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We report here results on charm and strange hadron spedomtiAg a mixed action approach,
we use overlap fermions for valence quarks, on a backgrofi?db+1 flavours HISQ gauge
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The 30 International Symposium on Lattice Field Theory titat2012,
June 24-29, 2012
Cairns, Australia

“Speaker.

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



Strange and charm hadron spectra from overlap fermion N. Mathur

1. Introduction

During the last few years MILC lattice collaboration has g@etted [1] a large set of con-
figurations with the one-loop, tadpole improved Symanzikggaaction and the highly improved
staggered quark (HISQ) fermion action [2]. Four flavours yriamical sea quarks: degenerate up
and down, strange, and charm, were included in these coafigns. Taste violations in the HISQ
action were found to be small [2]. On the other hand, overtamion action [3] has exact chiral
symmetry [3, 4] on the lattice and is automaticati(a) improved. It has also many desirable
features, such as the adaptation of multi mass algorithinsHbwever, using overlap action for
the dynamical quarks is still prohibitively costly, excempith fixed topology [6]. In this work we
have adopted a mixed action formalism where we used ovedi@mee quarks on the HISQ gauge
configurations generated by MILC collaboration [1]. By atiiogp such a mixed action approach,
one can get advantage of the chiral symmetry and low quark limai of overlap fermions, and the
advantage of having a large set of configurations with smsdirdtization errors as well as small
taste breaking effects. One also gets the advantage ofatimguboth light, strange as well as heavy
fermions on the same lattice formalism with chiral fermitwasing no'(a) errors. Of course we
will have to encounter the usual issues related to mixedmetnd partial quenching [14]. Similar
approach has been taken by th©CD collaboration, who used overlap valence quarks on 2+1
flavours dynamical domain wall gauge configurations [7].

In this work, by using above mentioned mixed action apprpaah report our preliminary
results on charm and strange hadron spectra as well as ieptecay constants fdds and D
mesons.

2. Numerical details

We used two sets of dynamical 2+1+1 flavours HISQ latticemibées, generated by the MILC
collaboration : a set of 32« 96 lattices with lattice spacing= 0.09 fm, and a set of 48« 144
lattices witha= 0.06 fm. The details of these configurations are summarizeefi[1]. The results
reported here were obtained from 100 configurations on theseo lattice, and 35 configurations
on the finer lattice. Here we did not address the uncertaiitithe determination of lattice spacings
which we will address in subsequent works.

For valence quarks we used overlap action [3]. For the nualernplementation of massive
overlap fermions the methods used by #@CD collaboration [8] were followed. To evaluate the
sign function, the Zolotarev approximation is used, anddlaeWilson eigenmodes are projected
out by Arnoldi method. We used 350 and 160 Wilson eigenmodeshe coarser and the finer
lattices respectively. The constraint here came from the @i the memory of the machine. Using
multimass CG algorithm we were able to input a range of quaakses covering from light, strange
to heavy quarks. It is worthwhile to mention that one shoudtl use the same precision for the
evaluation of light and heavy quark propagators. Whiletliginark and strange quark propagators
needs relatively lower precision, for heavy quark propagatvhich decay rapidly, having higher
precision in the inversion is absolutely necessary. Otlservone will get flat hadron correlators at
the middle of the lattice. However, for using different psgans in the multimass we found that
it is not necessary to reload the eigenmodes repeatedlghwhéreases the total inversion time.
We used periodic boundary condition in the spatial and artic in the temporal directions.
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Gauge configurations were first fixed to coulomb gauge andihé smeared (one HYP). Using
both point and wall sources we calculated various pointipoivall-point as well as wall-wall
correlators.

The strange mass was tuned by settingghpseudoscalar mass to 685 MeV [9]. With the
strange mass tuned this way, the mass of the vegtes) meson was found to be 1050(20) MeV
and 1030(10) MeV on the coarser and finer lattices respégtaed the mass of th@(ssg baryon
was found to be 1620(40) and 1630(30) MeV respectively. Tram mass is tuned by setting
the spin-averaged 1S state ma@s,, +3my,y)/4, to its physical value. The charm quark mass
(manarm in these lattices are obtained to be 0.55 and 0.336, ragglgctinterestingly, theMS
mass of charm, 1.275 GeV, correspondsn@= 0.582 and 0.388, respectively, indicating that the
mass renormalization constazff’S is close to 1 for this action.

Sincemais not very small, we need to be careful about discretizagioors. Overlap action
does not havé(ma) errors. In order to estimate the size of discretization rercmming from
higher orders ofna, we look at the energy-momentum dispersion relation of iedarmonia. We
calculated the mesons at various external momghta (271/L)%n?, with n < 2. We used both point
source and a momentum-induced wall source for the finite mtamaesons. For the wall source at
finite momenta, we put a suitable phase factor in the wall $o0 pject to the suitable momentum.
While this requires a separate inversion for each momeméa,is more than compensated by the
improvement in the signal, as shown in Fig. 1. In both figuresstvow both point source and wall
source results for the coarser lattice. Note that the walicresults are from 8 configurations,
but the statistical error is already comparable to that fi@® configurations with the point source.

In the left panel of Fig. 1, we sho(p) for various momenta for the pseudoscalar meson
on our coarser lattices. Also shown are the continuum dsi;:immarrelation,E2 = me+ p2, and
the lattice dispersion relation for the standard scaldoaatith O(ma)? error, sink(E(p)a/2) =
(sink?(ma/2))? 4 sir?(pa/2). While substantial deviation from the continuum dispetsielation
is seen, the lattice scalar dispersion relation seems tlaiexfhe data quite well. For a more
quantitative analysis, we follow the standard practicentbbiducing an effective “speed-of-light’
throughE?(p) = n? + p?c?. The value of obtained using this relation ari| p) at variousp are
shown in the right panel of Fig. 1. As the figure shows, wecdet 0.75 on our coarser lattices, and
¢ ~ 0.89 on the finer lattices. Using quenched overlap fermionsaroeven coarser lattice, ref.
[10] foundc? ~ 1 for the charm. However, on our dynamical lattices, we oletd¢? values similar
to that obtained in the literature with clover action, irating a similar size of cutoff in the overlap
action as that in the clover. The values are well-approximated by the estimata/ sinh(ma),
suggested by the lattice scalar action.

3. Results

We utilized both point and wall sources to generate a largefsquark propagators. Us-
ing those we calculated various hadron correlators an@debet light, strange and charm hadron
masses. The pseudoscalar meson masses ranged betweeB5B®MeV for the coarser lattices
and between 426 5275 MeV for the finer lattices. In Fig. 2 we plot the pseudtmtaeson
masses over a range of quark masses.
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Figure 1: (Left) Energy-momentum dispersion relation for thgon the lattices witra = 0.09 fm. Also
shown are the continuum relativistic dispersion relatisalifl line), and the lattice dispersion relation
(dashed line) for the standard scalar action. (Right:= (E%(p) — E?(p = 0))/p? calculated forn. at
various values of, on lattices witha = 0.09 and 0.06 fm. Solid horizontal lines represent tharedt
ma/ sinh(ma), suggested by the lattice scalar action.

Using these correlators, we report here preliminary redolt spectra of charmonia, mesons
of Ds family, and charmed baryons. We also report preliminargdistiof leptonic decay constants
of Ds andDg mesons.
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Figure 2: Pseudoscalar meson masses over a range of light to heakyraases. Left figure is for2a as
function of quark masma, and the right figure is fomza vs main physical unit.

3.1 Hyperfine splitting in 1S charmonia

The hyperfine splitting in 1S charmonia is one of the most weltlied physical quantities
in lattice charmonium calculations over the year, and wmtly recently [11] lattice results were
found to be smaller than the experimental valtel(1l6 MeV). This underestimation was mainly
due to the discretization error associated with the chararlgaction and the quenched approxi-
mation. In our study we also calculated this splitting. 1g.F3, we showed the effective splittings
between vector and pseudoscalar correlators (jackknieth)e tuned charm mass for wall-point
correlators. Horizontal lines shown are the fit results iolet@ by fittingonly these correlators. Our
final estimated results, ksimultaneously fittinghe wall-point and point-point correlators, for this
hyperfine splitting are 1I}§ MeV and 109 ‘3‘ MeV corresponding to lattices with spacings=
0.09 and 0.06 fm respectively.



Strange and charm hadron spectra from overlap fermion N. Mathur

> 120 > 120

() )

E 118 E

k= £

S 116 8 115

& ; - &

B Trpeettty e E

i I e e—

g mofg g i;ﬁ ”lfHIJIHT =7

E 108 é)/ o it

Eé) 106 gé) l

m 115 2‘0 2‘5 3‘30 3‘5 40 :I: 100 10 2‘0 E‘XD 4‘0 5‘0 60
time time

Figure 3: Effective hyperfine splitting in 1S charmonia for wall-pbeorrelators for lattices with spacing
0.09 (left) and 0.06 fm (right). Horizontal lines show theréisults obtained by fittingnly these correlators.

3.2 Charm and strange mesons

Along with pseudoscalar and vector mesons we also calcutai ground state spectra of
tensor, axial and scalar charmonia. Besides charmonia swecalculated the strange-chaibdg
mesons. In Fig. 4(a) we showed splittings between theseusrmesons at two lattice spacings. It
is to be noted that the splitting &fs — n¢/2, which has smaller lattice spacing error [12], obtained
is consistent with its experimental value.
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Figure 4: (a) Meson mass splitting for charmonia and strange-charsoneeat two lattice spacings. Ex-
perimental values are shown in the left side. (R)and Q. baryon masses. Also shown are other lattice
determinations, and the experimental values, where #laila

3.3 Charmed baryons

Recently, there have been exciting developments in heawyeh physics, both theoretically
and experimentally. Results from LHC and future charmdotfactories are expected to add to
the excitement in this field in the near future. On our latfieee extracted ground state spectra of
charmed baryons with one or more charm quark content, fanpleg baryons with quark content
csucuucssandccs In fig. 4(b) we showed results fd@.(csg and Qcc(cc9 baryons. It is
to be noted that for these baryons we extracted masses forspot 1/2 and spin 3/2 with both
parities, some of which are yet to be measured experimgnt@lur results are consistent with
other lattice results [13], and the experimental valueserelavailable. Results for other charm
baryons at various pion masses were shown in Fig. 5. Thel eéxittapolation will involve effects
from partial quenching as well as mixed action formalismxédi action partially quenched chiral
perturbation theory (MAP®PT) has been developed for various mixed action formalishd$ [



Strange and charm hadron spectra from overlap fermion N. Mathur

which requires calculation @y [15], the low energy constant representifiga®) discretization
dependence. In future, utilizing MAP@T we will extrapolate these masses to the physical limit.
We also calculated the experimentally unknown triply chedrbaryonQq., and a better way to
quote its mass is through the splittingro,... — %mJ/qJ, which we extracted to be 11@8 MeV and
120(10) MeV, for 0.09 fm and 0.06 fm lattices respectively.
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Figure 5: Ground state spectra for charmed baryons at various pioseadsr 33 x 96,a= 0.09f m/attice.

3.4 Decay constants

The decay constants of heavy-light mesons are experinhently important: they are es-
sential ingredients in extracting CKM matrix elements frdetays of heavy-light mesons. For
the suitable continuum currenf®\,, Vi, } = {Za (Syu¥sC)iat, 2v (SYuC)iat}, WhereZa, 2y are the
renormalization constants to match the lattice operatocohtinuum currents, the leptonic decay
constants for the pseudoscaldy and the vectoD} are defined as

(O[Au|Ds(p)) =1 fo, Py, (O[Vu|Dg(p,A)) =i fp; mp; Ef), (3.1)

Wheres;} is the polarization vector for the vector meson. From theldaoge of the (V(t)V(0))
correlator, fp; can therefore be extracted using standard techniqueslagimip, can be extracted
from (A4(t) P(0)) and(P(t) P(0)) correlators, wher® = ZpSysc is the pseudoscalar current.

Employing point-point as well as wall-point and wall-wadircelators we extracted the suitable
amplitudes for the above matrix elements. The relevantrmealization constants, andZ, have
not been calculated yet. On the other hand, since the ovactagn possesses exact chiral symmetry
on the lattice, the ratidy /Za is expected to be close to 1 (it is exactly 1 for massless glaftis
allows us to get an estimate of the sizefgf through the calculation of

Za fo.  fo
R(ng,st) = Z—C fzs ~ fiDS

sincefp, has been calculated very precisely in the literature. Calimpinary results foR( fp;, fp,) =
1.15(10) on the lattices witla = 0.09fm. The mixed action effects will be smaller for heavy-light
mesons, and in the ratio its effects will be minimal.

4. Conclusions

In this work we reported preliminary results on the grourstesthadron masses along with
charm-strange meson decay constants by using a mixed agifoach, comprising overlap va-
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lence quarks generated on the background of dynamical 2ffAwdurs HISQ configurations. The
results, in particular the hyperfine splitting of 1S chariapare encouraging and suggest that the
overlap valence on 2+1+1 flavor HISQ configurations is a psamgi approach to do lattice QCD
simulation with light, strange and charm quark togethehagame lattice formulation. However,
at these lattice spacings, the discretization errors obtheglap action for the charm, as evident
from the dispersion relation, are not negligible, and amlar in size to those of the clover action.

This is a continuing study and we expect to be able to do deitdbral and continuum extrap-
olations, to make experimentally relevant predictionsviatious charmed baryons. The splitting
(Mo, — %mj/w), betweend/¥ and the unknown triply charmed barydp... was found to be
110" 58 MeV and 12Q10) MeV, on our lattices witla = 0.09 and 0.06 fm respectively. We are also
studying heavy-light decay constants. Necessary renaatiain constants will be calculated in
future. Our preliminary results fdip; / fp, (for which the renormalization constants approximately
cancel) is 1.15(10), from our coarser lattice.
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