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Discovery of Pentaquark o+

M = 1540110 MeV
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O*(Z*) prediction of anti-decuplet

D. Diakonov, V. Petrov, and M. Polyakov,
Z. Phys. A 359 (1997) 305.

Exotic: S=+1
Low mass: 1530 MeV

Narrow width: < 15 MeV
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Confirmation from US and Russia
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Further confirmation with proton target
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Neutrino
scattering

Neon plus Deuterium

comb. /10 MeV

Reanalysis of
bubble chamber
experiments from

iN III|III|III|III|III|III|III|III|III|III|III|III

2 2.4 2.6

WA21, WA25, WAS9, o 22
m(Kgp) , GeV
E180, E632 - _
_ Chi2 / ndf =22.33/21
16— mass = 1.533+0.004737
E sigma =_0.0083Z910.002043
5 ey
A.Asratyan,A.Dolgolenko, > f- p4__ 2177134732
M.Kubantsev 2o
hep-ex/0309042 =
o
M = 1533+t 5 MeV 1=
2E
I'<20 Mev O ——

m(Kgp) , GeV

M (K p) S peCt r'u m Figure 4: Invariant mass of the K2p system for Neon anddReaiterium combined
S

(top panel). The dots depict the random-star background. A fit of the same m(K2p)

bdistribution  wpflitddd is shown inhe piari.



COSY-ToF pp->zkep
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Figure 7: Efficiency corrected invariant mass spectrum of the K”p subsystem obtained from the full sample.



Summary of positive results

O+t Mass (MeV) ' (MeV)

Experiment
LEPS/SPring-8 :1540+10+5 . 25
DIANA :1539+2+few : 9
CLAS(d) 1542 +2+5 . 21
SAPHIR :1540+4+2 . 25
I TEP(V) 1533 +5 . 20
CLAS(p) :1555+1+10 120+ 7
HERMES :1528+26+21 :19+5+2
| TEP(p) : 1526+ 3+ 3 . 24
ZEUS . 1527+ 2 : 23

COSY : 1530+ 5 18



Increasing number of papers

Pentaquark Baryons
# of Preprints from 7/2003-1/2004
Total #=109
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First Manifestly Exotic Hadron in 40 Years

« The discovery of the ®+(1540) this year marks the
beginning of a new and rich spectroscopy in QCD....

R.Jaffe

Renaissance of Hadron Spectroscopy !
(Birth of Exotic Hadron Spectroscopy)



What i1s ®@*7?

Chiral Soliton %2+
Quark model
conventional %% -
correlated diguark %2+
Hadronic bound state
Others

Lattice QCD 2-?

Theorest’'s answer
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Questions about ®©*

Spin-parity: J*=14* or ¥2" or 32
-> selection of models
S-wave or p-wave ?

K+n -> K+n phase shift analysis

pol.y N -> K- ®+ decay distribution of ®+
angular dependence
-> SPring-8 TPC project

pp -> Z+O+ (COSY)  Hosaka



Questions about width

o upper limit from direct measurement: 9 (20) MeV

— S.Nussinov (hep-ph/0307357) based on K*d
scattering data I'(®+)<6MeV

— Arndt,Strakovski & Workman (nucl-th/0308012)
based on existing K+N elastic scattering data ['(©®+)
as small as 1 MeV

K+p -> 1+ ®+ KEK-SKS spectrometer (AE~1.3 MeV)



High resolution spectroscopy of
pentaquark ®* (E559 at KEK-PS)

K.Imai, K.Miwa, M.Hayata, M.Miyabe, N.Muramatsu, M.Niiyama, N.Saito,
M.Wagner, M.Yosoi ( )

T.Nagae, M.leiri, N.Noumi, Y.Sato, S.Sawada, M.Sekimoto, H.Takahashi,
T.Takahashi, A.Toyoda )

H.Fujioka, T.Maruta ( )
T.Fukuda, P.K.Saha ( )
T.Nakano ( )

K.Hicks ( )

K+ p ->n+ ®+ reaction with SKS spectrometer
at KEK K6 beam line

e excellent mass resolution AE=1.0 MeV
e Decay angular distribution for spin determination



Objective of the experiment

To confirm ®+ with high statistics and in hadron
reaction

-> 1500 events

To determine width (lifetime) of ®+
-> 1.3MeV resolution

To determine spin of ®+
-> decay distribution (®+->K+n)



SKS Spectrometer
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Experimental setup around target
and Range counter

Schematic View of Expenmental Setup
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Yield estimation

e ~1500 events/ 60shifts

o Kt beam: 14000 /spill { 2 10" proton/spill)
¢ 10cm Ha Target: 4.2 = 107 fem?®

e Total cross section: 80 gharn

¢ Acceptance: 2.0

o Detection Efficiency: 0.6

¢ Probability of only two hat on SDCO @ (L6
(for @1 production against K 3-body decays)



K*p -> n*®* reaction

K 1 K 1 K m
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FIG. 1: Tree diagrams for K"p— 7707 reaction.



Total cross section for K+p->n+@+
Y.Oh et al., hep-ph/0311054
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Expected mass resolution of ®*
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Background reactions
for simulation

Reaction Cross Sect inu{mh:l -

Aproduction Kp— K'r'p - 3432032
Kfp— Kirtn 032006
K* production Kfp— K'%p 106020
Phase Space Kfp— K'p 0252030
Kfp— Kra'n o 024=006




Experimental setup around target
and Range counter

Schematic View of Expenmental Setup
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Momentum resolution of range counter

Stop 6th layer
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Missing Mass Spectrum
(without K+ detection)

| Missing Mass Spectrum
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Missing Mass Spectrum
(with K+ detection)
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Cross section to observe ®+ as 5o peak

vs width

| Without K+ detection
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To establish anti-decuplet

NK ->K'Z, pK ->K gt 5
p K ->KOgx-E*
S=2  S=0 AN

Diakonov 2070 1710 MeV /\*mw
Jaffe, Wilczek 1750 1440 MeV

e IfM(E")~ 1750 MeV o et gt e 0 1 e e
(Jaffe & Wilczek, hep-ph/0307341)

[ P S S T

->2GeV/c K- beam (BNL or KEK or (J-PARC)) !



S=-2 Penta-quark =~ NA49 collaboration
M=1862 MeV I'<18 MeV hep-ex/0310014
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Charmed pentaquark HERA-H1
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Pentaguarks at J-PARC

* Precision study of ®* (®* Factory)
n-p -> K-0F, K'p -> 170", K"n->K™n
2 GeV/icn- 1GeV/c K+ 0.5 GeV/c K+

P H+
[ P =l
D ) b

K-n -> K*=--
K-p -> n-Ko=+ 2.5 GeV/c K- beam or high energy beam

 Charmed pentaquark
v+emulsion -> bound state ->Knzrp



Summary

e \We need O+ “factory” to determine Its spin-
parity and structure.

-> Intense K+ and 7- beam (K1.1&K1.8)
e \We have to establish other members

=--, 5+ and others by K+(>2.5GeV/c) or
high energy hadron beams

e Charmed pentaquark!
v beam for hadron physics
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