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1. Introduction

The spectroscopy of excited hadrons still poses a signifimarlem to the lattice QCD com-
munity. Since a Euclidean-time hadron correlator is coragasf a sum of contributions from the
different mass eigenstates, each of which being expotigréigppressed by a factor of the mass,
disentangling the higher mass states from those of the dorhijround state (let alone the other
excited masses) can be a daunting task.

In the following, we present a method (see algo [1]) for higdjust this “disentanglement”
of masses and we show our latest results for the meson sdat@nother contribution to this
conference[]2], we present the results for baryons.

2. Method

Our method is based upon the variational approach develmpitichael [3] and later refined
by Luscher and Wolff[J4]. We use a number of source and sirdrjpaiators to create a matrix of
correlators which we then diagonalize.

The basic structure of our meson interpolators is

O = Uywl dnw, (2.1)

where we usd” = y and ya)5, yi and ya)i, Y, VY, and 1 for pseudoscalar (PS), vector (V),
pseudovector (PV), tensor (T), and scalar (SC) mesonsectgely. The subscripts andw refer

to narrow and wide quark sources. These are created usingp-gawariant Jacobi smearing to
approximate Gaussian distributions of widths 0.27 and @41 By opening this new degree of

freedom to the mesons, we hope to improve overlap with stathibiting radial excitations (a

difference in sign between the narrow and wide source darttons will create a radial node in

the corresponding quark wavefunction). We use degeneratedd quark masses. For strange
mesons, we replace one of the light quarks by the strangd dilner physical strange quark mass
is determined via the PS kaon).

For our non-strange PS and V mesons we then have up to 6 diffaterpolatorsfw = wnfor
degenerate quark masses) for our basis, giving up te & 6orrelator matrix (this becomes<38
for the strange mesons). For the PV, T, and SC mesons, we hmassaof up to 3 interpolators (4
for the strange mesons).

After creating our correlator matrig(t), we must then solve the generalized eigenvalue prob-
lem:

ct)v® = AW ) C(te) v | (2.2)

where theA () are the eigenvalues corresponding to the eigenvedtbisWe note in passing
that we arrive at almost identical eigenvalues, up to a emmdactor, with a normal eigenvalue
problem, i.e., by omitting the matri€(ty) on the r.h.s. (the eigenvectors, however, are a different
matter). The eigenvalues provide the time dependence, emtehthe mass, of the separate mass
eigenstates:

AR M) O e™[14 g(etMy)]. (2.3)

The eigenvectors provide the corresponding wavefuncifaithin the highly limited basis). The
0 (e"2M¢) terms in Eq. [(2]3) can be reduced by changing, even by fulitméing, the starting
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Figure 1: Effective mass plots for pseudoscalar and vector mesonsdig coarse (16x 32, witham, =
0.05,0.1,0.2 from top to bottom) and fine (20« 32, witham, = 0.04,0.08,0.16) lattices. Both ground and
excited states are shown, along with ¥et oy, results (horizontal lines) from fits of the eigenvalues ia th
corresponding time intervals.

basis. We observe such effects in our results and, in thessredthe best effective mass plateaus
in the excited-state eigenvalues by choosing3correlator matrices throughoutl{n, nCw, wiw;
the only exceptions are for the PS and V mesons on our codtise Javhere we use 4 basis states:
nn, nysn, nyalw, wy,lw).

We have results from two sets of quenched configurationgtenleusing the Lischer-Weisz
gauge action. The lattice spacings are determined via thev®o parametef][5la = 0.148 fm for
the 16 x 32 anda = 0.119 fm for the 28 x 32 (both spatial volumes are 2.4 fm). The quark
propagators are created using the chirally improved (Glpadg].

3. Reaults

In Fig.[1, we show some of our effective mass plots for the RB\amesons. Results are
shown for both the first and second eigenvalues, correspgridi the ground and first-excited
states. From the apparent plateaus, we choose appropnegentervals over which we fit the
eigenvalues with an exponential and extract the mass.
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Figure 2: Excited-state pseudoscalar masseslggor both lattice spacings. The quark masses are degener-
ate. All quantities are in units of the Sommer paramgjeirhe diamond represents the experimental point
and the vertical lines mark the vaIuesréM% corresponding to the physical strange quark mass.

Repeating this excercise for many quark masses, we arrp®tatlike that of Fig[[2, where
the excited-state PS mass is displayed as a function of thendrstate PS mass squarétnf).
Although the statistical errors are substantial, the nsmsgpear to be extrapolating to a value
consistent with the physical one. Also, the results from tiie lattice spacings appear to be
consistent with each other, suggesting small discretinagffects for this state.

In Fig.[3, similar plots are shown for the V, PV, T, and SC staféor the V mesons, the results
are roughly consistent with the experimental values, alghait is apparent that discretization ef-
fects are larger for these excited states. The other stegana@re problematic. The excited PV is
obviously higher than one might naively expect and resoltsHe other excited states are virtually
non-existent (few reliable effective mass plateaus coelfbond). We plan to improve the picture
for such states by including more “realistic” interpola@e.g., p-wave sources). For the SC meson
at small quark masses, ghost states dominate the correfatiotion (which then becomes negative
[, and we therefore plot only the results at large quarlssea.

Figure[# shows the same plots for the strange PS and V mesgain,Ahe excited PS results
are consistent with the experimental value and display Istisadretization effects. The excited V
mesons, however, appear to remain high and also suffer marediscretization effects.

When looking at the eigenvectors in thex®3 smearing basis alone, invariably we find the
same sign for all components in the ground state but sigardifices for the excited state. In other
words, within this limited basis, the excited state has @tatbde in its wavefunction. Including
different spin structuresl'(and y4I') in the PS or the V basis, the interpretation becomes more
ambiguous.

Of course, all of these results are from quenched latticés nelatively small volumes¢ 2.4
fm). So we have some systematic effects which are rathecuiffio quantify without repeating
our analysis on larger, dynamical configurations. It isepibssible that the small volume may be
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Figure 3: Ground- and excited-state meson masselggor both lattice spacings. Vector, pseudovector,
tensor, and scalar mesons appear. The quark masses aremegeAll quantities are in units of the Sommer
parameterq. The diamonds represent the experimental points and thiealdines mark the values o§M2
corresponding to the physical strange quark mass.

the reason the excited V and PV mesons remain higher tharxpleeimental values.

References

[1] T. Burch, et al. [BGR (Bern-Graz-Regensburg) Collaltiors, Spatially improved operators for
excited hadrons on the latticBhys. Rev. 0 (2004) 054502kep- | at / 0405006]; Excited
hadrons from improved interpolating fieldducl. Phys. Proc. Suppl40 (2005) 284
[hep- | at / 0409014]; Masses of excited baryons from chirally improved quenchtité QCDQ
Nucl. Phys. A755 (2005) 481 piucl - t h/ 0501025].

097/5



Excited meson spectroscopy with CI fermions T. Burch

6 T T ‘ T T T T T T T T T T T T T T T T 6 T T ‘ T T T T ‘ T T T T ‘ T T T T T T T T
I B | I % K] - (1680)
i L i i ﬁ : be
4 E % . — 40— o —
- e . - e .
¢ | K(1460) L i ~ | K*(1410) L i
= i =
L‘o L | i S—<O L L i
L 4 L kel & 0F O e i
© ool @ ~ $(1020)
ol — 2 —K*(890) P —
r o 03¢0 ! b r b
. D | | L |
K(490) (oo)a=0.15fm—~ (oo)a=0.15fm—~
| (im)a=0.12fm~ | | | (tr)a=0.12fm— !
O L L ‘ L L L L ‘ L L L L ‘ L L L L 3‘ 3\ L L L O L L ‘ L L L L ‘ L L L L ‘ L L L L 3‘ 3\ L L L
0 1 2 3 4 0 1 2 3
roM; roM7
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