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Motivation

• Search for possible intermediate resonances in the invariant mass of 

𝚲ഥ𝚲, 𝚲𝝓 𝐨𝐫 ഥ𝚲𝝓. 
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➢ Charmonium mesons are a bridge between the light and heavy quarks, which will 

provide knowledge of its structure and may shed light on perturbative and non-

perturbative strong interactions in this energy region.

➢ Study the baryon excited states consist of 𝛬𝜙 or ҧ𝛬𝜙

BAM-00421: Observation of psi(3686)->phi Lambda Lambda-bar decay, by Aonan Zhu et al.



Data Samples

Data set Number of events BOSS version

09+12 ψ 3686  data 4.48 × 108

BOSS 7.0.9

2021 ψ 3686  data ~22.5× 108

09+12 ψ 3686  inclusive MC 5.06× 108

2021 ψ 3686  inclusive MC ~23× 108

Signal  MC (PHSP)
1.2 million for (09+12)

5 million for (2021)

~ 2.7Billion
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Event Selection criteria
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 Charged tracks

• cosθ < 0.93

• Kaons: |𝑉𝑧|<10cm, | 𝑉𝑟 |<1cm

• 𝑵𝐠𝐨𝐨𝐝 > 𝟓，𝑵𝑲𝒂𝒐𝒏 > 𝟏

 𝐏𝐚𝐫𝐭𝐢𝐜𝐥𝐞 𝐢𝐝𝐞𝐧𝐭𝐢𝐟𝐢𝐜𝐚𝐭𝐢𝐨𝐧

• For Kaons (𝑑𝐸/𝑑𝑥 + TOF)

Prob(K)>Prob(𝜋), Prob(K) >Prob(p)

𝐍𝐾+ = 𝐍𝐾− = 𝟏

• For proton (𝑑𝐸/𝑑𝑥 + TOF + EMC)

Prob(p)>Prob(𝜋), Prob(p) >Prob(K) 

• Others are pions by default

𝐍𝑝 ≥ 1, 𝐍 ҧ𝑝 ≥ 1, 𝑵𝜋+ ≥ 1, 𝑵𝜋− ≥ 1

 𝚲&ഥ𝚲 reconstruction

• 1.05 < 𝑴𝑝𝜋− < 1.15 GeV/𝑐2

• 1.05 < 𝑴 ҧ𝑝𝜋+ < 1.15 GeV/𝑐2

• Λ&ഥΛ come from secondary vertex

• 𝑚𝑖𝑛( 𝑀𝑝𝜋− − 𝑚Λ
2

+ 𝑀 ҧ𝑝𝜋+ − 𝑚ഥΛ
2

)

• Λ&ഥΛ : 
𝐿

𝜎
> 0

 4C-kinematic fit 

• 4C-kinematic fit with Λ, ഥΛ,𝐾+, 𝐾−

• 𝜒4𝐶
2 < 200



Background analysis
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➢ Topology The main background is 𝜓(3686) ⟶ ഥΩ+Ω−

Main background
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➢ R𝐞𝐣𝐞𝐜𝐭 𝝍(𝟑𝟔𝟖𝟔) ⟶ ഥ𝛀+𝛀−events

• We reject the events in the range of 𝑴𝐩𝝅𝑲 ∈ (1.668,1.674) GeV/𝑐2

Ω− ഥΩ+
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• Topology after vetoing 𝝍(𝟑𝟔𝟖𝟔) ⟶ ഥ𝛀+𝛀−events.

Backgrounds are less than 0.5%. 



Signal regions
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➢ Signal regions of 𝚲, ഥ𝚲 peaks

In the fit to 𝑀(𝑝𝜋)

• Signal shape: signal MC sample

• Bkg shape: Chebychev function

Λ / ഥΛ mass region: (1.109,1.123) GeV/𝑐2
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• 𝜙 mass region: (1.003,1.036) GeV/𝑐2

• 𝜙 sideband region: (1.042,1.075) GeV/𝑐2

In the fit to 𝑀(𝐾+𝐾−)

• Signal shape: signal MC sample

• Bkg shape: reverse Argus  

➢ Signal region of 𝝓 peak

Signal regions



Comparisons of some distributions 
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• Comparisons of the invariant mass of 𝚲ഥ𝚲, 𝚲𝝓 𝐨𝐫 ഥ𝚲𝝓

• The distributions from data are not consistent with those in signal MC (PHSP) and 

inclusive MC.

• There may be some intermediate structures, which can be extracted by the Partial wave 

analysis (PWA).

A total of 449 events survived 
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➢ Introduction[1]

Partial Wave Analysis

[1] Jiangyi: https://github.com/jiangyi15/tf-pwa

https://github.com/jiangyi15/tf-pwa


Possibly known resonances
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➢ Possibly known resonances in 𝝍(𝟑𝟔𝟖𝟔) ⟶ 𝜦ഥ𝜦𝝓

Final particles Possibly known 

resonances

Quark components I𝐺( 𝐽𝑃𝐶) 𝒎𝟎

(GeV/𝒄𝟐)

𝚪𝟎

(GeV/𝒄)

Λ Λ
(𝑢𝑑𝑠, ത𝑢 ҧ𝑑 ҧ𝑠)

𝑓0(2200) 𝑐1(𝑢 ത𝑢 + 𝑑 ҧ𝑑) + 𝑐2(𝑠 ҧ𝑠) 0+(0+ +) 2.187 0.207

𝜂(2225) 𝑐1(𝑢 ത𝑢 + 𝑑 ҧ𝑑) + 𝑐2(𝑠 ҧ𝑠) 0+(0− +) 2.221 0.185

𝑓0(2330) 𝑐1(𝑢 ത𝑢 + 𝑑 ҧ𝑑) + 𝑐2(𝑠 ҧ𝑠) 0+(0++) 2.312 0.065

𝑓0(2470) 𝑐1(𝑢 ത𝑢 + 𝑑 ҧ𝑑) + 𝑐2(𝑠 ҧ𝑠) 0+(0+ +) 2.470 0.075

Λ𝜙
(𝑢𝑑𝑠, 𝑠 ҧ𝑠)

Λ(2325) 𝑢𝑑𝑠
0(

3

2

−

)
2.342 0.177

Σ(2230) 𝑢𝑑𝑠
1(

3

2

+

)
2.240 0.345

Λ𝜙
(ത𝑢 ҧ𝑑 ҧ𝑠, 𝑠 ҧ𝑠)

ഥΛ(2325) ത𝑢 ҧ𝑑 ҧ𝑠
0(

3

2

+

)
2.342 0.177

തΣ(2230) ത𝑢 ҧ𝑑 ҧ𝑠
1(

3

2

−

)
2.240 0.345



PWA results with known states
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➢ The projections of the PWA results with possibly known resonances

𝑀Λ Λ 𝑀Λ𝜙 𝑀Λ𝜙

• It has been subtracted for the background events, which are described with the 

normalized events in 𝜙 sideband regions

• There are two missing pieces in 𝑀Λ𝜙 and 𝑀ഥΛ𝜙 , and we try to add other particles.
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Add an unknown resonance

Final particles Possibly known 

resonances

Quark components I𝐺( 𝐽𝑃𝐶) 𝒎𝟎

(GeV/𝒄𝟐)

𝚪𝟎

(GeV/𝒄)

Λ Λ
(𝑢𝑑𝑠, ത𝑢 ҧ𝑑 ҧ𝑠)

𝑓0(2200) 𝑐1(𝑢 ത𝑢 + 𝑑 ҧ𝑑) + 𝑐2(𝑠 ҧ𝑠) 0+(0+ +) 2.187 0.207

𝜂(2225) 𝑐1(𝑢 ത𝑢 + 𝑑 ҧ𝑑) + 𝑐2(𝑠 ҧ𝑠) 0+(0− +) 2.221 0.185

Λ𝜙
(𝑢𝑑𝑠, 𝑠 ҧ𝑠)

Λ(2325) ത𝑢 ҧ𝑑 ҧ𝑠
0(

3

2

−

)
2.342 0.177

X(2450) Not found in PDG （
1

2

+
） 2.45 0.05

Λ𝜙
(ത𝑢 ҧ𝑑 ҧ𝑠, 𝑠 ҧ𝑠)

ഥΛ(2325) ത𝑢 ҧ𝑑 ҧ𝑠
0(

3

2

+

)
2.342 0.177

ത𝑋(2450) Not found in PDG （
1

2

−
） 2.45 0.05



PWA results with the unknown state
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➢ The projections of the PWA results with an additional unknown state. 

𝑀Λ Λ 𝑀Λ𝜙 𝑀Λ𝜙

• We can see that the projections of the PWA results are consistent with those in data, 

after considering the other unkown states. 

X(2450)
ത𝑋(2450)



Summary
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 Using about 2.7 billion 𝜓(3686) events collected by BESIII in 2009,2012 and 2021, a 

partial wave analysis is performed for 𝜓 3686 → ΛഥΛ𝜙 decay. 

➢ Some known intermediate resonances are considered:

• ΛഥΛ resonances: 𝜂 2225 , 𝑓0 2200 .

• ഥΛ𝜙 resonances: ഥΛ(2325).

➢ In order to fit data well, we tried to add an unknow state “X / ത𝑋(2450)” in 

M(Λ/ഥΛ𝜙) distribution, and the projections are consistent with those in data.
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 Next to do:

• Check the significances of the intermediate resonances.

• More checks on the unknown “X / ത𝑋(2450)” state.

• Search for other intermediate resonances states.

Thank you!

Next to do
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Back up
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➢ Cut of 𝛀

Choose cut : (1.668,1.674)
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➢The invariant mass of 𝚲, ഥ𝚲 𝒂𝒏𝒅 𝝓
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 Good photon:

• 0 ≤ TDC ≤ 14

• Barrel :   E > 0.025 GeV

cosθ < 0.8

• End cap :  E > 0.050 GeV

0.86 < cosθ < 0.92
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➢ Possibly known resonances in 𝝍(𝟑𝟔𝟖𝟔) ⟶ 𝜦ഥ𝜦𝝓

Final particles Possibly known 

resonances

Quark components I𝐺( 𝐽𝑃𝐶) 𝒎𝟎

(GeV/𝒄𝟐)

𝚪𝟎

(GeV/𝒄)

Λ Λ
(𝑢𝑑𝑠, ത𝑢 ҧ𝑑 ҧ𝑠)

𝑓0(2200) 𝑐1(𝑢 ത𝑢 + 𝑑 ҧ𝑑) + 𝑐2(𝑠 ҧ𝑠) 0+(0+ +) 2.187 0.207

𝜂(2225) 𝑐1(𝑢 ത𝑢 + 𝑑 ҧ𝑑) + 𝑐2(𝑠 ҧ𝑠) 0+(0− +) 2.221 0.185

𝑓0(2330) 𝑐1(𝑢 ത𝑢 + 𝑑 ҧ𝑑) + 𝑐2(𝑠 ҧ𝑠) 0+(0++) 2.312 0.065

𝑓0(2470) 𝑐1(𝑢 ത𝑢 + 𝑑 ҧ𝑑) + 𝑐2(𝑠 ҧ𝑠) 0+(0+ +) 2.470 0.075

Λ𝜙
(𝑢𝑑𝑠, 𝑠 ҧ𝑠)

Λ(2325) 𝑢𝑑𝑠
0(

3

2

−

)
2.342 0.177

Σ(2230) 𝑢𝑑𝑠
1(

3

2

+

)
2.240 0.345

Λ𝜙
(ത𝑢 ҧ𝑑 ҧ𝑠, 𝑠 ҧ𝑠)

ഥΛ(2325) ത𝑢 ҧ𝑑 ҧ𝑠
0(

3

2

+

)
2.342 0.177

തΣ(2230) ത𝑢 ҧ𝑑 ҧ𝑠
1(

3

2

−

)
2.240 0.345
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