)2− − 2

)2

> 52. (2)

The TOF and dE/dxmeasurements of the two charged
tracks and a kinematic fit with four degrees of freedom
are used to calculate χ2-values for the overall event-
hypothesis: γπ+π− or γK+K−. A confidence level of
better than 1% is required for each event sample, and for
ambiguous cases, the most likely assignment is chosen.
After all requirements, the overall detection and event
selection efficiency is ∼15% (see Table I and II for ex-
act numbers). The probability that a γK+K− event is
selected as a γπ+π− event is 0.17%, and the probabil-
ity that a γπ+π− event is selected as a γK+K− event is
0.14%, from Monte Carlo simulation.

B. Background

A carefully checked Geant3-based Monte Carlo pro-
gram [18] is used to determine invariant mass resolu-
tion (<10 MeV/c2 for mπ+π− and for mK+K−), angu-
lar efficiency, absolute efficiency, and background sup-
pression. Using this program, the contributions from
QED-processes after event selection are found to be small
(dominated by 15±2 γµ+µ− events in γπ+π−). How-
ever, both QED backgrounds and non-resonant hadronic
signals are estimated using the continuum data sample,
where the main contributor to the non-resonant back-
ground is found to be initial-state-radiation and subse-
quent ρ or φ-formation. This was checked for the ρ, and
measurement agreed with calculations using a structure
function approach [2, 19]. The full continuum contribu-
tion is assumed to be incoherent with the signal. Res-
onant background sources are checked individually us-
ing known cross sections and simulation to determine
the acceptance of the selection criteria [1, 20, 21]. The
main resonant background to both channels is found to
be ψ(2S) → π0π+π−, which has been measured with
great precision by BESII [12] using partial wave analysis.
A Monte Carlo generated sample with the same angu-
lar and energy distribution as found in Ref. [12] is used,
and 72±5 misidentified background events in γπ+π− and
4.9±0.5 misidentified events in γK+K− are obtained.
The signal and the background estimates are shown in
Figs. 1 and 2.

IV. INTERMEDIATE RESONANCES

From spin-parity conservation, any intermediate reso-
nance X in e+e− → ψ(2S) → γX → γK+K−, γπ+π−

must have JPC = 0++, 2++, or higher even spins. To
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FIG. 1: The mπ+π− distribution for ψ(2S) → γπ+π− candi-
date events (dots with error bars), along with the estimated
background. The thick line corresponds to the background
from ψ(2S) → π0π−π+ using the branching fraction from [1],
the filled histogram corresponds to the continuum data, and
the hatched histogram to a background estimate including
the continuum and misidentified ψ(2S) → π0π−π+-events.
All contributions are scaled to correspond to the integrated
luminosity of the ψ(2S) data set. The histogram is not ac-
ceptance corrected.

investigate the resonance structure, the invariant mass
spectra of the two pseudoscalar systems are fitted.

A. Previous observations

A partial wave analysis of BESII J/ψ → γππ̄-data [22]
required an f2(1270) at m = 1262+1

−2± 6 MeV/c2, a 0++-

state at 1466 ± 6 ± 16 MeV/c2, and a 0++-state at 1.7
GeV/c2 to fit the data properly. Due to the large ρπ-
background in J/ψ decays, the focus was on structures
below 2 GeV/c2, but it is worth mentioning that a peak
around 2.1 GeV/c2 was observed; this was the case also
in γK+K−. In γK+K−, the f ′

2(1525) and f0(1710) were
prominent [23].

An earlier analysis, using a smaller sample of (3.90 ±
0.21)×106 good quality ψ(2S)-events from BESI and us-
ing a τ+τ− background sample at

√
s = 3.55− 3.6 GeV,

showed a clear f2(1270) [BR(ψ(2S) → γf2(1270)) =
(2.12 ± 0.19 ± 0.32) × 10−4], an f0(1710) signal in γππ̄
[BR(ψ(2S) → γf0(1710)) × BR(f0(1710) → ππ̄) =
(3.01 ± 0.41 ± 1.24) × 10−5], and a clear f0(1710)
[BR(ψ(2S) → γf0(1710)) × BR(f0(1710) → K+K−) =
(3.02 ± 0.45 ± 0.66)× 10−5], and a less clear f ′

2(1525) in
γK+K− [4].
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FIG. 2: The mK+K− distribution in ψ(2S) → γK+K− can-
didate events (dots with error bars) along with the extimated
background. The thick line corresponds to the maximum
background from ψ(2S) → K+K−π0, which could be impor-
tant if it is close to its upper limit [1]. The filled histogram
corresponds to the scaled continuum, and the hatched his-
togram to a background estimate including the continuum
and misidentified ψ(2S) → π0π−π+-events. All contributions
are scaled to correspond to the integrated luminosity of the
ψ(2S) data set. The histogram is not acceptance corrected.

B. Fit shape

The 0++ resonances are modeled as constant width
Breit Wigner functions, with 1 + cos2 θγ angular dis-
tributions. The 2++ resonances are modeled as Blatt
Weisskopf dampened d-wave shapes (with parameters
as in Ref. [24] and angular distributions according to
Eq. (4)). Masses and widths are taken from the Par-
ticle Data Group Compilation [1]. For simplicity any
possible nonresonant production and background com-
ponent is assumed to follow three-body phase space.
All resonances are treated as incoherent. The unbinned
meson-meson invariant mass spectrum is fitted with a log
likelihood method, and the scaled background compo-
nent from the continuum data sample and the simulated
ψ(2S) → π0π+π− background are included in the fit but
with the opposite sign.

C. Fit quality

The quality of different log likelihood fits to the same
data set can be compared since the ratio

R = −2 ln

∣

∣

∣

∣

L(fitA)

L(fitB)

∣

∣

∣

∣

(3)

follows a χ2-distribution [25]. The number of degrees of
freedom for this χ2-distribution is given by the number of
free parameters in fitB minus the number of free param-
eters in fitA. In this way, the difference in log likelihood

is used for an hypothesis test, for instance to determine
the necessity of weakly needed resonances such as the
f0(1500) in γπ+π− and the f ′

2(1525) in γK+K−. An-
other measure of the quality of the overall fit is obtained
using a Pearson’s χ2-test.

V. RESONANCES IN γπ+π−

The fit to the two-pion invariant mass spectrum be-
tween 1 and 3 GeV/c2 allows the determination of the
number of events and the product decay branching frac-
tions of ψ(2S) → γX → γπ+π− where X = f2(1270),
f0(1500), f0(1710), or a high mass component modeled
here with f4(2050) and f0(2200) (Table I). The full fit,
binned as in Fig. 3, has a Pearson’s χ2/DOF of 45.7/39.
Note that the invariant mass peak near the f2(1270) is
lower in this data set than the central value given by
the Particle Data Group [1] (Fig. 3), and the branch-
ing fraction into f2(1270) is almost twice as large as in
the corresponding BESI measurement [4]. The branch-
ing fraction into f0(1710) agrees with the BESI measure-
ment, and for f0(1500) a branching fraction was not given
by BESI. We use the χ2-hypothesis test (Section IVC)
to check whether the inclusion of the f0(1500) improves
the fit enough to motivate the one extra fit parameter.
Removing the f0(1500) here changed the log likelihood
such that R = 6.2 (Eq. 3). In a χ2-distribution with
one degree of freedom, the probability to be above 6.2 is
1.28%, and, since 1.28% < 5%, the f0(1500) is accepted
at the 5% level. The high mass region, which is fitted
with f4(2050) and f0(2200), can also be well fitted by al-
ternative combinations of resonances; combinations with
f2(1810), f0(2020), f2(2150), f4(2050), f0(2200), and a
free mass and free width state have been tested. The se-
lected fit is the best, but since other alternatives are not
ruled out they are used to estimate the systematic uncer-
tainty to the other branching fractions. In one version of
the fit, the event excess in the region between two-pion
threshold and 800 MeV/c2 (Fig. 1) is fitted with an ad-
ditional σ-shape. This is used to give a measure of the

TABLE I: Number of selected events and product branching
fractions in the ψ(2S) → γX → γπ+π− channel. The effi-
ciency at the central resonance mass is determined by Monte
Carlo and losses due to the limited mass range are taken into
account. The first uncertainties in the branching fractions are
statistical and the second systematic.

State (X) Efficiency Events Branching fraction

f2(1270) 13.0% 406±17 (2.2 ± 0.1 ± 0.2) × 10−4

f0(1500) 15.0% 31±14 (1.5 ± 0.7+0.9
−0.4) × 10−5

f0(1710) 15.2% 51±13 (2.4 ± 0.6+0.8
−1.1) × 10−5

f4(2050) 15.4%a 61±20 (2.8 ± 0.9+0.8
−0.6) × 10−5

f0(2200) 15.6% 99±22 (4.6 ± 1.0+4.5
−0.9) × 10−5

aLinear interpolation between f0(1710) and f0(2200).
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systematic uncertainty introduced by neglecting the σ.

VI. RESONANCES IN γK+K−

Fitting the mK+K− distribution between threshold
and 3 GeV/c2, the product branching fractions for
ψ(2S) → γX → γK+K−, where X = f2(1270),
f ′
2(1525), and f0(1710), are obtained with a Pearson’s
χ2/DOF of 37.4/39 (Table II and Fig. 4). The high mass
region is fitted with a three-body phase space background
component and a combination of resonances: f4(2050),
f0(2100), f2(2150), f0(2200), f2(2300), f2(2350), and
f6(2510). The fit with f0(2200) and a phase space back-
ground is used to calculate the branching fractions in
Table II (Fig. 4), and the other fits are used to estimate
the systematic uncertainty. The f2(1270) branching frac-
tion is a factor four larger than the BESI measurement,
but consistent with the measurement in γπ+π− within
the (large) uncertainties. The branching fraction into
f0(1710) agrees with the BESI measurement [4], and the
f ′
2(1525) was part of the BESI fit [4], but a branching

fraction was never given. Removing the f ′
2(1525) here

changed the log likelihood such that R = 3.8 (Eq. 3),
which corresponds to a statistical significance of less than
2σ.

VII. UNCERTAINTIES

The statistical uncertainty includes the uncertainty in
the number of events from data, continuum processes,
and the small statistical uncertainty from the Monte
Carlo simulation of ψ(2S) → π+π−π0, which is prop-
agated into the uncertainty of the fitted branching frac-
tion. Systematic uncertainties are inevitably introduced
due to differences between simulation and reality; in this
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FIG. 3: Background reduced mπ+π− distribution for γπ+π−

events (not efficiency corrected).

TABLE II: Number of selected events and product branching
fractions in the ψ(2S) → γX → γK+K− channel. The effi-
ciency at the central resonance mass is determined by Monte
Carlo and losses due to the limited mass range are taken into
account. The first uncertainties in the branching fractions are
statistical and the second systematic.

State (X) Efficiency Events Branching fraction

f2(1270) 14.4% 39±12 (1.9 ± 0.6+1.0
−0.6) × 10−5

f ′
2(1525) 15.6% 15±10 (6.9 ± 4.4+4.1

−2.1) × 10−6

f0(1710) 16.3% 70±14 (3.1 ± 0.6+1.1
−0.7) × 10−5
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FIG. 4: Background reduced mK+K− distribution for
γK+K− events (not efficiency corrected).

case these are associated with MDC tracking, the kine-
matic fit, and particle identification (Table III). The de-
tection efficiency for any state also depends on the an-
gular distribution of the decay. For JPC = 2++ states,
the angular distribution is determined up to two real pa-
rameters, x and y. In section VIII these are fitted to
ψ(2S) → γf2(1270) → γπ+π− data, and two different
sign solutions are found. The overall detection efficiency
of the two cases have a relative difference of 2.3% in
γπ+π− and 2.8% in γK+K−; this uncertainty is added
quadratically into the overall systematic uncertainty for
the JPC = 2++ and 4++ states.

TABLE III: Sources of systematic uncertainty to the branch-
ing fractions. Fit uncertainties are not included.

Source of uncertainty

Number of ψ(2S) [13] 4%

Charged tracks [3] 4%

Photon ID [26] 2%

Trigger [3] <0.5%

Kinematic fit [27] 6%

Eff. variation with (x,y) mπ+π− 2.3%

Eff. variation with (x,y) mK+K− 2.8%
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The main source of systematic uncertainty is the choice
of fit function, where the modeling of the background
plays a major part. The ψ(2S) → π+π−π0 also con-
tributes to the systematic uncertainty, since the branch-
ing fraction from the BESII measurement [12] has a rel-
ative uncertainty of 14.5%, which for ψ(2S) → γπ+π−

corresponds to ∼15 events in the region between 1 and
3 GeV/c2. In the fit to mπ+π− , a few weak background
sources are ignored; these add up to ∼ 5 events in the
region between 1 GeV/c2 < mππ < 2.5 GeV/c2. There
could also be a contribution from unknown background
and non-resonant production. The uncertainty intro-
duced from these sources is investigated by adding a
three-body phase space component to the fit, which con-
verges to ∼150 events between mππ = 1 and 3 GeV/c2.
This is a component which is necessary to fit the data,
Pχ2(64, 1) < 0.0001. The corresponding background
component in mK+K− is more prominent (Fig. 4),
and the branching fractions of some possible background
sources are not yet measured. To investigate how the
uncertainty in the background estimate influences the
branching fractions in γπ+π− and γK+K−, the best fit

is compared to a fit with a background fraction which is
50% smaller and 50% larger. The overall uncertainty in-
troduced by the fit function is investigated by taking the
minimum, and the maximum, value of the branching frac-
tion for each specific resonance, with different resonance
combinations and different size background components,
and comparing this with the best fit. After adding the
uncertainties in quadrature, we obtain the systematic er-
rors in Tables I and II.

VIII. ANGULAR DISTRIBUTION OF
ψ(2S) → γf2(1270) → γπ+π−

The radiative decay of a vector state [such as the J/ψ
or ψ(2S)] into a tensor state [such as the light quark
tensor f2(1270)], which decays further into two pseu-
doscalars, has an angular distribution, which is deter-
mined by two real parameters: x = A1/A0 and y =
A2/A0 [28, 29]. Here A0, A1, and A2 are the helicity
amplitudes for projection zero, one and two, respectively.

W (θγ , θM , φM ) = 3x2 sin2 θγ sin2 2θM + (1 + cos2 θγ)

[

(3 cos2 θM − 1)2 +
3

2
y2 sin4 θM

]

(4)

+
√

3 x sin 2θγ sin 2θM

[

3 cos2 θM − 1 −
√

6

2
y sin2 θM

]

cosφM +
√

6 y sin2 θγ sin2 θM (3 cos2 θM − 1) cos 2φM .

In the BESII cylindrical geometry, the z-axis is defined
by the beam, θγ is the polar angle of the direct photon,
and θM is the polar angle of one of the pions with respect
to the γ-direction in the f2(1270) rest frame. The last
parameter, φM , is the azimuthal angle of the same pion
in the f2(1270) rest frame. By convention φ = 0 lies in
the plane defined by the electron beam and the photon
in the f2(1270) rest frame. Predictions for x, y have been
based on perturbative QCD [30], helicity two suppression
[31], or, for instance, assumptions about the intermediate
resonance being a glueball [32] (Table IV).

The W -distribution (Eq. 4) depends on the parameter
x, but projections of the W -distribution onto the cos θγ

and the φM axes become independent of x, and the pro-
jection onto cos θM is symmetric in x [19]. Therefore a
three-dimensional analysis of many events is needed in
order to determine the size and the sign of x [25, 29, 33].
The 172 events with |mπ+π− −mf2(1270)| < 0.5Γf2(1270)

(mass and width from Ref. [1]) are fitted with a log
likelihood fit. Continuum (15.4 events after scaling) and
ψ(2S) → π+π−π0 (5.6 events after scaling) backgrounds
are treated as scaled opposite sign contributions. The de-
tection efficiency is determined using Monte Carlo mod-
eling. Here, the cylindrical structure and the event selec-

TABLE IV: Helicities in different decay models and in mea-
surement of J/ψ → γf2(1270) → γπ+π−. x and y are defined
in the text.

Model x y

E1, low energy photon, pQCD [30]
√

3
√

6

Krammer, high energy photon [30] 0 0

Krammer at ψ(2S) → γf2(1270) [30] 0.68 0.45

Close [31]
√

3 /2 0

Ward glueball [32] −0.85 −1.0

J/ψ BESII [22] 0.89 ± 0.02 0.46 ± 0.02

J/ψ Crystal Ball [29] 0.88 ± 0.13 0.04 ± 0.19

J/ψ MARK III [25] 0.96 ± 0.07 0.06 ± 0.08

tion requirements give a detection efficiency with dips at
the end-caps in cos θγ (as in MARKIII [25]). The detec-
tion efficiency is relatively isotropic in cos θM but varies
strongly with φM , where minima are obtained at φM = 0,
π, and 2π; in these angular regions mesons can be close
to the beam directions. Since both θγ and φM suffer from
large acceptance correction effects, the θM distribution is
the most powerful analyzer.
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An angular fit to the three-dimensional ψ(2S) →
γf2(1270) → γπ+π− distribution gives two solutions for
x and y (Table V). The component with helicity two, y,
is well determined whereas the component with helicity
one, x, is essentially undetermined, mainly due to accep-
tance losses. The 1σ uncertainty in the fits is stated next
to the fit result in Table V; these are equivalent to the
statistical uncertainties from data and background.

Systematic uncertainties are listed in Table VI. The
effects of insufficiently understood acceptance was inves-
tigated in Ref. [34] by comparing the fit to ψ(2S) → γχc0

data with the known angular distribution, revealing a
large systematic uncertainty in x. The effect of ψ(2S) →
γπ+π− background not resonating in f2(1270) is investi-
gated by varying the invariant mass region, and effects of
misidentified contributions within the data set are inves-
tigated by comparing the fit with and without continuum
and ψ(2S) → π+π−π0 contributions. Muon contamina-
tion is automatically part of the opposite sign continuum
sample, and, since simulation showed no ψ(2S) → µ+µ−-
contribution and less than a 1% e+e− → µ+µ− contri-
bution within the region, these are assumed to be neg-
ligible. Misidentification of γK+K− events is estimated
to give a contribution of 0.6 events within the region and
systematic uncertainties from the generator input-output
are negligible. When the correlation between the uncer-
tainties in x and y is unknown the maximum is assumed,
i.e. 1 and -1 for the positive and the negative solution re-
spectively, for nonresonant events and misidentified back-
ground. The overall correlation ρ between systematic
uncertainties σ is calculated as

ρ =
∑

i

ρiσxiσyi

σxσy
(5)

where i runs over all the systematic uncertainties [34].

IX. CONCLUSION AND DISCUSSION

The branching fraction of ψ(2S) → γf0(1710) is mea-
sured in both the π+π− and the K+K− decays. Both
results are close to the one previous measurement from
BES [4]. The ratio between f0(1710) → π+π− and
f0(1710) → K+K− is found to be (77±72)%, with a

TABLE V: The relative fraction of helicity one x and two y,
to helicity zero in ψ(2S) → γf2(1270) → γπ+π−. With the
given number of events a preferred solution cannot be chosen.
The first uncertainty is the 1σ-deviation in the fit, i.e. the
statistical uncertainty, the second is systematic.

Positive solution Negative solution

x = 0.20 ± 0.09 ± 0.25 x = −0.26 ± 0.09 ± 0.24

y = −0.26 ± 0.08 ± 0.05 y = −0.25 ± 0.09 ± 0.06

ρstat = 0.53 ρstat = −0.43

ρsys = 0.44 ρsys = −0.41

TABLE VI: Systematic uncertainties in the angular distribu-
tion fit.

Source of uncertainty Positive Negative

Angular acceptance

Non-resonant events

(Fit region variation)

Misidentified background

(With/without bg red.)

Overall

σx σy ρ

0.18 0.05 0.24

0.14 0.02 1

0.11 0.01 1

0.25 0.05 0.44

σx σy ρ

0.18 0.05 -0.24

0.12 0.03 -1

0.10 0.00 -1

0.24 0.06 -0.41

TABLE VII: The ratio BR(ψ(2S) → γX)/BR(J/ψ → γX)
for comparison with the 12 % Rule. The J/ψ branching frac-
tions in the middle column are taken from [22, 23], and those
in the right most column are taken from the Particle Data
Group [1].

X BES [22, 23] PDG [1]

f2(1270) → π+π− 24±6% 28±6 %

f0(1500) → π+π− 22±27% > 5±4%

f0(1710) → π+π− 9±5% 14±18%

f2(1270) → K+K− - 60±45 %

f ′
2(1525) → K+K− 4±6% 3±4 %

f0(1710) → K+K− 6±5% 7±4 %

large uncertainty mainly from the K+K− measurement.
The potential glueball, the f0(1500), is accepted at the
5%-level in γπ+π−. It has been seen in J/ψ → γπ+π−

[22], but this is a first measurement in ψ(2S) radia-
tive decays. The f ′

2(1525) is at the verge of being ac-
cepted at the 5%-level in γK+K−. The f ′

2(1525) has
a strong signal in J/ψ → γK+K− [23] and was part
of the fit in the BESI ψ(2S) → γK+K− analysis [4],
but a branching fraction was never given. The region
above 2 GeV/c2 has an enhancement both in π+π− and
K+K−. In π+π−, the region is fitted with two reso-
nances: the f4(2050) and the f0(2200). Both of these
have been detected before in pseudoscalar final states in
radiative J/ψ-decays [1]. In K+K−, the same region
has a rather uniform distribution with an enhancement
around the f0(2200). The invariant mass distribution
from ψ(2S) decays is similar to the previously measured
J/ψ case but due to the limited number of events here,
a partial wave analysis is not feasible. One problem
when comparing the J/ψ and the ψ(2S) fit in mπ+π− is
that in J/ψ there is destructive interference between the
f0(2020) and the f0(1710) causing a dip at ∼1.8 GeV/c2.
There is also destructive interference around 1.5 GeV/c2,
which shifts the peak of the f0(1500) to lower values than
the pole position [22]. This pattern is not reproduced if
we, as in this analysis, assume incoherence. The ratio
BR(ψ(2S) → γX)/BR(J/ψ → γX) is presented in Ta-
ble VII for a few final states X for comparison with the
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12%-rule.
Can we use the branching fractions to understand what

goes on during the decay process? In an old prediction
by Lipkin [35], different pQCD and pQED ψ → γ2++

decay diagrams are compared under the assumption of
isospin symmetry. The upper diagram in Fig. 5 gives
the ratio

R =
Γ(ψ(2S) → γf ′

2(1525))

Γ(ψ(2S) → γf2(1270))
= 0.5 (6)

and the lower gives R ≈ 8%. The analysis presented
here gives a ratio of ≈ 4% whereas corresponding mea-
surement in J/ψ gave R = 26%. From another pQCD
diagram with photon radiation and subsequent hadron
formation, Close predicted [31]

BR(ψ → γ0+)

BR(ψ → γ2+)
=

2

7
(7)

under the assumption of quark-antiquark pair formation
with Lz = 1 and identical coupling between glue and
scalar and glue and tensor. This can unfortunately not
be compared to the present data since BR(f0(1710) →
K+K−) is unknown.
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