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Skyrme model and nonleptonic hyperon decays
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This Brief Report is an attempt to explain bathand p-wave nonleptonic hyperon decays by means of the
QCD enhanced effective weak Hamiltonian supplemented by the)S8kyrme model used to estimate
nonperturbative matrix elements. The model has only one free parameter, namely, the Skyrme, chiaicje
is fixed through the experimental values of the octet-decuplet mass splittangd the axial vector coupling
constantg, . Such a dynamical approach produces nonleptonic hyperon decay amplitudes that agree with
experimental data reasonably well.

DOI: 10.1103/PhysRevD.64.097502 PACS nunider12.39.Dc, 12.39.Fe, 13.30.Eg

In the Skyrme model, baryons emerge as soliton configuThis approach uses only one free parameter, i.e., the Skyrme
rations of pseudoscalar mesdrs-5]. The extension of the chargee. In order to avoid the unnecessary numerical bur-
model to the strange sector, in order to account for a largden, throughout this Brief Report we use the arctan ansatz
strange quark mass, requires that appropriate chiral symméor the Skyrme profile functiofl13].
try breaking terms are included. The resulting effective La- The starting point of our analysis of NHD in the frame-
grangian can be treated by starting from a flavor symmetri¢vork of the standard modg®] is the effective weak Hamil-
formulation in which the kaon fields arise from rigid rota- tonian in the form of the current current interaction, en-
tions of the classical pion fielf3,6,7. The associated col- Nanced by QCD. It is obtained by integrating out heavy-
lective coordinates are canonically quantized to generatgU@’k andW-boson fields. This Hamiltonian contains the
states that possess quantum numbers of the physical stra Luark operator®; and the well-known Wilson coefficients
baryons[3,5,6]. It turns out that the resulting collective 10]. For th? most recent values, see Rl For the
Hamiltonian can be diagonalized exactly even in the prespurpose of this paper, we use the Wilson coefficients from

ence of the flavor symmetry breakin@B) [4]. This ap- Iief./s [10}0 4&;601'90_ .(t)f]g’_\(/:ftlo'/l\f'jg'oz%il.t?
proach leads to a good description of hyperon masses, Char%_%?Q&:E?s_ho.rt—disténcgg,c\c,)vrlrectﬁo_nstdtht; WlildsothS .coe:‘fic-ients
radii, magnetic moments, etfS]. It should be noted that in '

the first phenomenological applications of the Skyrme mode ould bec, = ~1, c;=1/5, c3=2/15, andc,=2/3. In this
one attempted to fit absolute baryon masses, which requireoaaloer we simply consider both possibilities and compare the

a ridiculously small pion decay constdr#, 7). Nowadays it reslt:gfé that there exists a different approach of Rgfd, 15
is understood that there existNL/ corrections to the total bp ’

in which meson-baryon couplings are directly obtained from
the chiral Lagrangian. There, the effective phenomenological
constants extracted from experiment take into account all
SQCD effects hidden in the structure of the effective Hamil-
tonian (including theenhancement factorsmbodied in the
values of thec; constants This approach gives comparable
results for thesswaves but fails for the-waves[15].

The techniques used to describe NHD (1421/2" +0~
ﬁstaction$ are known as a modified current-algel¢@A) ap-
proach. The general form is

only masssplittings can be reliably reproduced. In this ap-
proachf _ is kept at its experimental value. Hence the result
for nonleptonic hyperon decay®HD) [8] need to be up-
dated accordingly.

Both s andp-wave NHD amplitudes were quite success-
fully predicted by using quark models with QCD enhance-
ment factors[9—11]. Note that there are not only current-
algebra and ground-state exchange pole-diagram terms, b
there exist other important contributions to bathand p
waves. The so-callethctorizablecontributions and/or kaon —
poles were estimated [8,10]. Pole-diagram contributions to ~ (7(9)B’(P")] HZ1B(p))=u(p")[AQ)+ ysB(a)u(p)

p waves from the (1/2)-Rooper type of resonances and to :
is;\t/ée(ljviens[ig?)ugh the (179 -resonance exchange were calcu _ F(B’(p’)lHWIB(p))Iq:0+P(q)+8(q). (1)

This Brief Report is an attempt to test whether the effec-
tive weak Hamiltonian and the extended BV Skyrme  Here the first term is the CA contribution, the second is the
model are able to predict both and p-wave NHD ampli- modified pole term, and the third is a term that vanishes in
tudes.The minimal number of couplingSkyrme model is the soft-meson limit. Thé>(q) term contains the contribu-
used to estimate only the nonperturbative matrix elements dfon from the surface term, the soft-meson Born-term con-
the 4-quark operator8]. All remaining quantities entering traction, and the baryon pole term, which are combined in a
the expressions for the decay amplitudes such as mass difell-known way[9,10]. It represents a continuation of the
ferences, coupling constants, etc., are taken from experimentA result from the soft-meson limit. Further continuation is
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contained in the factorizable terd(q), which is propor- The time-dependent collective coordinate matr(t)
tional to the meson four-momenta. eSU(3) defines the generalized velocitie&®(t)A(t)
The parity-violating amplitudesA receive contributions  —j/258 )\ a“ and the profile functiorF (r) is interpreted
A* from CA commutator terms, factorizable terdid), and a5 a chiral angle that parametrizes the soliton.
pole terms from the (1/2)-resonance exchange. The main |, this work we use the arctan ansatz for) [13]:
contributions to thes amplitudes come from the baryon pole
termsP(q), including both the ground state and the radially F(r)=2 arctaf(ry/r)?]. 7
excited states.
The current-algebraA® and baryon-poleB” amplitudes  Herery—the soliton size—is the variational parameter and
are well known from the literature. They contain weak ma-the second power afy/r is determined by the long-distance
trix elements defined amsp = (B’|H"C|B), which have the behavior of the massless equations of motion. After rescaling

following general structure: x=ref_, one obtaingy/r=Xq/X. The quantityx, has the
meaning of adimensionlessize of a soliton and it is deter-
agp = V2GrVE V(B |c;OFCB). (2)  mined by minimizing the classical ma&, . All relevant

integrals involving the profile function turn into an integral
The factorizable termS(q) is calculated by inserting representation of the Euler beta functions, which can be
vacuum states. It is therefore a factorized product of tweevaluatedanalytically. The accuracy of this method with re-
current matrix elements, where the first two-quark current isspect to the numerical calculations is of the order of a few
sandwiched between baryon states, while the second twgercent. In the chiral limit of the S@@) Skyrme model, we
quark current is responsible for pion emission. obtainxo=y/15/4 and the arctan ansatz reproduces nucleon
The CA and the baryon-pole terms contain the 4-quarlstatic properties wel[7,17]. Moreover we gain an insight
operator matrix elements, which are nonperturbative quantinto how different quantities depend on the soliton size,
ties. This is exactly the point at which the Skyrme model carwhich in turn is a function of the symmetry breaker amd
be used. Each of the operatdds from Eq.(2) contains four In the SU3) extended Lagrangiat) we have a new set

types of operators, namelguus, dsuu, dsdd, dsss,and of parameters, namely, Xx=36.4, B’'=-2.98
takes the form of the product of two Noether @Ucurrents, xX107° Ge\?, §'=4.16x10"° GeV*, determined from
which can be found in Ref48,16]. In our calculations we the masses and decay constants of the pseudoscalar mesons

use four operator®; . The first of them is [5]. Owing to the presence of th# and ¢’ terms inE, Xo
becomes a function &, f., B’, andé’, and it is equal to
~ 1 . — .
OlZZan(M—lkz)quLV"(Mﬂ?\s)qL, () , 15 64’ 6’ 2 308 |
X 0—§ 1+ ?4— 1+f—2 +e2fi , (8)

where the SIB) properties are expressed explicitly in terms
of the Gell-Mann\-matrices. The connection with the effec- \\hare we use the symba), to distinguish it from the S(2)

tive Hamiltonian operator®; is obvious. _ case. After introducing the SB terms into the Lagrangiéin
In order to estimate the matrix elements entering &% one can either treat them as a perturbafithor one can try
we take the S(B) extended Skyrme Lagrangi4h,16]: to sum up the perturbation series by numerically diagonaliz-
ing the resulting Hamiltoniafd].
The fitting procedure employed in this work is based on
(4) taking the physical values fdr, andfy which takes care of
the SU3) symmetry breaking. In fact the SB affects the cal-
culations in three different waysa) through the soliton size
Xg; (b) via the explicit SB in the currentsr) through the
wherec(sl,'f), Lsg, and Ly denote thes-model, Skyrme, admixture of the higher S@3) representations in the baryon
symmetry breakingSB), and Wess-ZuminéW2Z) terms, re- wave functions. It was shown in Refl16] that the latter
spectively. FolU(x) e SU(2), the SB and WZerms vanish. contributions to NHD are small, since the higher representa-
The f,=93 MeV is the pion decay constant. Here thetions enter with small weights. Our estimate shows that they
space-time-dependent matrix fielt{r,t) e SU(3) takes the are of the order of 15%. This uncertainty is of the order of
form the accuracy of the model which is reflected in the variation
of the Skyrme parameter depending on which static prop-
U(F,t)=A(t)u(F)AT(t), (5) erty is used in the fitting procedure. In the remainder of this
paper we use the SB) symmetric wave functions.

For the evaluation of NHD, the important baryon static
properties are the octet-decuplet mass splittthgand the
axial decay coupling constagj, . The value of the only free
) parametee~4 was successfully adjusted to the mass differ-

L=LE+ LA+ Logt Lwz,

f2
E(Sllzzzf d*x Tr(a,Ua*uU"), etc.

whereu(F) is the SU3) matrix in which the Skyrme S(2)
ansatz is embedded:

(6) enceA of the low-lying 1/2" and 3/2 baryons[5]. How-
ever, if we fixA, the constant), is underestimated. This is a

U(F):(exp(i zﬁF(r)) ti
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well-known problem of the Skyrme model, which can be
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TABLE I. The swave (4) and p-wave (8) NHD amplitudes.

cured in the more sophisticated chiral models involvingChoices(off, on) correspond to the amplitudes without and with
inclusion of short-distance corrections, respectively. For the sake of

quarks[18].

Therefore, we determine two values of the chamye
through fixing A and g, to their experimental values. The

arctan ansatz gives

comparison, we have added the constituent quark-model evaluation
of the A® and B” amplituded9,10].

Amplitude (10°7) (A% (ED) 9 ¢EH
Az @ A% off 202 —294 -228 0.02
2Ne(x0) on 384 —556 -434 0.04
AS(m2) off 003 —0.57 -0.49 0
144 ~ 16mp’ K
=—(2X'2+m)+(1—X) X2 [9] on -042 025 -001 O
I e 0 20522 " .
A(mZ2) off 205 —-351 -277 0.02
7\/§|\|c X4 (this work) on 342 —-531 -435 0.04
+ _—, 10
1926 N y(xp) (10 Expt.[22] 335 -485 -327 013
where A%(0) off 078 —-186 -136 O
CQM [9] on 1.49 —3.53 —259 0
w? B\ 5 25 p 5
Ne(Xg) = 6 1+2— | x'§+—X%51, (12) B(1/2+y(M3) off 20.1 21.8 13.7 14.8
3e%f f2 4
™ - on 38.1 41.4 25.9 28.2
22 B 9 BS(m2) off 36 -15 -04 0
)\S(x(’)):4 r 4 1—2(1+2x)f—2 X’S+Zx6 . [9] on 6.0 -24 0.4 0
e’f . ol
12 Bm) off 237 203 133 148
(this work) on 43.4 38.2 26.3 28.2
The quantityh .(x() represents the rotation moment of iner-
tia in coordinate space, while the,(x() is the moment of Expt. [22] 223 174 26.6 42.2
inertia for flavor rotations in the dirgction Qf the strange de'Bﬁ/zﬂ(mi) off 29 7.8 7.3 10.4
grees of freedom, except for the eighth directj&i7]. The coM 9] on 56 14.8 13.9 19.7
static kaon fluctuations were omitt¢di9] in the derivations
of Egs.(9)—(12).
For the LagrangiarC, we calculate the matrix element of 1045 1) == 1 (2 g+ ske],) DSK
the product of two ¥ —A) currents between the octet states (PTOZ"1)=— 13 (55 s+ a78l20)
using of the Clebsch-Gordan decompositj@h 1,2 1 Wz
— (5 le— 75l ®
A(S — $HSK
(BalOH[By) = %, C a3 - Ll Bl @ (9

where®SX is a dynamical constant ar@k denotes the per- The 27-piece is very small, which is an important proof of
tinent sum of the S(B) Clebsch-Gordan coefficients in the the octet dominance.

intermediate representatidR. The total matrix element is By fixing A andg, to their experimental values, we ob-
simply a sum(O89+ 62 1+ OB withi=1, ... 4. The tain e=4.228 ancb=3.38_5, respectively. In further calcula-
quantities® are given by the overlap integrals of the profile tions of the NHD amplitudes, we use the mean vakie

function. Using the arctan anzatZ), we obtain analytical =3.81[20] andXole-3,=0.8782, i.e., 10% less than in the
expressions for the integrals as functionscgf massless case. Fbr =93 MeV ande=3.81, we obtain the
following numerical values of the integra(&4) in units of

15 847 1 |f3 Ge\2:
q)SK_3\/§7T2 2X6+_’+HT3>?’

%o X ®SK=0.264, ®WZ=0.004, ®SB=0.005. (16)
PWz %J_fig )3, (14) From Eqgs.(15) and(16) we find the following structure for a

typical matrix element:

(pT104|=1)=(—20.37 5K~ 16.67> W7~ 27.38D5B)10 3
=(—5.385¢—0.06\yz—0.1455)10 3 Ge\~.
(17)

BSE (1 A)ﬁ,4772 25\
=(1-X)B ——=| X+ — | —.
V2 1 7° 8%,/ €

For theO, operatorR=8, 5 or 27; then
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It is clear that on top of the octet dominance we also find the (e) p waves are subject to some uncertainties. Namely, in
dominance of the Skyrme Lagrangian currents over the WZRef.[14] it was shown that, in the Skyrme model, a contact
and SB currents in the evaluation of a typical weak matrixterm appeared and should be added to the results for
element between two hyperon states. Eer4, the SB and p-waves. That has been taken care of in Re§] and is not

WZ terms are of comparable size and their coherent contripresent in our approach. In our opinio(m2) amplitudes
bution to Eq.(17) is below 4%. We see therefore from Eqs. are not fully described by our formulas; nevertheless, they
(14) that within this accuracy the result for E(L7) scales agree with experiment reasonably well.

like 1/e (up to 5% due to the small variations of the soliton ~ (f) Finally, the factorizable contributions are small, and
size which weakly depends a@). The change o€ between represent the fine tuning to the total amplitudes.

3.385 and 4.228 produces 14% variations of the amplitudes To conclude, we would like to emphasize the fact that the

A°(0) andB”(m?) around their mean values given in Table Pure Skyrme model Lagrangiad cannot explain nonlep-
l. tonic hyperon decaygl5,16. However, the QCD-corrected

In this work we have added factorizablaS(m2) and ~ Weak HamiltoniarHy", together with the inclusion of other
BS(m2), contributions to the Skyrme model amplitudes possible types of contribution to the total amplitudes

A®(0) andB”(m2). The complete results are given in Table [K; K*-poles, and/or factorization; (172)-poles, etq
. Comparison of the total amplituded(m?2) and B(m?2) supplemented by the Skyrme model, leads to a correct an-
with experiment shows the following: g ” swer. This includes the explanation of the octet dominance,

(@) Short-distance corrections to the effective weakthe |Al|=1/2 selection rule,A(X7)#0, and thep/s-wave
Hamiltonian are without a doubt very important puzzle. Nevertheless, this is certainly a matter for another

(b) Signs and order of magnitudes of all amplitudes are>€'ies Of studies.
always correctly reproduced. One of us(J.T) would like to thank J. Wess for many

(c) swaves are in good agreement with experiment.  useful discussions and the Ludwig Maximillians Univeftsita

(d) The Pati-Woo theorem violatiof21] and the 27- Minchen, Section Physik, where part of this work was done,
contaminations are found to be small. It is clear that thefor its hospitality. This work was supported by the Ministry
nonvanishingA(2 ) amplitude is still too small, in good of Science and Technology of the Republic of Croatia under
accord with small values of the 27-contaminati@3], and  Contract No. 00980102. M.P. was supported by the Polish

that additional contributions are needdd@)]. KBN Grant PB 2 PO3B 019 17.
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