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Theoretical predictions
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Biedenharn, Dothan (1984): 
        ∆10-8 ~ 600 MeV  Skyrme model

MP (1987): 
MΘ= 1535 MeV  Skyrme model

     in model independent approach, 
second order

      
Diakonov, Petrov, Polyakov (1997): 

χQM - model independent approach, 
1/Nc corrections → MΘ= 1530 MeV
small width < 15 MeV !

In Chiral Soliton Models quark-antiquark pairs are added as chiral
excitations of low mass (pion is massless!) rather than as two
constituent (i.e. heavy) quarks. Parity +, spin 1/2



Theoretical situation
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1. Quark models: require diquark (Jaffe Wilczek),
or even triquark correlations (Karliner, Lipkin):

spin 0, flavor 3*

p – wave symmetric
in flavor 6*

10 and 8
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Theoretical situation

7.12.2008

1. Quark models: require diquark (Jaffe Wilczek),
or even triquark correlations (Karliner, Lipkin).

2. „Serious” quark model calculations seem to give 
negativer results

3. Lattice: mixed results, even spin 3/2 possible

4. Sum rules: mixed results
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Experimental situation
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Time dependent experimental status of Θ+

γ +  d (n )　 reactions

γ +  p   p K→ s
0 　

γ +  p  n K→ + K- π+

K + (N)  p K→ s
0 

lepton + D, A  p K→ s
0

p + A   pK→ s
0 + X

p + p   pK→ s
0 + Σ+

Other Θ+ Upper Limits

BaBar

CLAS-d2

BELLE

ALEPH, Z
SVD2

LEPS-d2LEPS-C CLAS-d1

DIANA

SAPHIR

SVD2

COSY-TOF

Hermes

JINR

CLAS-p

LEPS-d

νBCZEUS

BES J,Ψ

CLAS g11

SPHINX HyperCP

HERA-B

FOCUS WA89CDF

: Positive result

: Negative result

        2002 2003 2004 2005                                        
2006 2007           

DIANA

COSY-TOF
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Ideal experiment
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Formation cross section

Breit-Wigner cross-section (GM + MP)

0 1/2

1/2

1/2     1/2

K+

n
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Time dependent experimental status of Θ+

γ +  d (n )　 reactions

γ +  p   p K→ s
0 　

γ +  p  n K→ + K- π+

K + (N)  p K→ s
0 

lepton + D, A  p K→ s
0

p + A   pK→ s
0 + X

p + p   pK→ s
0 + Σ+

Other Θ+ Upper Limits

BaBar

CLAS-d2

BELLE

ALEPH, Z
SVD2

LEPS-d2LEPS-C CLAS-d1

DIANA

SAPHIR

SVD2

COSY-TOF

Hermes

JINR

CLAS-p

LEPS-d

νBCZEUS

BES J,Ψ

CLAS g11

SPHINX HyperCP

HERA-B

FOCUS WA89CDF

: Positive result

: Negative result

        2002 2003 2004 2005                                        
2006 2007           

DIANA

COSY-TOF
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Phys.Atom.Nucl.70:35-43,2007. 
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Г = 0.36 MeV
significance
4.3 to 7.3 sigma
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BELLE: secondary kaon beam
from D decays interacting

with silicon in vertex detecor :

 < 0.64 MeV

R. Mizuk, Europhysics 2005, Lisbon. July 2005
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Possible resolution by K+ nucleus
formation experiment at J-Parc
(if submitted and accepted)
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Time dependent experimental status of Θ+

γ +  d (n )　 reactions

γ +  p   p K→ s
0 　

γ +  p  n K→ + K- π+

K + (N)  p K→ s
0 

lepton + D, A  p K→ s
0

p + A   pK→ s
0 + X

p + p   pK→ s
0 + Σ+

Other Θ+ Upper Limits

BaBar

CLAS-d2

BELLE

ALEPH, Z
SVD2

LEPS-d2LEPS-C CLAS-d1

DIANA

SAPHIR

SVD2

COSY-TOF

Hermes

JINR

CLAS-p

LEPS-d

νBCZEUS

BES J,Ψ

CLAS g11

SPHINX HyperCP

HERA-B

FOCUS WA89CDF

: Positive result

: Negative result

        2002 2003 2004 2005                                        
2006 2007           

DIANA

COSY-TOF

positive result from LEPS (Japan) remains
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T. Nakano (Osaka)
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Don’t miss on Monday

by the LEPS group!
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Time dependent experimental status of Θ+

γ +  d (n )　 reactions

γ +  p   p K→ s
0 　

γ +  p  n K→ + K- π+

K + (N)  p K→ s
0 

lepton + D, A  p K→ s
0

p + A   pK→ s
0 + X

p + p   pK→ s
0 + Σ+

Other Θ+ Upper Limits

BaBar

CLAS-d2

BELLE

ALEPH, Z
SVD2

LEPS-d2LEPS-C CLAS-d1

DIANA

SAPHIR

SVD2

COSY-TOF

Hermes

JINR

CLAS-p

LEPS-d

νBCZEUS

BES J,Ψ

CLAS g11

SPHINX HyperCP

HERA-B

FOCUS WA89CDF

: Positive result

: Negative result

        2002 2003 2004 2005                                        
2006 2007           

DIANA

COSY-TOF

X

negative results from CLAS high statistics d run
contradicts previous CLAS analysis
and contradicts LEPS
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Comparison of LEPS and CLAS
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Time dependent experimental status of Θ+

γ +  d (n )　 reactions

γ +  p   p K→ s
0 　

γ +  p  n K→ + K- π+

K + (N)  p K→ s
0 

lepton + D, A  p K→ s
0

p + A   pK→ s
0 + X

p + p   pK→ s
0 + Σ+

Other Θ+ Upper Limits

BaBar

CLAS-d2

BELLE

ALEPH, Z
SVD2

LEPS-d2LEPS-C CLAS-d1

DIANA

SAPHIR

SVD2

COSY-TOF

Hermes

JINR

CLAS-p

LEPS-d

νBCZEUS

BES J,Ψ

CLAS g11

SPHINX HyperCP

HERA-B

FOCUS WA89CDF

: Positive result

: Negative result

        2002 2003 2004 2005                                        
2006 2007           

DIANA

COSY-TOF

X
X

negative results from CLAS high statistics run
contradiced previous experiments
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Comparison with SAPHIR proton results

(1520)

SAPHIR

g11@CLAS

+(1540) ?
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M(nK+) (GeV)M(nK0) (GeV)

M(nK0) (GeV)

Observed Yields
SAPHIR
   N(Θ+)/N(Λ*) ~ 10%

CLAS
   N(Θ+)/N(Λ*) < 0.2% 
    (95%CL)

Cross Sections
SAPHIR
   σ ~ 300 nb
reanalysis 50 nb (unpublished)

CLAS
    σ < 2 nb

Λ

Θ
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t-channel production of Θ+

p Θ+

K*

K0

n Θ+

K*+

K-

p Θ+

K0

K0

n Θ+

K+

K-
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t-channel production of Θ+

p Θ+

K*

K0

n Θ+

K*+

K-

p Θ+

K0

K0

n Θ+

K+

K-

known

? ?
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CLAS estimate

limits corresponding
to the range
of K* couplings



Interference effects
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small large

Interference gives higher statistics,
allows for better K identification
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Time dependent experimental status of Θ+

γ +  d (n )　 reactions

γ +  p   p K→ s
0 　

γ +  p  n K→ + K- π+

K + (N)  p K→ s
0 

lepton + D, A  p K→ s
0

p + A   pK→ s
0 + X

p + p   pK→ s
0 + Σ+

Other Θ+ Upper Limits

BaBar

CLAS-d2

BELLE

ALEPH, Z
SVD2

LEPS-d2LEPS-C CLAS-d1

DIANA

SAPHIR

SVD2

COSY-TOF

Hermes

JINR

CLAS-p

LEPS-d

νBCZEUS

BES J,Ψ

CLAS g11

SPHINX HyperCP

HERA-B

FOCUS WA89CDF

: Positive result

: Negative result

        2002 2003 2004 2005                                        
2006 2007           

DIANA

COSY-TOF

X
X
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E γ = 4 . 8 − 5 . 6 G e V

c o s ( θ π
* ) > 0 . 8

CLAS 

M(nK+)

( )p K K n Kγ π π ++ − + + −→ → Θ

π+

p

γ

π K-

Θ+N*

Θ+

M(K-Θ+) [GeV]

Will be run with order of magnitude
more statistics in 2007. 
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Time dependent experimental status of Θ+

γ +  d (n )　 reactions

γ +  p   p K→ s
0 　

γ +  p  n K→ + K- π+

K + (N)  p K→ s
0 

lepton + D, A  p K→ s
0

p + A   pK→ s
0 + X

p + p   pK→ s
0 + Σ+

Other Θ+ Upper Limits

BaBar

CLAS-d2

BELLE

ALEPH, Z
SVD2

LEPS-d2LEPS-C CLAS-d1

DIANA

SAPHIR

SVD2

COSY-TOF

Hermes

JINR

CLAS-p

LEPS-d

νBCZEUS

BES J,Ψ

CLAS g11

SPHINX HyperCP

HERA-B

FOCUS WA89CDF

: Positive result

: Negative result

        2002 2003 2004 2005                                        
2006 2007           

DIANA

COSY-TOF

X
X

COSY-TOF has not confirmed its first, positive result

X
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COSY: pp  + K0 p
~3GeV/c protons
2004: positive signal

at σ = 0.4 μB
2007: no signal

at σ < 0.15 μB

1999: Polyakov, Sibirtsev
Tsushima, Cassing, Goeke
σ ~ 100 nB for Г = 5 MeV

SVD with 20 Gev/c 
pA →Kp+X remains positive
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1540

1862 ?

1650 ?

1755 ?

NA 49
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1540

1862 ?

1650 ?
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eta photoproduction on nucleon
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8 10

N

Σ

Ξ

Θ
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We are asking: Is there a narrow 
resonance in nucleon excitation?

 ηn measurement in D(γ,ηn)p
         Kunznetsov et al. preprint (05)

 ηn  ηp

 

GRAAL:
ηn measurement: quasi-free kinematics 



Summary
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• Theory is waiting for final experimental answer
• Θ is not seen in the most of high energy experiments;
   production rate Θ/Λ(1520)  is less than 1%
• No positive results from  from dedicated experiments:
   CLAS γp, γd; COSY-TOF pp (KEK-PS)
• Positive result from DIANA (SVD) remains: Г < 1 MeV
• LEPS confirms signals in γd, possible inconsistency 
  with CLAS
• NA49 repeated their analysis: Ξ3/2(1860)
• Signals of narrow N(1685) resonance consistent with
  antidecuplet interpretation Г < 25 MeV

If Θ exists, it is not like an ordinary baryon



Backup slides
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New results from LEPS
Summary of LD2 data analysis

 MMγΚ− (GeV)

• K+K- from LD2 target

• MMd(γ,K+K-)>1.89 GeV

• 0.89< MM(γ,K+K-)<0.99 GeV

• φ exclusion cut at R=0.2

• Fermi motion correction

Reliable background estimation 
is essential to confirm the 
existence of the peak.

T. Hotta, Acta Phys. Pol. B36, 2173


