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Exotic hadrons and hadron structure
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Heavy-quark sector Strange sector

Many exotic candidates lie close to hadronic thresholds.

DD̄* DD* ΣcD̄(*) K̄N↔πΣ

X(3872), Tcc Pc Λ(1405)

Threshold spectroscopy probes exotic hadron structure.



Why is the  threshold interesting?Λη
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mΛ + mη ≃ 1663.5

‣ : pure  channel 

‣ : S-wave 

‣Diagonal LO WT  

‣Coupled channels: 

Λη I = 0, S = − 1

Λ(1670) → Λη

VΛη,Λη = 0

Λη, K̄N, πΣ, KΞ

The  threshold probes 
both coupled-channel dynamics and the structure of the .

Λη
Λ(1670)

Λ(1670) JP =
1
2

−



The  threshold is visible in another channelΛη

Sharp structure at the  threshold. 

Well described as a coupled-channel 
cusp influenced by the nearby 

. 

Threshold dynamics can appear in 
channels other than .

Λη

Λ(1670)

Λη
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Λ+
c → pK−π+

Phys. Rev. D 108, L031104 (2023)
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d𝜎
dΩ

= 𝐴0𝑃0 cos𝜃 + ⋯+ 𝐴4𝑃4 cos𝜃

Fit with Legendre polynomials 
to extract S-wave (𝐴0 ​)

[ R. Armenteros et al., Nucl. Phys. B 21, 15 (1970) ]

𝐾−𝑝 → 𝜋+Σ−

Extraction of the S-wave component

Differential cross section of 𝐾−𝑝 → 𝜋+Σ−

Λ𝜂 cusp

cos θ

Hints of  threshold dynamics in old  dataΛη K−p
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Λ𝜂 Cusp Analysis using previous 𝐾−𝑝 reaction data
➢ Performed a simultaneous fit of the S-wave component (𝐴0 ​) for 𝐾−𝑝, ഥ𝐾0𝑛 and 𝜋+Σ−,

taking into account the effect of experimental resolution.

Fit result (𝜒/ndf = 347.5/74)

𝐴: Λ𝜂 scattering length = 𝑎 + 𝑖𝑏
𝑅: Λ𝜂 effective range
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𝐾−𝑝 → 𝜋+Σ−

Extraction of the S-wave component

Differential cross section of 𝐾−𝑝 → 𝜋+Σ−

Λ𝜂 cusp

Nucl. Phys. B 21, 15 (1970) 
Nucl. Phys. B 96, 54 (1975) 
Nucl. Phys. B 8, 233 (1968) 
Nucl. Phys. B 90, 349 (1975) 
Phys. Rev. D 17, 2226 (1978) 
Phys. Rev. C 80, 025204 (2009)

Fitting with 
Legendre Polynomials

Sensitive to the  threshold dynamics, 
but old data sets are not mutually consistent.

Λη



Another puzzle at the same threshold
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Narrow  contribution was suggested.J = 3/2

Differential Cross Sections of K−p → Λη

Possible extra narrow  
not predicted by quark model 

  

Λ*

Λ(1665) J =
3
2

?

Parity not determined.

Phys. Rev. C 64, 055205 (2001)



J-PARC E72: high-statistics  data near the   thresholdK−p Λη

 threshold dynamics 

• S-wave /  

• Coupled-channel cusp 

• Constrain  scattering 
parameters 

•  coupling / structure

JP = 1/2−

A0

Λη

Λ(1670)
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Possible  contribution 

• Differential cross section 

• Angular distribution 

• Test the narrow  
contribution

J = 3/2

J = 3/2

E72 addresses both puzzles with high-statistics  data.K−p



J-PARC Hadron Experimental Facility

 near  threshold (E72) 
 spectroscopy (E45) 

 production (E104)

K−p Λη
N*/Δ*
p̄p → ϕϕ
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Production 
Target (Au)

 
Primary 
Proton

30 GeV

K1.8BR

Secondary beams 
 

104-6 cps
K−, π±, p, p, (d, d)

Hadron Experimental Facility

< 1.2 GeV/c

Hadron spectroscopy and 
exotic hadron searches



Hyperon Spectrometer / HypTPC
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500 mm

E=130 V/cm

Gating grid

Reconstruction of charged multi-particle final states
 

-
Δx ∼ 500 μm
Δp ∼ 3 4 %

Electronic 
Bubble chamber

Hyperon Spectrometer



E72 data set covers the  threshold regionΛη
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12 beam momenta in –  
2.6 G  reaching the target

W = 1627 1762 MeV
K−

→ Additional data taking scheduled 
for Nov. 2026

Nov. 2025
~100× the statistics of 

past experiments



Examples of reconstructed events in E72
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▪ Byproducts

HTOF - Main Trigger

HypTPC - Main Tracker

New perspectives on exotic and heavy hadrons Haein Lee

Inclusive trigger condition 
•  2 charged particles in HTOF, or 
•a forward-going proton 

 Various decay channels satisfying the trigger condition were recorded simultaneously.

Λ

∗

K−p →ηη
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▪ Event Display

New perspectives on exotic and heavy hadrons 

KΛ

η+
θ

p∗

ηΛ
∗ηΛ

θ

KΛ

p∗

ηΛ
∗ KΛ

p∗ηΛ
∗

Haein Lee

K−

p

Various  final states are recorded simultaneously.K−p
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Analysis status
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K−p → K−p

K−p → ΛX
Basic reconstruction is established; 
channel-by-channel analysis is ongoing.



Expected E72 precision for the  cuspΛη
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Strongly constrain the  scattering parametersΛη

Simulation



Accessible  resonances using  reactionΛ*/Σ* K−p
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2 81. » and À Resonances

amplitudes, significant discrepancies became apparent. The results were therefore not included in
the RPP.

The ANL-Osaka group derived the energy-dependent amplitudes in fits to a large subset of
the data collected in Ref. [16] and further data sets described in Ref. [18]. Their fits were based
on a phenomenological SU(3) Lagrangian [18]. The two ANL-Osaka models agree on the leading
contributions but di�er significantly in cases with weaker candidates [12].

Table 81.1: The status of the » resonances. Only those with an overall
status of úúú or úúúú are included in the main Baryon Summary Table.
Decay channels other than NK and Àfi are only given for úúú and úúúú
resonances.

Status as seen in —Overall
Particle JP status NK Àfi Other channels
»(1116) 1/2+ úúúú Nfi (weak decay)
»(1380) 1/2≠ úú úú úú
»(1405) 1/2≠ úúúú úúúú úúúú
»(1520) 3/2≠ úúúú úúúú úúúú »fifi, »“, Àfifi
»(1600) 1/2+ úúúú úúú úúúú »fifi, À(1385)fi
»(1670) 1/2≠ úúúú úúúú úúúú »÷
»(1690) 3/2≠ úúúú úúúú úúú »fifi, À(1385)fi
»(1710) 1/2+ ú ú ú
»(1800) 1/2≠ úúú úúú úú »fifi, NK

ú

»(1810) 1/2+ úúú úú úú NK
ú

»(1820) 5/2+ úúúú úúúú úúúú À(1385)fi
»(1830) 5/2≠ úúúú úúúú úúúú À(1385)fi
»(1890) 3/2+ úúúú úúúú úú À(1385)fi, NK

ú

»(2000) 1/2≠ ú ú ú
»(2050) 3/2≠ ú ú ú
»(2070) 3/2+ ú ú ú
»(2080) 5/2≠ ú ú ú
»(2085) 7/2+ úú úú ú
»(2100) 7/2≠ úúúú úúúú úú NK

ú

»(2110) 5/2+ úúú úú úú NK
ú

»(2325) 3/2≠ ú ú
»(2350) 9/2+ úúú úúú ú
»(2585) ú ú

The Bonn-Gatchina (BnGa) group added further (old) data to those analyzed in Ref. [16]. The
data set was fitted in a modified K-matrix approach and the resulting amplitudes were compared
with those from Refs. [16, 18]. New resonances were found, other states, mostly one and two-
star states could not be confirmed; all resonances were tested for their statistical significance.
Additional states with any set of quantum numbers were tested and were found to produce only
small improvements in the fit [14]. In Ref. [19], properties of the full set of contributing hyperons
were reported.

The star ratings of » and À resonances given in our earlier editions, and the new results from the

1st June, 2026

3 81. » and À Resonances

Table 81.2: The status of the À resonances. Only those with an overall
status of úúú or úúúú are included in the main Baryon Summary Table.
Decay channels other than NK, »fi and Àfi are only given for úúú and
úúúú resonances.

Status as seen in —Overall
Particle JP status NK »fi Àfi Other channels
À(1193) 1/2+ úúúú Nfi (weak decay)
À(1385) 3/2+ úúúú úúúú úúúú »“
À(1580) 3/2≠ ú ú ú ú
À(1620) 1/2≠ ú ú ú ú
À(1660) 1/2+ úúú úúú úúú úúú
À(1670) 3/2≠ úúúú úúúú úúúú úúúú
À(1750) 1/2≠ úúú úúú úú úúú À÷
À(1775) 5/2≠ úúúú úúúú úúúú úú
À(1780) 3/2+ ú ú ú ú
À(1880) 1/2+ úú úú ú
À(1900) 1/2≠ úú úú ú úú
À(1910) 3/2≠ úúú ú ú úú
À(1915) 5/2+ úúúú úúú úúú úúú
À(1940) 3/2+ ú ú ú
À(2010) 3/2≠ ú ú ú
À(2030) 7/2+ úúúú úúúú úúúú úú ∆(1232)K, NK

ú
, À(1385)fi

À(2070) 5/2+ ú ú ú
À(2080) 3/2+ ú ú
À(2100) 7/2≠ ú ú ú ú
À(2110) 1/2≠ ú ú ú ú
À(2230) 3/2+ ú ú ú ú
À(2250) úú úú ú ú
À(2455) ú ú
À(2620) ú ú
À(3000) ú ú ú
À(3170) ú

Kent, ANL-Osaka and BnGa groups were used to update the star rating of the hyperon resonances.
In [19], the overall star rating is directly estimated, for [11] we estimate the star rating from the
branching-ratio uncertainties. In [12], two solutions are given but no uncertainties for branching
ratios. The overall star ratings are based on the evidence for the resonances in the new analyses
as well as their consistency including also the results of earlier analyses given in [20]. For further
details see also [15].

We decided to remove the three so-called bumps À(1480), À(1560), À(1670), and À(1690) as
well as À(1620) from production experiments. The entries from À(1770)1/2+ are now listed under
À(1660)1/2+ and À(1880)1/2+, the entries from À(1730)3/2+ and À(1840)3/2+ are now combined
to one À(1780)3/2+. The one-star À(2000)1/2≠ is combined with a new one-star À(2160)1/2≠ to a
single one-star À(2110)1/2≠. Apart from »(1380)1/2≠, four further new resonances were included
in the Listings: »(2070)3/2+, »(2080)5/2≠, À(2010)3/2≠, and À(2230)3/2+, all with one star.

1st June, 2026

Other opportunities in E72 

•  threshold:  

• : does it exist? 

• : structure and couplings

Ση Σ(1750)
Λ(1710)
Σ(1670) → K1.8 / K10 beam lines 

　for more higher energy

PDG2025



Summary
J-PARC E72:  measurement near  threshold 

• J-PARC E72 collected high-statistics  data across the 
 threshold region. 

• The data will constrain the  coupled-channel 
cusp dynamics and  scattering parameters. 

• Also tests the possible narrow  contribution in 
.

K−p Λη

K−p
Λη

JP = 1/2−

Λη

J = 3/2
K−p → Λη

15


