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֍ Part I: 

Search for 𝐡𝐜 hadronic decays



Outline

➢Motivation

➢Data Sample and MC Simulation

➢Analysis

✓ hc → 3 𝜋+𝜋− 𝜋0

✓ hc → 2 𝜋+𝜋− 𝜋0𝜂
✓ hc → 2 𝜋+𝜋− 𝜂
✓ hc → pതpπ0

✓ hc → pതp

➢Summary
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Motivation
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• Study of charmonium states is crucial for reaching a deeper understanding of the low-energy regime of QCD.

• There have been few measurements of the decays of the spin-singlet charmonium state hc(
1P1), since its discovery in 2005.

Mode BR(hc→X) Reference

c ~50% PRD 72. 032001, et al

 (4.72.1)10−4

PRL 116. 251802 (2016)
’ (1.50.4)10−3

+−0 (1.60.40.2)10−3

PRD 99. 072008 (2019)
2(+−)0 7.44 ± 0.94 ± 1.52 ⋅ 10−3

3(+−)0 (4.72.21.1) 10−3

pp+− (2.90.30.3) 10−3

pതp <1.510−4 PRD 88. 112001 (2013)

K+K−π+π−π0 3.33 ± 0.6 ± 0.6 ⋅ 10−3

PRD 102. 112007 (2020)KS
0K±π∓π+π− 2.8 ± 0.9 ± 0.6 ⋅ 10−3

π+π−π0η 7.2 ± 1.8 ± 1.4 ⋅ 10−3

K+K−η < 5.8 ⋅ 10−4

pതpπ+π−π0 3.84 ± 0.83 ⋅ 10−3

BAM-00512*
pതpη 6.41 ± 1.74 ⋅ 10−4

pതpπ0 < 6.59 ⋅ 10−4

… …
Red: Sig. >5 （8 channels ~52.8%） Bule: 3 < Sig. < 5 (3 channels ~ 1.05%)

*BAM-00512: Search for hc to pp-bar+X hadronic decays, by Lin Zhu et al.



Data set Number of events BOSS version

09+12 𝜓 3686 data 4.48× 108 6.6.4.p03

2021 𝜓 3686 data1,2 2.28× 109 (half) 706

09+12 𝜓 3686 inclusive MC 5.06× 108 6.6.4.p03

PHSP  MC 1× 105 for each channel 6.6.4.p03

Data samples

1/besfs4/offline/data/706-1/psip/round14/opendst
2https://indico.ihep.ac.cn/event/13971/session/15/contribution/102/material/slides/0.pdf 6
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◎Mode I: 

𝐡𝐜 → 𝟑 𝛑+𝛑− 𝛑𝟎



Initial Event Selection

Charged tracks

• 𝑅𝑥𝑦 < 1 𝑐𝑚, 𝑅𝑧 < 10𝑐𝑚

• 𝑐𝑜𝑠𝜃 < 0.93

• 𝑵 = 𝟔, 𝑵𝒎 = 𝑵𝒑 =3

Good photon

• 0 ≤ 𝑇𝐷𝐶 ≤ 14
• Barrel :   𝐸 > 0.025 GeV, 𝑐𝑜𝑠𝜃 <

0.8
• End cap :  𝐸 > 0.050 GeV, 0.86 <

𝑐𝑜𝑠𝜃 < 0.92
• 𝑵𝜸 ≥ 𝟒

Particle identification

• Prob(pi)> Prob(p), Prob(pi)> 

Prob(K)

• 𝑵𝝅+ = 𝑵𝝅− = 𝟑

1C for 𝝅𝟎: 
• A kinematic fit is 

performed on the selected 

photon pairs by 

constraining their invariant 

mass to the 𝜋0 mass.

A 6C kinematic fit with  

𝜓 3686 → 3(𝜋+𝜋−)𝛾𝛾𝛾𝛾.

• Additional 4C kinematic fit for 

3𝛾3(+−),  4𝛾3(+− ) and 

5𝛾3(+− ) final states.

Vertex Fit  for 3(𝜋+𝜋−)
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Energy distribution of two 0
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◆ 𝜓 (3686) → 0Lhc

◆hc → pതp0H

• The energy of bachelor 0 from (3686) is 
lower than that from 𝐡𝐜.

• The lower one is tagged as 0
L , and the higher 

one is tagged as 0
H .



𝐕𝐞𝐭𝐨 𝐨𝐧 𝛙 𝟑𝟔𝟖𝟔 → 𝛑 𝛑 Τ𝐉 𝛙 or 𝜼 → 𝝅+𝝅−𝝅𝑳
𝟎

➢ RM π+π− −m ΤJ ψ > 14Me ΤV c2

➢ RM πL
0πH

0 −m ΤJ ψ > 20Me ΤV c2

➢ M π+π−πL
0 −m η > 12Me ΤV c2
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6C kinematic fit

➢ χ6C
2 < 45

➢Additional requirement

✓ 2
4C( 43(+−) ) < 2

4C( 33(+−) )

✓ 2
4C( 43(+−) ) < 2

4C( 53(+−) ) 
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M(𝟑 𝛑+𝛑− 𝛑𝟎)
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significance= 6.63325 * sigma

hc Signal fit
◼ Significance= 6.6 𝝈

Mode 𝑁𝑜𝑏𝑠 𝜀 % 𝐵 × 10−𝟑

ℎ𝑐 → 3 𝜋+𝜋− 𝜋0 386.560.3 3.92 ~

Fitting function is described as:
𝐏.𝐃. 𝐅. = 𝐍𝐬𝐢𝐠 ⋅ )𝐌𝐂𝐒𝐡𝐚𝐩𝐞⊗ 𝐆𝐚𝐮𝐬𝐬𝐢𝐚𝐧(𝐦, 𝛔 + 𝐍𝐛𝐤𝐠 ⋅ 𝐀𝐫𝐠𝐮𝐬 𝐫, 𝐬, 𝐩

𝑩 𝒉𝒄 → 𝟑 𝝅+𝝅− 𝝅𝟎 =
𝑵𝒐𝒃𝒔

𝑵𝒕𝒐𝒕 ⋅ 𝑩 𝝍 𝟑𝟔𝟖𝟔 → 𝝅𝟎𝒉𝒄 ⋅ 𝑩 𝝅𝟎 → 𝜸𝜸 𝟐 ⋅ 𝜺

✓ 𝐵𝑟 𝜓 3686 → 𝜋0ℎ𝑐 = 8.6 ± 1.3 × 10−4

✓ 𝐵𝑟 𝜋0 → 𝛾𝛾 = 98.823 ± 0.034 %
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◎Mode II:

𝐡𝐜 → 𝟐 𝛑+𝛑− 𝛑𝟎𝛈



Initial Event Selection

Charged tracks

• 𝑅𝑥𝑦 < 1 𝑐𝑚, 𝑅𝑧 < 10𝑐𝑚

• 𝑐𝑜𝑠𝜃 < 0.93

• 𝑵 = 𝟒, 𝑵𝒎 = 𝑵𝒑 = 𝟐

Good photon

• 0 ≤ 𝑇𝐷𝐶 ≤ 14
• Barrel :

𝐸 > 0.025 GeV, 𝑐𝑜𝑠𝜃 < 0.8
• End cap : 

𝐸 > 0.050 GeV, 0.86 <
𝑐𝑜𝑠𝜃 < 0.92
• 𝑵𝜸 ≥ 𝟔

Particle identification

• Prob(pi)> Prob(p), Prob(pi)> 

Prob(K)

• 𝑵𝝅+ = 𝑵𝝅− = 𝟐

1C for 𝛑𝟎 : 
• A kinematic fit is performed on the 

selected photon pairs by constraining 

their invariant mass to the π0 mass.

A 7C kinematic fit with  

𝜓 3686 → 2(𝜋+𝜋−)𝛾𝛾𝛾𝛾𝛾𝛾.

• χ7C
2 𝟑𝛑𝟎𝟐 𝛑+𝛑−

• Additional 4C kinematic fit 

for 5𝛾2(+−),  6𝛾2(+− ) 

and 7𝛾2(+− ) final states.

Vertex Fit  for 2(𝜋+𝜋−)

1C for 𝛈: 
• …
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Energy distribution of two 0
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◆ 𝜓 (3686) → 0Lhc

◆hc → pതp0H

• The energy of bachelor 0 from (3686) is 
lower than that from 𝐡𝐜.

• The lower one is tagged as 0
L , and the higher 

one is tagged as 0
H .



𝐕𝐞𝐭𝐨 𝐨𝐧 𝛙 𝟑𝟔𝟖𝟔 → 𝛑 𝛑 Τ𝐉 𝛙 or → 𝛈 Τ𝐉 𝛙

➢ RM π+π− −m ΤJ ψ > 22Me ΤV c2

➢ RM πL
0πH

0 −m ΤJ ψ > 20Me ΤV c2

➢ RM η −m ΤJ ψ > 15Me ΤV c2
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𝐕𝐞𝐭𝐨 𝐨𝐧 𝜼/𝝎 → 𝝅+𝝅−𝝅𝑳
𝟎 or 𝜼′ → 𝝅𝑳

𝟎𝝅𝑯
𝟎𝜼

➢ M π+π−πL
0 −m ω > 0.014Me ΤV c2

➢ M π+π−πL
0 −m η > 0.014Me ΤV c2

➢ M πL
0πH

0 η − m η′ > 0.016Me ΤV c2
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7C kinematic fit

➢ χ7C
2 < 20

➢Additional requirement

✓ χ7C
2 𝟐𝛑𝟎𝛈𝟐 𝛑+𝛑− < χ7C

2 𝟑𝛑𝟎𝟐 𝛑+𝛑−

✓ 2
4C( 62(+−) ) < 2

4C( 52(+−) )

✓ 2
4C( 62(+−) ) < 2

4C( 72(+−) ) 
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M(2 𝛑+𝛑− 𝛑𝟎𝛈)

20



hc Signal fit

Fitting function is described as:
𝐏.𝐃. 𝐅. = 𝐍𝐬𝐢𝐠 ⋅ )𝐌𝐂𝐒𝐡𝐚𝐩𝐞⊗ 𝐆𝐚𝐮𝐬𝐬𝐢𝐚𝐧(𝐦, 𝛔 + 𝐍𝐛𝐤𝐠 ⋅ 𝐀𝐫𝐠𝐮𝐬 𝐫, 𝐬, 𝐩

𝑩 𝒉𝒄 → 2 𝜋+𝜋− 𝜋0𝜼 =
𝑵𝒐𝒃𝒔

𝑵𝒕𝒐𝒕 ⋅ 𝑩 𝝍 𝟑𝟔𝟖𝟔 → 𝝅𝟎𝒉𝒄 ⋅ 𝑩 𝝅𝟎 → 𝜸𝜸 𝟐 ⋅ 𝑩 𝜼 → 𝜸𝜸 ⋅ 𝜺

Mode 𝑁𝑜𝑏𝑠 𝜀 % 𝐵 × 10−𝟑

ℎ𝑐 → 2 𝜋+𝜋− 𝜋0𝜼 94.221.6 2.06 ~

◼ Significance= 4.8 * 𝝈

✓ 𝐵𝑟 𝜓 3686 → 𝜋0ℎ𝑐 = 8.6 ± 1.3 × 10−4

✓ 𝐵𝑟 𝜋0 → 𝛾𝛾 = 98.823 ± 0.034 %

✓ 𝐵𝑟 𝜂 → 𝛾𝛾 = 39.41 ± 0.20 %
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◎Mode III: 

𝐡𝐜 → 𝟐 𝛑+𝛑− 𝛈



Initial Event Selection

Charged tracks

• 𝑅𝑥𝑦 < 1 𝑐𝑚, 𝑅𝑧 < 10𝑐𝑚

• 𝑐𝑜𝑠𝜃 < 0.93

• 𝑵 = 𝟒, 𝑵𝒎 = 𝑵𝒑 = 𝟐

Good photon

• 0 ≤ 𝑇𝐷𝐶 ≤ 14
• Barrel :

𝐸 > 0.025 GeV, 𝑐𝑜𝑠𝜃 < 0.8
• End cap : 

𝐸 > 0.050 GeV, 0.86 <
𝑐𝑜𝑠𝜃 < 0.92
• 𝑵𝜸 ≥ 𝟒

Particle identification

• Prob(pi)> Prob(p), Prob(pi)> 

Prob(K)

• 𝑵𝝅+ = 𝑵𝝅− = 𝟐

1C for 𝛑𝟎 : 
• A kinematic fit is performed on the 

selected photon pairs by constraining 

their invariant mass to the π0 mass.

A 6C kinematic fit with  

𝜓 3686 → 2(𝜋+𝜋−)𝛾𝛾𝛾𝛾.

• Additional 4C kinematic fit 

for 3𝛾2(+−),  4𝛾2(+− ) 

and 5𝛾2(+− ) final states.

Vertex Fit  for 2(𝜋+𝜋−)

1C for 𝛈: 
• …
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𝐕𝐞𝐭𝐨 𝐨𝐧 𝛙 𝟑𝟔𝟖𝟔 → 𝛑 𝛑 Τ𝐉 𝛙 or → 𝛈 Τ𝐉 𝛙

➢ RM π+π− −m ΤJ ψ > 15 Me ΤV c2

➢ RM η −m ΤJ ψ > 10 Me ΤV c2
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𝐕𝐞𝐭𝐨 𝐨𝐧 𝜼/𝝎 → 𝝅+𝝅−𝝅𝑳
𝟎

➢ M π+π−πL
0 −m ω > 0.03 Me ΤV c2

➢ M π+π−πL
0 −m η > 0.007 Me ΤV c2
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6C kinematic fit

➢ χ6C
2 < 20

➢Additional requirement

✓ 2
4C( 42(+−) ) < 2

4C( 32(+−) )

✓ 2
4C( 42(+−) ) < 2

4C( 52(+−) ) 
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M(2 𝛑+𝛑− 𝛈)
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hc Signal fit : Upper limit of number of signal/branching fraction

Fitting function is described as:
𝐏.𝐃. 𝐅. = 𝐍𝐬𝐢𝐠 ⋅ )𝐌𝐂𝐒𝐡𝐚𝐩𝐞⊗ 𝐆𝐚𝐮𝐬𝐬𝐢𝐚𝐧(𝐦, 𝛔 + 𝐍𝐛𝐤𝐠 ⋅ 𝐀𝐫𝐠𝐮𝐬 𝐫, 𝐬, 𝐩

Upper limit of number of branching fraction

𝑩 𝒉𝒄 → 2 𝜋+𝜋− 𝜼 <
𝑵𝒐𝒃𝒔

𝑵𝒕𝒐𝒕 ⋅ 𝑩 𝝍 𝟑𝟔𝟖𝟔 → 𝝅𝟎𝒉𝒄 ⋅ 𝑩 𝝅𝟎 → 𝜸𝜸 ⋅ 𝑩 𝜼 → 𝜸𝜸 ⋅ 𝜺

Mode 𝑁𝒔𝒊𝒈 𝜀 % 𝐵 × 10−𝟒

ℎ𝑐 → 2 𝜋+𝜋− 𝜼 27 5.25 ~

 Upper limit of number of signal
we determine the upper limit ℎ𝑐 → 𝑝 ҧ𝑝𝜋0 with Bayesian method. 

And, 𝑵𝒔𝒊𝒈 = 𝟐𝟕 at 90% C.L..

28
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◎Mode IV:

𝐡𝐜 → 𝐩ഥ𝐩𝛑𝟎



Initial Event Selection

Charged tracks

• 𝑅𝑥𝑦 < 1 𝑐𝑚, 𝑅𝑧 < 10𝑐𝑚

• 𝑐𝑜𝑠𝜃 < 0.93

• 𝑵 = 𝟐, 𝑵𝒎 = 𝑵𝒑 = 𝟏

Good photon

• 0 ≤ 𝑇𝐷𝐶 ≤ 14
• Barrel :

𝐸 > 0.025 GeV, 𝑐𝑜𝑠𝜃 < 0.8
• End cap : 

𝐸 > 0.050 GeV, 0.86 <
𝑐𝑜𝑠𝜃 < 0.92
• 𝑵𝜸 ≥ 𝟒

Particle identification

• Prob(p)> Prob(pi), Prob(p)> 

Prob(K)

• n(𝒑)=n(ഥ𝒑)=1

1C for 𝛑𝟎 : 
• A kinematic fit is performed on the 

selected photon pairs by constraining 

their invariant mass to the π0 mass.

A 6C kinematic fit with  

ψ 3686 → 4 തpp.

• Additional 4C kinematic fit 

for 3 തpp, 4ഥpp and 5 തpp
final states.

Vertex Fit  for  തpp

30



Energy distribution of two 0

31

◆ ψ (3686) → 0Lhc

◆hc → pതp0H

• The energy of bachelor 0 from (3686) is 
lower than that from hc.

• The lower one is tagged as 0
L , and the higher 

one is tagged as 0
H .



• In the two combinations of 𝑝 Τ𝜋0 ҧ𝑝 𝜋0, which are 
𝑝 Τ𝜋𝐿

0 ҧ𝑝 𝜋𝐻
0 and 𝑝 Τ𝜋𝐻

0 ҧ𝑝 𝜋𝐿
0 combinations, we select the 

one by minimizing

𝛥 = 𝑀𝑝𝜋0 −𝑀𝛴+
2
+ 𝑀 ҧ𝑝𝜋0−𝑀ഥ𝛴−

2

Veto 𝝍 𝟑𝟔𝟖𝟔 → 𝜮+ഥ𝜮− &&

Veto 𝝍(3686)→ 𝛑𝐋
𝟎𝛑𝐇

𝟎 J/
 A)  !（ 𝟏. 𝟏𝟕𝟐 < 𝑴𝒑𝝅𝟎 < 𝟏. 𝟐𝟎𝟐 && 𝟏. 𝟏𝟕𝟏 < 𝑴ഥ𝒑𝝅𝟎 < 𝟏. 𝟐𝟎𝟐 ）  B )   | RM(𝛑𝐋

𝟎𝛑𝐇
𝟎 )- m(J/)| > 30 MeV/c2
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6C kinematic fit

➢ 2
6C < 64

➢ Additional requirement

– 2
4C(4pതp) < 2

4C(3pതp) 

– 2
4C(4pതp) < 2

4C(5pതp) 33



M(𝐩ഥ𝐩𝛑𝟎)
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hc Signal fit : Upper limit of number of signal/branching fraction

Fitting function is described as:
𝐏.𝐃. 𝐅. = 𝐍𝐬𝐢𝐠 ⋅ )𝐌𝐂𝐒𝐡𝐚𝐩𝐞⊗ 𝐆𝐚𝐮𝐬𝐬𝐢𝐚𝐧(𝐦, 𝛔 + 𝐍𝐛𝐤𝐠 ⋅ 𝐀𝐫𝐠𝐮𝐬 𝐫, 𝐬, 𝐩

Upper limit of number of branching fraction

𝑩 𝒉𝒄 → 𝑝 ҧ𝑝𝜋0 <
𝑵𝒐𝒃𝒔

𝑵𝒕𝒐𝒕 ⋅ 𝑩 𝝍 𝟑𝟔𝟖𝟔 → 𝝅𝟎𝒉𝒄 ⋅ 𝑩 𝝅𝟎 → 𝜸𝜸 ⋅ 𝑩 𝝅𝟎 → 𝜸𝜸 ⋅ 𝜺

Mode 𝑁𝒔𝒊𝒈 𝜀 % 𝐵 × 10−𝟒

ℎ𝑐 → 𝑝 ҧ𝑝𝜋0 117 23.00 ~

 Upper limit of number of signal
we determine the upper limit ℎ𝑐 → 𝑝 ҧ𝑝𝜋0 with Bayesian method. 

And, 𝑵𝒔𝒊𝒈 = 𝟏𝟏𝟕 at 90% C.L..
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◎Mode V: 

𝐡𝐜 → 𝐩ഥ𝐩



Initial Event Selection

Charged tracks

• 𝑅𝑥𝑦 < 1 𝑐𝑚, 𝑅𝑧 < 10𝑐𝑚

• 𝑐𝑜𝑠𝜃 < 0.93

• 𝑵 = 𝟐, 𝑵𝒎 = 𝑵𝒑 = 𝟏

Good photon

• 0 ≤ 𝑇𝐷𝐶 ≤ 14
• Barrel :

𝐸 > 0.025 GeV, 𝑐𝑜𝑠𝜃 < 0.8
• End cap : 

𝐸 > 0.050 GeV, 0.86 <
𝑐𝑜𝑠𝜃 < 0.92
• 𝑵𝜸 ≥ 𝟐

Particle identification

• Prob(p)> Prob(pi), Prob(p)> 

Prob(K)

• n(𝒑)=n(ഥ𝒑)=1

1C for 𝛑𝟎 : 
• A kinematic fit is performed on the 

selected photon pairs by constraining 

their invariant mass to the π0 mass.

A 5C kinematic fit with  

ψ 3686 → 2 തpp.

• Additional 4C kinematic fit 

for 1 തpp, 2ഥpp and 3 തpp
final states.

Vertex Fit  for  തpp

37



5C kinematic fit

➢ 2
5C < 25

➢ Additional requirement

– 2
4C(2pതp) < 2

4C(1pതp) 

– 2
4C(2pതp) < 2

4C(3pതp) 
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M(𝐩ഥ𝐩)
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hc Signal fit : Upper limit of number of signal/branching fraction

Fitting function is described as:
𝐏.𝐃. 𝐅. = 𝐍𝐬𝐢𝐠 ⋅ )𝐌𝐂𝐒𝐡𝐚𝐩𝐞⊗ 𝐆𝐚𝐮𝐬𝐬𝐢𝐚𝐧(𝐦, 𝛔 + 𝐍𝐛𝐤𝐠 ⋅ 𝐀𝐫𝐠𝐮𝐬 𝐫, 𝐬, 𝐩

Upper limit of number of branching fraction

𝑩 𝒉𝒄 → 𝑝 ҧ𝑝 <
𝑵𝒐𝒃𝒔

𝑵𝒕𝒐𝒕 ⋅ 𝑩 𝝍 𝟑𝟔𝟖𝟔 → 𝝅𝟎𝒉𝒄 ⋅ 𝑩 𝝅𝟎 → 𝜸𝜸 ⋅ 𝜺

Mode 𝑁𝒔𝒊𝒈 𝜀 % 𝐵 × 10−𝟓

ℎ𝑐 → 𝑝ത𝑝 23 17.38 ~

 Upper limit of number of signal
we determine the upper limit ℎ𝑐 → 𝑝 ҧ𝑝𝜋0 with Bayesian method. 

And, 𝑵𝒔𝒊𝒈 = 𝟐3 at 90% C.L..

Significance= 1.4 *𝝈

40



Summary & Next to do

➢ Using 448M + 2280M (3686) data sample collected at 

BESIII in 2009, 2012 and 2021

✓ Evidence the signals of  𝒉𝒄 → 𝟑 𝝅+𝝅− 𝝅𝟎 is observed 

for the first time ; and observed strong evidence of  

𝒉𝒄 → 𝟐 𝝅+𝝅− 𝝅𝟎𝜼 .

✓ No obvious signal for ℎ𝑐 → 2 𝜋+𝜋− 𝜂, ℎ𝑐 → 𝑝 ҧ𝑝𝜋0,

ℎ𝑐 → 𝑝 ҧ𝑝 is observed and the corresponding upper limits 

of the branching fractions is given at 90% C.L. . 

➢ Next to do

 Optimize the selection criteria

 To study the intermediate state process of each 

mode

 Systematics

 Search for more 𝐡𝐜 hadronic decay patterns

Mode 𝑁ℎ𝑐 𝜀 % 𝐵𝑟 ℎ𝑐 → 𝑋 (this work) Significan
ce(𝝈)

𝐵𝑟 ℎ𝑐 → 𝑋 1,2(pre.result)

ℎ𝑐 → 3 𝜋+𝜋− 𝜋0 386.560.3 3.92 ~𝟏𝟎−𝟑 6.6 < 9× 𝟏𝟎−𝟑

ℎ𝑐 → 2 𝜋+𝜋− 𝜋0𝜂 94.221.6 2.06 ~𝟏𝟎−𝟑 4.8 - -

ℎ𝑐 → 2 𝜋+𝜋− 𝜂 <27 5.25 ~ 𝟏𝟎−𝟒 - - - -

ℎ𝑐 → 𝑝 ҧ𝑝𝜋0 <117 23.00 ~ 𝟏𝟎−𝟒 -- <6.59× 𝟏𝟎−𝟒

ℎ𝑐 → 𝑝 ҧ𝑝 <23 17.38 ~ 𝟏𝟎−𝟓 - - <1.5× 𝟏𝟎−𝟒

1P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01.
2BAM-00512: Search for hc to pp-bar+X hadronic decays, by Lin Zhu et al. 41
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֍ Part II: 

Search for 𝛙 𝟑𝟔𝟖𝟔 → 𝜮+ഥ𝜮−𝛚



Outline

➢Motivation

➢Data Sample and MC Simulation

➢Initial Event Selection

➢Further Event Selection

➢Scatter & Dalitz plot

➢Fit result

➢Summary



Motivation

◼ Many studies of flavor SU(2) and SU(3) allowed and forbidden baryonic decay in Τ𝐽 𝜓 and 

𝜓 3686 have been done. For example, Τ𝐽 𝜓 → 𝛯+ ത𝛯− + 𝑐. 𝑐., 𝛴∗+ ത𝛴∗− + 𝑐. 𝑐., are SU(2) and 

SU(3) allowed decay modes, whereas Τ𝐽 𝜓 → 𝛴0 ҧ𝛬, 𝛯∗0 ത𝛯∗0 SU(2) and SU(3) forbidden decay 

modes. Among these decay channels, the branching ratios of allowed decay modes are 

much higher than those of forbidden modes.

◼ However, the isospin-conserved decay of 𝜓 3686 → 𝛬 ҧ𝛬𝜔 has been observed (BAM-00366) 

with a preliminary branching fraction of 3.42 ± 0.34 ± 0.31 × 10−5, but no any report 

about the decay mode 𝝍 𝟑𝟔𝟖𝟔 → 𝜮+ഥ𝜮−𝝎. We can try to search for this decay and search 

for the potential 𝛴∗ state or threshold enhancement in baryon pair mass spectrum.  



Dataset
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➢BOSS version:    664p03

➢Data  sample:     448M  (3686) taken in 2009 and 2012

➢Inclusive  MC:    506M (3686)  Inclusive MC of which for 106M for 2009 and 

400M for 2012

➢Signal  MC:     2009 : 2012=1 : 4 total 0.5 M for  𝜓 3686 → 𝛴+ ത𝛴−𝜔, 𝛴+ →

𝑝𝜋0, ത𝛴− → ҧ𝑝𝜋0, 𝜔 → 𝜋+𝜋−𝜋0



Initial Event Selection

Charged tracks

• 𝑹𝒙𝒚 < 𝟐𝒄𝒎, 𝑅𝑧 < 10𝑐𝑚

• 𝑐𝑜𝑠𝜃 < 0.93

• 𝑵 = 𝟒, 𝑵𝒎 = 𝑵𝒑 = 𝟐

Good photon

• 0 ≤ 𝑇𝐷𝐶 ≤ 14
• Barrel :   𝐸 > 0.025 GeV, 𝑐𝑜𝑠𝜃 <

0.8
• End cap :  𝐸 > 0.050 GeV, 0.86 <

𝑐𝑜𝑠𝜃 < 0.92
• 𝑵𝜸 ≥ 𝟔

Particle identification

• Prob(p)> Prob(pi), Prob(p)> 

Prob(K)

• Prob(pi)> Prob(p), Prob(pi)> 

Prob(K)

• 𝑵𝒑 = 𝑵ഥ𝒑 = 𝑵𝝅+ = 𝑵𝝅− = 𝟏; 

1C for 𝝅𝟎: 
• A kinematic fit is 

performed on the selected 

photon pairs by 

constraining their invariant 

mass to the 𝜋0 mass.

A 7C kinematic fit with  

𝜓 3686 → 𝑝 ҧ𝑝𝜋+𝜋−𝛾𝛾𝛾𝛾𝛾𝛾.

• Additional 4C kinematic fit 

for 5𝛾 ҧ𝑝𝑝+−,  6𝛾 ҧ𝑝𝑝+−

and 7𝛾 ҧ𝑝𝑝+− final states.

𝝍 𝟑𝟔𝟖𝟔

𝜮+
𝜋0

𝛾

𝛾
𝑝

ഥ𝜮−
𝜋0

𝛾

𝛾
ҧ𝑝

𝝎

𝜋+

𝜋−

𝜋0
𝛾

𝛾

• 𝜟𝒎𝒊𝒏 = 𝑀𝜋+𝜋−𝜋0 −𝒎𝝎
𝟐 + 𝑴𝒑𝝅𝟎 −𝒎𝜮+

𝟐
+ 𝑴ഥ𝒑𝝅𝟎 −𝒎ഥ𝜮−

𝟐
⇒ 𝜮𝐦𝐢𝐧

+ , ഥ𝜮𝐦𝐢𝐧
− , 𝝎𝐦𝐢𝐧



Further Event Selection II: 𝐕𝐞𝐭𝐨 𝐨𝐧 𝛙 𝟑𝟔𝟖𝟔 → 𝛑𝛑 Τ𝐉 𝛙

◼ 𝐑𝐌 𝛑+𝛑− −𝐦 Τ𝐉 𝛙 > 𝟐𝟎𝐌𝐞 Τ𝐕 𝐜𝟐◼ 𝐑𝐌 𝛑𝟎𝛑𝟎 −𝐦 Τ𝐉 𝛙 > 𝟐𝟎𝐌𝐞 Τ𝐕 𝐜𝟐



Further Event Selection III: 𝐕𝐞𝐭𝐨 𝐨𝐧 𝜼 → 𝝅𝟎𝝅𝟎𝝅𝟎

&& 𝑴 𝒑𝝅𝜮
𝟎

◼ 𝐌 𝛑+𝛑−𝛑𝟎 −𝐦 𝛈 > 𝟏𝟔𝐌𝐞 Τ𝐕 𝐜𝟐 ◼ 𝑴 𝒑𝝅𝜮
𝟎 −𝒎 𝜮+ < 𝟖𝑴𝒆 Τ𝑽 𝒄𝟐



➢𝜒7𝐶
2 < 60

➢Additional requirement

– 2
4C(6pp+−) < 2

4C(5pp+−) 

– 2
4C(6pp+−) < 2

4C(7pp+−) 

Further Event Selection IV: 7C kinematic fit



Signal 
Channel

Background Study && 𝑴 𝝅+𝝅−𝝅𝟎

After all the selections, the rest of inclusive MC sample is listed:



Scatter Plot of 𝐌 ഥ𝚺− 𝐯. 𝐬.𝐌 Σ+



Dalitz Plot of 𝐌 𝛚ഥ𝚺− 𝟐 𝐯. 𝐬. 𝐌 𝛚𝚺+ 𝟐



𝑩 𝝍 𝟑𝟔𝟖𝟔 → 𝜮+ഥ𝜮−𝝎 =
𝑵𝒐𝒃𝒔

𝑵𝝍 𝟑𝟔𝟖𝟔 ⋅ 𝑩𝟐 𝜮 → 𝒑𝝅𝟎 ⋅ 𝑩 𝝎 → 𝝅+𝝅−𝝅𝟎 ⋅ 𝑩𝟑 𝝅𝟎 → 𝜸𝜸

Mode 𝑁𝑜𝑏𝑠 𝜀 % 𝐵 × 10−𝟓

ℎ𝑐 → 𝑝 ҧ𝑝𝜋0 26.46.1 1.41 1.820.42

• 𝐵 𝛴 → 𝑝𝜋0 =51.57%

• 𝐵 𝜔 → 𝜋+𝜋−𝜋0 =89.3%

• 𝐵 𝜋0 → 𝛾𝛾 =98.82%

Fit to data & preliminary result
◼ Significance:  6.5 *𝛔

◼ Fitting function is described as:

𝑁𝑠𝑖𝑔 ⋅ 𝑀𝐶𝑠ℎ𝑎𝑝𝑒 ⊗ 𝐺𝑎𝑢𝑠𝑠𝑖𝑎𝑛 𝑚 𝜎 + 𝑁𝑏𝑘𝑔 ⋅ 𝐶ℎ𝑒𝑏𝑦𝑐ℎ𝑒𝑣 + 𝑁𝑆𝐷
𝐵𝑘𝑔

⋅ 𝑆𝐷𝑠ℎ𝑎𝑝𝑒

A conservative estimate



Summary & Next to do

➢ The signals of 𝝍 𝟑𝟔𝟖𝟔 → 𝜮+ഥ𝜮−𝝎 is observed for the first time ; and the preliminary BR is found to 

be comparable with 𝝍 𝟑𝟔𝟖𝟔 → 𝜦ഥ𝜦𝝎 :

𝐵𝑟 𝜓 3686 → 𝛴+ ത𝛴 −𝜔

(1.820.42)× 𝟏𝟎−𝟓

➢ No obvious structure found in the 𝜔𝛴 system.

➢ No abnormal structure found in the 𝛴+ ത𝛴− system.

Using 448M (3686) data sample collected at BESIII in 2009 and 2012

Next to do

➢ Systematic uncertainty.

➢ Run the latest2 ~2.5 billion (3686) data.

1BAM-00336, Honghong Zhang et al., Study of Psi' to omega Labamda Lambdabar
2with BOSS 7.0.6: run66258-run69292, /besfs4/offline/data/706-1/psip/round14/opendst

𝐵𝑟 𝜓 3686 → 𝛬 ҧ𝛬𝜔 1

3.42 ± 0.34 𝑠𝑡𝑎𝑡 ± 0.31 𝑠𝑦𝑠𝑡. × 𝟏𝟎−𝟓



Thank You!☺



Optimization with FOM approach

◆ A figure-of-merit (FOM) approach is performed to optimize the selection criteria.

𝐅𝐎𝐌 =
𝐒

𝐒 + 𝐁

S : expected yield of signal in data, estimated from the equation

𝐒 = 𝐍𝛙 𝟑𝟔𝟖𝟔
𝟎𝟗+𝟏𝟐𝐝𝐚𝐭𝐚 ⋅ෑ

𝒊
B𝒊 ⋅ 𝛆𝐌𝐂

(has been re-normalized with our pre-measured branching fraction.)

B : normalized background events from the inclusive MC sample to data according to the ratio of 

the 𝜓 3686 events. (has been normalized to the data size.)



Further Event Selection I:
Optimization with FOM approach

◆ A figure-of-merit (FOM) approach is performed to optimize the selection criteria.

𝐅𝐎𝐌 =
𝐒

𝐒 + 𝐁

S : expected yield of signal in data, estimated from the equation

𝐒 = 𝐍𝛙 𝟑𝟔𝟖𝟔
𝟎𝟗+𝟏𝟐𝐝𝐚𝐭𝐚 ⋅ෑ

𝒊
B𝒊 ⋅ 𝛆𝐌𝐂

(has been re-normalized with our pre-measured branching fraction.)

B : normalized background events from the inclusive MC sample to data according to the ratio of 

the 𝜓 3686 events. (has been normalized to the data size.)



𝑴𝒐𝒅𝒆 𝑰
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