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Non perturbative method to determine Θ+ parity

Theoretical Controversy over Parity of  Theoretical Controversy over Parity of  ΘΘ ++

Kondo, Morimatsu, Nishikawa Hep-
ph/0404285

Predict “+” Parity

Mathur, F.Lee,  et.al., Hep-ph/0406196
Tokyo. Inst. Tech.,.  pentaquark04

No signal for  Θ

Sugiyama, Doi, Oka: Hep-ph/0309271        

Predict “-” Parity

Csikor, Fodor, Katz, Kovacs : Hep-
lat/0309090,
Sasaki, Hep-lat/03100014, 
Takahashi, Kunihiro, pentaquark04

Predict “-” Parity

QCD sum rulesLattice QCD
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How big is the “K-N 2 Hadron reducible contributions” ? 

Common ProblemCommon Problem

QCD sum rulesLattice QCD
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QCD sum ruleQCD sum rule
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OPE  calculation of 

valid at –q2 large

Sugiyama, Sugiyama, DoiDoi, Oka Sum rule  :  OPE, Oka Sum rule  :  OPE
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Phenomenological side 

Sugiyama, Sugiyama, DoiDoi, Oka Sum rule  :  , Oka Sum rule  :  PhenPhen. side. side
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All excited states are included in the S0 =(1.8GeV)2 > mΘ
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Correlation should include the “K-N 2 Hadron reducible 
contribution”

Kondo, Kondo, MorimatsuMorimatsu, Nishikawa: , Nishikawa: 
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It is important to include the K-N state,
because EKN <mΘ

Question is how and where?
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Kondo, Kondo, MorimatsuMorimatsu, Nishikawa: in the OPE side , Nishikawa: in the OPE side 
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Large –q2 Large –p2 Large –(p-q)2 OPE by KMN 
with   λ=1

Large –q2 Large –p2 Large –(p-q)2 OPE in Sum rule 
should be 
obtained  for 
Large –q2Small –p2 Large –(p-q)2

Moreover, it is not clear how big λ should be?
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One could put K-N 2 Hadron reducible contribution in the 
phenomenological side,

Alternatively way of including KAlternatively way of including K--N 2HR, N 2HR, 
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Use same JΘ as in Sugiyama, Doi, Oka sum

Reanalysis of QCD sum rules Reanalysis of QCD sum rules 

Where,
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Our estimate of Matrix element
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Does it really couple to the ground state nucleon with positive parity
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Estimating Estimating λλNN
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These terms gives positive parity as expected for nucleon 

Just as the corresponding term gives negative parity for the Θ
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Indeed  positive parityIndeed  positive parity
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If negative parityIf negative parity

2 2 2exp( / )N Nm Mλ − −

gives Inconsistent Result

Hence JN couples to ground state nucleon, 
which has positive parity with
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Reanalysis of Sugiyama, Reanalysis of Sugiyama, DoiDoi, Oka sum rule , Oka sum rule 
after subtracting the Kafter subtracting the K--N 2HR contribution N 2HR contribution 
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QCD sum rules for QCD sum rules for ΘΘ with Kwith K--N  2HR cont.N  2HR cont.
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Reanalysis showsReanalysis shows

1. K-N 2HR contributions constitutes less than 5% of the 
OPE.  Hence QCD sum rule predicts negative parity for 
the  Θ as in the original Sugiyama, Doi, Oka sum rule

2.  Why is the K-N contribution so small?
2 25 50 | | 10 0 | |NJ J NΘ< Θ > = × < >

Θ J(0)J(x)<

N

K
J(0)J(x)
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Could this be an artifact of the currentCould this be an artifact of the current

Jaffe Wilczek

Θ

L=0,     S=1/2   L=1  P=+

5( )( )abc def cfg T T T
a b d e gJ u Cd u C d Csε ε ε γΘ =

Jaffe Wilczek picture is better represented by (hep-ph/0401034)

5 5 5( )( [ ])abc def cfg T T T
a b d e gJ u C d D u C d Csµ

µε ε ε γ γ γ γΘ =

Repeated the QCD sum rule with this current (Y. Kwon, B. Lee, SHL 04)
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Again,  predict negative parity Again,  predict negative parity 
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SummarySummary

1. Reanalyzed the QCD sum rule for Θ with direct coupling to  
K-N states  parity is still negative

as  a by product

Nucleon sum rule with 5 quark component  positive 
parity and 2 25 50 | | 10 0 | |NJ J NΘ< Θ > = × < >

2    Different current gives same result


