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Ensemble L3xT B aply K Tint(P) Tint(@Mmps) T

B, 24% x 48 39 0.0040 0160856 4715) 7(1) 0.5
B, 0.0064 237) 17(4) 0.5
Bs 0.0085 133) 10(2) 0.5
B, 0.0100 154) 7(2) 0.5
Bs 0.0150 308) 20(6) 0.5
Bs 328 x 64 39 0.0040 0160856 3711 2.8(3) 0.5
B 0.0030 5119) 7(1) 1.0

Table 1: Update of the ensembles produced witk= 3.9 by the ETM collaboration. For the othBrvalues
see table 1 of Ref.[[2]. We give the lattice volurn®x T, the twisted mass parameig, the hopping
parametek = 1/(8+ 2amy) and the trajectory length. In addition we provide values for the integrated
autocorrelation time of two typical quantities, the platie® and the pseudo scalar massps, in units of
1=0.5.

1. Introduction

We present an update of the = 2 results obtained by the European Twisted Mass collabora-
tion (ETMC) for the pseudo scalar mass and decay constanbod gnderstanding of continuum,
thermodynamic and chiral limits is essential in order taobteliable results, which can eventually
be compared to experiment. The physics of the light pseudiarismeson is a prime example for
investigating these extrapolations, because its masseoayadtonstant can be obtained with high
precision in lattice simulations and chiral perturbatibedry (xPT) is best understood for those
two quantities. In addition, such an investigation allowvextract other quantities of phenomeno-
logical interest, such as low energy constants and quarkesas

First results for the pseudo scalar mass and decay condtihed for the large scale simu-
lations of the ETM collaboration can be found in Ref$. [1 —4].

ETMC has generated large sets of gauge configurations fierelt values of the coupling
constant = 3.8,a~ 0.1 fm; B =39, a~ 0.085 fm; 8 = 4.05, a ~ 0.065 fm), for various
volumes (21— 2.8 fm) and a number of bare quark masses corresponding tog@seatar meson
masses ranging from 260 to~ 700 MeV. The list of ensembles & = 3.9 can be found in
table[], which contains the newly generated enserBbleorresponding to a pseudo scalar meson
mass of aboutnps ~ 265 MeV. For the otheB-values we refer to table 1 of Ref] [2].

In the gauge sector we employ the so-called tree-level Syikamproved gauge action (tl-
Sym) [B]. The fermionic action for two flavours of maximallyisted, mass degenerate quarks in
the so called twisted basig [8, 7] reads

Sm = @'y {X(x) [DU]+mo+ipgt’] X(0)} , (1.1)

wheremy is the untwisted bare quark mass tuned to its critical vaig, L is the bare twisted
quark mass;? is the third Pauli matrix acting in flavour space abfU] is the Wilson-Dirac
operator.

At maximal twist, i.e.mg = mgit, physical observables are automaticaftya) improved with-
out the need to determine any action or operator specificangmnent coefficienty][7] (for a re-
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B allq Ro

afps 3.90 0004 Q04(06)
4.05 0003 —0.03(06)

amy 3.90 0004 002(07)
4.05 0003 —0.10(11)

afy 3.90 0004 —0.07(18)
4.05 0003 —0.31(29)

amp 3.90 0004 0022(29)
4.05 0003 —0.004(45)

Table 2. Comparison of some selected quantities for which an isasglitting can occur for twisted mass
fermions.Rp denotes the measured relative size of the splitting.

view see Ref.[[8]). With this being the main advantage, orevbiack of maximally twisted mass
fermions is that flavour symmetry is broken explicitly at ftnvalue of the lattice spacing, which
amounts tag'(a?) effects in physical observables, as will be discussed. latete that in the fol-
lowing we shall refer to the charged pseudo scalar meson asasss or m%s and to the neutral
one asm,

For details on the set-up, tuning to maximal twist and thdyasiamethods of the ETM col-
laboration we refer to Refq][[l, B}, 4]. Recent results fdntiguark masses and decay constants, the
light baryon spectrum and thg’ meson are available in Ref§] [9)]10] and REf] [11], respelstiv
We shallonly consider the ensembles f&it= 3.90 (B-ensembles) anfi = 4.05 (C-ensembles, see
table 1 of Ref.[[R]) in this proceeding contribution, beaatisning to maximal twist g8 = 3.8 was
not sufficiently accurate at the lowest quark mass valuethfoobservables considered here.

2. Results

Flavour Breaking Effects

Flavour breaking effects have been investigated by ETMGdoeral quantities. In figufe 1(a)
we plotr3((msg)? — (m3g)?) as a function ofa/ro)2. Itis visible that mass splitting of the charged
to neutral pseudo scalar meson is large. However, the neshsplittings are compatible with
being and(a?) effect, as expected, and they vanish towards the continimit |

All other possible splittings investigated so far are cotityp@ with zero. In tabld]2 we have
compiled the relative differencBy = (O — O’')/O for some selected simulation points and ob-
servablesD. HereO (O') denotes the charged (neutral) quantity for mesonsZandA™ ") for
baryons. The values d®; are well compatible with zero for all observabl@sbesides the pion
mass. However, some quantities, like the vector meson demastantfy, are rather noisy, making
definite conclusions difficult. These results are compatibith a theoretical investigation using
the Symanzik effective Langrangign J12].

SU(2) xPT Fits

As the details of finite size corrections fiopsand fpswere discussed in Ref][2] and the issue
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Figure 1: (a) Mass splitting3((mpg)2 — (m3g)?) as a function ofa/rg)2. (b) Data forry fes as a function
of rour for B = 3.90 andp = 4.05 and Fits A and C.

of continuum extrapolation in fixed and finite volume for stéel quantities in Refs[][2] 3], we
shall summarise here only the main results:

1. finite size effects ifpsandmpscan be described using chiral perturbation theory in thefor
of the resummed Liischer formula as described in Ref. [13].dé/ete the corresponding

correction factors WitIKEr?]H, which depend among others on the low energy consfenis

2. within our current statistical precision lattice artife. appear to be negligible, in particular
for mps, fps, the quantities we consider here. In fixed volume and at fixa@devofrogmps
the results forgfpsat f = 3.9 andf = 4.05 are always compatible with each other within
our small statistical errors, and hence a constant extipnolto the continuum limit seems
justified. When we include also a linear term(ay'ro)? in the extrapolation, a least square
fit determines a value for the slope that is zero within errbi@wvever, we include this effect
into our systematic uncertainties.

We shall now present the results for a combined chiral, tbesmamic and continuum extrapola-
tion of mpg and fpg for the twoB-valuesf3 = 3.9 andf3 = 4.05. What we present here will extend
the results given in Refs[][2} 3] by incorporating chiralktrapolated data for the renormalisation
constantZp and the Sommer parametey/a into the fit. Details on the computation 8f (using
the RIMOM) andrp/a can be found in Refs[ L] 4].

We perform combined fits to our data fégs, mps, ro/a andZp at the two values o8 with the
formulae:

rofrs=rofo [1— 2§ log <%> +Diyg(@/ro) + TfNNLO} KFPH(L),
4
(2.1)
(romps)? = Xur§[ 1+ € log <%> + Dimpe(@/70) + TN | KEPH(L)?,
3
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Figure?2: (a) Data for(romps)z/rouR as a function of oy and Fits A and C. (b) Data fag fpsas a function
of rour and resulting curves of Fit B. The vertical lines indicate fit range.

with & = 2Bopr/(411f0)? , Xu = 2Bolir » HR = Hg/Zp, fo = V2F0. Tn’}f’g‘Lo denote the continuum
NNLO terms [Ib], which depend oA;_4 andky andke, andKERH(L) the finite size correc-
tions [I3]. Based on the form of the Symanzik expansion instmall quark mass region, we
parametrise in eq[ (2.1) the leading cut-off effects by e ¢oefficientsD t,¢ ..

AtNLO, i.e. settingT /- = 0, and neglecting finite size corrections for the momentethe
are the following free parameters to be fitted to the datafpg anmps, ro/a andZp:

rofo, roBo, roA\s, ro\s, {ro/a}g, {Zr}g, Dmps; Drps,

where we indicate with the notatign..} 3 that there is one parameter for each vadue

Finite size effects are corrected for by using the asymptiotimulae from CDH, which is
consistently included in the fit. Howeve{D" depend on more parameters;p,f1 4). Those
we do not fit, but set them to the values suggested in Rdf. [¢Blguthe physical value af as
determined from the fit. This appears to be justified, sinceameeable to describe our measured
finite size effects.

When including NNLO terms into the fit there are four addiibparameters to be determined.
We cannot fit them to the data, because the fits become unstaloleler to be still able to estimate
systematic uncertainties from NNLO contributions, weurlel priors fomo/1 2, km, ke into the fit
when NNLO terms are included. As priors we usekqli = 0+ 1 and forrg/\1 > the values given
in Ref. [16].

Our fit procedure can be viewed as first extrapolating the tdetiae continuum limit and use
continuum chiral perturbation theory afterwards for theadhand infinite volume extrapolations.
For this reason we do not expect any influence of the neuteldus scalar meson on the finite
size effects: in the continuum all three pseudo scalar neeaom degenerate. Note that setting
Dmes fos = 0 coOrresponds to a constant continuum extrapolation. Usiagooostrap method to
estimate the statistical uncertainties, we performeddahewing fits

1. Fit A: NLO continuumeT, TnI:{I;ILO =0, ijs fps = 0, ensembIeE1.2,3.4,6 andC1.2’3.5
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Fit B: NLO continuumyPT, Trr’}f’;‘LO = 0, Dpy fos fitted, ensembleBy 2346 andCy 235
Fit C: NNLO continuumyPT, D fos = 0, ensemble8; 2346 andCy 235

Fit D: like Fit A, but ensembleBs andC4 added

Fit E: like Fit A, but ensembl8; added

o M 0D

Using the fitted parameters we can then determine low enengstants Iike€_3.4, the chiral con-
densate and the pseudo scalar decay constant in the chiral fgnit

Discussion

The fit results are summarised in tafle 3. In termgdfdof the Fits A, B, C and E provide a
good description of the data wip? /dof ~ 1, whereas Fit D, which includes simulation points with
mps~ 600 MeV, has significantly largeg?/dof. We conclude from this thatPT is not applicable
for values ofmps > 500 MeV.

To the contrary, including ensemtg as in Fit E, and hence extending the fit-range to a value
of mpg~ 265 MeV reveals completely consistent results with Fit AisTiesult makes us confident
that the extrapolation to the physical point is trustworthy

Including lattice artifacts in the fit (Fit B) does changeheatlittle as compared to Fit A, and
the coefficientDn 15 are compatible with zero, while the value pf/dof is not significantly
reduced: the differences between the resultg at 3.9 andf3 = 4.05 can be explained with the
variance observed irp/a andZp. Hence, we have to reduce our (already small) statisticarser
even further to resolve lattice artifacts fas and mpg, indicating small lattice artifacts in those
two quantities. When NNLO terms are included in the Fit (Fif tBe most significant difference
compared to Fit A is observed fd. Though this effect is not significant, we include it as a
systematic error in our final results.

These findings are visualised in figues [L(b), ]2(a) nd 2(b)tigure[1(d) we plotrofps as
a function of the renormalised quark masggir comparing Fits A and C. In the range0@ <
rodr < 0.12 the two fits agree remarkably well, while fojur > 0.12 both fail to describe the
data. Note that we might be seeing lattice artifacts of tlmhemzug at these large masses, which
would explain the difference between the resultg at 3.9 andf = 4.05. Similar conclusions can
be drawn from figurg 2(a), where we plobmes)?/(rotr) as a function of the renormalised quark
mass.

In figure[2(H) we show the result of Fit B fog fps. The three curves correspond to the fitted
curve atB = 3.9 (red), the fitted curve @8 = 4.05 (blue) and to the continuum curve (black). The
differences between the three curves are rather smallctiefiethe result thaDp 1. are zero
within errors.

3. Conclusion and Outlook

We have presented an update of the ETMC result§dgandmps and their continuum, ther-
modynamic and chiral extrapolations. The main differemcéne previous analysis in Ref] [B, 3]
is a new simulation point g8 = 3.9 and the inclusion ofp/a and Zp data into the fit. The
main results are summarised witg = 3.42(8)(10)(27), (4 = 4.59(4)(2)(13), =MS(2GeV) =
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Fit A Fit B Fit C Fit D Fit E
l3 3.42(8) 3.52(8) 3.15(19) 3.55(5) 3.41(7)
ls 4.59(4) 4.61(4) 4.72(12) 4.72(2) 4.60(3)
sVS(2GeV)(MeV?]  (—267(2))° (—276(5)° (—2632)° (—2691))° (-267(1))°
fo [MeV] 12166(7) 1216(1) 1217(3)  12139(5)  12164(7)
fr/ fo 1.07437)  1.07469) 1073923)  1.07674)  1.07456)
Dinps —  —14(13) - - -
Dros — 405869 - - -
x?2/dof 17.7/14 129/12 153/14 467/18 186/16

Table 3: Summary of fit results.

(—267(2)(9)(4) MeV)® and f;/fo = 1.07437)(3)(4). The first error is statistical, the second
estimates residual lattice artifacts and the third effécisi NNLO xPT. In addition we have pre-
sented results indicating that flavour breaking effectszare within the statistical accuracy, with
the exception of the neutral pseudo scalar meson mass.

We thank all members of ETMC for the most enjoyable collabora This work has been
supported in part by the DFG Sonderforschungsbereich/sfegio SFB/TR9-03.
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