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Introduction

➢𝐎𝐛𝐭𝐚𝐢𝐧𝐢𝐧𝐠 𝐦𝐨𝐫𝐞 𝐞𝐱𝐩𝐞𝐫𝐢𝐦𝐞𝐧𝐭𝐚𝐥 𝐝𝐚𝐭𝐚 𝐨𝐧 𝐞𝐱𝐜𝐥𝐮𝐬𝐢𝐯𝐞 𝐝𝐞𝐜𝐚𝐲𝐬 𝐨𝐟 𝛘𝐜𝐉 𝐬𝐭𝐚𝐭𝐞 𝐢𝐬
𝐢𝐦𝐩𝐨𝐫𝐭𝐚𝐧𝐭 𝐟𝐨𝐫 𝐚 𝐛𝐞𝐭𝐭𝐞𝐫 𝐮𝐧𝐝𝐞𝐫𝐬𝐭𝐚𝐧𝐝𝐢𝐧𝐠 𝐨𝐟 𝐭𝐡𝐞𝐢𝐫 𝐧𝐚𝐭𝐮𝐫𝐞 𝐚𝐧𝐝 𝐝𝐞𝐜𝐚𝐲 𝐦𝐞𝐜𝐡𝐚𝐧𝐢𝐬𝐦𝐬,

𝐚𝐬 𝐰𝐞𝐥𝐥 𝐚𝐬 𝐟𝐨𝐫 𝐭𝐞𝐬𝐭𝐢𝐧𝐠 𝐐𝐂𝐃 − 𝐛𝐚𝐬𝐞𝐝 𝐜𝐚𝐥𝐜𝐮𝐥𝐚𝐭𝐢𝐨𝐧𝐬.

➢Searching for new excited baryon states is still motivated for us to enrich the 
relatively  poor knowledge of the baryon spectrum. We can search for excited 

baryon states via 𝝌𝒄𝑱 → 𝜮𝟎ഥ𝒑𝑲+.

➢The world’s largest statistics of 𝝍(3686) events collected with the BESIII detector 
provides a unique opportunity for a detailed study of 𝝌𝒄𝑱 decays.

➢This analysis report the first measurements of the branching fractions of 𝝌𝒄𝑱 →
𝜮𝟎ഥ𝒑𝑲+ + 𝒄. 𝐜. decays via the E1 radiative transition 𝝍(3686) → γ 𝝌𝒄𝑱.
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Data Sets

➢Boss Version: 664p03;

➢Data: 448.1× 106(2009+2012)𝝍(𝟑𝟔𝟖𝟔);

➢Inclusive MC: 506× 106 𝝍(𝟑𝟔𝟖𝟔) ;

➢Exclusive MC: 2 × 105 events for every decay mode.
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Event topology

𝝍(𝟑𝟔𝟖𝟔) → 𝜸𝝌𝒄𝑱, 𝝌𝒄𝑱 → 𝜮𝟎ഥ𝒑𝑲+ + 𝒄. 𝒄.

➢Final states of signal: 𝜸𝜸𝒑ഥ𝒑𝑲+𝝅− or 𝜸𝜸𝒑ഥ𝒑𝑲−𝝅+

➢In the next slides, the charge-conjugated
channel is included in default. 

𝜸𝚲
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Event Selection
➢ Charged tracks

• |Rxy |<1cm and |Rz|<10cm for the free 
ant-proton and K+;

• |cosθ|<0.93;

• Ngood =4 & 𝛴𝑄=0;

➢Neutral tracks

• Default;

• Nγ≥2;

➢PID

• PID for proton, pion and kaon;

• N(p)=N( ҧ𝑝)=N(𝑘+) =N(𝜋−)

➢𝚲 is reconstructed by Second 
VertexFit

L/σL >0

➢4C kinematic fit
•With the smallest 𝜒2

•Obtain 𝛾𝛾𝑝 ҧ𝑝𝜋−𝐾+

➢𝚺𝟎:

𝜒2 =
𝑀 𝛾1Λ −𝑀(Σ0)

𝜎Σ0
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➢Suppress background with 𝜸 :
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χ2 (𝛾𝛾𝑝 ҧ𝑝𝜋−𝑘+ )<χ2 (𝛾𝑝 ҧ𝑝𝜋−𝑘+ )



𝜒4𝑐
2 < 40

Event Selection
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Event Selection

M𝑝𝜋− −mΛ < 0.004GeV |MγΛ −mΣ0|<0.01GeV
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Event Selection

|𝑀𝛾𝛾 −𝑚𝜋0|>0.015GeV
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Total events
1556 events left
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Dalitz plot distributions of the intermediate states
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The invariant mass spectra of the intermediate 
states in 𝜒𝑐0mass regions([3.36, 3.46] GeV/c2)
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No Ξ+
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Check for the charge-conjugated decay  



The invariant mass spectra of the intermediate 
states in 𝜒𝑐1mass regions([3.48, 3.54] GeV/c2)
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The invariant mass spectra of the intermediate 
states in 𝜒𝑐2mass regions([3.54, 3.58] GeV/c2)

15



Background study
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check

No 𝑲∗ signal.
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Fit to the 𝑀Σ0 ҧ𝑝𝐾+

PDFtotal = PDFflat × N1 + PDFpeaking × N2 + PDFsignal× N3 

determined from the normalized  

𝝍(𝟑𝟔𝟖𝟔) → 𝜸𝝌𝒄𝑱, 𝝌𝒄𝑱 → 𝚲𝒑𝑲− + 𝒄. 𝒄.
A second order Chebyshev 

polynomial function.

𝑷𝑫𝑭𝒔𝒊𝒈𝒏𝒂𝒍 = (𝐁𝐖 𝑴 × 𝐄𝛄
𝟑 × 𝐃(𝑬𝜸))⨂𝐆𝐚𝐮𝐬𝐬(𝟎, 𝐬𝐢𝐠𝐦𝐚)
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Constrained to 
the PDG value



Fit to the ҧ𝑝𝐾+ invariant mass distributions in 
𝜒𝑐0mass regions

Significance of interference

2. 𝟒𝝈

PHSP+BKG+(BW1,BW2)
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2. 𝟕𝝈

5. 𝟒𝝈



Decay\Efficiency(%) After smear Weighted

𝝌𝒄𝟎 → 𝜮𝟎ഥ𝒑𝒌+ 9.64 9.24

𝝌𝒄𝟏 → 𝜮𝟎ഥ𝒑𝒌+ 10.85 10.82

𝝌𝒄𝟐 → 𝜮𝟎ഥ𝒑𝒌+ 9.63 9.61

Weighted Efficiency (Take 𝝌𝒄𝟎 as an example)
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Systematic uncertainties 

Source Chic0(%) chic1(%) chic2(%)

Photon detection 2.0 2.0 2.0

PID and tracking 4.0 4.0 4.0

4C kinematicfit 0.9 0.9 1.5

Bkg(third_order) 1.2 1.4 1.3

KEDR 0.4 0.2 0.4

Fit range 1.2 1.2 1.3

Λ (Σ0)mass window 0.2(0.2) 0.2(0.2) 0.2(0.2)

Weigted efficiency 0.3 0.3 0.5

Higher order contribution - 0.2 0.6

Intermediate decay 2.0 2.5 2.1

Number of 𝜓(3686) 0.6 0.6 0.6

Total 5.3 5.6 5.6
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Summary

➢𝝌𝒄𝑱 → 𝜮𝟎ഥ𝒑𝒌+ + 𝒄. 𝒄. is performed for the first time, the  branching 

fractions of them are 

➢We can not study the intermediate states well now, comments are 
welcome!

Thank you !!!

channel Efficiency Nsignal Branching Fraction(𝝌𝒄𝑱 →

𝜮𝟎ഥ𝒑𝒌+ + 𝑐. 𝑐 )

𝝌𝒄𝟎 9.24% 7𝟔𝟎 ± 𝟑𝟐 ( 2. 𝟗𝟑 ± 𝟎.12±0.16)× 𝟏𝟎−𝟒

𝝌𝒄𝟏 10.82% 4𝟐𝟕 ± 𝟐𝟐 (1.41±𝟎. 𝟎𝟕 ± 𝟎. 𝟎𝟖)× 𝟏𝟎−𝟒

𝝌𝒄𝟐 9.61% 2𝟐𝟓 ± 𝟏𝟔 (8.𝟓𝟗 ± 𝟎. 𝟔𝟏 ± 0.48)× 𝟏𝟎−𝟓
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