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Λ(1405) a mysterious particle

Λ(1405) is predict to be a molecular state of K̄ and N [1] [2] with quark content (sd̄uud)

In order to explain the unexpected experiments’ observation of the lower mass of a
J = − 1

2 excited hyperon [3] [4]. The two pole states [5] [6] was firstly proposed

The Σ0π0 can coupling to Σπ and scatter to K̄N, arising the so called two poles.

Λ+
c → Σ0π+π0 will be a idea place to reconstruct I = 0 combination.
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BEPCII and BESIII

Symmetric e+e− beam, running at
√

s = 2.0 − 4.95 GeV (light hadron spectrum, τ charm
energy region).

Peak luminosity 1.1 × 1033 at
√

s = 1.89 GeV (Ψ(3770) peak)
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BEPC and BESIII
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No other hadron produced with Λ+
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Signal extraction

2.2 2.22 2.24 2.26 2.28 2.3
)2c (GeV/BCM

0

50

100

150

)2 c
E

ve
nt

s/
( 

 2
.0

 M
eV

/  = 4.600 GeVsData
Total fit

0π+π0Σ→c
+Λ

 non-signalc
-

Λc
+Λ

Hadron
Unmatched

 non-signal MCc
-

Λc
+Λ

Hadron MC

2.2 2.25 2.3
)2c (GeV/BCM

0

10

20

30

)2 c
E

ve
nt

s/
( 

 2
.0

 M
eV

/  = 4.612 GeVsData
Total fit

0π+π0Σ→c
+Λ

 non-signalc
-

Λc
+Λ

Hadron
Unmatched

 non-signal MCc
-

Λc
+Λ

Hadron MC

2.2 2.25 2.3
)2c (GeV/BCM

0

50

100

)2 c
E

ve
nt

s/
( 

 2
.0

 M
eV

/  = 4.628 GeVsData
Total fit

0π+π0Σ→c
+Λ

 non-signalc
-

Λc
+Λ

Hadron
Unmatched

 non-signal MCc
-

Λc
+Λ

Hadron MC

2.2 2.25 2.3
)2c (GeV/BCM

0

50

100

)2 c
E

ve
nt

s/
( 

 2
.0

 M
eV

/  = 4.641 GeVsData
Total fit

0π+π0Σ→c
+Λ

 non-signalc
-

Λc
+Λ

Hadron
Unmatched

 non-signal MCc
-

Λc
+Λ

Hadron MC

2.2 2.25 2.3
)2c (GeV/BCM

0

50

100

)2 c
E

ve
nt

s/
( 

 2
.0

 M
eV

/  = 4.661 GeVsData
Total fit

0π+π0Σ→c
+Λ

 non-signalc
-

Λc
+Λ

Hadron
Unmatched

 non-signal MCc
-

Λc
+Λ

Hadron MC

2.2 2.25 2.3
)2c (GeV/BCM

0

100

200

300)2 c
E

ve
nt

s/
( 

 2
.0

 M
eV

/  = 4.682 GeVsData
Total fit

0π+π0Σ→c
+Λ

 non-signalc
-

Λc
+Λ

Hadron
Unmatched

 non-signal MCc
-

Λc
+Λ

Hadron MC

2.2 2.25 2.3 2.35
)2c (GeV/BCM

0

20

40

60

80

)2 c
E

ve
nt

s/
( 

 2
.0

 M
eV

/  = 4.699 GeVsData
Total fit

0π+π0Σ→c
+Λ

 non-signalc
-

Λc
+Λ

Hadron
Unmatched

 non-signal MCc
-

Λc
+Λ

Hadron MC

2.2 2.25 2.3 2.35
)2c (GeV/BCM

0

10

20

30

)2 c
E

ve
nt

s/
( 

 2
.0

 M
eV

/  = 4.740 GeVsData
Total fit

0π+π0Σ→c
+Λ

 non-signalc
-

Λc
+Λ

Hadron
Unmatched

 non-signal MCc
-

Λc
+Λ

Hadron MC

2.2 2.25 2.3 2.35
)2c (GeV/BCM

0

10

20

30

40

)2 c
E

ve
nt

s/
( 

 2
.0

 M
eV

/  = 4.750 GeVsData
Total fit

0π+π0Σ→c
+Λ

 non-signalc
-

Λc
+Λ

Hadron
Unmatched

 non-signal MCc
-

Λc
+Λ

Hadron MC

2.2 2.25 2.3 2.35
)2c (GeV/BCM

0

10

20

30

40

)2 c
E

ve
nt

s/
( 

 2
.0

 M
eV

/  = 4.781 GeVsData
Total fit

0π+π0Σ→c
+Λ

 non-signalc
-

Λc
+Λ

Hadron
Unmatched

 non-signal MCc
-

Λc
+Λ

Hadron MC

2.2 2.25 2.3 2.35 2.4
)2c (GeV/BCM

0

10

20

30

)2 c
E

ve
nt

s/
( 

 2
.0

 M
eV

/  = 4.843 GeVsData
Total fit

0π+π0Σ→c
+Λ

 non-signalc
-

Λc
+Λ

Hadron
Unmatched

 non-signal MCc
-

Λc
+Λ

Hadron MC

Discriminate variable MBC to extract the weight data to be likely a signal

Sheng-Hui Zeng (Bristol) AA on Λ+
c → Σ0π+π0 TESHEP (Poland), 2024 5 / 13



Helicity definition
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Helicity angle is defined:
Polar angle:θ the angle between the final states in the rest frame of resonance
Azimuths angle:ϕ the angle between two decay plane.

The full decay chain was formalized with a quasi-3 body decay
Λ+

c → Σ0(Λγ,Λ → pπ−)π+π0 with cascade decay of
Electron-magnetic Σ0 → Λγ, mass-less particle have only λ = ±1, and constrained with
conservation law.
Weak decay of Λ → pπ− are well measured by Jψ → ΛΛ̄, amplitude are fixed according to.
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Discussion on result

One poleOne pole Two pole

Focus on the low lying region, where we would like to investigate the Λ(1405):
With hypothesis test, evidence (> 3σ) of two pole structure been get.
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Summary

With the scanned date taken by BESIII at
√

s = 4.59 − 4.84 GeV, we conducted a
amplitude analysis on Λ+

c → Σ0π+π0 decay.

We find an evidence of the two pole structure of Λ(1405).

Branching fraction of Λ+
c → Σ0ρ(770)+(ρ → π+π0) has been measured.

The study of systematic uncertainties will be next step.
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PWA result (Helicity angle)
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MC and data for TMVA and sWeight

The magenta error bar is the data with BDTG cut and signal weight

The magenta solid line is the signal shape MC with BDTG cut
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MC and data for TMVA and sWeight

The magenta error bar is the data with BDTG cut and signal weight

The magenta solid line is the signal MC with BDTG cut
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MC and data for TMVA and sWeight

The magenta error bar is the data with BDTG cut and bkg weight

The azure solid line is the Cocktail MC with BDTG cut
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