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Baryon axial charges from CI fermions Daniel Mohler

1. Introduction

The axial charge of the nucleon, or more precisely the @fiy® = 0)/G,(g? = 0) has been
determined to a high precision from neut®mecay, withGa(0)/Gy(0) = 1.269529). In general,
the axial form factoiGa gg for an octet baryon is given by

2 .
(B1Au(IB) = () ( Votsnee () + s Tyt ) va(Ple ™™ (1)

whereGp is the induced pseudoscalar form factor. The axial chargefised as the value of the
axial form factor at zero momentum transté;g’BB/(q2 = 0). In the following, we will omit the
indicesB andB’ when referring to the nucleon. For the nucleon in the chinait) the Goldberger-
Treiman relationGa = Frgmn/Mn connects the axial charge to the pion decay constanthe
pion-nucleon coupling constaginn and the nucleon maddy. Away from the chiral limit, this
relation is still approximately fulfilled. Assuming the @®rvation of the vector current (which
is the case for mass-degenerate light quanks= my), the nucleon axial charge is also related to
the polarized quark distributions in the proto@x = Au—Ad [fll. In an isovector combination,
disconnected contributions cancel, making high-pregigttice computations feasible.

The Chiral Perturbation TheoryPT) expressions relevant to the nucleon axial charge have
been calculated in]2], where finite volume effects are takém consideration. While a recent
simulation with domain wall fermiond][3] finds consideralfilgite volume effects and scaling in
ML, volume effects calculated ixPT lead to differing conclusions. Trying to attribute this-dif
ference to excited state contaminations arising from fsefgaration in Euclidean time, Tiburj [4]
estimates the effects of such contaminations and obta@s$ty would lead to an over-estimation
of Gp rather than an under-estimation. He also suggests to &wadising the variational method.
Lattice results for the nucleon axial charge have furtheerimeen presented ifij [5]. For a recent
review, please refer to the review by Renrjér [6].

So far, only one group has reported results for the axial lrogsp of sigma and cascade hy-
perons [[7]. The correspondingPT calculations can be found ifj [8]. Ifj [9] input from expegim
and lattice QCD is used to determine the unknown parameieiweiyPT expansion and predict
the mass dependence and values of the axial charges in thaglichit.

In the next section, we explain the setup for calculationzapjon axial charges using Chirally
Improved (CI) lattice fermions and the variational methadle will then move on and present
results from our calculations of the axial charges of thdewrcand oz and= hyperons.

2. Detailsof our calculational setup

For our simulations we use Cl fermiorjs][10], which are appnate Ginsparg-Wilson fermions
based on an expansion of Dirac operator terms on a hyper€lildermions have been tested ex-
tensively in quenched calculations][11] and results forghmund state spectrum of mesons and
baryons from dynamical Cl simulations have been preserteehtly [1P].

Assuming mass-degenerate up- and down quarks it is sufficieronsider the following cur-
rent insertion to extract the axial charge

A =A-AL, Al=aywu, AL =dyd, (2.1)
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Figure 1. Different possibilities for the calculation of sequentiglark propagators (left and middle). The
right-hand side shows an illustration of the full baryorempoint function.

in which u denotes an up quark amdddenotes a down quark. In the following, we will show how
three-point functions with insertions like those in Eqaafl.1 can be evaluated on the lattice.

For our calculations we use so-callsdquential propagatorsin [fl], two methods for the
calculation of sequential quark propagators are presefigdre[] illustrates these two approaches.
On the left-hand side, sequential sources are built frontiBpadiquark propagators, while in
the middle, the propagators are calculated for each pessibertion separately. An illustration
of the full baryon three-point function is provided on thght-hand side. Which approach is
computationally cheaper depends on the physics objedtivaur case, we want to use two different
insertions and two widths of smearing for three differerieipolator types. As we are using a
rather coarse lattice, a small number of insertion timeslishould be enough. Therefore, even
when just considering the nucleon case, the second appusau sequential sources from single
quark propagators is slightly cheaper. Moreover, thespggators can subsequently be used for
other hadrons and for the calculation of transition formdez

To relate lattice operators, which receive a finite renoiza#ibn, to their continuum coun-
terparts, we need to estimate the renormalization fadprsf the bilinear currents in question.
In general, we have to multiply the lattice resﬁ{f‘t by the appropriate renormalization factor to
obtain values that can be compared with results extracted éxperiments

GPYe— Z: G, (2.2)

which are typically given in thenodified minimal subtractio$S) renormalization scheme.

For dynamical Cl fermions, these renormalization constaaive been estimated using local
bilinear quark field operators if [IL3]. It would however befus to have an independent estimation
of these constants from a different method. In the case of¢htor current, one can estimate the
constanzy by calculating the vector chargg, defined in analogy with[(3.1) via

2 )
(B'Vu(9)[B) = Ug/ (P (quv(qz) + qv‘%u%?) ug(p)e 9%, (2.3)

asGy (g? = 0). This quantity has to be 1 in the continuum, as it is relatetthéoelectric charge of
the proton in the limit of equal quark massgs [1].

For lattice fermions with exact chiral symmetry, the axiattor renormalization constar,
and the vector renormalization constaithave to be equal. For lattice fermions which only fulfill
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the Ginsparg-Wilson relation approximately, there shdaddsmall deviations from this. To obtain
an independent estimate 6§, we use a ratio of two-point over three-point functiohd [14]

m_ 31 S COmY
55 T V) g

=2y ’ (24)

whereC(t) is the matrix of two-point correlation functions am(t,t’) is the matrix of three-point
correlators with a vector insertion. The eigenvectgrare the ones obtained from a variational
analysis ofC(t). We then compare with the preliminary estimates frgnj [13je Ensemble names
are according to[[12], where details of the run parameterpeovided. For runs A and B the two
methods agree within-23%. While a determination using local quark bilinears yse0d818(2) for
run A and 0.826(1) for run B, we find values fdy of 0.803(2) and 0.792(2) respectively. For run
C there is a rather large discrepancy and the methofd pf [48klé0 a value of 0.829(1) while we
obtain 0.77(1). Notice also that two different methods Far tletermination of the renormalization
constants are presented [n][13] which only agree after alobitrapolation of the results is per-
formed. At the same time, the rati /2, determined from the values ifi ]13] is almost identical
for both methods used and also stable under chiral extriqolaf the results.

In our determination of the axial charge from run C, we enteuwhat we suspect to be large
finite volume effects. Notice that the value 8§ obtained from the nucleon three-point functions
might be plagued by the same effects. As we cannot calcdjdi®m baryon three-point functions,
we therefore always use the rafig/Z, from [[L3]. In the next section, we discuss in detail which
ratios we measure on the lattice to obtain the renormalixéd ehargeGa.

3. Nucleon axial charge from dynamical Cl fermions

The usual approach][fi] 3] is to extract the nucleon axialgghéiom ratios ofGa over Gy

o ZA Tg(tvt/)
AT ZVTVLY)

(3.1)

using single correlation functions built from either smeshiquarks or gauge fixed box or wall
sources. This approach has the advantage that some of tleensyis errors entering the lattice
determination will cancel.

We instead use the variational method, which is commonlg teextract ground and excited
state masses. It is based on a correlation m&i¢) = (O (t)O}L(O)> whereQ;(t) are operators
with the quantum numbers of the state of interest. The eajaasA; of the generalized eigenvalue
problemC(t)v; = AiC(to)v; may be shown to behave agt) O e'F (14 ¢ (e '25)), whereE; is
the energy of thé-th state. The approach may be generalized to three poiotidms. Following
[L4], we obtain an expression f@a:

za S WOTRE )
2 212m L»UI(k)TV (tat/)lmq’rgp

Figure[? shows a typical plateau for the axial charge of theemn from run C extracted from such
a ratio. The horizontal lines denote the results from a lifiéén the displayed range. Notice that

Ga

(3.2)
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Figure 2: Example plot to illustrate typical plateaus observed with wariational basis for a source-sink
separation ofz 1.2fm. The data is from run C.
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Figure 3: We compare our results f@a to a recent determination from domain wall fermions. Ouadst
labeled as “2 flavor CI”. Results from 2+1 flavor domain walimféons are taken from Yamazaki et dﬂ [3].
On the left-hand side, we plot the results oM. Towards lower quark masses finite volume effects are
clearly visible. On the right-hand side we display our datarits ofML.

we observe a plateau in the full range of points we calculdted all three ensembles, we choose
timeslicet = 9 for the position of the sink. This corresponds to a sosink-separation of roughly
1.2fm. For run B, we currently only have data for insertion tatigest’ from 5 to 9. Instead of
assuming that the central value at 5 is the physical one, werpea linear fit in the range 5to 7.

We compare our data to recent results from domain wall femm[8] in Fig.[3. The left-hand
side plot shows the results f@a plotted over the square of the pion mags. While results at
large pion masses lead to values close to the experimeritad, vlie result from run C deviates
substantially from this behavior. The same is true for thmdio wall data and this behavior seems
to be a universal feature associated with finite volume &ffg; [6]. On the right-hand side of the
figure we therefore plot the results G over ML, whereL corresponds to the spatial extent of
the lattice. This plot can be directly compared to Fig. J{f [3

Before we move on to calculations for hyperons, let us brigflyment on the sink-dependence
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Figure 4: Results for the axial charges of thgleft-hand side) and& (right-hand side) hyperons compared
to the mixed action results by Lin and Orginﬂs [7].

of our results. While results from run A and B are rather is@@re to the sink location in the region
explored (timeslices 9-13), a systematic shift upwardsheaobserved for run C when reducing the
separation between the source and the sink from 8 to 6 ticesslishich corresponds to distances
of 1.2fm and 09fm. We want to point out that this does not affect the quaftthe plateau which
still stretches over the entire region of insertion timeakimg a look at the nucleon two point func-
tions, contributions from excited states to the grouncestéithe variational analysis are visible up
to timeslice 4. This is an indication that excited states imdged be responsible for measuring a
larger value ofG, if excited state contributions are not sufficiently suppess With just 50 config-
urations, the statistical errors from our preliminary dateare by far too large to make a stronger
and more quantitative statement.

4. Hyperon axial charges

In this section we present results for a calculation of hgpeaxial charges. For theand=
hyperons we adopt the following definitions:

<z+|Af,|z+> - <z-|Af,|z-> = Gyz Wy, (4.1)
<E°|Af,|5°> - <E*|A§|E*> =Gz= Wy, . 4.2)

Again, no disconnected contributions appear in the isaveptantities and the calculation proceeds
similar to the nucleon case. In particular, no additionglusmtial propagators are needed.

Figure[# shows our results for the axial charges oftlaed= hyperons. We compare our data
to [[4] and we can see a quantitative agreement in the fullearignasses. Unlike for the nucleon,
no significant decrease is observed towards the chiral Inrtie plot for theZ (.h.s.). The plot
for the = (r.h.s.) also shows a nice agreement with the results ffdimIf¥ this case our value
corresponding to the smallest pion mass shows a slight asetewards the chiral limit, but the
error bars are large and this may as well be an effect of outethstatistics. Our purely statistical
errors on the preliminary dataset of 50 configurations dfdsstje but can be substantially reduced
by using our full statistics.
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5. Summary and outlook

We have presented preliminary results from a calculatiotharf/on axial charges using a
full variational basis to efficiently suppress contamioas from excited states. We used a basis
of baryon interpolators with different Dirac structuresdawo different smearing widths for the
guarks. The results are in good agreement with the litezatod we obtain clear plateaus for ratios
calculated with the method of [14]. Provided the signal far states in question is strong enough,
this method can also be applied to several other quantitiegerest, among them the axial charge
of the delta baryon and thé-A or Z-A transition.

In general, the method we use can also be applied to threg-jpwictions involving excited
states, provided that the signal is good enough to ensuredbessary separation between the
source/sink and the current insertion.
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