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Search for Missing Resonances

e Indication!

> Weak signal in 7w N but strong signal in KA(K>X).
> Example: Dq3 nucleon resonances:

NF L' I'nxk | I'sk
D13(1700) | 5—15% | < 3% :
D15(1900) ? ? ?

> Why coupled-channels? Unitarity — N* decay in several channels.



Recent discovery of pentaquark ©7(1540)

uudds
©*(1530)

uud (dd + s5)

udd (i + s5) M N(1710)

uus(d d+ S;)

dds(y;-i—sg) & ) X(1890)

=(2070)

ddssu dss(u u+d 5) 1SS (u +d E) uussd



Recent discovery of pentaquark ©7(1540)
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e D. Diakonov, V. Petrov, and M. Polyakov (Z. Physics A359 (1997)) predicted P;1(1710)
belongs to anti-decuplet 5-quark state with small width I' ~ 40 MeV.
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Effective Chiral Lagrangian
Coupled-Channels

Bethe-Salpeter equation in the K-matrix Approximation

}CIJ:E

IJj+
T = 1=

(1)

Included Channels are:

> Hadronic sector:

N — N, nmnN,nN, KA, K3, and n'N.
> Photoproduction sector:

YN — 7N, nN, KA, KX, and n'N.

Invariant center mass energy: 1.2 — 2.0 GeV.

The 27 final state is parameterized through the coupling to a scalar isovector effective (-meson
with mass m¢ = 2m.
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Follow chiral lagrangian:

e Meson-Baryon-Baryon
BB
L4BB = — i Bs5v,(8"¢)B (2)
2mN

e For tN — 7w IN: Weinberg-Tomozawa term from chiral symmetry

(¥ + §)

P 3)

Fﬂ'ﬂ'NN — —

where F; = 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 w N scattering.
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e t-exchange of meson resonances

> Scalar Meson: o(550)

Em2m2 + E4(t — 2m?2)

E2(t —m3)

(4)

T° = —2gsnN

Cm and ¢4 are coupling constant for each term.

> Vector Meson: p(768), k*(894) and a(983)

th v ' _
T _ $$9vBB <(1+m)k+%+u 8@)

myF2(t — m?2) 2 4m N

Gv v v / - t2 2Gv
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M, F2 2 Amy ) | AF2(t —m2)

MeifBner and Oller Nucl. Phys. A 673 (2000) 311-314

e Contact Terms.

(8% (8%
£¢¢BB = (Oélgl“/ + —Q(PMF}/U + ,‘Y[,LPI/) + —;)P/,LPI/) (8M¢T)(a’u¢)
™m N mN
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Spin—% Nucleon Resonance Contribution

Hadronic Sector:
e Popular but inconsistent (Rarita-Schwinger) ¢ N A coupling:

goNA

Lona = ?Za@a,u(2¢)r¢(aﬂ¢) + H.c.,

T

1
Oan(2) = gou — 5(1 + 22)YaYu (7)

Problem! It allows contribution of the higher spin—% partial waves to the lower spin partial
waves.

e Consistent ¢ N A coupling (V. Pascalutsa Phys. Rev. D58 096002 (1998)):

1LGHNA

LaNA = — G ie"™ P ygysTap (Oam) + Hee. (8)

2Mm-mAa

1. It gets rid of the unwanted lower spin component,
2. It satisfies the gauge invariant with respect to the A field.

Similarly for yINA coupling!



Discussion
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Hadronic Reaction 7~ p — KYA

16 /482 (ub/sr)

> Clear S11(1650) — the threshold region,

> P11(1710) and P13(1720) around W = 1700 MeV

> k™ exchange in the t-channel — forward peaking in the high energy region.

11



40 /482 (ub/sr)

Electromagnetic Reaction vyp — KTA

0.20

L T I T I T L T I T I T T ] T I T I T I T
040 F 5 =1618 GeV T 7 =1.647 GeV =+ F=1.660 GV —
030 F + i T -
020 | e + —
010 b { F.3 T I%%Ihﬂﬁg\}: {3543 —

23 2 — ————— ]
040 - 5 =1.680 GeV 1 5 =1689Gev —+ 5 =1708 GeV ]
0.30 | - Es_

0.10

[
H
e g
\
5
| |
[

£
E‘.__
e,

0.40
0.30

0.20

0.10

0.40
0.30

0.20

IIIIII_.4IIIIIIII

0.10

bﬂ&«



Electromagnetic Reaction yp — KTA
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> Hadronic and electromagnetic productions are consistent!
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Fxamples of extracted N* properties

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

M — 1912 MeV
L otal = 598 MeV
' n = 51 MeV
I' N = 598 MeV
'y — 12 MeV
FKA = 13 MeV

FKZ — 4 MeV
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P11(1710) (5-quark state):

M — 1729 MeV
L otal = 504 MeV
' n — 28 MeV
I' N — 270 MeV
'y — 47 MeV
I'gen — 122 MeV
'y = 37 MeV

Diakonov et.al. prediction: I'y s, = 40 MeV.

Py11(1710) is not a 5-quark state in chiral soliton model.

Thank you!
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