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Introduction

Lattice QCD has the possibility of providing a model indegp@mtab initio calculation
of the QCD mass spectrum. Extracting signals from excitatesthas however proven
to be a formidable task. A previous study of the BGR-Collaltion [1] employed the
variational technigue [2, 3] to study excited mesons on dltkeck using standard meson
Interpolators with Gaussian-smeared sources and sinks.

For an accurate description of excited states It is cruoiake a basis with good overlap
with those states. We therefore construct additional mas@npolators with derivative
sources obtained by a covariant derivative acting on theblatneared sources and ex-
plore their effect in the variational approach.

For our analysis we used 90 (100 for pseudovectors) querganege configurations with
Chirally Improved (Cl) quarks and thdllscher-Weisz gauge action on@ x 32 lattice
with a = 0.148 fm.

Detalls of the calculation

The variational method

We use a basis of interpolato€s, : = 1,..., N (projected to zero momentum) and
compute the matrix of cross correlations:

C(t);; = (0i(1)0;(0)) -
It can be shown [3] that the solutions to the generalizedngee problem
C(t)v; = \i(t)C (ko)
behave as
Ai(t) ox el =) (1 + O (6(_tAMi>)) :

whereAM; is the mass difference between the siadad the closest lying state.
For an accurate description, the interpolators shouldrs&atly independent, as orthog-
onal as possible and possess a strong overlap with physatess

Smeared sources and Sinks
The first step for all sources Is Jacobi smearing [4, 5] of pamuirces:
567 (7, 0) e = 6(F. 0)0pa0a
Jlaa) _ % HT
n=0

3

H(7,5) =Y (Ui(& 0)6(F + j,5) + Uj(@ — 5,0)/6(z — j,5) -
j=1

In [1] two different parameter values farandn, giving rise to wide and narrow sources
(S5.,5,), have been used. In addition, we now construct covariamiaie/es which act
upon a wide smeared source to form our derivative quark sslivg :

Pi(Z,7) = U;(£,0)80(Z + 7,9) — U;(Z — 3,0)'8(Z — 7, %) ,
Wy = P;S, .

With these sources, meson interpolators of definite quamwmbers are constructed.

Interpolators used

Table 1 shows the interpolators used for different mesommé&la. In some cases, an
(anti-)symmetrization of the interpolators Is necessamtitain the correct behavior un-
der charge conjugation. Therefore, interpolators of thpety;1'd,,, should be read
asugl'd,, — u,;,l'ds,. \We restrict ourselves to light, isovectar & 1) mesons with
degenerate quark masses = my.

Jre old interpolators new interpolators i
pseudoscalal ™" | U/ Ys5dnjw |UnjwYaYsln/w|Ud,YViVaVsnjw| UaVsda, |Ua,Vaysda,| 10
scalar 07" |y, dy, Ud, Vil | Ud, Vi Valnjw| Uadg, | 8
vector 177 Up Yl | UnYYads U, O /1y U, Vrdg,
pseudovectarl ™™ |, /Y55 jw Uq, VrYsda, 4

Table 1: Meson interpolators; n/w denote narrow and wide Jacobi smearing and d;
stands for a derivative source in the jth direction. The last column shows the total num-
ber of different interpolators.

Results

To get an idea about the properties of the correlators, weptosthe normalized diago-
nal entries of the correlation matrices for the pseudoseald vector mesons. In Fig. 1
the simple interpolators have been colored blue, while #ve correlators from deriva-
tive sources appear in red. As can be seen from the behavsmnalt times, the new
correlators have stronger contributions from excitecestat
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Fig. 1. Diagonal correlators for the pseudoscalar (left) and vector mesons (right) at
am, = 0.04. n/w denote narrow and wide Jacobi smearing and d; stands for a deriva-
tive source in the :th direction.

Fig. 2 shows a comparison of selected effective mass plateann the old set of inter-
polators compared to the new results at different valuee@fjuark mass. Plateaus are
also found in the components of the corresponding eigeakector the pseudoscalar
and vector mesons, we obtain improved results for the akstimes at all quark masses.
For the scalar and pseudovector mesons, there is a nosaegimovement of the ground
state plateaus.
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Fig. 2. Effective mass plotsfor the pseudoscalar (left), vector (middle) and pseudovector
(right) mesons. All errors are computed using the jackknife method. \We compare the
results from the the best selection of simple interpolators (top) to the case where the new
derivative interpolators are added (bottom).

Conclusions and upcoming investigations

It has been demonstrated that interpolators constructdderivative quark sources lead
to an enhanced signal for a variety of different meson chianrtéor pseudoscalar and
vector mesons, the correlators constructed from suchpiol@tors display a significantly
better overlap with excited states. For the scalar and ps&ator mesons, overlap with
the ground states can be improved.

We are currently extending our calculations to dynamicaifigoirations obtained In
BGRs dynamical CI project. Furthermore, we Investigate dbestruction of baryon
Interpolators from derivative quark sources.
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