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1. Introduction

The European Twisted Mass (ETM) collaboration is pursutageffort to generat®s = 2+
1+ 1 configurations of twisted mass fermions. This discreitimabf QCD has the advantage of
providing automatid(a) improvement of all the observables once tuned at maximast tidj 2].

In this contribution we are interested in computing the reasd the baryon octet and decuplet.
The inclusion of the strange and charm quarks in the seasdffierpossibility to investigate several
effects in the baryon sector.

First, given the large value of the charm quark masss, patntarge cutoff effects could
appear in observables believed to be insensitive to therckiagrees of freedom. We perform a
preliminary analysis of the discretization effects usihget lattice spacings. The non degener-
ate twisted mass fermion doublet used in the heavy sectootloamserve the strange and charm
guantum numbers at finite lattice spacing. The effects sfshmmetry breaking have already been
investigated in [3] to determine the kaon and D meson madeaxder to study the spectrum of
strange baryons, two approaches can nevertheless be éolidive mixed action setup using an ac-
tion that conserves strangeness in the valence or the ysitup using the sea action. Both meth-
ods have been followed to investigate unitarity violatiofsnally, by comparing present results
with our previous work usingNs = 2 configurations in the partially quenched approximatioly [4
we investigate the effect of the quenching of the strangekgua

2. Lattice setup

In the gauge sector we use the lwasaki gauge action [6]. Ubki@game notations as in
Ref. [2], the light doublet action reads :

S = a*y {xi()[DU]+mo+imysTs xi(x)} (2.1)
X
while the action in the heavy non degenerate doublet is :
S = a'y {Xn(X) [DIU] +Mo+ikaysT1 + HsTa] Xn(X)} , (2.2)
X

The input parameters of the calculati¢b/a, 3, 1, Ug, Us) are collected in Table 1. They
span a pion mass range from approximately 270 to 500 MeVhardl > 3.4 ( the lowest bound
holds for ensembles B25.32 and A40.24). Estimation of thtecéaspacing from Ref. [2] gives
ag_190 = 0.0861(4) fm and ag_; 95 = 0.07784) fm. A preleminary estimate of the scale at
B = 2.10 givesag_ 10 ~ 0.060 fm.

The masses are extracted from two-points correlators ubimgame interpolating fields as in
our previousN; = 2 study [4]. Errors are estimated using the bootstrap method
To improve the overlap of the interpolating fields with th@gnd states we apply Gaussian
smearing to each quark fields definiggxt) = 3, F(x,y;U(t))q(y,t) using the gauge invariant
smearing function
F(x,y;U(t) = (1+aH)"(x,y;U(t)), (2.3)
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Ensemble B ay alg aug (L/a)®xT/a
A30.32 1.90 0.0030 0.150 0.190 B2 64
A40.32 0.0040 3%« 64
A40.24 0.0040 2%x 48
A50.32 0.0050 3%« 64
A60.24 0.0060 2% 48
A80.24 0.0080 2% 48
A100.24 0.0100 2% 48
B25.32 1.95 0.0025 0.135 0.170 3264
B35.32 0.0035 3Px 64
B55.32 0.0055 3>x 64
B75.32 0.0075 3Px 64
B85.24 0.0085 2% 48
D20.48 2.10 0.0020 0.120 0.1385 34896
D30.48 0.0030 48x 96

Table 1: Summary of thé\f = 2+ 14 1 ensembles used in this work.

constructed from the hopping matrikf (x,y;U (1)) = 2 ; <Ui(x,t)6x7y_i +UiT(x— i,t)6,<7y+i>.

Furthermore we apply APE smearing to the spatial links th&grehe hopping matrix. The param-
eters for the Gaussian and APE smearing are given in Table 2.

B NGaussian OGaussian NaPE  QaPE

1.90 50 40 20 Qa5
1.95 50 40 20 Qa5
2.10 70 40 20 Qa5

Table 2: Smearing parameters used in this work.

Two approaches are followed to investigate strange barysimg ourNs = 2+ 1+ 1 simula-
tions.

The first one consists in using a mixed action in order to atlm&mixing of the strange and
charm quantum numbers. As in ob§ = 2 study, we choose Osterwalder-Seiler fermions in the
valence to simulate the strange quark. They are defined dylbe/ing action:

S =a*y §(x) (D[U] +mo+ipisys)s(x) (2.4)
X
The parameteapus has been tuned using the kaon mass calculated in the uri@oyyton each

gauge ensembles by imposing :

unitary

m(lzs(au& B7 ay,alg, aﬂé) =my (B> ay,alg, alJé) (25)

In practice one performs the measurement of the baryon mdeseseveral values of the bare
strange quark masaus and interpolate linearly to the matched quark mass. All gmults pre-
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sented in the following are interpolated at the matchedhgajuark mass.

The second method is using the unitary theory as defined ifZ22). The measurements of
the kaon and D meson masses in the unitary setup have be@siezte discussed in Ref. [3]. In
particular, one can show that performing a rotation to thgsptal basis assuming all the renormal-
ization are equal to one (the so called pseudo physical)dasids to a propagator that simulates
a strange quark for large Euclidean time. We use this styategxtract the octet and decuplet of
strange baryons.

Note that the two approaches differ l#y(a?) effects and that the difference in the results
between the two approaches is an unitarity violation.

3. Resaultsin thelight sector

We show in Fig. 1, our results for the nucleon maskinnits as a function o¢r0mps)2. The
physical point is shown usingy = 0.447(5) fm from Ref. [2]. In this plot as well as in all the
following ones, a systematic error on the plateau detertimndas been added quadratically to the
statistical error. The results obtained are consistedicaiing that finite volume and lattice spacing
effects are small.

Another important issue raised by twisted mass fermionkdssospin symmetry breaking at
finite lattice spacing. In th&l; = 2 case we have shown in Ref. [7] that in thesector, isospin
symmetry breaking manifests itself as a mass spliting bete~ and At states and was
found to be compatible with zero. The same conclusion haldslf = 2+ 1+ 1 results as shown
in Fig. 2, where we display the relative mass difference betwthe two states for thrggvalues
as a function ofgmps,
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Figure 1: Nucleon mass in units af as a function  Figure2: Difference of theA**~ and aA*:? masses
of (romps)?. Physical point is indicated by a black divide by their average as a functionmnes

star and the scale has been set usyi@ = 1.95) =

0.447(5) fm from [2]

Given that we have results for three lattice spacing, it istiwehile to perform a combined fit
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of our results. To this aim we used the fitting function

3%
16mf2r2

4ck, a
Fomy = rom) + r—;\'(romps)2 (romps)® +C(E)2 (3.2)

where the parameten,(\lo) is the nucleon mass in the chiral limd is related to the nucleon sigma
term, ga is nucleon axial couplingf;; the pion decay constant aiis a coefficient that controls
the discretization effects. In our fits, the valuegyafand f; are fixed to their experimental values
i.ega = 1.26 andf, = 0.1307 GeV. This parametrization comes fromé(p?) expansion in heavy
baryon chiral perturbation theory (see Ref. [4] and refeeetiherein for details). In order to take
into account possible discretization effects a term propoal toa? has been added in Eq. (3.1).
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Figure 3: Nucleon mass img units as a function of Figure4: Nucleon mass as a function @/ro)? for a
5 o
(romps)”. The red curve comes from the combined it fiyed pion mass reference. The green dots are the nu-

using Eq. (3.1) of all the‘!f =2+1+1data, setling  (jo0n masses interpolatedratnes = 0.73. The blue
a=0. The blue dotted lines correspond to the samey,itaq Jine is obtained from our combined fit. The

.reSfL]HtSf.Witth = 2. The physical pointis notincluded ¢,ntinyum extrapolation is shown by a black triangle.
In the fit.

We show in Fig. 3, the nucleon mass as a functior(r@fnps)z. The lattice results were
fitted using Eqg. (3.1) and the best parametrization extetpdlto the continuum (settireg=0) is
denoted by a red curve. The fit ha;@tlf =11.2/10. The finite lattice spacing data are compatible
with our estimation of the continuum behaviour, showingt titee lattice spacing dependence is
small. In order to assess for possible quenching effectembtrange quark we show with a blue
dotted line the same fit performed using dlir= 2 data at three lattice spacing(:ﬁ()_f =55/7).
The two fits agree with each other, indicating that, withiroes, the nucleon mass is not sensitive
to the presence of the strange quark in the sea.

The scaling behaviour of the nucleon mass, for a fixed piorsmefgrence, is shown in Fig. 4.
The valuergmps = 0.73 is in a region where we have data for the three lattice sgaci The
finite lattice spacing points have been interpolated froendéita to match the reference pion mass.
The blue dotted line indicates the best fit parametrizatibous results. Our estimation of the
coefficientC is compatible with zero, confirming that discretizationeefs are smaller than our
statistical errors.
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4. Resultsin the strange sector

In our previous study on the strange baryons [4] we have shbamnthe isospin breakingin
was manifests itself in the sector. We show in Fig. 5 the mass splitting for thas a function of
rompsfor the three lattice spacings. Most of our results are nommatible with zero.
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Figure5: Mass splitting of thé& as a function of gmps for the three lattice spacings.

In Fig. 6 we show thé\ mass, computed in the mixed action approach explained muhits
of rp as a function o(romps)2 for the two finest lattice spacings. We also show Nge= 2 results
obtained apf = 3.9. The results agree within the errors. A quantitative comspa is made difficult
by the fact that the sea strange quark mags at1.95 and3 = 2.10 are not matched. Note also
that the valence strange quark mass used if\gut 2 computation has not been estimated. With
the existing data, we are unable to obtain quantitativenesgés of the discretisation effects in our
Nt = 2+ 1+ 1 results or to highlight some “quenching effect” with resj® theN; = 2 case.
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Figure 6: A mass as a function dffompg)? in the ~ Figure 7: = mass as a function dfomps)? both in
mixed action approach. For comparisiip= 2 data  the unitary and mixed action approach.For compari-
are shown with black dot. The physical point is in- SOnN¢ = 2 data are shown with black dot. The phys-

dicated by a black star. The scale was fixed usigng ical point is indicated by a black star. We used the
from Ref. [2] value ofrg from Ref. [2] to set the scale.
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In Fig. 7, besides the mass of tkeas a function of(rompg)2 obtained in the mixed action
approach and in thBl; = 2 case, we show the results obtained in the unitary setup. bskeree
that there is a good agreement except for ensemble B55.3 e unitary theory gives a lower
value. The behaviour at this particular value is under study

5. Conclusion

We have shown preleminary results concerning the grourtéd ryon spectroscopy using
Nt = 2+ 1+ 1 simulations. The nucleon mass shows small discretisaffatts and a chiral
behaviour similar to the one obtained in dif = 2 study. To our present accuracy, the isospin
breaking is compatible with zero both in theand= case. We briefly described the two strategies
followed to determine masses in the strange sector, narhelgd called “mixed” and “unitary”
cases. The results agree within errors, but it is stresseanith the present amount of informations
guantitative statements on discretisation or quenchifecef would be premature. In all case the
results obtained with the mixed approach are in agreemehttivdse in the unitary case, with one
exception in the case of ttiewhere further investigation is under way.
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