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Introduction
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𝑀𝑎𝑠𝑠 1405.1
+1.3
−1.0 MeV

𝐹𝑢𝑙𝑙 𝑤𝑖𝑑𝑡ℎ Γ 50 ± 2 MeV

𝐷𝑒𝑐𝑎𝑦 𝑚𝑜𝑑𝑒 Σ±𝜋∓, Σ0𝜋0

TABLE 1, Properties from PDG

► Property

▪ 𝑆 = −1, 𝐼 = 0
▪ Negative parity baryon

▪ lightest excited state

Experiment

Status Conclusion

P-307

► 𝒅 𝑲−, 𝒏 reaction

▪ 𝑲 𝑵 scattering to form 𝚲 𝟏𝟒𝟎𝟓
   below 𝑲 𝑵 threshold is realized.

FIGURE 1, The reaction diagram that is expected to be dominant
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We have been planning to study of  the Λ 1405 resonance, which locates 

below the  𝐾 𝑁 threshold, via the 𝑑 𝐾−, 𝑛 reaction. In the presented 

reaction, Λ 1405 can be produced dynamically from meson-baryon 

resonant state. The preparation of  experimental setup had been done. The 

counters worked as expected.

A physics motivations and recent status of  the E31 is presented in this 

contribution.

►Missing mass spectra in the 𝒅 𝑲−, 𝒏 reaction

▪Reconstructing mass

of  produced hyperon resonances

► Identifying all the decay final states of  𝚲 𝟏𝟒𝟎𝟓
▪ Decomposing isospin amplitudes

𝝅±𝚺∓, 𝝅𝟎𝚺𝟎 FIGURE 2, Main decay modes of  the hyperon resonances
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► Beam line detectors

▪BHD, T0 Plastic scintillator

▪BLC1, BLC2 Drift chamber

▪AC Aerogel Cherenkov counter

► Forward detectors

▪ NC, PC, BVC, CVC Plastic scintillator

▪ FDC Drift chamber

► Backward detectors

▪ BPD Plastic scintillator

▪ BDC Drift chamber

→ detects the decay proton

► Structure

Based on the constituent quark model

▪3-quark system (𝑢𝑑𝑠)

→ Can NOT explain its light mass 

   and large Spin-Orbit splitting energy to 𝚲 𝟏𝟓𝟐𝟎
Based on 𝑲 𝑵 interaction

▪𝐾 𝑁 deeply bound state (single-pole)

B.E. : as deep as 27 MeV
▪Two-pole (𝐾 𝑁 − 𝜋Σ) structure

► Strongly attractive 𝑲 𝑵 interaction?

▪ A deeply bound kaonic nuclei

►Meson-baryon molecule state?

▪ A new building block of  hadron

Line shape by CLAS

► Liquid deuteron

▪Density is 0.17 g cm2 

► G-M refrigerator

▪Temperature is controlled ∼ 20 K.

► Preparation of  detectors

▪ All detectors were installed and in operation.

→ Detector performances were demonstrated in good shape
in the previous beam time (E15 1st physics run, May, 2013)

Important information
for these discussions

J-PARC E31 experiment
Noumi et al., J-PARC E31 proposal.

►HADES

▪𝑝𝑝 → 𝐾−𝑝"Σ𝜋“
► LEPS

▪𝛾𝑝 → 𝐾+"Σ±𝜋∓"
► CLAS

▪𝛾𝑝 → 𝐾+"Σ±,0𝜋∓,0"

Λ 1405  is expected to be

a dynamically generated state.

𝑀𝑀 He3 𝐾−,𝑛 𝑋 𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 10 MeV/𝑐

𝐵𝑃𝐷 𝑡𝑖𝑚𝑒 𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 < 200 ns

TABLE 2, Typical performances

The E31 pilot run will be held 
on the next beam time of  HD
→ A data of  𝝅±𝚺∓ mode 

in 𝒅(𝑲−, 𝒏) reaction will come…

►We plan to study the hyperon resonances  via the 𝒅(𝑲−, 𝒏) reaction.

▪ Λ 1405 will be studied with decomposing isospin structure.

► instrumentation for the experiment (detectors, LD2 target) was 

demonstrated well in the previous beam time.
▪E31 experiment is ready to run.

► The E31 pilot run will start in the next beam time.

▪𝜋±Σ∓ mode will be analyzed first.

*Almost setup of  E15 is same as E31.

Only target is different (Helium - 3).
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→ The line shape depends on the reaction.

※ These measurements of  line shape

could NOT pin down Single / Double - pole structure

of  𝚲 𝟏𝟒𝟎𝟓 .
⇓

Study of  𝑲 𝑵 scattering coupled to 𝚲(𝟏𝟒𝟎𝟓) is necessary.
→ Using 𝒅(𝑲−, 𝒏) reaction

𝚲 𝟏𝟒𝟎𝟓 → 𝝅𝝅𝑵 𝜸
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can be measured.

FIGURE 3, Experimental setup
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Black plots : The line shap is calculated by R. H. Dalitz et al. (one-pole)
(R. H. Dalitz et al., J. Phys. G: Nucl. Part., 17, 1991, 289)

► Simulated 𝒅(𝑲−, 𝒏) missing mass spectra

Red plots : The line shape is calculated on Chiral unitary model

by D. Jido et al. (two-pole)    (D. Jido et al., Eur. Phys. J. A, 42, 2009, 257)

(K. Moriya et al., Phys. Rev. C87, 2013, 035206)

(M. Niiyama et al., Phys. Rev. C78, 2008, 035202)

(Agakishiev et al., Phys. Rev. C87, 2013, 055202)

Different line shapes in the final Σ𝜋 states 

are indicating existences of  interference 

term between I=0 and I=1 amplitudes.
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