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Outline
Introduction

Recent BESIII results in Baryon Spectroscopy:

• Observation of 𝜓′ → Λ Σ±𝜋∓ + 𝑐. 𝑐.

• Observation of 𝐽/𝜓 → 𝑝  𝑝𝑎0 980

• Measurement of 𝜓′ → 𝛾 𝐾−Λ Ξ+ + 𝑐. 𝑐.

• Measurement of 𝐽/𝜓 𝜓′ → Ξ− Ξ+, Σ 1385 ∓ Σ 1385 ±

• PWA of 𝜓′ → 𝑝  𝑝𝜋0

• PWA of 𝜓′ → 𝑝  𝑝𝜂

Summary
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----
All results based on the data taken in 2009: 225 × 106 𝐽/𝜓 events and  106 × 106 𝜓′ events
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Storage ring

BESIII physics program

 Charmonium(-like) physics

 Light hadron spectroscopy

 Charm physics

 τ physics

BEPCII and BESIII
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Linac

Beam energy: 1-2.3 GeV
Design Luminosity: 1 × 1033𝐜𝐦−2𝐬−1
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The BESIII detector



Baryon spectroscopy
• Baryon spectroscopy is an important field to understand the 

internal structure of hadrons

• The established baryons are described by three-quark (qqq) 
configurations

• Non-relativistic quark model:

- It is quite successful in interpreting baryon resonances

- It also provides an explicit classification for light baryons in terms 
of group symmetry.

- It tends of predict far more excited states than are found 
experimentally (“missing resonances problem”)

Theoretically: may indicate that the baryon spectrum can be 
modeled with fewer effective degrees of freedom (quark-diquark
models)

Experimentally: baryon resonances may couple very weakly to 
single pions
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Baryon production
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• Missing N*: maybe with small couplings to 𝜋𝑁 and 𝛾𝑁, but 
large coupling to gggN: 𝜓 → 𝑁 𝑁𝜋/𝜂/𝜂′/𝜔/𝜙,  𝑝Σ𝜋,  𝑝Λ𝐾…

• High statistics of charmonimum at BESIII



𝜓′ → Λ Σ±𝜋∓ + 𝑐. 𝑐.
• BR first measurements:

ℬ 𝜓′ → Λ Σ+𝜋− + 𝑐. 𝑐. = 1.40 ± 0.03 ± 0.13 × 10−4

ℬ 𝜓′ → Λ Σ−𝜋+ + 𝑐. 𝑐. = 1.54 ± 0.04 ± 0.13 × 10−4

𝑄Λ Σ−𝜋+ =
ℬ(𝜓′→Λ Σ−𝜋+)

ℬ(𝐽/𝜓→Λ Σ−𝜋+)
= 9.3 ± 1.2 %

• PWA used to determine detection efficiency

• Includes 16 possible intermediate excited states

with at least two stars according to the PDG, 

with parameters fixed to world averages
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Observation of 𝐽/𝜓 → 𝑝  𝑝𝑎0 980
First observation of 𝐽/𝜓 → 𝑝  𝑝𝑎0 980 , via a0 980 → 𝜋0𝜂

ℬ 𝐽/𝜓 → 𝑝  𝑝𝑎0 980 → 𝑝  𝑝𝜋0𝜂

= 6.8 ± 1.2 ± 1.3 × 10−5
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Applies a chiral unitary coupled channel approach:
 Four-body decays 𝐽/𝜓 → 𝑁  𝑁𝑀𝑀
 𝑎0(980) generated through 

Final State Interactions
 Provides useful information on dynamics of 

four-body FSI processes

•

•

data MC projection

PRD 90, 052009 (2014)
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𝜓′ → 𝐾−Λ Ξ+ + 𝑐. 𝑐.
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• Two hyperons are observed in 𝑀(𝐾Λ): Ξ(1690) and 
Ξ(1820)

• Both are well established states

• Resonance parameters consistent with PDG
Ξ 1690 −

4.9𝜎
Ξ 1820 −

6.2𝜎

• First measurement of branching ratio:
• ℬ 𝜓′ → 𝐾−Λ Ξ+ + 𝑐. 𝑐. = 3.86 ± 0.27 ± 0.32 × 10−5

PRD 91, 092006 (2015)



𝜓′ → 𝛾𝐾−Λ Ξ+ + 𝑐. 𝑐.
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Ξ0

• Measured branching ratios (first time):

PRD 91, 092006 (2015)



𝐽/𝜓 𝜓′ → Ξ− Ξ+ and Σ 1385 ∓ Σ 1385 ±

• First observation of 𝜓′ into Σ(1385) states

• Single tag method

• BR and angular distribution investigations

• Most precise measurement available
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PRD 93, 072003 (2016)

𝑀 𝜋−Λ recoil

𝑀 𝜋−Λ recoil 𝑀 𝜋−Λ recoil

𝑀 𝜋−Λ recoil 𝑀 𝜋+Λ recoil

𝑀 𝜋+Λ recoil

𝐽/𝜓 decays

𝜓′ decays

Ξ−  Ξ+ Σ 1385 −  Σ 1385 + Σ 1385 +  Σ 1385 −



𝐽/𝜓 𝜓′ → Ξ− Ξ+ and Σ 1385 ∓ Σ 1385 ±
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𝚵− 𝚵+ 𝚺 𝟏𝟑𝟖𝟓 − 𝚺 𝟏𝟑𝟖𝟓 + 𝚺 𝟏𝟑𝟖𝟓 + 𝚺 𝟏𝟑𝟖𝟓 −

26.73 ± 0.50 ± 2.30 % 7.76 ± 0.55 ± 0.68 % 6.68 ± 0.40 ± 0.50 %

Branching Ratios

Angular distributions: dN/dcos𝜃 ∝ 1 + 𝛼cos2𝜃

12% rule

PRD 93, 072003 (2016)



PWA of 𝜓′ → 𝑝  𝑝𝜋0
• In photon or meson beam studies, isospin ½  and 3/2 resonances 

are excited, complicating the analysis

• Δ resonances suppressed in charmonium decays to 𝑝  𝑝𝜋0, giving a 
cleaner spectrum

• Considering the following decay in PWA:

𝜓′ → 𝑋𝜋0, 𝑋 → 𝑝  𝑝 and 𝜓′ → 𝑝  𝑁∗,  𝑁∗ →  𝑝𝜋0 + 𝑐. 𝑐.
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PRL 110, 022001 (2013)

data

• Crosses represent data
• Shaded histograms 

show the background
• Histograms in red solid 

line are the fit result
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1/2+

PWA of 𝜓′ → 𝑝  𝑝𝜋0
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 Seven N* states are observed:
• Two new N* states: 

N(2300) and N(2570)
• Five well established N* states

5/2-

PRL 110, 022001 (2013)
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PWA of 𝜓′ → 𝑝  𝑝𝜂
• Intermediate state 𝑁 1535 → 𝑝𝜂 is dominant

• 𝑁(1535) combined with an interfering phase space is sufficient 
to describe the data

• No evidence for a 𝑝  𝑝 resonance, indicating that the threshold 
enhancement in previous results may be explained by 
interference between the N(1535) and phase space
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PWA of 𝜓′ → 𝑝  𝑝𝜂

• N(1535) description:

𝐵𝑊 𝑠 =
1

𝑀𝑁∗
2 −𝑠−𝑖𝑀𝑁∗Γ𝑁∗(𝑠)

, Γ𝑁∗ = Γ𝑁∗
0 (0.5

𝜌𝑁𝜋 𝑠

𝜌𝑁𝜋 𝑀𝑁∗
2 + 0.5

𝜌𝑁𝜂(𝑠)

𝜌𝑁𝜂(𝑀𝑁∗
2 )
),

• 𝜌𝑁𝜋/𝜌𝑁𝜂 is the phase space factor for the 𝑁𝜋/𝑁𝜂 final states:

𝜌𝑁𝑋 𝑠 =
2𝑞𝑁𝑋 𝑠

𝑠
=

𝑠 − 𝑀𝑁 +𝑀𝑋
2 𝑠 − 𝑀𝑁 −𝑀𝑋

2

𝑠

• N(1535) mass, width and product branching ratio:

• 𝑀 = 1524 ± 5−4
+10MeV/𝑐2

• Γ = 130−24−10
+27+57 MeV/𝑐2

• ℬ 𝜓′ → 𝑁 1535  𝑝 × ℬ 𝑁 1535 → 𝑝𝜂 = 5.2 ± 0.3−1.2
+3.2 × 10−5
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Consistent with previous measurements



Summary

• BESIII collected 0.45 billion 𝜓′ events and 1.3 billion 𝐽/𝜓
events

• Overview of recent results in the baryon spectroscopy

• Charmonium decays as powerful tool to investigate excited 
nucleons and hyperons

- Discover new states

- Provide complementary information to other experiments

• New results will be coming soon!
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Thank you
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