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Thesis: Williams:2007zzg 

𝝅𝑵 scattering: ~10⁵ datasets
most clear in particle & nuclear physics. 
All four-star 𝑁∗, Δ∗. Basic couplings 𝑔𝜋𝑁𝑁 et al.
PWA: SAID, MAID.

For hyperon: Λ∗, Σ∗, Ξ∗, Ω∗. ഥ𝐾𝑁 scattering is most favored. 
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𝑚𝑓𝑄 > 0 reaction, 
kinematically allowed @ 𝑃𝑙𝑎𝑏 = 0 𝑀𝑒𝑉

Near ഥ𝐾𝑁 threshold with large phase space, strong coupling
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~10 mb
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However, hyperon spectrum is very ambiguous

Mainly due to: old scattering data (1980s), scarcity of polarizations, isospin-mixing

𝐾−𝑝 include 𝐼 = 0, 1 amplitudes

isospin selective 𝑲𝑳𝒑 → 𝝅+𝚺𝟎 and 𝝅+𝚲 process

𝐾0 − ഥ𝐾0 mixing

mean life 𝐾𝐿： 5.116 × 10−8 𝑠 (cτ = 15.3 m)

𝐾𝑆： 0.895 × 10−10 𝑠 (cτ = 2.68 cm)

Ignore CP-violation term (< 10−3), define CP eigenstates: 

𝐾𝑆
0 =

1

2
(𝐾0 + ഥ𝐾0), 𝐾𝐿

0 =
1

2
(𝐾0 − ഥ𝐾0)

𝐾0 ഥ𝐾0 as flavor eigenstates, could mix by box diagrams



𝑲𝑳𝒑 only 𝐼 = 1 amplitudes
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𝐾𝐿 suitable as a beam to collide on the proton target. 
Most of ഥ𝐾𝑁 scattering data from  𝐾−𝑝 reaction, contain both isoscalar and isovector

For 𝑲𝑳𝒑 → 𝝅+𝚺𝟎/𝝅+𝛬, only ഥ𝐾0 contributes, tree-level Feynman diagrams:



In the energy range up to 1.7 GeV, Σ∗ resonances(up to D-wave): 𝐽𝑃= 1/2±, 3/2±, 5/2−

1/2+

1/2−

3/2+

3/2−

5/2−

𝑢-channel

𝑡-channel
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Form factors account 
for off-shell effects

Total amp.

Differential cross section

Initial couplings estimated from SU(3) relations or partial decay widths. 
A tunable scaling factor ∈ [1/2, 2] is introduced account for SU(3) breaking.

effective Lagrangian:
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P. Gao, B.S. Zou, A. Sibirtsev/ Nuclear Physics A 867 41 (2011)

Our previous work:

𝐾−𝑝 → 𝜋0Λ : dcs and recoil polarization
Cited by PDG

The sign denotes amp. phase
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PDG review:

Σ𝜋 final state: Σ∗ Λ∗ signs, Λ𝜋: Σ∗ signs.

● set by convention, ⇵ by SU(3) assignments, × experiment determined 

Phases convention



Include four-star Σ(∗): Σ 1189 1/2+, Σ 1385 3/2+, Σ 1670 3/2−, Σ 1775 5/2−

unestablished states: Σ 1580 3/2− , Σ 1620 1/2−, Σ 1660 1/2+, Σ 1750 1/2−

Fitted results

keeping strict phase conventions

Origin: only **** states: 𝜒2/𝑑𝑜𝑓 = 2.8

8Phys. Rev. D 112, 034006 (2025). 



Narrow 1-σ errorband, 
robust para constraint

𝜒2/DoF=1.606
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t-channel dominates the forward-
angle. 
s-channel no angle dependence.

Fitted 𝑀 Γ of Σ(1/2−) compatible with
Phys. Rev. C 88, 035205 (2013). 
Phys. Rev. C 92, 025205 (2015) .

Phys. Rev. D 112, 034006 (2025). 



Polarization arises from 
interference. Single diagram 
produce zero polarization.  

Recoil polarization
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Measuring the asymmetry in the spin 
distribution of the recoiling Σ0 along the 
direction normal to the reaction plane.

Phys. Rev. D 112, 034006 (2025). 



Further, 𝝅+𝚺𝟎 and 𝝅+𝜦,
joint fitting

Σ 1620 1/2−:
𝑚 = 1.557 GeV, 
Γ = 0.117 GeV
Indispensable!
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Latest updates!
Coming soon!

𝜒2= 855.029,

𝜒2/dof= 1.6041
dof=283+284-34=533

Common cutoffs and
Consistent phase for
two channels. 
Almost invisible errorbands

Σ 1660 1/2+:
𝑚 = 1.637 GeV, 
Γ = 0.129 GeV



𝜒2= 855.029,

𝜒2/dof= 1.6041
dof=283+284-34=533

Further, 𝝅+𝚺𝟎 and 𝝅+𝜦,
joint fitting

Common cutoffs and
Consistent phase for
two channels. 
Almost invisible errorbands

Σ 1660 1/2+:
𝑚 = 1.637 GeV, 
Γ = 0.129 GeV

Σ 1620 1/2−:
𝑚 = 1.557 GeV, 
Γ = 0.117 GeV
Negligible!
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Latest updates!
Coming soon!



Further, 𝝅+𝚺𝟎 and 𝝅+𝜦,
joint fitting

Common cutoffs and
Consistent phase for
two channels. 
Almost invisible errorbands.
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Latest updates!
Coming soon!

Polarizations @ other 𝐸𝑐𝑚
also constrained strictly
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Latest updates!
Coming soon!

Polarizations @ other 𝐸𝑐𝑚
also constrained strictly



In fit procedure, not include total c-s data. 

Comparison of theoretical and experimental 
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Agree well with MC result(by 
Marshall Scott)



Conclusion 
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(1) The first theoretical analysis of 𝐾𝐿𝑝 → 𝜋+𝛴0 and 𝜋+Λ using effective 
Lagrangian method, with strict phase convention and isospin-
selection. 

(2) Further confirm the existence of Σ 1660 1/2+.

(3) Due to the limited quality of historical data earlier than 1980, in 
present, the mass of Σ 1620 1/2− is fitted around 1.55 GeV. 

(4) Multichannel fit imposes much stronger constraints on the common 
resonance parameters and relative phases, resulting almost invisible 
errorbands. Σ 1620 1/2− is indispensable in 𝜋+𝛴0, but negligible in 𝜋+Λ

Expecting more precise measurements of 𝐾𝐿𝑝 scattering in wider energy 
range by KLF



Thank you 
for your 
attention！



Back up

Error propagation

Ԧ𝑥 = (𝑥1, … , 𝑥𝑖) input data vector, Ԧ𝑝 = (𝑝1, … , 𝑝𝑛) parameter vector

Model output: Ԧ𝑦 = 𝑓 Ԧ𝑥; Ԧ𝑝 = (𝑦1, … , 𝑦𝑚)

a fit by Minuit,  given the covariance matrix 𝐶 of para,  𝑛 × 𝑛

Numerically calculate the Jacobi matrix 𝐽 of first derivatives, 𝑚 × 𝑛 :

𝐽𝑎𝑏 =
𝜕𝑦𝑎
𝜕𝑝𝑏

then obtain the covariance matrix 𝐶′ of output, 𝑚 ×𝑚

𝐶′ = 𝐽𝐶𝐽𝑇

Square roots of diagonal elements giving the errors.
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