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Exotic hadrons and hadron structure
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Heavy-quark sector Strange sector

Many exotic candidates lie close to hadron-hadron thresholds.

DD̄* DD* ΣcD̄(*) K̄N↔πΣ

X(3872), Tcc Pc Λ(1405)

Hadron spectroscopy is a key to 
understanding exotic hadron structure.
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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
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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.
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More than half are still poorly established
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J-PARC Hadron Experimental Facility
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Hyperon Spectrometer / HypTPC
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Search for Narrow  J=3/2 near  threshold (E72)Λ* Λη
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Extra  J=3/2 indicated by past resultΛ*

 measurement 
with HypTPC near threshold
K−p → Λη



Accessible  resonances using  reactionΛ*/Σ* K−p
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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
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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.
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Key opportunities at K1.8BR: 

•  threshold:  Narrow  candidate,  

•  threshold:  

• : does it exist? 

• : structure and couplings

Λη Λ(1665) Λ(1670)
Ση Σ(1750)
Λ(1710)
Σ(1670)
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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
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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.
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Many states are still poorly established



Why are they still poorly known?
Most  data are old and incomplete, 

especially for multi-body final states and polarization observables.
K̄N
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 K−p → K̄N, πΛ, πΣ

K−p → πΣ(1385), πΛ(1520), K̄*N, KΞ, . . .
low-mass

high-mass



Measure couplings, not only peaks
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PRC 92, 025205 (2015)

The calculation predicts many 
channel couplings other than 

 and .KN πΣ



Multi-body spectroscopy with HypTPC
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all-charged final state

K−p → π−Σ(1385)+

→ π−π+Λ → π−π+pπ−

 

 

M(pπ−) → Λ
M(Λπ+) → Σ(1385)+

M(π−Σ(1385)+) → Y*

• Invariant masses 

• Dalitz plots 

• Helicity angles 

•  polarizationΛ

Amplitude information, not only resonance peaks



Physics opportunities at K1.8
• Around 1.8 GeV 

-  

- Threshold / coupled-channel dynamics 

• Around 2.0 GeV 

-  

- Poorly established states /  multiplets 

- How do quark-model excitations and hadronic dynamics coexist?

KΞ, K̄*N

Λ(2070), Λ(2080), Σ(2010), Σ(2030)

qqq

15

Newly listed as 1-star well-established reference
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2 Ξ and Ω resonances

The Ω(2012)− → Ξ0K− (Ξ−K0
S
) was discovered by Belle in 2018 in the decays of the

bb̄ mesons Υ(1S),Υ(2S), and Υ(3S) [8]. The ground-state Ω− is copiously produced
in the decay Ξ0

c → Ω−K− and with lower statistics in Ω0
c → Ω− π+. Such data samples

were used by the BaBar Collaboration for a spin measurement of the Ω− hyperon [9],
for instance. The most recent addition to the family of Ω baryons was reported by the
BES III Collaboration in 2025 in the process e+e− → Ω(2109)−Ω̄+ [10].

Table 1. Our estimate of the status of the Ξ resonances. Only those with an overall
status of ∗∗∗ or ∗∗∗∗ are included in the Baryon Summary Table.

Status as seen in —

Particle JP
Overall
status Ξπ ΛK ΣK Ξ(1530)π Other channels

Ξ(1320) 1/2+ ∗∗∗∗ Decays weakly
Ξ(1530) 3/2+ ∗∗∗∗ ∗∗∗∗

Ξ(1620) ∗∗ ∗∗

Ξ(1690) 1/2− ∗∗∗ ∗∗ ∗∗∗ ∗∗

Ξ(1820) 3/2− ∗∗∗∗ ∗∗ ∗∗∗∗ ∗∗ ∗∗

Ξ(1950) ∗∗∗ ∗∗ ∗∗ ∗

Ξ(2030) ∗∗∗ ∗∗ ∗∗∗

Ξ(2120) ∗ ∗

Ξ(2250) ∗∗ 3-body decays
Ξ(2370) ∗∗ 3-body decays
Ξ(2500) ∗ ∗ ∗ 3-body decays

∗∗∗∗ Existence is certain, and properties are at least fairly well explored.
∗∗∗ Existence ranges from very likely to certain, but further confirmation is desirable

and/or quantum numbers, branching fractions, etc. are not well determined.
∗∗ Evidence of existence is only fair.
∗ Evidence of existence is poor.
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K1.8

→ Future K10

associated production: K−p → KΞ*



Summary
　　From hyperon spectroscopy to hadron structure 

• K1.8BR: threshold phenomena and low-mass  

• K1.8: systematic  spectroscopy up to  

• Hadron spectroscopy connects conventional  
excitations and exotic/coupled-channel dynamics 

Further higher energy → K10

Λ*/Σ*

Λ*/Σ* s ≃ 2.2 GeV

qqq
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