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Table: Λ-hyperons used in the first fit of the data.

JP Status Mass Width

N(1535) Λ(1670) 1/2− **** 1660− 1680 25− 50

N(1650) Λ(1800) 1/2− *** 1720− 1850 200− 400

singlet Λ(1520) 3/2− **** 1519.5± 1.0 15.6± 1.0

N(1520) Λ(1690) 3/2− **** 1685− 1695 50− 70

N(1675) Λ(1830) 5/2− **** 1810− 1830 60− 110

N(2190) Λ(2100) 7/2− **** 2090− 2110 100− 250

N(1440) Λ(1600) 1/2+ *** 1560− 1700 50− 250

N(1710) Λ(1810) 1/2+ *** 1750− 1850 50− 250

N(1700) Λ(1890) 3/2+ **** 1850− 1910 60− 200

N(1680) Λ(1820) 5/2+ **** 1815− 1825 70− 90

N(2060) Λ(2110) 5/2+ *** 2090− 2140 150− 250



Table: Σ-Hyperons used in the first fit of the data.

JP Status Mass Width

N(1440) Σ(1660) 1/2+ *** 1630− 1690 40− 200

∆(1230) Σ(1385) 3/2+ **** 1382.80± 0.35 36.0± 0.7

N(1680),∆(1905) Σ(1915) 5/2+ **** 1900− 1935 80− 160

N(1990),∆(1950) Σ(2030) 7/2+ **** 2025− 2040 150− 200

N(1520) Σ(1670) 3/2− **** 1665− 1685 40− 80

N(1535),∆(1620),N(1650) Σ(1750) 1/2− *** 1730− 1800 60− 160

N(1675) Σ(1775) 5/2− **** 1770− 1780 105− 135

N(1700),∆(1700) Σ(1940) 3/2− *** 1900− 1950 150− 300

Many Σ states are missing, although there are number of "BUMPS"



Kaon beam motivation

There is a hope to observe the baryon multiplets and therefore to confirm the
states observed in the Nucleon and Delta sector.

Table: List of reactions used in the partial wave analysis.

K−p → K 0n K−p → K−p K−p → π0Λ

K−p → π0Σ0 K−p → π−Σ+ K−p → π+Σ−

K−p → ωΛ K−p → ηΛ K−p → π0π0Λ

K−p → K +Ξ− K−p → K 0Ξ0 K−p → π0π0Σ0

K−p → π0Λ(1520) K−p → K−∆+(1232) K−p → π±Σ∓(1385)

K−p → K∗(890)N



Energy dependent approach
In many cases an unambiguous partial wave decomposition at fixed energies is
impossible. Then the energy and angular parts should be analyzed together:

A(s, t) =
∑
ββ′n

Aββ
′

n (s)Q(β)+
µ1...µn Fµ1...µn

ν1...νn Q(β′)
ν1...νn

1. Correlations between angular part and energy part are under control.
2. Unitarity and analyticity can be introduced from the beginning.
3. Parameters can be fixed from a combined fit of many reactions.
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Resonance amplitudes for meson photoproduction

General form of the angular dependent part of the amplitude:

ū(q1)Ñ±α1...αn (R2→K Λ)Fα1...αn
β1...βn

(q1 + q2)Ñ(j±)β1...βn
γ1...γm (R1→πR2)×

Fγ1...γm
ξ1...ξm

(P)N±ξ1...ξm
(R1→Kp)u(k1)BWL(s)

Fµ1...µL
ν1...νL (p) = (m+p̂)Oµ1...µL

α1...αL

L + 1
2L+1

(
g⊥α1β1

−
L

L+1
σα1β1

) L∏
i=2

gαiβi O
β1...βL
ν1...νL

σαiαj =
1
2

(γαiγαj − γαjγαi )



In c.m.s. of the reaction 2 particle→ 2 particle amplitude can be rewritten as:

AπN = ω∗
[
G(s, t) + H(s, t)i(~σ~n)

]
ω′ ,

G(s, t) =
∑

L

[
(L+1)F +

L (s)− LF−L (s)
]
PL(z) ,

H(s, t) =
∑

L

[
F +

L (s) + F−L (s)
]
P′L(z) .

F +
L = −(|~k ||~q|)L√χiχf

α(L)

2L+1
BW +

L (s) ,

F−L = (|~k ||~q|)L√χiχf
α(L)

L
BW−L (s) .

χi = mi + ki0 α(L) =
L∏

l=1

2l − 1
l

=
(2L− 1)!!

L!
.



N/D based (D-matrix) analysis of the data

J m J K m δ
JK

π η K

π η K

Djm = Djk
∑
α

Bkm
α (s)

1
Mm − s

+
δjm

M2
j − s

D̂ = κ̂(I − B̂κ̂)−1

κ̂ = diag

(
1

M2
1 − s

,
1

M2
2 − s

, . . . ,
1

M2
N − s

,R1,R2 . . .

)

B̂ij =
∑
α

Bij
α =

∑
α

∫
ds′

π

g(R)i
α ρα(s′,m1α,m2α)g(L)j

α

s′ − s − i0



Contributions of the different partial waves to the total cross section

Analysis of the Kp collision reactions
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Mass scan of additional states
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Table: Σ-Hyperons Observed states

JP Known state New state Mass

1/2+ N(1440) Σ(1660)

3/2+ ∆(1230) Σ(1385)

5/2+ N(1680),∆(1905) Σ(1915) ????

7/2+ N(1990),∆(1950) Σ(2030) ????

3/2− N(1520) Σ(1670)

1/2− N(1535),∆(1620), N(1650) Σ(1750) Σ(1620) 1680± 8

Σ(1900) 1936± 10

5/2− N(1675) Σ(1775)

3/2− N(1700),∆(1700) Σ(1940) Σ(1860) 1856± 10

1/2− N(1895) Σ(2120) 2158± 25
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K−p → π0π0Σ0 (beam momenta 720 and 750 MeV/c)
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K−p → Λ(1520)π
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K−p → K ∆(1232)
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ANL-Osaca Bn-Ga Model A Model B Bn-Ga
K−p → K−p dσ/dΩ 3962 5495 3.07 2.98 2.28

P 510 859 2.04 2.08 1.79
K−p → K̄ 0n dσ/dΩ 2950 3445 2.67 2.75 1.62
K−p → π−Σ+ dσ/dΩ 1792 2095 3.37 3.49 3.17

P 418 578 1.30 1.28 2.06
K−p → π0Σ0 dσ/dΩ 580 581 3.68 3.50 3.57

P 196 124 6.39 5.80 1.51
K−p → π+Σ− dσ/dΩ 1786 2082 2.56 2.18 1.80
K−p → π0Λ dσ/dΩ 2178 2478 2.59 3.71 1.82

P 693 732 1.41 1.73 1.73
K−p → ηΛ dσ/dΩ 160 160 2.69 2.03 1.52

P 18 — 0.94 3.83 —
K−p → K 0Ξ0 dσ/dΩ 33 67 1.24 1.61 1.20
K−p → K +Ξ− dσ/dΩ 92 193 2.05 1.74 1.38
K−p → Λω dσ/dΩ – 300 — — 0.88
K−p → Λω DM – 627 — — 1.30
K−p → K ∆(1232) DM – 667 — — 1.29
K−p → πΛ(1520) DM – 168 — — 1.94
K−p → πΣ(1380) DM – 899 — — 1.71
K−p → K∗(890)N DM – 834 — — 2.30



Λ and Σ resonances seen in early analyses (PDG)and by the BnGa group.

Λ(1380) 1/2− Σ(1580) 3/2−

Λ(1405) 1/2− Σ(1620) 1/2−

Λ(1520) 3/2− Σ(1660) 1/2+

Λ(1600) 1/2+ Σ(1670) 3/2−

Λ(1670) 1/2− Σ(1750)1/2−

Λ(1690) 3/2− Σ(1775) 5/2−

Λ(1710) 1/2+ Not seen Σ(1780) 3/2+ Not seen
Λ(1800) 1/2− Σ(1880) 1/2+ Not seen
Λ(1810) 1/2+ Σ(1900) 1/2−

Λ(1820) 5/2+ Σ(1910) 3/2−

Λ(1830) 5/2− Σ(1915) 5/2+

Λ(1890) 3/2+ Σ(1940) 3/2+ Not seen
Λ(2000) 1/2− Not seen Σ(2010) 3/2− New
Λ(2050) 3/2− Not seen Σ(2030) 7/2+

Λ(2070) 3/2+ New Σ(2070) 5/2+ Not seen
Λ(2080) 5/2− Σ(2080) 3/2+ Not seen
Λ(2085) 7/2+ Not seen Σ(2100) 7/2−

Λ(2100) 7/2− Σ(2110) 1/2− New
Λ(2110) 5/2+ Σ(2230) 3/2+

Λ(2325) 3/2− Not seen
Λ(2350) 9/2+ Not seen
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Let us consider the decay of the isospin 0 and isospin 1 states into K−p and
K 0n

|A(K−p)|2 =

(
A1

1
√

2
+ A0

1
√

2

)2
=

1
2

(
|A1|2 + |A0|2 + 2Re(A1A∗0 )

)
|A(K 0n)|2 =

(
A1

1
√

2
− A0

1
√

2

)2
=

1
2

(
|A1|2 + |A0|2 − 2Re(A1A∗0 )
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Differential cross section in c.m.s. of the reaction
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Prediction for dσ
dΩ

(KLp → K 0p(K +n))
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Prediction for the recoil asymmetry KLp → K 0p(K +n)
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SUMMARY

I The analysis of the data on the K−p → KN, πΛ, πΣ reactions is notably
improved after adding to 4-star and 3-star resonances 5 states. three of these
states are Σ-hyperons with JP = 1

2
−

I The data on the Kp → ππΛ and Kp → ππΣ are well described by the
solution found in the analysis of the reactions with two particle final states.

I The analysis of the data on the production of the vector mesons and baryons
with the spin 3/2 solidly confirmes the found solution.

I The 11 states observed in earlier analyses was not confirmed by the
combined analysis.

I The planned KLp experiment provides a unique possibility to perform the full
amplitude decomposition of the observables measured in the K−p collision
reactions and to determine the spectrum and properties of Σ hyperons.


