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Abstract. We evaluate the pseudoscalar-meson coupling constante@sttangeness-conserving
and the strangeness-changing axial charges of octet kmigdattice QCD with two flavors of
dynamical quarks. We find that the coupling constants anebtia charges have rather weak quark-
mass dependence and the breaking in SU(3)-flavor symmetrgadl at each quark-mass point we
consider.
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INTRODUCTION

Meson-baryon coupling constants and baryon axial changesignificant parameters
for low-energy effective description of baryon sector. Whhe coupling constants pro-
vide a measure of baryon-baryon interactions in terms of Bwson Exchange (OBE)
models, and production of mesons off the baryons, the akialges enter in the loop
graphs of chiral perturbation theory. The nucleon axialrgeacan be precisely deter-
mined from nucleaB-decay (the modern value ga nn = 1.269428) [1]), however,
we do not have enough information about hyperon axial clsafirgen experiment.

In the SU(3)-flavor [SU(F] symmetric limit, one can classify the meson coupling
constants and the axial charges of baryons in terms of thstaats of two types of
couplingsF andD [2]. This systematic classification, which phenomenolatijyjovorks
rather well but is not knowm priori to hold, is expected to govern all the couplings.
However as we move from the symmetric case to the realise¢ e SU(3) breaking
occurs as a result of treequark mass. The broken symmetry no longer provides a patter
for the couplings, and therefore they should be indiviqualliculated based on the
underlying theory, QCD.

In this framework, we have evaluated the pseudoscalarHmasgpling constants and
the strangeness-conserving and the strangeness-chaxgahgharges of octet baryons
in lattice QCD with two flavors of dynamical quarks. The ewlan of the coupling
constants and the axial charges allows us to check whetbebti{3) relations are
well respected in the degenerate quark-mass case and tceteat this symmetry is
broken as we restore the physical masses of quarks. In auulaabns, we assume exact
flavor-SU(2) symmetry and takeand thed quarks degenerate.
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THE FORMULATION AND THE LATTICE SIMULATIONS

We refer the reader to Ref. [3, 4] for the lattice formulatiand the details of the
calculations of pseudoscalar-meson—octet-baryon aogiplbnstants. The pseudoscalar
current matrix element of the baryon states is written as

(B(p)|P(0)| % (p)) = gp(cP)u(p)iysu(p’), (1)

wheregp(g?) is the pseudoscalar form factayy, = p;J — py is the transferred four-

momentum andP(x) = P(x)iyFYP(x) is the pseudoscalar current. As for the axial
charges, we consider the baryon matrix elements of the dsowvaxial-vector current
Ay =Ty, ysu—dyy yd, which can be written in the form

W;IT‘@GP,@%’(QZ) u(p).

(2)
HereGA“%%,/(pz) and Gp”%,%,/(pz) are the baryon axial and induced pseudoscalar form
factors, respectively. The baryon axial charges are defasetthe axial form factors at
zero-momentum transfeviz. g, » 2 = Ga 24 (0). We compute the matrix element in
Eq. (2) using the ratio method. For example, we construcfahewing ratio for the

axial charges:

(B(P)|Aul 2 (P')) = CoppU(P) | VuVsCp s (&) + 5

(FZH% (ta ty:p/ pil)) [ (F” to—tipil ) 3)
F7(@pira)  LF7 (-tp/Te))

, B 1/2
(F7 (tup'sT4)) (F7 (t2ipiT 4)) /
(FZ2{tpiTa) ) (FZ (t2;piT4)) 7

R(ta,ty;p',p; T 1) =

where the baryonic two- and three-point correlation funtdi are respectively defined
as

(FP(tpiTa)) = 5 e P4 (vac|T[n% ()N % (0)]|vac), (4)
(FA9P (t,t; 0,95 T)) = —i T, x, € P26 (5)

x % (vac|T[n,(x2) Au(x1) % (0)] Jvac),

with ' =yl 4 andly = (14 y4)/2. The baryon interpolating fields are given as

N (%) = SabC[UTa( X)Cysd°(x)]u°(x), (6)
N=(x) = £%¢[sTa(x)Cysd®(x)] (), (7)
Nz(x) = e2[s™(x)Cysu® (X)]u’(x), (8)

]
NA(X) = Z5e®*{ [uT(x)Cyss(x)]d°(x) — [dT*(x)C
% ¥68°(X)Ju°(x) + 2[uT(x)Cysd®(x)]*(x) }, 9)
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FIGURE 1. aa = F/F +D ratio as a function ofré. The empty circle denotes the SU£3imit.

whereC = y4)» anda, b, c are the color indiced; is the time when the meson interacts
with a quark and; is the time when the final baryon state is annihilated. The rat
Eq. (3) reduces to the desired form whgr-t; andt; > a, viz.

t1>a E +m

Ritz, 1 0. T 1) ==

Gz (Q%), (10)

wheremandE are the mass and the energy of the initial baryon@he —g?. We apply
a procedure of seeking plateau regions as a functioninthe ratio (10) and calculating
the axial form factor§&s, 22 (Q%) atQ? = 0in order to extract the axial charggs ;. -

We employ a 18x 32 lattice with two flavors of dynamical quarks and use theggau
configurations generated by the CP-PACS collaboration [} #he renormalization
group improved gauge action and the mean-field improvececlguark action. We use
the gauge configurations @t= 1.95 with the clover coefficiertgy = 1.530, which give
a lattice spacing oi = 0.155517) fm (a—! = 1.267 GeV), which is determined from the
p-meson mass. The simulations are carried out with four iffehopping parameters

for the sea and the,d valence quarksa, K\‘jéld = 0.1375, 0.1390, 0.1400 and 0.1410,
which correspond to quark masseso150, 100, 65, and 35 MeV, and we use 490, 680,
680 and 490 such gauge configurations, respectively. Thpihgparameter for the
valence quark is fixed t&, = 0.1393 so that the Kaon mass is reproduced [5], which
corresponds to a quark mass-©9f90 MeV. We employ smeared source and smeared
sink, which are separated by 8 lattice units in the temparaction. Source and sink
operators are smeared in a gauge-invariant manner witlotiamean square radius of
0.6 fm. All the statistical errors are estimated via the fate analysis.

Our results are presented in Tables 1 and 2: We give the fitkees ofgy and
other meson-baryon coupling constants normalized gjtly in Table 1. Heregﬁmﬂ
denotesy, 44 /9mi, for various quark masses. In Table 2, we give the fitted wadiie
theNN axial chargega nn, together with the fitted values of the strangeness-comggerv



TABLE 1. The fitted values of ther==, KA= andKZ= coupling
constants and the corresponding monopole masses northealite
O @ndAm, respectively. Here, we defirﬁl@@/ = Omzz /9NN
and/\ﬁgm, = Am,@,@’/AnNN-

Kies 9N OR== 9RA= ORs=
0.1375 13.953(412) -0.227(18) 0.334(15) -1.025(20)
0.1390 13.257(448) -0.216(14) 0.348(16) -1.037(18)
0.1393  13.236(478) -0.217(14) 0.347(16) -1.036(19)
0.1400 13.098(393) -0.245(13) 0.313(14) -0.998(10)
0.1410 12.834(1.092) -0.273(26) 0.291(25) -0.963(48)

d

Kual Iss Ins gRAN gRsn
0.1375 0.759(11) 0.698(11) -1.038(07) 0.231(14)
0.1390 0.785(12) 0.697(07) -1.034(07) 0.209(12)
0.1393 0.789(13) 0.699(08) -1.033(08) 0.209(13)
0.1400 0.781(13) 0.723(08) -1.017(07) 0.242(15)
0.1410 0.781(38) 0.756(28) -1.007(30) 0.260(30)

TABLE 2. The fitted value of thé&N axial charge together with the fitted
values of the strangeness-consendig 2>, AX and strangeness-changing
A=, 2=, AN andXN axial charges normalized with ny. Here, we define

gfi g = gA’@@,/gA’NN. We also give the fitted value &f/F + D at each
guark mass.
u,d R R R
Kyal 9ANN Oaz== Oass Oans

0.1375 1.284(11) 0.218(05) 0.791(04) 1.223(05)
0.1390 1.282(15) 0.220(04) 0.782(04) 1.221(04)
0.1393 1.280(15) 0.221(04) 0.779(04) 1.221(04)
0.1400 1.289(15) 0.221(04) 0.772(04) 1.218(04)
0.1410 1.314(24) 0.228(06) 0.738(09) 1.221(12)

d
Kya g/Ff,/\z g/Ff,zz gﬁ,/\N QE,ZN F/F+D

0.1375 0.564(09) -0.994(03) 1.761(06) 0.212(04) 0.390(2)
0.1390 0.558(08) -0.999(01) 1.776(04) 0.220(04) 0.390(2)
0.1393 0.559(09) -1.000(01) 1.779(04) 0.221(04) 0.390(2)
0.1400 0.553(07) -1.000(02) 1.790(05) 0.225(04) 0.390(2)
0.1410 0.511(14) -0.977(11) 1.775(14) 0.258(08) 0.380(3)

and strangeness-changing axial charges normalizeaiit for various quark masses.
We expect that the systematic errors cancel out to some @egrthe ratios of the
coupling constants. We also present the values of the rafittse coupling constants
aa = F/F + D as obtained from a global fit. In the SUE3)imit, where k. = kS, =
0.1393, we obtairoa = F/F + D = 0.390(2). The value ofaa has a weak quark-mass
dependence and as we approach the chiral pgitends to decrease. We illustrate this
behavior in Fig. 1.

Our analysis reveals that the ratios of the coupling contstamd the ratios of the axial

charges show rather weak quark-mass dependence. We lawedlin SU(3) breaking



by varying the quark masses. Our results suggest that th8)Sti{r pseudoscalar-
meson coupling constants and axial charges octet baryeres good symmetry, which
is broken by only a few percent. While we think that the préseork reveals the
SU(3) pattern of couplings of octet baryons, there are a numbempfaovements to
be considered in a future work. Our lattice is still coarsermdern standards and quark
masses are too large to reach a definite conclusion aboudSbi@aking. Simulations
with more realistic setups with smaller lattice spacing kEmder lattice size employing
much lighter quarks and a dynamicadjuark are under way [6].
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