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1. Introduction

The possible discovery of th®" (1540 by the LEPS Collaboration at SPring{§ [1] has initiated
great interest in exotic baryons. Since then, there has&@&ege number of experiments that have
confirmed this result, e.g[][2] 3], but also about the samebeurthat could not confirm it, e.g.
@ Bl

To confirm or disprove the existence of tl¥, if a clear conclusion of the lattice community
could be reached and would eventually be experimentallfirtoed, this gave a substantial boost
to lattice QCD. Therefore, many groups have started to worthis problem. Here we present our
first results.

In our calculations we perform a qualitative study usindedént types of spir%— operators with
the quantum numbers of tl@&". We compute all cross correlators and use the variationtiade
(B, [i] to extract the lowest lying eigenvalues. These arel tisecreate effective mass plots for a
comparison to th&l-K scattering state which we computed separately on the the ktice.

2. Detailsof the calculation

We considered the following interpolating fields as basiofar correlation matrix:

e Currents suggested by Sasdki [8]:

Oi = sabceaefsbgh(ungf)(u;Cygdh)CiT (2.2)
©2 ;= EabcEaeEbgn(Us Cysds ) (UG Cys Y, dn)CS (2.2)
©° |, = Eapcfaefébgh(Ug Cdr ) (UgCysY,th)CSL (2.3)

e A current which is a suggestion by L. Ya. Glozmgh [9], howewusing only s-wave quarks
instead of a mixture of s-wave and p-wave quarkg i (2.4):

Iy = (Oaelbg+ Oedag) Egcd (2.4)
ulCu,
x | 75(uiCdh+diCup)
dICd
d{ (Cyy)da
x| Z5(ul (Cyu)da+d (Cyu)ua) | CE
ug (Cyu)Ud

e An other current related to suggestions by L. Ya. Gloznjany8ihg only s-wave quarks and
a factor(daedhg — dhedag) instead the factofdaedng + dhedag) in @.8):

ly = (5ae5og - 5oe5ag)sgcd X (2.5)
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uz (Copv)

X %(ul(Cauv)derdg(Cow)ub)
d;(CGuv)db
d{ (Cyy)da

X %(Ug(cyu)dd‘ng(CVu)Ud) Cs
ug (Cyu)ug

In order to get only spirizL— pentaquarks, we have to project the spin. This is done ubmgpin
projection operator for a Rarita-Schwinger figld][10]. Wescedpply a parity projection to be able to
distinguish both parity channels. The parity channel of@hieis not known. There are conflicting
theoretical predictions and no conclusive experimenttd.da
For the interpolators[(3.4) anfl (R.5) p-wave quarks areiredu Since we do not have p-wave
sources we had to adjust the color structure in the intetmof@.5) to obtain a signal at all.
The interpolators[(2]4) anfl (2.5) are linear combinatiditsvo diquarks withl = 1. Thus they are
a mixture of isospint = 0 andl = 2 states. The interpolators (R.1]), [2.2) ahd](2.3) do no¢ ey
visible isospin projection, but hidden ones.
Then we use the five interpolators to calculate a cross eiwal matrixCi; (t) which is then in-
serted into the generalized eigenvalue problem

Ci ()W = AW ()G (1) 2.6)

The solutions of this equation behave like

AN O exp(—m“‘)(t—to)). (2.7)
These eigenvalues are used to compute effective massesiagcim
_ A(t)
Met1(t) = In ( MH)) : (2.8)

Ordering the five eigenvalues according to their absoluleevthe largest eigenvalue in the posi-
tive parity channel should give tt®" mass if©" is a positive parity particle. The second largest
eigenvalue in the negative parity channel should give@hemass, where the largest eigenvalue
corresponds to theld-K scattering state at rest.

In our quenched calculation we use the Chirally Improvecd®uperator[[11], 32]. Itis an approxi-
mate solution of the Ginsparg-Wilson equati¢r [13], wittedahiral behavior[[14, 15]. The gauge
fields are generated with the Lischer-Weisz gauge adtigfiJfjéat3 = 7.90. The corresponding
value of the lattice spacing &= 0.148 fm as determined from the Sommer parametdr jn [18]. The
strange quark mass is fitted using the pseudostalaeson. The error bars are computed using
the jackknife method. The parameters of our calculatiorcallected in Tabl¢]1.

3. Results

The results of our calculations are shown in Hig. 1, where loethe effective masses of the two
lowest lying states of both parity channels obtained with ¢hoss-correlation technique. These
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sizel3x T 128 x 24
a [fm] 0.148
L [fm] ~ 18
#conf N 100

0.02, 0.03, 0.04, 0.05,
quark masseany | 0.06, 0.08, 0.10, 0.12,

0.16, 0.20
smearing parameters: n= 18,k =0.210
s-quark masam 0.0888(17)

Table 1. Parameters of our calculations.

states are approaching a possible plateau very slowly axpected, since states consisting of
five quarks are very complicated and therefore should corgdarge number of excited states
which have to die out before the effective mass reaches egplatVe use in addition to the cross-
correlation technigue Jacobi smeared Gaussian quarkesofwc all our quarks to improve the
signal for the lowest lying states.

The lower horizontal line in the negative parity channehis sum of the nucleon and kaon mass at
rest in the ground state obtained from a separate calculatidche same lattice. Since we project
the final state to zero momentum a scattering state can aladvwe particle state where the two
particles have the same but antiparallel momentum,gie= —px. We use the relativisti€-p-
relation to calculate the energy of such states,

E:\/p2+m§+\/p2+mz, (3.1)

where the smallest momentum isr2. ~ 700 MeV on our lattice. In Fig[]1 this energy is repre-
sented by the upper horizontal line.

We find effective mass plateaus which are consistent Mith scattering states in the negative par-
ity channel as we expected. We find that the second statesg hot within errors consistent with
the energy in[(3]1). Therefore, it is most likely that we da olbserve @7 state in the negative
parity channel. However, this conclusion is not completsytain, if the®" is broad, because
such a@™" state would mix strongly with the continuum states.

In the positive parity channel one expects to find either and&™ or an excited\N-K scattering
state. For such an excited state there are several passihik.g.,N*-K, or N-K with a relative
angular momentum, and so on.

On the positive parity side, we also show the two lowest lydtates obtained from our calcula-
tion. Both of them are too heavy to describ®4 state. They probably correspond to excitéd
scattering states. If there were a signal belonging toQheit is supposed to lie below the red
line assuming that the chiral extrapolation of tB& does not lead to dramatic effects below our
smallest quark mass.

4. Conclusion

In this article we present the results of a pilot study of @ using different types of operators.
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pos. parity neg. parity
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Figure 1: Results from cross-correlation of five interpolators. We dacobi smeared Gaussian quark
sources for all our quarks. Only the effective masses oftloddrgest eigenvalues are plotted.

We find that for negative parity our results are in good agesgwith aN-K scattering state in the
ground state and a quite noisy signal for the first exciteté stBor positive parity we find states
which are typically more than 500 MeV heavier than @e and thus not compatible with@+"
mass of 1540 Me\,.

Thus our calculation do not show any hints fo®a in the quenched approximation with chiral
fermions for the positive channel. In the negative paritgrotel we would need smaller errors to
be able to make a really firm statement for the existence ®f astate, but it is most likely that
there is no such state in our data.
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