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Why is there a controversy
What is the “2 hadron reducible KN intermediate states”

Reanalysis of QCD sum rule
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Theoretical Controversy over Parity of @ +

Non perturbative method to determine O+ parity

Lattice QCD

QCD sum rules

Csikor, Fodor, Katz, Kovacs : Hep-
lat /0309090,

Sasaki, Hep-lat/03100014,
Takahashi, Kunihiro, pentaquark04

- Predict “=7 Parity

Sugiyama, Doi, Oka: Hep-ph/0309271

- Predict “=7 Parity

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

- No signal for ®

Kondo, Morimatsu, Nishikawa Hep-
ph/0404285

- Predict “+” Parity
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Common Problem

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

Lattice QCD QCD sum rules

<34(0), 34 (1) > T1(q") = [ axexp(igx) < 3o (x), J (0) >cpe
Large t Borel transformation

= A exp(—tmy) + A, exp(—tE ) +.. | =4 exp(-m, /M?)+ 1, exp(-E,, / M?) +..

(o
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QCD sum rule

OPE(q) ZC <02n>—jd pphen(s)

Borel Transformation

<0,,
ZCnTZ_jdsexp( S/M )pphen(s)

T

OPE is obtained from Pphen (8) should include
-q2 - large expansion low energy states

If Independent
of M

Extract ground state properties such as m
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Sugiyama, Doi, Oka Sum rule : OPE

B OPE calculation of M(q?) = j dxexp(iox) < J, (X), I, (0) >
valid at —¢® 2> large

_____ X

X
oy + 410 - SCETO+ ESO LETO
—q% > < SGZ > < mngS >
H(qZ)OPE : > Co Iog(—q2)+C4 an + G q° + ..
Good OPE : no contribution from < (Uu)(Gdd) >
g
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Sugiyama, Doi, Oka Sum rule : Phen. side

B Phenomenological side

[1(g°) - BT. _[ dxexp(iox) < Jg (X), Jo (0) >=D 4, exp(-m,/ M?)

D A, exp(-m,/M?) MZosmall y 3 exp(—m,, /M 2)+c _[ dsexp(-s/M?)

Sp>mg

All excited states are included in the S, =(1.8GeV)2 > my

comparing with OPE - P = -
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Kondo, Morimatsu, Nishikawa:

Bl Correlation should include the “K-N 2 Hadron reducible

contribution”
i3
e+ +(20) - @?@
() =77 725 @)+ [ Bt (o (p-0

It 1s important to include the K—N state,
because E - <mg

- Question is how and where?
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Kondo, Morimatsu, Nishikawa: in the OPE side

d4 adron—Irreducible
Hepe (@) _AJ‘#HSPE ( p)HgPE (p—0Q)= thenZH cron-lrreduci

T T |

Large —q? Large -p°  Large —(p-q)? < OPE by KMN
with A=1
Large —q-° Large —-p?  Large —(p-q)? < OPE in Sum rule
should be
obtained for

Small -p2  Large —(p-q)? Large —q?

Moreover, it is not clear how big . should be?
<0]J, (X3, ()| KN >£<0]J, (X)|K>x<0]J, (X)|N >
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Alternatively way of including K-N 2HR,

B One could put K-N 2 Hadron reducible contribution in the

phenomenological side,
Tl ++ +710) - @ g S

4
HOPE (qz) _ HZHadron—Irreduuble p HN (p)HK ( p . q)
A, j | m;
(27r) B—my (p- q) -
Where, the only unknown is AyAy =<0]J, | KN >
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Reanalysis of QCD sum rules

J Use same J, as in Sugiyama, Doi, Oka sum

Jo =&"€™ &% (u;Cd,)(u;Cy°d,)C5;

B Our estimate of Matrix element - N
<0[J, |KN >=—fL<0|[Q5K,J®]| N >=— f' @
Where,

Jy =gabcngfngg{(u;Cdb)(uJCQ/Sde)CyE’JgT n
(u;Cy°s,)(ugCy°d,)CS; + (u,Cd,)(usCd,)Cs, }

Ay Can be HN(p):ijd“xexp(ipx) <0]J,(x),J,(0)]0>

obtained from

Does it really couple to the ground state nucleon with positive parity
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Estimating 4,

B 11, (p)=i]d*xexp(ipx) <0[J, (%), 3, (0)|0>=—y*{IT, p +I1,}*

1 qll q7 q7 a
—ImTII, = A=3x O Ax—2 M <55 >+3x < =G>
T 7 515127 31512° 1 31512 °  «
5
—4><—q°9 =M, <SGs >
413127 1

1 o ’m, 0o < " o -
;ImHl_B_ZXS!S!Zloﬂ-S_4!5!277[6 (2<SS>—<dd >)+W(2<§GS>—<de >)

These terms gives positive parity as expected for nucleon

Just as the corresponding term gives negative parity for the ®
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Indeed positive parity

2
+ 2 2 2
5[ exp(-m /M%) m?
1.0x10™° Sim 1 14 —— S,=(1.1GeV)’
11 | + Dim 3 a o S0:(:|"2Gev)2
8.0x1071 +Dim 4 S,=(1.3GeV)’
4] +Dim 5 1.2-
6.0x10" 4 + Dim 6 ]
S 4.0x10M / % 1.0-
2 o
O 2.0x10™1 <~ 0.8+
00 1
] 0.6-
-Z.OX:I.O-ll T T T T T T T T T T T d T T T T T T T T T T T d
10 12 14 16 18 20 1.0 12 14 16 18 20
M[GeV] Borel mass [GeV]

Consistent result for + parity and mass for nucleon with

2| =107 Gev”
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If negative parity

4.0x10™ 4 bim 1
. + Dim 3
5 1 + Dim 4
— 2 2 2.0x10™1 +DimS
‘AN‘ exp(—-my /M*) | +Dim 6
a 0.04
> —_—
3
-2.0x10™ ~
-4.0x10™ -

10 12 14 16 18 20
M [GeV]

2
W‘ <0 - gives Inconsistent Result

Hence J, couples to ground state nucleon,
. .- . . 2
which has positive parity with  |1;| =10 GeV"
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Reanalysis of Sugiyama, Doi, Oka sum rule
after subtracting the K-N 2HR contribution

@----

. (p)H (p q) HZHadron Irreducible (q)

f”j@)pm(p Q) —m?

Y’
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4

N
—

>
[

o

QCD sum rules for @with K-N 2HR cont.

1.0x10°°
8.0x10'l°-.
6.0x10'l°-.
4.Ox10'1°-.

2.0x10™°

0.0-

-2.0x10™°

“exp(-m2 / M ?)

——Dim 1
+ Dim 3
+ Dim 4
+ Dim 5
+ Dim 6
+ K-N

/

S ——

\

1.0 12 14 16 1.8 2.0

M [GeV]
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2
m@
2.0 —— S,=(1.75GeV)’
1.94 —— S,=(1.85GeV)’
18] —— S,=(1.95GeV)’
1.7-
>" 16
2 15] ////——/—
2141 T——"
1.31
121 :

10 12 14 16 18 20
Borel mass [GeV]



Reanalysis shows

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

2. Why is the K-N contribution so small?

<0]351©>| =10x|<0] 35 N >[
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Could this be an artifact of the current

B Jaffe Wilczek L=0, S=1/2 L=1 > P=+

> O ®

Jo =&%°6" £ (u,Cd, )(usCy°d,)Cs,

Jaffe Wilczek picture is better represented by (hep—ph/0401034)
abc def _cfg/,,T 5 T 5 u. SH=T
Jo =& &% (ulCy°d,)(D,[u; Cy°d,])7*»°Cs,

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

predict negative parity
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Negative parity sum rule Fasitive parity sum rule
1.5E-10
g 3
E__ _______ dimensioni =t W dimension?
i — - — dimension3 “'-'j TogpE-11 | — —dimension3
B dimensiond o % dimensiond
5 dimensions T QD00 Frm e m e m e dimensions
@ dimensziong o dimenszions
E I e g =5.0E-11
-5E-11 -1.0E-10
1 1.2 1.4 1.6 1.5 z 1 1.2 1.4 16 1.5 z
Borel mazs M[Gew] Borel maszs M[GeY]
tMaszs of the negative-parity theta™ baryon s M,
2 1
% s | ;
= : Jsth=158
1.5 B 1 —
t, ! Y=th=13
=14 : J=th=20
@ )
a1z} :
= :
1 L 1 1 1
1 1.2 1.4 1.5 1.5 o
Borel mass M[Gew]




Summary

1. Reanalyzed the QCD sum rule for ® with direct coupling to
K-N states -2 parity is still negative

as a by product

Nucleon sum rule with 5 quark componenzt —>positive
. 2
parity and  |<0]Jg|© > =10x|<0[J} [N >|

2 Different current gives same result
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