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Search for Missing Resonances

• Indication!

. Weak signal in πN but strong signal in KΛ(KΣ).

. Example: D13 nucleon resonances:

N* ΓπN ΓΛK ΓΣK

D13(1700) 5− 15 % < 3% -
D13(1900) ? ? ?

. Why coupled-channels? Unitarity→ N* decay in several channels.
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Recent discovery of pentaquark Θ+(1540)

• D. Diakonov, V. Petrov, and M. Polyakov (Z. Physics A359 (1997)) predicted P11(1710)

belongs to anti-decuplet 5-quark state with small width Γ ∼ 40 MeV.
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• E�ective Chiral Lagrangian

• Coupled-Channels

• Bethe-Salpeter equation in the K-matrix Approximation

T IJ±
=

 KIJ±

1− iKIJ±

. (1)

• Included Channels are:

. Hadronic sector:

πN → πN, ππN, ηN,KΛ, KΣ, and η′N .

. Photoproduction sector:

γN → πN, ηN,KΛ, KΣ, and η′N .

• Invariant center mass energy: 1.2− 2.0 GeV.

• The 2π �nal state is parameterized through the coupling to a scalar isovector e�ective ζ-meson

with mass mζ = 2mπ.
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Follow chiral lagrangian:

• Meson-Baryon-Baryon

LφBB = −
gφBB

2mN

B̄γ5γµ(∂
µ
φ)B (2)

• For πN → πN : Weinberg-Tomozawa term from chiral symmetry

ΓππNN = −
(k/′ + k/)

4F 2
π

, (3)

where Fπ = 92.4 MeV the (weak) decay constant of the pion, k and k′ are incoming and

outgoing pion respectively.

−→ very small contribution to the S and P partial waves of πN scattering.
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• Contact Terms.

LφφBB =

(
α1gµν +

α2

mN

(Pµγν + γµPν) +
α3

m2
N

PµPν

)
(∂

µ
φ
†
)(∂

µ
φ)

+

(
α4γµν +

α5

mN

γµνσP
σ

)
(∂

µ
φ
†
)(∂

µ
φ). (6)
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Spin-32 Nucleon Resonance Contribution

Hadronic Sector:

• Popular but inconsistent (Rarita-Schwinger) φN∆ coupling:

LφN∆ =
gφN∆

mπ

ψ̄
α
Θαµ(zφ)Γψ(∂

µ
φ) + H.c.,

Θαµ(z) = gαµ −
1

2
(1 + 2z)γαγµ, (7)

Problem! It allows contribution of the higher spin−3
2 partial waves to the lower spin partial

waves.

• Consistent φN∆ coupling (V. Pascalutsa Phys. Rev. D58 096002 (1998)):

LπN∆ = −
igφN∆

2mπm∆

Ḡµνiε
µναβ

γβγ5Γψ(∂απ) + H.c. (8)

1. It gets rid of the unwanted lower spin component,

2. It satis�es the gauge invariant with respect to the ∆ �eld.

Similarly for γN∆ coupling!
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Hadronic Reaction π−p→ K0Λ

. Clear S11(1650) → the threshold region,

. P11(1710) and P13(1720) aroundW = 1700 MeV

. k∗ exchange in the t-channel→ forward peaking in the high energy region.
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Electromagnetic Reaction γp→ K+Λ



Electromagnetic Reaction γp→ K+Λ

. Hadronic and electromagnetic productions are consistent!
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Examples of extracted N∗ properties

D13(1900) −→ suggested by Mart & Bennhold using isobar model !

M = 1912 MeV

Γtotal = 598 MeV

ΓπN = 51 MeV

ΓππN = 598 MeV

ΓηN = 12 MeV

ΓKΛ = 13 MeV

ΓKΣ = 4 MeV
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P11(1710) (5-quark state):

M = 1729 MeV

Γtotal = 504 MeV

ΓπN = 28 MeV

ΓππN = 270 MeV

ΓηN = 47 MeV

ΓKΛ = 122 MeV

ΓKΣ = 37 MeV

Diakonov et.al. prediction: Γtotal = 40 MeV.

P11(1710) is not a 5-quark state in chiral soliton model.

Thank you!
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