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In this talk we report on recent results of the QCDSF/UKQCDI&mration on investigations
of baryon structure using configurations generated With= 2+ 1 dynamical flavours of’(a)-
improved Wilson fermions. With the strange quark mass asdalitianal dynamical degree of
freedom in our simulations we avoid the need for a partiallgreched approximation when in-
vestigating the properties of particles containing a gfeaquark, e.g. the hyperons. In particular,

we will focus on the nucleon and hyperon axial coupling cantt and quark momentum frac-
tions.
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Figure 1: Unrenormalised baryon axial charges. The data points dépidteopen symbols were
omitted for the two-parameter linear fits.

1. Introduction

The axial coupling constant of the nucleon is important as it governsare@tdecay and
also provides a quantitative measure of spontaneous chiral symmetkjnigreldiis also related to
the first moment of the helicity dependent quark distribution functigas; Au— Ad. It has been
studied theoretically as well as experimentally for many years and its vgdue,1.269529), is
known to very high accuracy. Hence it is an important quantity to study olattiee, and since it
is relatively clean to calculate (zero momentum, isovector), it serves ad yaedistick for lattice
simulations of nucleon structure.

While there has been much work on the (experimentally well-known) nuch€ahaupling,
there have only been a handful of lattice investigations of the axial couptingtants of the other
octet baryons [1 — 3], which are relatively poorly known experimentalhese constants are impor-
tant since at leading order of SU(3) heavy baryon chiral perturbétieory (xPT), these coupling
constants are linear combinations of the universal coupling condiaatsd F, which enter the
chiral expansion of every baryonic quantity.

Much of our knowledge about QCD and the structure of the nucleon éas terived from
deep inelastic scattering experiments where cross sections are deternitsextioicture functions.
Through the operator product expansion, the first moments of theséus&dunctions are directly
related to the momentum fractions carried by the quarks and gluons in thenuetpon, (X)qg-
While the quark momentum fractions of the nucleon and pion have receivel attention for
many years (see, e.g., [4] for a recent review), there have to daterfzemvestigations of the
SU(3)fiavour Symmetry breaking effects of the quark momentum fractions of the hyperbne
obvious question that arises in this context'idow is the momentum of the hyperon distributed
amongst its light and strange quark constituents?”

We present preliminary results from the QCDSF/UKQCD Collaboration foottet hyperon
axial chargesgsg, and quark momentum fraction%, 4, determined fronmNs = 241 lattice QCD.
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K| Ks m[GeV] mk[GeV] NxNr mgL Nmeas
0.120830 0.121040 0.481 0.420 24x48 4.63 2500
0.120900 0.120900 0.443 0.443 24x48 4.28 4000
0.120950 0.120800 0.414 0.459 24x48 3.99 2500
0.121000 0.120700 0.377 0.473 24x48 3.63 2500
0.121040 0.120620 0.350 0.485 24x48 3.37 2500

Table 1: Simulation parameters fol; = 2+ 1 dynamical fermions with two mass-degenerate
light quarks and one strange quark. The simulation paranfieteas chosen t@ = 5.50 which
corresponds to a lattice spacingaof= 0.078(3)fm.

2. Simulation Details

Our gauge field configurations have been generated Mith- 2+ 1 flavours of dynamical
fermions, using the Symanzik improved gluon action and nonperturbati(eyimproved Wilson
fermions [5]. We choose our quark masses by first findingté3)javour-Symmetric point where
flavour singlet quantities take on their physical values and vary the indivguark masses while
keeping the singlet quark masg = (my+ my +ms) /3 = (2m + m) /3 constant [6]. Simulations
are performed on lattice volumes of 24 48 with lattice spacinga = 0.078(3)fm. A summary
of the parameter space spanned by our dynamical configurations daorukin Table 1. More
details regarding the tuning of our simulation parameters are given in Ref. [6

3. Axial chargesga

The axial charge of baryon states, in particular the nucleon, has beesuliject of both
theoretical and experimental studies for many years. The axial chargefefined as the axial
vector form factor at zero four-momentum trans@gr—= Ga(0), which is obtained from the matrix
element for the baryor3

(B(p',9) AL B(p,9)) = Us(P,S) vuvsGA(qz)ws;?“NGp(qZ) us(p,s),  (3.1)

whereq = p’ — pdenotes the 4-momentum transfer agdp, s) is the spinor for the baryol, with
momentump and spin vectos andGp is the induced pseudoscalar form factor. The isovector axial
current is defined aAﬂ‘d = Ty, ysu— dy, y5d whereu andd denote the up and down quark fields,
respectively. We work in the limit of exact isospin invariance, ueandd quarks are assumed to
be degenerate in mass. The states are normalised accordiiget(p, s) = (2mm)32p°d(p — p’) de,

we takes? = —mj andmg is the baryon mass. Thus the axial charge is given by the forward matrix
element(B(p, s)\Aﬁ*d\B(p, s)) = 2g8s,. In parton model language, the forward matrix elements of
the axial current are related to the fraction of the spin of the baryoreddry the quarks. Denoting

by <1>Eq the contribution of the quarkj, to the spin of the baryor, one has

(B(p. S)[aVuys0IB(P S)) = 2(1) 3¢S (3.2)

Thus for the nucleon we writgh = ()N, — (1)),
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Figure 2: Ratios of unrenormalised baryon axial charges where thematisation constant can-
cels.

Figure 1a (1b) shows the unrenormalised axial charge for the nuctebthaz (=). It is well
known that the nucleon axial charge is sensitive to finite size effects)(FHEnd so we suspect
that the results for N anH at the lightest pion masses are suffering from FSE.

With the current data we can not do better than a first approximation with ar linea
parameter fit to find the unrenormalised axial charge at the physical point.

The next step would be to renormalise our results, however agayist unknown for these
ensembles so we instead consider ratios where the renormalisation ceasizals. The first ratio
we consider is shown in Fig. 2a where we plot the ratio of the axial chér@emucleorgﬁ over
the pion decay constarif:. Since the renormalisation constants cancel in the ratio, we are able
to compare our results to the experimental value [8] and toNyu= 2 results [9]. Except for
the lightest pion mass, which is possibly due to FSE, the measurements show sowards the
experimental value and agree very well with te= 2 results.
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R ag a x?/dof quality value
/g 0.732(22) 0.21(11) 6.043090 0.002374 0.736(22
g /o) -0.203(24) -0.14(13) 1.299522 0.272662 -0.205(24

(N—05)/g5 1.633(54) -0.23(28) 6.498347 0.001506 1.629(54
(QN+03)/g% 1.082(45) -0.45(23) 0.311016 0.577057 1.074(45

Table 2: Ratios of baryon axial charges in the chiral limit. Extrapolations tphigsical point were
obtained via a two-parameter linear fit mo&ek ag + aym?.
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Figure 3: Left side: Ratio of baryon axial charge. Right side: Quarkner@um fractions for the
N, >, and=.
4. Ratios of Axial Charges

In the case of exact flavour-$8) symmetry, the axial charges of tNe 2, and= ground states
are connected by the following simple relations in terms of the SU(3) conskaatyD [10, 11]

gn=F+D gi=2F gi=D-F

As before, since we have not yet determir&ad we will only consider ratios of the baryon axial
charges in which the renormalisation constant cancels:

gi_ 2F g _F-D gi-0x_D  gi+gr_

- = = 1
gv F+D gy F+D ox F Ox

These ratios are shown in Figs. 2b - 3a as a functiom?pfOnce again, for these results we
use a linear extrapolation to obtain preliminary predictions at the physicet quesses which we
display in Table 2. These preliminary results are in excellent agreement avitardattice [1, 3]
and quark model [12] determinations.

From a fit to the experimental data taking model independent leading SkggRibg contribu-
tions to the axial current matrix elements into account Savage and Walddon(ib8 the following
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values:F = 0.47(7) andD = 0.79(10). Combining the central values the following ratios are ob-
tained: g% /g = 0.75, gz /g = —0.25, and(g) — g5)/9% = 1.68. Thus, our results are in good
accordance with their results.

5. Momentum Fractions

The first moment of a baryon’8, unpolarised quark distribution functiog(x) gives the total
fraction of the baryon’s momentum carried by the ququx>§’

(B(p)[ay'*iDV qB(p)) = 2(x)EptHp*} (5.1)

whereD — (B - B) /2 is the forward/backward covariant derivative.

We determine the individual connected quark contributicﬁwﬁ, and take the difference of
the doubly and singly represented quark contributigiis—« S), which is (u—d) in the nucleon)
so that the disconnected contributions cancel. As in the previous sectidinef@xial charges,
the renormalisation constant for the momentum fractiagshas not yet been determined, and so
we are not yet able to make any quantitative predictions for the quark momédraations of the
hyperons.

Figure 3b showgD — S) quark momentum fractions for the nuclem—d), Z(u—s), and
=(s—u). Here we see clear evidence 8U(3)savourSymmetry breaking effects as the fractions
carried by the light and strange quark fan out from the symmetric pointeadesrease the pion
mass. This result indicates that the larger contribution to the baryon momentanried by the
(heavier) strange quark, and that this contribution increases (anahjrittedight quark contribution
decreases) as the strange (light) quark mass is increased (derteaseds its physical value.

6. Conclusions

We have presented preliminary results from the QCDSF/UKQCD collaborttiche octet
hyperon axial coupling constants and quark momentum fractions from desiomuin Ns =2+ 1
lattice QCD.

Our results for the hyperon axial charges agree well with earlier lattizdtseand show a hint
of SU(3)navoursymmetry breaking effects. The quark momentum fractions of the octerbyg,
on the other hand, show stro®J(3)savourSymmetry breaking effects, with the heavier strange
quark contributing a larger fraction to the total baryon momentum than the ligirks.

An obvious feature that is currently lacking from these results is a detetionnat the renor-
malisation constants for the local operators considered here. Theakatalts are now underway
and will allow us to make more quantitative predictions in the near future.
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