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{0 I

J/ψ → VP �±ÏLr�p�^Ú>^�p�^�)¶ÏL°(ÿ
þ J/ψ → VP ¤k�U�PC�ª§�±XÚ/ïÄ�I0f�
§��f¤°! SU(3)»�±9(½ J/ψ üNPC¥>^
Ú DOZIØ��Ì"

Decay mode SOZI DOZI
ρπ g + e

K∗±K∓ g(1 − sg ) + e(1 + se)

K∗0K̄ 0 g(1 − sg ) − e(2 − se)

ωη (g + e)Xη +
√

2rg(
√

2Xη + (1 − sp)Yη

ωη′ (g + e)Xη′ +
√

2rg(
√

2Xη′ + (1 − spYη′))
φη (g(1 − 2sg ) − 2e(1 − se))Yη + rg(1 − sV )(

√
2Xη + (1 − sp)Yη)

φη′ (g(1 − 2sg ) − 2e(1 − se))Yη′ + rg(1 − sV )(
√

2Xη′ + (1 − sp)Yη′)
ρη 3eXη
ρη′ 3eXη′
ωπ0 3e
φπ0 0

B̃(ψ → VP) =
B(ψ → VP)

P3
V

= |A|2
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{0 II

BES II� 5.8 × 107 J/ψ êâ�°(ÿþ J/ψ → VP PCJø
û
Ð�^�"

�c�BES IIêâ©Û�ÑB(J/ψ → π+π−π0) = (2.10 ± 0.12)%,
pÑ PDG��� 30% . `² J/ψ → ρπ ©|'�'Ù¦¢�|ÿ
����"Ïd J/ψ → VP �Ù¦PC�ª�ÿþC��~�"

Ägÿþ
 ηc → K +K−2(π+π−),3(π+π−)�©|'"
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Outline

1 J/ψ → φπ0, φη, φη′©|'�ÿþ

2 J/ψ → ωπ0, ωη, ωη′©|'�ÿþ

3 ηc → K +K−2(π+π−),3(π+π−)©|'�ÿþ(Ägÿþ)

4 o(
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J/ψ → φπ0, φη, φη′©|'�ÿþ

Outline

1 J/ψ → φπ0, φη, φη′©|'�ÿþ
J/ψ → φγγ
J/ψ → φγπ+π−

J/ψ → φπ+π−γγ
J/ψ → φπ0, φη, φη′�©|'

2 J/ψ → ωπ0, ωη, ωη′©|'�ÿþ
J/ψ → ωγγ
J/ψ → ωγπ+π−

J/ψ → ωπ+π−γγ
J/ψ → ωπ0, ωη, ωη′�©|'

3 ηc → K +K−2(π+π−),3(π+π−)©|'�ÿþ(Ägÿþ)
ηc → K +K−2(π+π−)
ηc → 3(π+π−)
ηc → K +K−2(π+π−),3(π+π−)�©|'

4 o(
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J/ψ → φπ0, φη, φη′©|'�ÿþ J/ψ → φγγ

J/ψ → φγγ

of photons in an event exceeds the minimum, all
combinations are tried, and the combination with
the smallest �2 is retained.

The branching fraction is calculated using

B�J= ! �P� �
Nobs

NJ= � " � B��! K
K	� � B�P! X�
;

(1)

where Nobs is the number of events observed (or the upper
limit), NJ= is the number of J= events, �5:77� 0:27� �
107, determined from the number of inclusive four-prong
hadronic decays [10], " is the detection efficiency obtained
from Monte Carlo simulation, and B��! K
K	� and
B�P! X� are the branching fractions of �! K
K	

and pseudoscalar decays from the PDG [7], respectively.

A. J= ! ���

Events with two oppositely charged tracks and at least
two or three isolated photons are selected. A 4C fit is
performed to the K
K	�� hypothesis, and �2 < 15 is
required. To reject possible background events from
J= ! �K
K	�0, the 4C-fit probability for the assign-
ment J= ! K
K	�� must be larger than that of
K
K	���.

After this selection, the scatter plot (Fig. 1) of mK
K	

versus m�� shows two clusters corresponding to ��0 and
��, but there is no clear accumulation of events for ��0.
To obtain the m�� distribution recoiling against �, the
K
K	 invariant mass is required to be in the � mass
region, jmK
K	 	 1:02j< 0:02 GeV=c2.

1. J= ! ��0

Figure 2(a) shows the m�� invariant mass distribution
after the above selection; no clear �0 signal is observed.
The Bayesian method is used to determine the upper limit
on the J= ! ��0 branching fraction. A Breit-Wigner
convoluted with a Gaussian plus a polynomial background
function are used to fit them�� spectrum. The �0 mass and
width are fixed to PDG values. The mass resolution, ob-
tained from Monte Carlo simulation, is 17:7 MeV=c2. At
the 90% confidence level, the number of ��0 events is 24.
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FIG. 1. Scatter plot of mK
K	 versus m�� for J= !
K
K	�� events.
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FIG. 2 (color online). The invariant mass distribution of m��
for J= ! ��� events. The curves are the results of the fit
described in the text.
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ÀJ^�

�>»,ê Nc = 2 ,¥5»
, Nphoton ≥ 2 ;
4C$ÄÆ[Ü χ2

KKγγ < 15 ;

χ2
K +K−γγ < χ2

K +K−γγγ .
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J/ψ → φπ0, φη, φη′©|'�ÿþ J/ψ → φγγ

J/ψ → φγγ
|mK+K− − mφ| < 0.02GeV/c2

of photons in an event exceeds the minimum, all
combinations are tried, and the combination with
the smallest �2 is retained.

The branching fraction is calculated using

B�J= ! �P� �
Nobs

NJ= � " � B��! K
K	� � B�P! X�
;

(1)

where Nobs is the number of events observed (or the upper
limit), NJ= is the number of J= events, �5:77� 0:27� �
107, determined from the number of inclusive four-prong
hadronic decays [10], " is the detection efficiency obtained
from Monte Carlo simulation, and B��! K
K	� and
B�P! X� are the branching fractions of �! K
K	

and pseudoscalar decays from the PDG [7], respectively.

A. J= ! ���

Events with two oppositely charged tracks and at least
two or three isolated photons are selected. A 4C fit is
performed to the K
K	�� hypothesis, and �2 < 15 is
required. To reject possible background events from
J= ! �K
K	�0, the 4C-fit probability for the assign-
ment J= ! K
K	�� must be larger than that of
K
K	���.

After this selection, the scatter plot (Fig. 1) of mK
K	

versus m�� shows two clusters corresponding to ��0 and
��, but there is no clear accumulation of events for ��0.
To obtain the m�� distribution recoiling against �, the
K
K	 invariant mass is required to be in the � mass
region, jmK
K	 	 1:02j< 0:02 GeV=c2.

1. J= ! ��0

Figure 2(a) shows the m�� invariant mass distribution
after the above selection; no clear �0 signal is observed.
The Bayesian method is used to determine the upper limit
on the J= ! ��0 branching fraction. A Breit-Wigner
convoluted with a Gaussian plus a polynomial background
function are used to fit them�� spectrum. The �0 mass and
width are fixed to PDG values. The mass resolution, ob-
tained from Monte Carlo simulation, is 17:7 MeV=c2. At
the 90% confidence level, the number of ��0 events is 24.
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FIG. 1. Scatter plot of mK
K	 versus m�� for J= !
K
K	�� events.
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FIG. 2 (color online). The invariant mass distribution of m��
for J= ! ��� events. The curves are the results of the fit
described in the text.
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J/ψ → φπ0

Nπ0 < 24@90%C.L.
B(J/ψ → φπ0) < 5.10 × 10−6@90%C.L.

J/ψ → φη

Nη = 2086 ± 58
�Ø φ sideband�¯~ N = 152 ± 17
B(J/ψ → φη) = (8.67±0.26)×10−4(stat .)

J/ψ → φη′
Nη′ = 68 ± 15
3 φ sidebandvkuy η′&Ò.
B(J/ψ → φη′) = (6.10±1.34)×10−4(stat .)
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J/ψ → φπ0, φη, φη′©|'�ÿþ J/ψ → φγπ+π−

J/ψ → φγπ+π−

Taking into account the detection efficiency, (16:63�
0:20)%, the upper limit on the branching fraction is

B�J= ! ��0�< 5:10� 10	6:

2. J= ! ��

Figure 2(b) shows the m�� distribution; an � signal is
clearly seen. The fit of this distribution with a Breit-Wigner
convoluted with a Gaussian plus a second order polyno-
mial background function gives 2086� 58�� events with
a � mass of 549:0� 0:5 MeV=c2. The background events,
152� 17, are estimated from the � sidebands, defined by
0:98 GeV=c2 <mK
K	 < 1:00 GeV=c2 and
1:04 GeV=c2 <mK
K	 < 1:06 GeV=c2. After subtracting
background and correcting for detection efficiency,
(19:98� 0:22)%, the J= ! �� branching fraction is
obtained

B�J= ! ��� � �8:67� 0:26� � 10	4;

where the error is statistical only.

3. J= ! ��0

The distribution of m�� in �0 mass region recoiling
against the � is shown in Fig. 2(c). A fit of the �0 peak
with a Breit-Wigner and a second order background poly-
nomial yields 68� 15��0 events with the peak at 958:1�
2:6 MeV=c2. No obvious signal is observed for the distri-
bution of m�� recoiling against � sidebands
(0:98 GeV=c2 <mK
K	 < 1:0 GeV=c2 and
1:04 GeV=c2 <mK
K	 < 1:06 GeV=c2). The detection
efficiency is (18:57� 0:22)%, and the corresponding
branching fraction is determined to be

B�J= ! ��0� � �6:10� 1:34� � 10	4;

where the error is only the statistical error.

B. J= ! ���
�	

For J= ! ��, �! ��
�	, events with four well-
reconstructed charged tracks and at least one isolated
photon are required. To select the pions and kaons from
amongst the tracks, 4C fits are applied for one of the
following three cases: (1) if only one charged track is
identified as a kaon using particle identification, then the
other charged tracks are assumed, one at a time, to be a
kaon, while the other two are assumed to be pions; (2) if
two charged tracks are identified as kaons, then the other
two tracks are assumed to be pions; (3) if three or four
charged tracks are identified as kaons, then the particle
identification information is ignored and all combinations
of two kaon and two pion tracks are kinematically fitted.
For each case, the hypothesis with the smallest �2 is
selected. We further require that the probability of the 4C
fit for the J= ! K
K	�
�	� assignment is larger than
those of K
K	�
�	 and K
K	�
�	��.

The scatter plot of mK
K	 versus m��
�	 is shown in
Fig. 3, where J= ! �� and J= ! ��0 decays are
apparent. For the scatter plot of m�
�	 versus m��
�	 ,
shown in Fig. 4, the �0 	 � signal corresponds to the decay
�0 ! ��. The other cluster is from �! ��
�	 and �!
�0�
�	 background events.

1. J= ! ��

Figure 5 shows the ��
�	 invariant mass recoiling
against the �, defined by jmK
K	 	 1:02j<
0:02 GeV=c2. A clear � signal is observed. The peak on
the left side of the � in Fig. 5 comes from J= ! ����!
�
�	�0� with one photon missing; this is confirmed by
Monte Carlo simulation. This peak cannot be described by
a simple Breit-Wigner due to its asymmetric shape. To
obtain the shape of the peak, a Monte Carlo sample of
J= ! ����! �
�	�0� is generated and a fit is made
to the peak. The ��
�	 mass distribution is then fitted
with this shape, a Breit-Wigner to describe the � signal,
and a polynomial background. The fit, shown in Fig. 5,
yields 134� 14 � events with a mass at 548:9�
0:9 MeV=c2. The detection efficiency obtained from
Monte Carlo simulation is (10:32� 0:16)%, and the cor-
responding branching fraction is

B�J= ! ��� � �9:79� 1:02� � 10	4;

where the error is only the statistical error.

2. J= ! ��0

After requiring jmK
K	 	 1:02j< 0:02 GeV=c2 and
0:3 GeV=c2 <m�
�	 < 0:95 GeV=c2, the distribution of
��
�	 invariant mass recoiling against the � is shown in
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FIG. 3. Scatter plot of mK
K	 versus m��
�	 for J= !
K
K	�
�	� events. The band below the � signal comes
from �! �
�	�0 events.
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Fig. 6; a fit with a Breit-Wigner convoluted with a
Gaussian and a second order polynomial gives 462� 33
events with a peak at 957:4� 0:7 MeV=c2. The detection
efficiency obtained from Monte Carlo simulation is
(9:80� 0:16)%, and the branching fraction obtained is

B�J= ! ��0� � �5:64� 0:40� � 10	4:

C. J= ! ��
�	��

For the �! �
�	�0 case, events with four well-
reconstructed charged tracks and at least two isolated
photons are selected. A 4C kinematic fit to the
K
K	�
�	�� hypothesis is applied, as described in
Section III B for J= ! ���
�	, and the case with the
smallest �2 is selected.

After the above selection and with the requirement that
m�� be consistent with a �0, (0:095 GeV=c2 <m�� <
0:175 GeV=c2), the J= ! �� decay is clearly observed
in the scatter plot of mK
K	 versus m�
�	��, shown in
Fig. 7(a). Requiring 0:5 GeV=c2 <m�� < 0:6 GeV=c2,
the scatter plot in Fig. 7(b) shows clean ��0 signals. The
decays of �! �
�	�0 and �0 ! �
�	� are also ob-
served in the scatter plot of m�� versus m�
�	�, shown in
Fig. 8.

1. J= ! ��

The mK
K	 invariant mass spectrum recoiling against
the �, shown in Fig. 9, is used to get the �� signals. A
Breit-Wigner convoluted with a Gaussian to account for
the � mass resolution plus a second order polynomial are
used to fit themK
K	 mass distribution. A total of 350� 20
events with a � mass at 1020:4� 0:3 MeV=c2 from �
decay are obtained in the fit, which using the detection
efficiency of (5:81� 0:12)% corresponds to a branching
fraction of

B�J= ! ��� � �9:41� 0:54� � 10	4:

Here, the error is statistical only.
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FIG. 5. Distribution of m��
�	 for J= ! ��
�	� events.
Dots with error bars are data, and the curves are the results of the
fit described in the text.
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FIG. 6. The distribution of m��
�	 for events of the type
J= ! ���; the curves are the result of the fit described in
the text.
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FIG. 4. Scatter plot of m�
�	 versus m��
�	 for J= !
���
�	 events. The �0 	 � signal corresponds to the decay
�0 ! ��. The other cluster is from �! ��
�	 and �!
�0�
�	 background events.
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ÀJ^�

�>»,ê Nc = 4 ,¥5»
, Nphoton ≥ 1 ;
4C$ÄÆ[Ü
χ2

K +K−γπ+π− < χ2
K +K−π+π− ,

χ2
K +K−γπ+π− < χ2

K +K−π+π−γγ ;
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J/ψ → φπ0, φη, φη′©|'�ÿþ J/ψ → φγπ+π−

J/ψ → φγπ+π−

|mK+K− − mφ| < 0.02GeV/c2

Fig. 6; a fit with a Breit-Wigner convoluted with a
Gaussian and a second order polynomial gives 462� 33
events with a peak at 957:4� 0:7 MeV=c2. The detection
efficiency obtained from Monte Carlo simulation is
(9:80� 0:16)%, and the branching fraction obtained is

B�J= ! ��0� � �5:64� 0:40� � 10	4:

C. J= ! ��
�	��

For the �! �
�	�0 case, events with four well-
reconstructed charged tracks and at least two isolated
photons are selected. A 4C kinematic fit to the
K
K	�
�	�� hypothesis is applied, as described in
Section III B for J= ! ���
�	, and the case with the
smallest �2 is selected.

After the above selection and with the requirement that
m�� be consistent with a �0, (0:095 GeV=c2 <m�� <
0:175 GeV=c2), the J= ! �� decay is clearly observed
in the scatter plot of mK
K	 versus m�
�	��, shown in
Fig. 7(a). Requiring 0:5 GeV=c2 <m�� < 0:6 GeV=c2,
the scatter plot in Fig. 7(b) shows clean ��0 signals. The
decays of �! �
�	�0 and �0 ! �
�	� are also ob-
served in the scatter plot of m�� versus m�
�	�, shown in
Fig. 8.

1. J= ! ��

The mK
K	 invariant mass spectrum recoiling against
the �, shown in Fig. 9, is used to get the �� signals. A
Breit-Wigner convoluted with a Gaussian to account for
the � mass resolution plus a second order polynomial are
used to fit themK
K	 mass distribution. A total of 350� 20
events with a � mass at 1020:4� 0:3 MeV=c2 from �
decay are obtained in the fit, which using the detection
efficiency of (5:81� 0:12)% corresponds to a branching
fraction of

B�J= ! ��� � �9:41� 0:54� � 10	4:

Here, the error is statistical only.
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FIG. 5. Distribution of m��
�	 for J= ! ��
�	� events.
Dots with error bars are data, and the curves are the results of the
fit described in the text.
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FIG. 6. The distribution of m��
�	 for events of the type
J= ! ���; the curves are the result of the fit described in
the text.
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FIG. 4. Scatter plot of m�
�	 versus m��
�	 for J= !
���
�	 events. The �0 	 � signal corresponds to the decay
�0 ! ��. The other cluster is from �! ��
�	 and �!
�0�
�	 background events.
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032003-5

J/ψ → φη,
η → π+π−π0

�
�	

Fig. 6; a fit with a Breit-Wigner convoluted with a
Gaussian and a second order polynomial gives 462� 33
events with a peak at 957:4� 0:7 MeV=c2. The detection
efficiency obtained from Monte Carlo simulation is
(9:80� 0:16)%, and the branching fraction obtained is

B�J= ! ��0� � �5:64� 0:40� � 10	4:

C. J= ! ��
�	��

For the �! �
�	�0 case, events with four well-
reconstructed charged tracks and at least two isolated
photons are selected. A 4C kinematic fit to the
K
K	�
�	�� hypothesis is applied, as described in
Section III B for J= ! ���
�	, and the case with the
smallest �2 is selected.

After the above selection and with the requirement that
m�� be consistent with a �0, (0:095 GeV=c2 <m�� <
0:175 GeV=c2), the J= ! �� decay is clearly observed
in the scatter plot of mK
K	 versus m�
�	��, shown in
Fig. 7(a). Requiring 0:5 GeV=c2 <m�� < 0:6 GeV=c2,
the scatter plot in Fig. 7(b) shows clean ��0 signals. The
decays of �! �
�	�0 and �0 ! �
�	� are also ob-
served in the scatter plot of m�� versus m�
�	�, shown in
Fig. 8.

1. J= ! ��

The mK
K	 invariant mass spectrum recoiling against
the �, shown in Fig. 9, is used to get the �� signals. A
Breit-Wigner convoluted with a Gaussian to account for
the � mass resolution plus a second order polynomial are
used to fit themK
K	 mass distribution. A total of 350� 20
events with a � mass at 1020:4� 0:3 MeV=c2 from �
decay are obtained in the fit, which using the detection
efficiency of (5:81� 0:12)% corresponds to a branching
fraction of

B�J= ! ��� � �9:41� 0:54� � 10	4:

Here, the error is statistical only.
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FIG. 5. Distribution of m��
�	 for J= ! ��
�	� events.
Dots with error bars are data, and the curves are the results of the
fit described in the text.
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FIG. 6. The distribution of m��
�	 for events of the type
J= ! ���; the curves are the result of the fit described in
the text.
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0.3 < m
π+π− < 0.95GeV/c2

J/ψ → φη

Nη = 134 ± 14
B(J/ψ → φη) = (9.79±1.02)×10−4(stat .)

J/ψ → φη′
Nη′ = 462 ± 33
B(J/ψ → φη′) = (5.64±0.40)×10−4(stat .)
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2. J= ! ��0

After requiring 0:5<m�� < 0:6 GeV=c2 and m�
�	 <
0:45 GeV=c2, the �
�	�� mass recoiling against the
��jmK
K	 	 1:02j< 0:02 GeV=c2�, shows a clean �0

peak, as seen in Fig. 10. No clear signal is observed for
� sidebands (0:98 GeV=c2 <mK
K	 < 1:0 GeV=c2 and
1:04 GeV=c2 <mK
K	 < 1:06 GeV=c2). The fit of
m�
�	�� yields 198� 18 events with a peak at 959:2�
1:4 MeV=c2, and the detection efficiency for this channel
is (7:83� 0:14)%, which gives

B�J= ! ��0� � �5:11� 0:46� � 10	4:

Here, the error is statistical only.

D. Systematic Errors

In this analysis, the systematic errors on the branching
fractions mainly come from the following sources:

1. MDC tracking efficiency

The MDC tracking efficiency is measured in clean
channels like J= ! " #" and  �2S� ! �
�	J= ,
J= ! �
�	. It is found that the Monte Carlo simulation
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0.095GeV/c2 < mγγ < 0.175GeV/c2

0.5GeV/c2 < mγγ < 0.6GeV/c2

2. J= ! ��0

After requiring 0:5<m�� < 0:6 GeV=c2 and m�
�	 <
0:45 GeV=c2, the �
�	�� mass recoiling against the
��jmK
K	 	 1:02j< 0:02 GeV=c2�, shows a clean �0

peak, as seen in Fig. 10. No clear signal is observed for
� sidebands (0:98 GeV=c2 <mK
K	 < 1:0 GeV=c2 and
1:04 GeV=c2 <mK
K	 < 1:06 GeV=c2). The fit of
m�
�	�� yields 198� 18 events with a peak at 959:2�
1:4 MeV=c2, and the detection efficiency for this channel
is (7:83� 0:14)%, which gives

B�J= ! ��0� � �5:11� 0:46� � 10	4:

Here, the error is statistical only.

D. Systematic Errors

In this analysis, the systematic errors on the branching
fractions mainly come from the following sources:

1. MDC tracking efficiency

The MDC tracking efficiency is measured in clean
channels like J= ! " #" and  �2S� ! �
�	J= ,
J= ! �
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ÀJ^�

�>»,ê Nc = 4 ,¥5»
, Nphoton ≥ 2 ;
4C$ÄÆ[Ü.
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2. J= ! ��0

After requiring 0:5<m�� < 0:6 GeV=c2 and m�
�	 <
0:45 GeV=c2, the �
�	�� mass recoiling against the
��jmK
K	 	 1:02j< 0:02 GeV=c2�, shows a clean �0

peak, as seen in Fig. 10. No clear signal is observed for
� sidebands (0:98 GeV=c2 <mK
K	 < 1:0 GeV=c2 and
1:04 GeV=c2 <mK
K	 < 1:06 GeV=c2). The fit of
m�
�	�� yields 198� 18 events with a peak at 959:2�
1:4 MeV=c2, and the detection efficiency for this channel
is (7:83� 0:14)%, which gives

B�J= ! ��0� � �5:11� 0:46� � 10	4:

Here, the error is statistical only.

D. Systematic Errors

In this analysis, the systematic errors on the branching
fractions mainly come from the following sources:

1. MDC tracking efficiency

The MDC tracking efficiency is measured in clean
channels like J= ! " #" and  �2S� ! �
�	J= ,
J= ! �
�	. It is found that the Monte Carlo simulation
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|m
π+π−π0 − mη| < 0.04GeV/c2

agrees with data within 1%–2% for each charged track.
Therefore 4% is taken as the systematic error on the
tracking efficiency for the channels with two charged
tracks and 8% for the channels with four charged tracks
in the final states.

2. Particle ID

The particle identification (PID) efficiency of the kaon is
studied from J= ! K
K	�0 and J= ! ��. The re-
sults indicate that the kaon PID efficiency for data agrees
well with that of the Monte Carlo simulation in the kaon
momentum region less than 1.0 GeV/c. In the analysis of
J= ! ��0, where two charged tracks are required to be

kaons, the PID efficiency difference between data and
Monte Carlo simulation is about 3.4%. In other decay
modes, at least one charged track is required to be identi-
fied as a kaon, so the difference from PID is less than 1%.
Here, the difference of the PID efficiencies between data
and Monte Carlo simulation is taken as one of the system-
atic errors.

3. Photon detection efficiency

For the decay modes analyzed in this paper, one or two
photons are involved in the final states. The photon detec-
tion efficiency is studied from J= ! �0�0 in Ref. [6].
The results indicate that the difference between the detec-
tion efficiency of data and MC simulation is less than 2%
for each photon.

4. Kinematic fit

The kinematic fit is a useful tool to improve resolution
and reduce background. The systematic error from the
kinematic fit is studied with the clean channel J= !
�
�	�0, as described in Ref. [6]. The conclusion is that
the kinematic fit efficiency difference between data and
Monte Carlo simulation is about 4.1%. Using the same
method, the decay mode J= ! �
�	�
�	�0 is also
analyzed, and the kinematic fit efficiency difference be-
tween data and Monte Carlo is about 4.3%. In this paper,
5% is conservatively taken to be the systematic error from
the kinematic fit for all analyzed decay modes.

5. Selection criteria

The systematic errors for additional selection criteria in
specific decay modes are estimated by comparing the
efficiency difference with and without the criterion or
replacing it with a very loose requirement. The study
indicates that they are not large compared with other
systematic errors. The results are listed in Table I.
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FIG. 10 (color online). The m�
�	�� distribution for J= !
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�	� candidate events. The curves are the result of the fit
described in the text.

TABLE I. Summary of systematic errors.

J= ! ��0 �� ��0

Final states K
K	�� K
K	�� K
K	�
�	� K
K	�
�	�� K
K	�� K
K	�
�	� K
K	�
�	��
Error Sources Relative Error (%)

MDC tracking 4 4 8 8 4 8 8
Particle ID 3.4 <1 <1 <1 <1 <1 <1
Kinematic fit 5 5 5 5 5 5 5
Photon efficiency 4 4 2 4 4 2 4
Selection criteria 2.4 2.4 2.8 1 2.4 2.9 2.2
MC sample 1.2 1.2 1.5 2.1 1.2 1.6 1.8
Hadronic interaction model 3 3 3 3 3 3 3
Background uncertainty 16.7 3.9 1.5 3.4 1.5 2.0 1.5
Intermediate decays 1.2 1.4 2.7 2.2 6.7 3.6 3.6
Total J= events 4.7 4.7 4.7 4.7 4.7 4.7 4.7
Total systematic error 19.7 10.7 12.0 12.6 12.0 12.4 12.7
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|mK+K− − mφ| < 0.02GeV/c2

J/ψ → φη

Nφ = 350 ± 20
B(J/ψ → φη) = (9.41±0.54)×10−4(stat .)

J/ψ → φη′
Nη′ = 198 ± 18
φ sidebandvkuy η′&Ò.
B(J/ψ → φη′) = (5.11±0.46)×10−4(stat .)
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6. Uncertainty from hadronic interaction model

Different simulations of the hadronic interaction lead to
different efficiencies. In this analysis, two models, FLUKA
[11] and GCALOR [12], are used in simulating hadronic
interactions in the Monte Carlo. The difference of the
detection efficiencies from these two Monte Carlo models
is about 3%, which is taken as the systematic error.

7. Uncertainty of background

The uncertainties of the background in each channel are
estimated by changing the background shape in the fit. The
results are listed in Table I.

8. Intermediate decay branching fractions

The branching fractions of �! K
K	 and the pseu-
doscalar decays are taken from the PDG. The errors of
these branching fractions are systematic errors in our mea-
surements and are listed in Table I.

The systematic error contributions studied above, the
error due to the uncertainty of the number of J= events,
and the statistical error of the Monte Carlo samples are all

listed in Table I. The total systematic error is the sum of
them added in quadrature.

IV. RESULTS AND DISCUSSION

The numbers used to calculate the upper limit and
branching fractions are listed in Table II. And the corre-
sponding results of J= decaying into ��0, ��, and ��0,
measured into different final states, are listed in Table III.
The average value is the weighted mean of the results from
the different decay modes, and the PDG value is the world
average taken from Ref. [7]. To conservatively estimate the
upper limit, the result for J= ! ��0 in Table III is
corrected by dividing a factor (1	  sys). Here, the  sys is
the systematic error for this decay mode. The world aver-
ages mainly come from MarkIII and DM2. The results
obtained here are not in good agreement with previous
measurements. Just as for the branching fraction of J= !
�
�	�0, the branching fraction of J= ! �� and ��0

are higher than those in the PDG.
In this paper, we measured the branching fractions of

J= decays into � plus a pseudoscalar. The three branch-
ing fractions are not sufficient for a detailed study of
pseudoscalar mixing, SU(3) breaking, and the contribution
from doubly suppressed OZI processes using the phenome-
nological model in Ref. [1]. However the inconsistency
between the results from BESII and those from former
measurements emphasize the importance for such a study.
After measuring the other decay modes of J= ! VP,
such as J= ! !�0, !�, !�0, ��, ��0, and K�K, it
will be important to extract physics with all the relevant
measurements again.
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TABLE II. Numbers used in the calculations of upper limit and branching fractions.

Decay modes Events Background events Detection efficiency(%)

J= ! ��0; �! K
K	; �0 ! �� <24 (90% C.L.) 16:63� 0:20
J= ! ��;�! K
K	; �! �� 2086� 58 152� 17 19:98� 0:22

J= ! ��;�! K
K	; �! ��
�	 134� 14 10:32� 0:16
J= ! ��;�! K
K	; �! �
�	�0 350� 20 5:81� 0:12
J= ! ��0; �! K
K	; �0 ! �� 68� 15 18:57� 0:22

J= ! ��0; �! K
K	; �0 ! ��
�	 462� 33 9:80� 0:16
J= ! ��0; �! K
K	; �0 ! �
�	�;�! �� 198� 18 7:83� 0:14

Branching fractions of �, �0,�, and �0 from PDG [7]
B��! K
K	� � �49:1� 0:6�% B��0 ! ��� � �98:7981� 0:032�%
B��! ��� � �39:43� 0:26�% B��! ��
�	� � �4:68� 0:11�%

B��! �
�	�0� � �22:6� 0:4�% B��0 ! ��� � �2:12� 0:12�%
B��0 ! ��0���
�	�� � �29:5� 1:0�% B��0 ! �
�	�� � �44:3� 1:5�%

TABLE III. Branching fractions of J= ! ��0, ��, and
��0.

J= ! Final states Branching Fraction ( � 10	4)

��0 K
K	�� <0:064 (C.L. 90%)
K
K	�� 8:67� 0:26� 0:93

K
K	�
�	� 9:79� 1:02� 1:17
�� K
K	�
�	�� 9:41� 0:54� 1:19

Average 8:98� 0:24� 0:89
PDG 6:5� 0:7

K
K	�� 6:10� 1:34� 0:73
��0 K
K	�
�	� 5:64� 0:40� 0:70

K
K	�
�	�� 5:11� 0:46� 0:65
Average 5:46� 0:31� 0:56

PDG 3:3� 0:4
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Outline

1 J/ψ → φπ0, φη, φη′©|'�ÿþ
J/ψ → φγγ
J/ψ → φγπ+π−

J/ψ → φπ+π−γγ
J/ψ → φπ0, φη, φη′�©|'

2 J/ψ → ωπ0, ωη, ωη′©|'�ÿþ
J/ψ → ωγγ
J/ψ → ωγπ+π−

J/ψ → ωπ+π−γγ
J/ψ → ωπ0, ωη, ωη′�©|'

3 ηc → K +K−2(π+π−),3(π+π−)©|'�ÿþ(Ägÿþ)
ηc → K +K−2(π+π−)
ηc → 3(π+π−)
ηc → K +K−2(π+π−),3(π+π−)�©|'
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J/ψ → ωπ0

The �2 values required in the selection of events
below are based on the optimization of S=

�������������
S� B
p

,
where the S and B are the expected signal and
background, respectively.

The branching fraction is calculated using

B�J= !!P�

�
Nobs

NJ= 	" 	B�!!�����0� 	B�P!X� 	B��0!���

(1)

where Nobs is the number of events observed, NJ= is the
total number of J= events, �5:77� 0:27� � 107 [11], " is
the detection efficiency obtained from MC simulation
which takes into account the angular distributions [10],
and B�!! �����0� and B�P! X� are the branching
fractions, taken from the Particle Data Group (PDG) [7], of
!! �����0 and the pseudoscalar P to X final states,
respectively.

A. J= ! !��

Events with two oppositely charged tracks and at least
four isolated photons are selected. A 4C-fit is performed to
the �������� hypothesis, and �2 < 15 is required.
There are six �� combinations to test for consistency
with the �0 mass. Looping over all combinations, we

calculate m�����1�2
for combinations satisfying jm�1�2

�

0:135j< 0:04 GeV=c2, denoted as m�����0 , and plot
m�����0 versus m�3�4

in Fig. 1, where clear �0 and �
signals are seen.

1. J= ! !�0

The m�����0 distribution for events with the recoil ��
invariant mass (�3�4) being in the �0 mass region,
jm�3�4

� 0:135j< 0:04 GeV=c2, is shown as crosses in
Fig. 2. The ! signal, clearly seen in Fig. 2, is fitted to
obtain the branching fraction of J= ! !�0.
Backgrounds for J= ! !�0 which contribute to the
peak in the ! signal region mainly come from non-�0

events and events from J= ! !���! �0�0�0� and
!�0�0 that survive selection criteria. Non-�0 events can
be measured using �0 sideband events (0:25<m�3�4

<
0:40 GeV=c2). These backgrounds will be subtracted after
the fit.

A fit to the m�����0 distribution is performed using the
expected ! shape obtained from MC simulation and a first
order polynomial background, shown as the curve in Fig. 2,
and 2595� 59! events are obtained. The inset in Fig. 2
shows the fit with a second order polynomial background.
The m�����0 distribution for events which recoil against
the �0 sideband region (0:25<m�3�4

< 0:40 GeV=c2),
shown in Fig. 3, is fitted to determine the non-�0 back-
ground; after normalization, 242� 10 non-! background
events are obtained and subtracted. We also subtract 142�
18 background events from J= ! !���! �0�0�0�
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FIG. 1. Scatter plot of m�3�4
versus m�����0 for J= !

�������� candidate events.

FIG. 2. The m�����0 invariant mass distribution for J= !
!�0 candidate events. The curves are the results of the fit
described in the text. The inset is the fit using a different
background shape (second order polynomial).
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|mγ3γ4 − m
π0 | < 0.04GeV/c2

�g��.

�g��.

Nω = 2595± 59

π0 sideband

Nω = 242± 10

©|'

�Ø5gëY«��.:

5g π0 sideband�¯~ N = 242± 10 ;

5g J/ψ → ωη(η → π0π0π0)�¯
~ N = 142± 18 ;

5gëY«��.

N = 53± 22 @
√

s = 3.07GeV .

B(J/ψ → ωπ0) = (5.38± 0.12)× 10−4(stat .)

>^³^Ïf

|f (m2
J/ψ)|

|f (0)|
=(
α

3
·
[

pγ
pω

]3

·
mJ/ψΓ(J/ψ → ωπ0)

Γ(J/ψ → γπ0) · Γ(J/ψ → µ+µ−)
)

1
2

=0.0411 ± 0.0009
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J/ψ → ωη

Nω = 3790 ± 72
|mγ3γ4 − mη| < 0.04GeV/c2

B(J/ψ → ωη) =
(22.86 ± 0.43)× 10−4(stat .)

�Ø
e¡�¯~:
5gu η sideband�¯~ N = 188 ± 18;
5gu�.� J/psi → ωη, η → π0π0π0 �¯~ N = 161 ± 17 ;
5gu�.� J/ψ → ωπ0π0 �¯~ N = 30 ± 4 .
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J/ψ → ωγπ+π−

ÀJ^�

�>»,ê Nc = 4 ,¥5», Nphoton ≥ 3 ;

4C$ÄÆ[Ü χ2
π+π−π+π−γγγ < 20 , |mπ+π−π0 − mω| < 0.04GeV/c2 .

J/ψ → ωη

Nη = 284 ± 24

J/ψ → ωη,
η → π+π−π0 -

�Ø ω sideband�¯~ N = 17 ± 6 .
B(J/ψ → ωη) = (24.47 ± 2.07)× 10−4(stat .)

J/ψ → ωη′

Nη′ = 197 ± 27

�Ø ω sideband�¯~ N = 44± 11 .
B(J/ψ → ωη′) = (2.41 ± 0.33)× 10−4(stat .)
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J/ψ → ωπ0, ωη, ωη′©|'�ÿþ J/ψ → ωπ+π−γγ

J/ψ → ωπ+π−γγ

ÀJ^�

�>»,ê Nc = 4 ,¥5», Nphoton ≥ 3 ;

Nphoton ≥ 4 , 4C$ÄÆ[Ü;Nphoton = 3 , 1C$ÄÆ[Ü.

J/ψ → ωη

Nω = 1249 ± 43

|mπ+π−π0 − mη| < 0.04GeV/c2

η sidebandvk ω �¯~ N = 0 ± 2 .
B(J/ψ → ωη′) = (24.74 ± 0.84)× 10−4(stat .)

J/ψ → ωη′

Nω = 65 ± 15

|mπ+π−η − mη′| < 0.04GeV/c2

η′ sidebandvk ω �¯~ N = 0± 1 .
B(J/ψ → ωη′) = (2.06 ± 0.48)× 10−4(stat .)
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J/ψ → ωπ0, ωη, ωη′©|'�ÿþ J/ψ → ωπ0, ωη, ωη′�©|'

J/ψ → ωπ0, ωη, ωη′�©|'

between the two simulations is taken as the systematic
error for the tracking.

2. Particle identification

In Refs. [6,9], the particle identification efficiency of
pions is analyzed in detail. Here, only one charged track is
required to be identified as a pion, and the systematic error
from particle identification is less than 1% and is
negligible.

3. Photon detection efficiency

The photon detection efficiency is studied using J= !
�0�0 in Ref. [6]. The results indicate that the systematic
error is less than 2% for each photon. There are slight
differences in the �0, �, and ! mass resolutions between
MC and data. The effect of these differences on the branch-
ing ratios are very small and are ignored.

4. Uncertainty of background

The background uncertainties come from the uncertain-
ties associated with the estimation of the sideband back-
grounds, the continuum events, and the events from other
background channels, as well as the uncertainties of the
background shape, different fit ranges, etc. Therefore, the
statistical errors in the estimated background events, the
largest difference in changing the background shape and
the difference of changing the fit range are taken as the
systematic errors from the background uncertainty.

5. Intermediate decay branching fractions

The branching fractions of!! �����0 and the pseu-
doscalar decays are taken from the PDG [7]. The errors of
these branching fractions are systematic errors in our mea-
surements and are listed in Table I.

The above systematic errors together with the error due
to the uncertainty in the number of J= events are all listed
in Table I. The total systematic error is determined by
adding all terms in quadrature.

IV. RESULTS

Table II lists the branching fractions of J= decaying
into !�0,!�, and !�0. The average value is the weighted
mean of the results from the different decay modes after
taking out the common systematic errors, and the PDG
value is the world average taken from Ref. [7]. The results
are higher than those in the PDG as are our measurements
of J= ! �����0 [6] and J= ! �P��0; �; �0� [8]. It
emphasizes the importance of measuring the other decay
modes of J= ! VP, such as J= ! ��, ��0, and K
K
based on the BESII 5:8� 107J= events.
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TABLE I. Systematic error sources and their contributions.

J= ! !�0 !� !�0

Final state �������� �������� ����������� ������������ ����������� ������������
Error sources Relative Error (%)
Wire resolution 6.9 9.1 11.6 11.3 13.3 10.3
Particle ID <1 <1 <1 <1 <1 <1
Photon efficiency �8 �8 �6 �8 �6 �8
Back. uncertainty 3.3 1.0 2.42 1.0 6.6 9.7
Intermediate decays 0.79 1.05 2.48 1.95 3.48 3.48
Total J= events 4.72 4.72 4.72 4.72 4.72 4.72
Total systematic error 12.1 13.1 14.3 14.8 17.1 17.3

TABLE II. Branching fractions of J= ! !�0, !�, and !�0.

J= ! Final states Branching Fraction (� 10�4)

!�0 �������� 5:38� 0:12� 0:65
PDG 4:2� 0:6

�������� 22:86� 0:43� 2:99
����������� 24:47� 2:07� 3:50

!� ������������ 24:74� 0:85� 3:66
Average 23:52� 2:73

PDG 15:8� 1:6
����������� 2:41� 0:33� 0:41

!�0 ������������ 2:06� 0:48� 0:36
Average 2:26� 0:43

PDG 1:67� 0:25

M. ABLIKIM et al. PHYSICAL REVIEW D 73, 052007 (2006)

052007-8

P.R.D73,052007(2006)
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ηc → K+K−2(π+π−), 3(π+π−)©|'�ÿþ(Ägÿþ)

Outline

1 J/ψ → φπ0, φη, φη′©|'�ÿþ
J/ψ → φγγ
J/ψ → φγπ+π−

J/ψ → φπ+π−γγ
J/ψ → φπ0, φη, φη′�©|'

2 J/ψ → ωπ0, ωη, ωη′©|'�ÿþ
J/ψ → ωγγ
J/ψ → ωγπ+π−

J/ψ → ωπ+π−γγ
J/ψ → ωπ0, ωη, ωη′�©|'

3 ηc → K +K−2(π+π−),3(π+π−)©|'�ÿþ(Ägÿþ)
ηc → K +K−2(π+π−)
ηc → 3(π+π−)
ηc → K +K−2(π+π−),3(π+π−)�©|'

4 o(
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ηc → K+K−2(π+π−), 3(π+π−)©|'�ÿþ(Ägÿþ)

{0

ηc ´ìó�[x¥���
1S0 �"´3 J/ψ Ú ψ(2S)üÞ1fÌ

�uy�"

nØýÏ ηc �±ÏLéõPC�ªPC�rf"�§¢�þu

y�PC�%é�"

BES II�pÚOþêâ�uy ηc #�PC�ªJø
éÐ�^

�"
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ηc → K+K−2(π+π−), 3(π+π−)©|'�ÿþ(Ägÿþ) ηc → K+K−2(π+π−)

ηc → K +K−π+π−π+π− �©|'

ÀJ^�

�>»,ê Nc = 6 ,¥5», Nphoton ≥ 1 ;

4C$ÄÆ[Ü χ2 < 10 ;

χ2
γK +K−π+π−π+π− < χ2

γγK +K−π+π−π+π− ,
χ2
γK +K−π+π−π+π− < χ2

K +K−π+π−π+π− ;

Pmiss > 55MeV/c2. BES Collaboration / Physics Letters B 633 (2006) 19–24 21

Fig. 1. The distribution ofmK+K−π+π−π+π− for selected events. The his-
togram with error bars is from data, the shaded part is the background estimated
from J/ψ → anything Monte Carlo simulation, and the curve represents the fit-
ting results described in the text.

events with more than one photon, all combinations are tried,
and the combination with the smallestχ2 is retained. The
χ2

γK+K−π+π−π+π− is required to be less than 10. To

reject background fromJ/ψ → γ γK+K−π+π−π+π−,
χ2

γK+K−π+π−π+π− is required to be less than

χ2
γ γK+K−π+π−π+π− . Background events fromJ/ψ →

K+K−π+π−π+π− are eliminated by requiring
χ2

γK+K−π+π−π+π− < χ2
K+K−π+π−π+π− and Pmiss >

55 MeV/c, wherePmiss is the missing momentum of charged
tracks.

After the above selection, theK+K−π+π−π+π− invari-
ant mass,mK+K−π+π−π+π− , distribution is shown inFig. 1.
A peak at theηc mass is observed. The shaded histogram is
the background estimated from 58 millionJ/ψ → anything
Monte Carlo events generated with the Lund-charm genera-
tor [10]; no prominent signal in theηc mass region is seen.
Also, 100 000 events for the two possible background channels
J/ψ → K+K−2(π+π−) and J/ψ → γ 3(π+π−) are simu-
lated. After final selection, no events remain in theηc mass
region. A Breit–Wigner folded with a Gaussian to take into
account the mass resolution of 12.3 MeV/c2 at theηc and a
second order polynomial background are used in the fit. The
fit gives 100± 26ηc events with a statistical significance of
4.0σ , where the mass and width ofηc are fixed to the PDG
values[11].

Using this sample, we search for the decay modeηc →
K∗0K̄∗0π+π−. To selectK∗0K̄∗0π+π− events, we require
that the invariant masses ofK+π− and K−π+ must satisfy
|mKπ − 0.896| < 0.05 GeV/c2. After theK∗0 andK̄∗0 selec-
tion, theK+K−2(π+π−) invariant mass is shown inFig. 2.
A small peak at theηc mass is observed. The background
events corresponding to the shaded histogram inFig. 2are esti-
mated fromK∗0 andK̄∗0 sidebands (0.1< |mK+π− −0.896| <
0.15 GeV/c2 and 0.1 < |mK−π+ − 0.896| < 0.15 GeV/c2),
and there is no evidentηc signal. 45± 15 events are obtained
by fitting the mass spectrum with a Breit–Wigner folded with

Fig. 2. The distribution ofmK+K−π+π−π+π− for ηc → K∗0K̄∗0π+π− can-
didate events. The histogram with error bars is for data, the shaded part is the
background estimated fromK∗0(K̄∗0) sidebands, and the curve is the fitting
results described in the text.

Fig. 3. The distribution ofmK+K−π+π−π+π− for ηc → φπ+π−π+π− can-
didate events.

a Gaussian to account for theηc mass resolution plus a sec-
ond order polynomial background. The corresponding mass and
width of theηc are fixed to PDG values[11]. Since the signif-
icance of the peak is only 3σ , we also give the upper limit for
ηc → K∗0K̄∗0π+π−. With the Bayes method, the fit of this
distribution yields an upper limit of 65 events at the 90% confi-
dence level.

TheJ/ψ → γK+K−π+π−π+π− sample can also be used
to search forηc → φπ+π−π+π−. For selecting aφ signal,
the K+K− mass,mK+K− , is required to be in the region
|mK+K− −1.02| < 0.015 GeV/c2. After this selection, no clear
ηc signal is found in the distribution ofmK+K−π+π−π+π− ,
as shown inFig. 3. Using Bayes method, a fit toηc →
K+K−π+π−π+π− with a Breit–Wigner folded with a Gaus-
sian and a second order polynomial background gives an upper
limit of 13.5ηc events at the 90% confidence level.

From Monte Carlo simulation, in which the angle (θ ) be-
tween the direction of thee+ andηc in the laboratory frame
is generated according to a 1+ cos2 θ distribution and uniform

Nηc = 100 ± 26(4.0σ)

J/ψ → anything(Lund-charm)

B(J/ψ → γηc)B(ηc → K +K−π+π−π+π−)

= (1.21± 0.32)× 10−4(stat .)

�m pU¤BESÜ�| () 2006.10.29 ?� 22 / 29



ηc → K+K−2(π+π−), 3(π+π−)©|'�ÿþ(Ägÿþ) ηc → K+K−2(π+π−)

ηc → K ∗0K̄ ∗0π+π−π+π− �©|'

|mK +π− − mK∗ | < 0.05GeV/c2BES Collaboration / Physics Letters B 633 (2006) 19–24 21

Fig. 1. The distribution ofmK+K−π+π−π+π− for selected events. The his-
togram with error bars is from data, the shaded part is the background estimated
from J/ψ → anything Monte Carlo simulation, and the curve represents the fit-
ting results described in the text.

events with more than one photon, all combinations are tried,
and the combination with the smallestχ2 is retained. The
χ2

γK+K−π+π−π+π− is required to be less than 10. To

reject background fromJ/ψ → γ γK+K−π+π−π+π−,
χ2

γK+K−π+π−π+π− is required to be less than

χ2
γ γK+K−π+π−π+π− . Background events fromJ/ψ →

K+K−π+π−π+π− are eliminated by requiring
χ2

γK+K−π+π−π+π− < χ2
K+K−π+π−π+π− and Pmiss >

55 MeV/c, wherePmiss is the missing momentum of charged
tracks.

After the above selection, theK+K−π+π−π+π− invari-
ant mass,mK+K−π+π−π+π− , distribution is shown inFig. 1.
A peak at theηc mass is observed. The shaded histogram is
the background estimated from 58 millionJ/ψ → anything
Monte Carlo events generated with the Lund-charm genera-
tor [10]; no prominent signal in theηc mass region is seen.
Also, 100 000 events for the two possible background channels
J/ψ → K+K−2(π+π−) and J/ψ → γ 3(π+π−) are simu-
lated. After final selection, no events remain in theηc mass
region. A Breit–Wigner folded with a Gaussian to take into
account the mass resolution of 12.3 MeV/c2 at theηc and a
second order polynomial background are used in the fit. The
fit gives 100± 26ηc events with a statistical significance of
4.0σ , where the mass and width ofηc are fixed to the PDG
values[11].

Using this sample, we search for the decay modeηc →
K∗0K̄∗0π+π−. To selectK∗0K̄∗0π+π− events, we require
that the invariant masses ofK+π− and K−π+ must satisfy
|mKπ − 0.896| < 0.05 GeV/c2. After theK∗0 andK̄∗0 selec-
tion, theK+K−2(π+π−) invariant mass is shown inFig. 2.
A small peak at theηc mass is observed. The background
events corresponding to the shaded histogram inFig. 2are esti-
mated fromK∗0 andK̄∗0 sidebands (0.1< |mK+π− −0.896| <
0.15 GeV/c2 and 0.1 < |mK−π+ − 0.896| < 0.15 GeV/c2),
and there is no evidentηc signal. 45± 15 events are obtained
by fitting the mass spectrum with a Breit–Wigner folded with

Fig. 2. The distribution ofmK+K−π+π−π+π− for ηc → K∗0K̄∗0π+π− can-
didate events. The histogram with error bars is for data, the shaded part is the
background estimated fromK∗0(K̄∗0) sidebands, and the curve is the fitting
results described in the text.

Fig. 3. The distribution ofmK+K−π+π−π+π− for ηc → φπ+π−π+π− can-
didate events.

a Gaussian to account for theηc mass resolution plus a sec-
ond order polynomial background. The corresponding mass and
width of theηc are fixed to PDG values[11]. Since the signif-
icance of the peak is only 3σ , we also give the upper limit for
ηc → K∗0K̄∗0π+π−. With the Bayes method, the fit of this
distribution yields an upper limit of 65 events at the 90% confi-
dence level.

TheJ/ψ → γK+K−π+π−π+π− sample can also be used
to search forηc → φπ+π−π+π−. For selecting aφ signal,
the K+K− mass,mK+K− , is required to be in the region
|mK+K− −1.02| < 0.015 GeV/c2. After this selection, no clear
ηc signal is found in the distribution ofmK+K−π+π−π+π− ,
as shown inFig. 3. Using Bayes method, a fit toηc →
K+K−π+π−π+π− with a Breit–Wigner folded with a Gaus-
sian and a second order polynomial background gives an upper
limit of 13.5ηc events at the 90% confidence level.

From Monte Carlo simulation, in which the angle (θ ) be-
tween the direction of thee+ andηc in the laboratory frame
is generated according to a 1+ cos2 θ distribution and uniform

Nηc = 45 ± 15(3σ)

K ∗ Ú K̄ ∗ sideband

©|'

B(J/ψ → γηc)B(ηc → K ∗K̄ ∗π+π−)

= (1.91± 0.64)× 10−4(stat .)

þ�

^ Bayes�{�Oþ�:
Nηc < 65@90%C.L.

B(J/ψ → γηc)B(ηc → K ∗K̄ ∗π+π−)

< 2.76× 10−4
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ηc → K+K−2(π+π−), 3(π+π−)©|'�ÿþ(Ägÿþ) ηc → K+K−2(π+π−)

ηc → φπ+π−π+π− �©|'

|mK +K− − mφ| < 0.015GeV/c2

BES Collaboration / Physics Letters B 633 (2006) 19–24 21

Fig. 1. The distribution ofmK+K−π+π−π+π− for selected events. The his-
togram with error bars is from data, the shaded part is the background estimated
from J/ψ → anything Monte Carlo simulation, and the curve represents the fit-
ting results described in the text.

events with more than one photon, all combinations are tried,
and the combination with the smallestχ2 is retained. The
χ2

γK+K−π+π−π+π− is required to be less than 10. To

reject background fromJ/ψ → γ γK+K−π+π−π+π−,
χ2

γK+K−π+π−π+π− is required to be less than

χ2
γ γK+K−π+π−π+π− . Background events fromJ/ψ →

K+K−π+π−π+π− are eliminated by requiring
χ2

γK+K−π+π−π+π− < χ2
K+K−π+π−π+π− and Pmiss >

55 MeV/c, wherePmiss is the missing momentum of charged
tracks.

After the above selection, theK+K−π+π−π+π− invari-
ant mass,mK+K−π+π−π+π− , distribution is shown inFig. 1.
A peak at theηc mass is observed. The shaded histogram is
the background estimated from 58 millionJ/ψ → anything
Monte Carlo events generated with the Lund-charm genera-
tor [10]; no prominent signal in theηc mass region is seen.
Also, 100 000 events for the two possible background channels
J/ψ → K+K−2(π+π−) and J/ψ → γ 3(π+π−) are simu-
lated. After final selection, no events remain in theηc mass
region. A Breit–Wigner folded with a Gaussian to take into
account the mass resolution of 12.3 MeV/c2 at theηc and a
second order polynomial background are used in the fit. The
fit gives 100± 26ηc events with a statistical significance of
4.0σ , where the mass and width ofηc are fixed to the PDG
values[11].

Using this sample, we search for the decay modeηc →
K∗0K̄∗0π+π−. To selectK∗0K̄∗0π+π− events, we require
that the invariant masses ofK+π− and K−π+ must satisfy
|mKπ − 0.896| < 0.05 GeV/c2. After theK∗0 andK̄∗0 selec-
tion, theK+K−2(π+π−) invariant mass is shown inFig. 2.
A small peak at theηc mass is observed. The background
events corresponding to the shaded histogram inFig. 2are esti-
mated fromK∗0 andK̄∗0 sidebands (0.1< |mK+π− −0.896| <
0.15 GeV/c2 and 0.1 < |mK−π+ − 0.896| < 0.15 GeV/c2),
and there is no evidentηc signal. 45± 15 events are obtained
by fitting the mass spectrum with a Breit–Wigner folded with

Fig. 2. The distribution ofmK+K−π+π−π+π− for ηc → K∗0K̄∗0π+π− can-
didate events. The histogram with error bars is for data, the shaded part is the
background estimated fromK∗0(K̄∗0) sidebands, and the curve is the fitting
results described in the text.

Fig. 3. The distribution ofmK+K−π+π−π+π− for ηc → φπ+π−π+π− can-
didate events.

a Gaussian to account for theηc mass resolution plus a sec-
ond order polynomial background. The corresponding mass and
width of theηc are fixed to PDG values[11]. Since the signif-
icance of the peak is only 3σ , we also give the upper limit for
ηc → K∗0K̄∗0π+π−. With the Bayes method, the fit of this
distribution yields an upper limit of 65 events at the 90% confi-
dence level.

TheJ/ψ → γK+K−π+π−π+π− sample can also be used
to search forηc → φπ+π−π+π−. For selecting aφ signal,
the K+K− mass,mK+K− , is required to be in the region
|mK+K− −1.02| < 0.015 GeV/c2. After this selection, no clear
ηc signal is found in the distribution ofmK+K−π+π−π+π− ,
as shown inFig. 3. Using Bayes method, a fit toηc →
K+K−π+π−π+π− with a Breit–Wigner folded with a Gaus-
sian and a second order polynomial background gives an upper
limit of 13.5ηc events at the 90% confidence level.

From Monte Carlo simulation, in which the angle (θ ) be-
tween the direction of thee+ andηc in the laboratory frame
is generated according to a 1+ cos2 θ distribution and uniform

Nηc < 13.5@90%C.L.
þ�

^ Bayes�{�Oþ�:

B(J/ψ → γηc)B(ηc → φπ+π−π+π−)

< 4.72× 10−5
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ηc → K+K−2(π+π−), 3(π+π−)©|'�ÿþ(Ägÿþ) ηc → 3(π+π−)

ηc → π+π−π+π−π+π− �©|'

ÀJ^�

�>»,ê Nc = 6 ,¥5», Nphoton ≥ 1 ;

4C$ÄÆ[Ü χ2 < 10 ;

χ2
γπ+π−π+π−π+π− < χ2

γγπ+π−π+π−π+π− ,
χ2
γπ+π−π+π−π+π− < χ2

π+π−π+π−π+π− ;

22 BES Collaboration / Physics Letters B 633 (2006) 19–24

phase-space is used forηc decaying intoK+K−2(π+π−) and
φ2(π+π−), the detection efficiencies ofJ/ψ → γ ηc(ηc →
K+K−π+π−π+π−), J/ψ → γ ηc(ηc → K∗0K̄∗0π+π−),
and J/ψ → γ ηc(ηc → φπ+π−π+π−) are determined as
(1.43± 0.04)%, (0.92± 0.03)%, and(1.01± 0.02)%, respec-
tively. Therefore, the branching fractions obtained are

B(J/ψ → γ ηc) · B(
ηc → K+K−π+π−π+π−)

= (1.21± 0.32) × 10−4,

B(J/ψ → γ ηc) · B(
ηc → K∗0K̄∗0π+π−)

= (1.91± 0.64) × 10−4,

B(J/ψ → γ ηc) · B(
ηc → K∗0K̄∗0π+π−)

< 2.76× 10−4 at 90% C.L.,

and

B(J/ψ → γ ηc) · B(
ηc → φπ+π−π+π−)

< 4.72× 10−5 at 90% C.L.

3. Analysis of J/ψ → γ ηc, ηc → π+π−π+π−π+π−

These events are observed in the topologyJ/ψ →
γπ+π−π+π−π+π−. Events with six good charged tracks and
at least one isolated photon are selected. No particle identifi-
cation is required. A 4C kinematic fit is performed under the
hypothesisγπ+π−π+π−π+π−, and theχ2 is required to be
less than 10. To reject background fromJ/ψ → 3(π+π−) and
J/ψ → 3(π+π−)π0, we requireχ2

γπ+π−π+π−π+π− to be less

thanχ2
π+π−π+π−π+π− andχ2

π+π−π+π−π+π−π0.
Fig. 4 shows theπ+π−π+π−π+π− invariant mass spec-

trum after the above selection. A clearηc peak is observed.
The shaded histogram inFig. 4 corresponds to background es-
timated from 58 millionJ/ψ → anything Monte Carlo events
generated using the Lund-Charm generator[10], where noηc

signal is evident. A fit of themπ+π−π+π−π+π− distribution,

Fig. 4. The distribution ofmπ+π−π+π−π+π− for selected events. The his-
togram with error bars is data, the shaded part is the background estimated
from Monte Carlo simulation, and the curve is the fitting result described in the
text.

which is shown as the solid curve inFig. 4, using a Breit–
Wigner convoluted with a Gaussian to represent the signal and a
second order polynomial for the background, yields 479±59ηc

events with a statistical significance of 8.4σ . In the fit, the mass
and width ofηc are again fixed to PDG values[11].

The detection efficiency for J/ψ → γ ηc, ηc →
π+π−π+π−π+π− is determined to be(3.21 ± 0.04)%, by
Monte Carlo simulation with the distribution ofθ , the angle be-
tween the directions ofe+ andηc in the laboratory frame, being
generated with a 1+cos2 θ and withηc decaying into 3(π+π−)

being generated with a uniform phase-space distribution. The
branching ratio is then found to be

B(J/ψ → γ ηc) · B(
ηc → π+π−π+π−π+π−)

= (2.59± 0.32) × 10−4.

4. Systematic errors

The systematic errors mainly come from the following
sources:

(1) MDC tracking efficiency. This has been measured with
clean channels likeJ/ψ → ΛΛ̄ and ψ(2S) → π+π−J/ψ ,
J/ψ → µ+µ−. It is found that the Monte Carlo simulation
agrees with data within 1–2% for each charged track. There-
fore, 12% is conservatively taken as the systematic error in the
tracking efficiencies for the 6-prong final states analyzed here.

(2) Photon detection efficiency. This has been studied using
different methods withJ/ψ → ρ0π0 events[8]. The difference
between data and Monte Carlo simulation is about 2% for each
photon in the photon energy region from 0.1 to 0.8 GeV/c2, and
2% is taken as the systematic error for the photon efficiency in
this analysis.

(3) Particle identification (PID). The PID for pions has been
studied withJ/ψ → ρπ [9]. The efficiency of PID from data
is in good agreement with that from Monte Carlo simulation
and the average difference is less than 1% for each track. In this
analysis, the systematic error from PID forJ/ψ → γ ηc(ηc →
π+π−π+π−π+π−) is not considered since no PID require-
ment is applied in the events selection. With the same method,
the PID for kaons has been studied withJ/ψ → K+K−π0.
The PID efficiency difference between Monte Carlo simulation
and data is within 2% for each track. Therefore, forJ/ψ →
γK+K−π+π−π+π− decay, 4% is taken as the systematic er-
ror from PID.

(4) Kinematic fit. The kinematic fit is useful to reduce back-
ground. Using the same method for estimating the systematic
error as in Ref.[9], the decay modeJ/ψ → 3(π+π−)π0 is
also analyzed. The efficiency difference of the kinematic fit for
data and Monte Carlo is 7.7%. Since the decay ofJ/ψ →
3(π+π−)π0 is similar to the two channels analyzed in this
Letter, 7.7% is also taken here as the systematic error of the
kinematic fit.

(5) ηc parameters. Although theηc signal is clear, the num-
ber of events is not large enough to determine the Breit–Wigner
parameters and the background shape well. The variation of the
fit solution due to changes of theηc mass and width correspond-

Nηc = 479 ± 59(8.4σ)

J/ψ → anything(Lund-charm)

B(J/ψ → γηc)B(ηc → π+π−π+π−π+π−)

= 2.59± 0.32× 10−4(stat .)
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Table 1
Systematic error sources and contributions (%)

Sources K+K−2(π+π−) K∗0K̄∗0π+π− φ2(π+π−) 3(π+π−)

MDC tracking 12 12 12 12

Numbers used in the calculations of branching fractions and upper limits

Decay mode Branching fraction

J/ψ → γ ηc, ηc → K+K−2(π+π−) (1.21±0.32±0.24)×10−4

J/ψ → γ ηc, ηc → K∗0K̄∗0π+π− (1.91±0.64±0.48)×10−4

J/ψ → γ ηc, ηc → K∗0K̄∗0π+π− < 3.68× 10−4 (90% C.L.)
J/ψ → γ ηc, ηc → φ2(π+π−) < 6.03× 10−5 (90% C.L.)
J/ψ → γ ηc, ηc → 3(π+π−) (2.59±0.32±0.47)×10−4

K∗0K∗0π+π and the upper limit is 2.3 events at 90% confi-
dence level. Then the uncertainty caused byηc → K0

SK0
Sπ+π−

is 5.1%.
For the ηc → 3(π+π−), Monte Carlo simulation is used
to estimate the background fromηc → K0

SK0
Sπ+π−. Using

the branching fraction forηc → K0K̄0π+π−, obtained from
B(ηc → K+K−π+π−) [11], Monte Carlo simulation indicates
that 33 background events contribute to theηc signal. Com-
pared to the 479 signal events from fitting the mass spectrum,
the background fraction is 6.9% which is taken as the back-
ground systematic error for this channel.

(7) Efficiency uncertainty. In the analysis, the efficiencies
are estimated from Monte Carlo simulation by assuming uni-
form phase-space forηc decaying intoK+K−π+π−π+π−
and K∗0K̄∗0π+π−. However, in the signals of
K+K−π+π−π+π−, part of them may come fromηc →
K∗0K̄∗0π+π−. Therefore, the difference between the efficien-
cies of two decay modes leads to another systematic error,
which is about 3.6%.

(8) The total number ofJ/ψ events. The number ofJ/ψ

events is(57.70± 2.72)× 106, determined fromJ/ψ inclusive

the 90% confidence level. To conservatively estimate the upper
limit, the systematic error is included by lowering the efficiency
by one standard deviation.Table 2shows the branching ratio re-
sults including systematic errors.

Using the branching fraction ofJ/ψ → γ ηc asB(J/ψ →
γ ηc) = (1.3± 0.4)% from the PDG[11], we obtain

B
(
ηc → K+K−π+π−π+π−)

= (0.93± 0.25± 0.34) × 10−2,

B
(
ηc → K∗0K̄∗0π+π−) = (1.47± 0.49± 0.58) × 10−2,

B
(
ηc → K∗0K̄∗0π+π−)

< 3.51× 10−2 (90% C.L.),

B
(
ηc → φπ+π−π+π−)

< 5.81× 10−3 (90% C.L.),

B
(
ηc → π+π−π+π−π+π−) = (1.99± 0.25± 0.71) × 10−2.
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Outline

1 J/ψ → φπ0, φη, φη′©|'�ÿþ
J/ψ → φγγ
J/ψ → φγπ+π−

J/ψ → φπ+π−γγ
J/ψ → φπ0, φη, φη′�©|'

2 J/ψ → ωπ0, ωη, ωη′©|'�ÿþ
J/ψ → ωγγ
J/ψ → ωγπ+π−

J/ψ → ωπ+π−γγ
J/ψ → ωπ0, ωη, ωη′�©|'

3 ηc → K +K−2(π+π−),3(π+π−)©|'�ÿþ(Ägÿþ)
ηc → K +K−2(π+π−)
ηc → 3(π+π−)
ηc → K +K−2(π+π−),3(π+π−)�©|'

4 o(
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o(

ÿþ
 J/ψ → ωπ0, ωη, ωη′�©|'¶
ÿþ
 J/ψ → φπ0, φη, φη′�©|'¶
Ägÿþ
 ηc → K +K−2(π+π−),3(π+π−)�©|'"
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Thank you! 
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