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Atsushi Hosaka (RCNP, Osaka Univ)

Structure and reactions of Θ+

• hep-ph/0507105
E. Hiyama, Kamimura, Yahiro, A.H., and Toki

• hep-ph/0505134, hep-ph/0503149 to appear PRD
S.I. Nam, A. Hosaka and H.-Ch. Kim
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Outline

1.  Full 5-body calculation

2.  Photoproduction reconsidered
pn asymmetry when J = 3/2

K* production 
γn -> K-Θ+ vs.  γp -> K0Θ+ [Θ+ or Λ(1520)]
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1. Full 5-body calculation
Hiyama-Kamimura-Yahiro-Hosaka-Toki

hep-ph/0507105
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Need to handle the (at least) 5-body system

Method available developed in nuclear-physics

Assumption:  NRQM
• Validity of the use of the Schrodinger picture
• What is the effective hamiltonian

e.g. const is not known  => confinement?

Clarify what this hamiltonian tells for 5-body system
Then improve this method or choose others?

• So far calculations were only approximate and 
only for bound state

• Better method with scattering states included
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Decay (fall-apart) is very sensitive to WFs

Five quarks 
random

S 
L

Diquark correl. Hadronic correl.

Difficult to decay Easy to decay

SU(3)  qqq or qqbar are enough to make color singlets

Hadronic (color-singlet) or colored correlations? 



Oct 20-22,  2005 Pentaquark05 at J-Lab 6

Dependence on JP

JP = 1/2–: l = 0 (ground state)
~  KN scattering => can not be narrow

Excited or complicated state may be a narrow res.

JP = 1/2+: l = 1
(3/2+) Depends much on the configuration

JP = 3/2–: l = 0
D-wave KN decay is forbidden, can be narrow
Seems consistent with phenomenology 
=> Hyodo, PRD, hep-ph/0509104

hys.Rev.D71:054017,2005 , hep-ph/0502093
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Most serious calculation for 5-body system
with scattering states included

Gaussian expansion method

Θ+-confined NK-scattering

+

Compute phase shifts

Method

qq qq
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Hamiltonian
NR quark model of Isgur-Karl
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Good for conventional baryons
Mass Magnetic moments Charge radii
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KN-phase shifts 1/2+

Eres ~ 530 MeV
Γres ~ 110 MeV

• Strong qs correlation favors KN
Rather than [ud][ud]s

=>
• Formation of the JW type conf. 
is a dynamical problem

(0s)41p
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KN-phase shifts 1/2-

(0s)5

(0s)5: KN scattering state 
Likely to be 1s(0s)4

The nature of
the narrow resonance
is interesting to analyze

Γ < 1 MeV
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We have seen:

• 5-body calculation of the Isgur-Karl quark model
Two states at ~500 MeV above the KN threshold
Γ(1/2−)  ~ Very narrow,  < 1 MeV
Γ(1/2＋) ~ 100 MeV
When the same const-parameter is used 

as for conventional baryons

• The ground (0s)5 configuration melts into the continuum

• The 1/2+ state is dominated by qqq-qq configuration
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2. Photoproductions
1. K-production

2. K*-production
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QuickTimeý Ç²
TIFFÅiLZWÅj êLí£ÉvÉçÉOÉâÉÄ

Ç™Ç±ÇÃÉsÉNÉ`ÉÉÇ¾å©ÇÈÇžÇ½Ç…ÇÕïKóvÇ-Ç�ÅB

γ p  –> n K+ K0

Teken from DeVita’s
talk at spring APS meeting

This is serious, but leads immediately to the absence of Θ+ ?

(1)  K-production with new J-Lab data

γ

p
n

K+

K0

Θ+
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Effective Lagrangian approach
hep-ph/0505134 Nam-Hosaka-Kim

appears only for n-target

For J = 3/2, only PV scheme is possible
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Before the Θ-production
γn -> K- Λ(1520)  and  γp -> K0 Λ(1520)
was studied and large pn asymmetry was found

Nam-Hosaka-Kim, hep-ph/0503149 to appear PRD
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Comparison

The presence (for p) or absence (for n) contact term
is important

LEPS data seems to support this result
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Total σ

Angular dist

Lo
g-

sc
al

e

neutron ~ forward peak
Contact term

proton ~ rather flatLo
g-

sc
al

e

Theta production, JP = 3/2–
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The role of the contact term is more important for 
JP = 3/2- than 1/2+

JP = 1/2+
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Predictions

• We see a large asymmetry between pn targets
• Cross section for proton ~ few nb is consistent with 
the upper limit estimated by CLAS
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J-Lab

LEPS
Beam line

Different exp. config.
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Angular dist. in lab frame

Eγ = 1.8 GeV

Eγ = 2.6 GeV

At Eγ = 2 GeV
σ(θ < 25o) ~ 5σ(θ > 25o)
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Special kinematics
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(2) K* (1-) production
• Physics in the t-channel

Now κ (0-) is allowed to be exchanged

K*

κ

Exotic tetraquark κ may couple strongly to Θ+

D.P. Roy, J. Phys. G30, R113 (2004)

• Using polarizations of γ and K*, we can distinguish 
the exchanged particles
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If parallel [     ], only κ is exchanged
If perpendifular [     ], only K is exchanged

Polarizations as a particle filter

Reaction plane

γ

N Θ+

K*

κ K

Pol. of γ perp. to react. plane
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Summary
• 5-body calc. 

1/2– E ~ 2 GeV, Γ ~ 1 MeV
1/2+ E ~ 2 GeV, Γ ~ 100 MeV Configurations mix

(cf: quark model calc.  Hosaka-Oka-Shinozaki
hep-ph/0409102, PRD71: 074021 (2005))

• Photoproduction, revised
*There is a large pn asymmetry, especially for J = 3/2
*No signal from the CLAS does not lead immediately 
to the absence of Θ+

*Kinematics at LEPS is very interesting
*K* can be used as a particle (t-channel) filter
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Interpretation of results

Diquark
Tri-quark       correlations
Chiral

S

P

(0s)5 (0s)40p

If 1/2–, 3/2– 1/2+, 3/2+

S

P

S

P
S

P
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