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Nonleptonic 2~ decays and the Skyrme model
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Nonleptonic ()™ decay branching ratios are estimated by means of the QCD enhanced effective weak
Hamiltonian supplemented by the &) Skyrme model used to estimate the nonperturbative matrix elements.
The model has only one free parameter, namely, the Skyrme cbargdech is fixed through the experimental
values of the octet-decuplet mass splittihgnd the axial vector coupling constagyt. The whole scheme is
equivalent to the one that works well for nonleptonic hyperon decays. The ratios of the calculated amplitudes
are in agreement with experiment. However, the absolute values are about twice as large if short-distance
corrections and only ground intermediate states are included.
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Recently boths- and p-wave nonleptonic hyperon decay quark mass the appropriate chiral symmetry breaki®B)
amplitudes were quite successfully reproduced by thé85U terms should be included. In this work, however, following
extended Skyrme model with the QCD enhanced effectivél], we shall neglect the SB effects since they are much
weak Hamiltoniarf1]. The decay amplitudes were describedsmaller than the uncertainties coming from other sources
through the current-algebra commutator, the ground-statésuch as, for example, the values of thecoefficients in the
baryon pole terms, and factorizable contributions. The noneffective Hamiltonian, or factorizationMoreover, the S(B)
perturbative quantities, i.e., the baryon four-quark operatosymmetry is used in the course of the calculations of the
matrix elements, were estimated using the(3Uskyrme  decay amplitudes, so for consistency the nonperturbative ma-
model. For theswave hyperon decay amplitudes, correcttrix elements have to be evaluated in the same approximation
relative signs and absolute magnitudes were obtained. Facheme.
the p waves all relative signs were correct, with their relative  Our goal is to see whether the effective weak Hamiltonian
magnitudes roughly following the experimental data. As farand the SW3) Skyrme model are able to predict the nonlep-
as the absolute magnitudes are concerned, the poorest agresnic 1~ decay amplitudes ,): Q™ —AK™, (Q2):Q~
ment between theory and experiment was within a factor of ., 5%~ and @6):9_*)5_#0 following the method of

2. One is thus faced with an obvious question: could amrefs.[1,9]. To this end we shall employ the standard model
analogous approach work equally well for the™ nonlep-  effective Hamiltonian and the minimal number of couplings
tonic weak decays? Such a question should be considered gdyncept of the Skyrme model to estimate the nonperturbative
connection with the accurate measurements ofthedecay  matrix elements of the four-quark operatdfis10] and the
branching ratios. The experimental value for 1€ mean  axial vector current form factor for the decuplet-octet transi-
lifetime is [2] tion. This approach uses only one free parameter, i.e., the
_ Skyrme charge. In order to avoid an unnecessary numerical
Texperimerk ) ) =82.1+1.1 ps, burden, throughout this report we use the arctan ansatz for
. . the Skyrme profile functior(r) [7,11], which allows us to
from which the values of the-wave amplitudes have been calculate the pertinent overlap integrals analytically with an

extracted. :
In the Skyrme model, baryons emerge as soliton COnﬁgug:u:curacy of the order of a few percent with respect to the

X . exact numerical results.
rr?ltlons of the fiela of pseudoscalar mesq|ﬁ3,4]. Exten- It is well known that the nonleptonic weak decays of
sion 9f the mOdel o the strange secibr-8] is done by_an baryons can be reasonably well described in the framework
isospin embedding of the static hedgehog ansatz into

. . . . 80 the standard moddb,12]. The starting point in such an
SU(3) matrix that is the subject of a time dependent rOta'['Onanalysis is the eﬁectise ,Wgak Hamiltonignpin the form of the

exdi7-AF(r)] 0 current® current interaction, enhanced by quantum chromo-
U(F,t)=A(t) A'(t) (1) dynamics(QCD), i.e., obtained by integrating out the heavy-
0 1 quark andW-boson fields,
by a collective coordinate matriA(t) e SU(3), which de- 4
fines the generalized velocities  AT(t)A(t) Hef(AS=1) :‘/EGFV:qusgl cO;, 2)

=(i/2)2§:1)\aa“, and the profile functior=(r) is inter-

preted as a chiral angle that parametrizes the soliton. The

collective coordinatea® are canonically quantized to gener- whereGg is the Fermi constant and;,V s are the Cabibbo-
ate the states that possess the quantum numbers of the phylKebayashi-Maskawa matrix elements. The coefficientre
cal strange baryons. In order to account for a nonzero strangbe well known Wilson coefficient§12], most recently
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evaluated in Ref(13], and theO; are the familiar four-quark
operatorg12,13. For the purpose of this work we neglect
the so called penguin operators since their contributions are
proven to be small12,13. We are using the Wilson coeffi-
cients from Ref. [12]: ¢;=-1.90-0.61, c¢,=0.14
+0.02Q¢, c3=c4/5, c,=0.49+0.00%, with ¢

=V Vis/VigVus. Without QCD short-distance corrections,
the Wilson coefficients would have the following values:
c1=—1,c,=1/5,c53=2/15,c,=2/3. In this paper we simply
consider both possibilities and compare the resulting ampli-
tudes.

The techniques used to describe nonleptdnic decays
(38/2" —1/2* + 0~ reactions involve onlyp andd waves are
known as the modified current-algebra approach. The general
form of the decay amplitude reads

— FIG. 1. Pole diagrams. The double lines are*3f2sonances.
' ' eff _ '
(m(q)B'(p )le |B(p))—u(p B+ 75C]qMWM(p)' The full lines are hyperons and the dashed lines are mesons. Weak

and strong vertices are indicated.

Here U(p') denotes a regular spinor whilg/,(p) is the
Rarita-Schwinger spinor. The parity-conserving amplitudes Bp(Qg)=—
B correspond to th@-wave and the parity-violating ampli- Mq-— Mgz~
tudesC correspond to the-wave ()~ decays.

The decay probability’(3/2F —1/2* +07) reads

O=-=*x—0a5x——

®

The decuplet-octet-meson strong coupling constants de-
termined from the experimental value of the decay rate
0|2 A" —pa* and by using S(B) relations are as follows:

= 127rmg,

[(E"+m)| B>+ (E"—my)|C|?],

Oa++atp=09=00-K-= —Ja-5-70=V20p0=+ k-
=V30z0zx - - =60z - =+ ,0=15.75 GeV ..
(6)

Note that the strong couplingg,n, andgyn.- are related by

gan~= 39nns. Which follows from the 1IN, expansion

Ezrimfit?eedn(r?r::;?\e gg?/ll:g?/ Ot?]gqa:lﬁta?\%f’att?ne n;i;ssli(t)lj deWithout other assumptiongl]. This relation is in excellent
' y party g amp agreement with experiment and with the evaluatioyf..

C (d wave is mult|pI|ec_j inT" by an unfavorable _factorE( andg, ., in the Skyrme model4]. Note also thagyy,.. and
—my). In our calculation framework, the amplitudcan "N are related by the Goldberger-Treiman relation, which is
receive contributions only from the pole diagrams. As thes&A . y 9 '

pole diagrams contain negative-parity 1/and 3/2° baryon also true in the.Skyrme model. So .altogether we can repro-
resonances, the sum of baryon masses instead of the dif'fe(liyCe the experimental value ghny, 'I, we use the Skyrme
ence appears in the denominator. Parity-violating amplitude@OdEI parameters that reprodug& . However, consis-
are thus suppressed by a large factor. If the vertices in Both [€ntly following the approach of Refl], we are using the
andC pole contributions are of the same order of magnitudeSKyrme model to estimate only the unknown matrix ele-

then the decay of2 ~ is almost parity conserving. This con- ments. Therefore, it is1 qatural to use the experimental value
clusion is the same as the one drawn in R#]. ga++-+p=15.75GeV " in the calculations of the baryon
We calculate the parity-conservipgwave()~ decay am- poles(S). ) , )
plitudes 3 using the so-called tree-diagram approximation at 1 1€ baryon-poleés, amphtudef contain weak matrix ele-
the particle level. This means that in this work we take intoMents defined asigg =G(B’|Z{_,¢;07 "|B), where the

account all possible tree diagrams involving baryons and meconstantg=v2GgV;4V,s. The important parts ofgg: are

|p’|2=[(m&—mZ+m3)/2m]?—m3,

E'=(m§+mf—m?)/2mg, . (4)

sons, i.e., factorizable and pole diagrams. the four-quark operator matrix elements, which are nonper-
All B amplitudes receive contributions from the pole dia-turbative quantities. This is the first point of this work at
grams, as shown in Fig. 1, and they are as follows: which the Skyrme model is used.

The factorizable contributions t@ waves [only for
00 K-E0BAE, Qox-k-adms—0- Q-9 _amphtudei are calculgted by inserting the vacuum
Bp(Qk)= — - — , states; it is therefore a factorized product of two current ma-
Mgo—My Mo -—Mzx - trix elements, where the octet-decuplet matrix element of the
axial vector current reads

B (O )= — JE= 8= 0 B
T memmee (E(pHIAMQ ™ (p)) =gz (0P U=(p )WE(p).
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Summing over all factorizable contributions gives the fol- using the arctan ansatz in the @Jextension of the Skyrme
lowing expressions for the amplitudes: Lagrangian(9). By fixing A and gR" to their experimental
L values, we obtaire=4.21 and 3.41, respectively. In further
_ =00~ calculations of the) ™ decay amplitudes, we use the mean
Bs(Q-)= %gf 7O [C1=2(CatCatCy)l, valuee=3.81, as in the case of r?onleptonic hyperon decays
[1]. As in the latter case this introduces approximately 15%
1 o uncertainty in the decay amplitudes, which are dominated by
Bs(Qqg)= ggfwg,f 2 [c;—2(cy+c3—2¢y)]. ®SK [see Eq(13) below], which scales as &/
) We proceed with the computation of the axial vector cur-
rent form factorgiQ in the Skyrme model using the arctan
The gE“ represents the form factor of the spatial componengnsatz:

0
of the axial vector current betweé&h(-) andQ) ™ states. This -0~ _=00-_ =0 s
=] —~E =B N2 pn/ .y’
is the second point of this paper where the Skyrme model Oa  =Oa  =0a (X9)=7v150)'(xg), (11
enters the calculation. Note thEB(Q,)|<|Bs(2_)| due Mo e
g . . wheregR(xy) is given in Eq.(10) of Ref. [1].
to the helicity suppression enhanced by the QCD corrections. Let us recapitulate the results of Rgt], where we cal-

The total theoretical amplitudes are culated the matrix element of the product of twd-A)
Bineon(9%) =Bp(9?) + Bs(d?), (8)  currents between the octet states using the Clebsch-Gordan
decompositiorj10,15:
where the relative signs between pole and factorizable con-
tributions are determined via $8) and the generalized
Goldberger-Treiman relations.

In order to estimate the matrix elements entering E5js.
and (7), we take the S(B) extended Skyrme Lagrangian where®SK is a dynamical constant ar@ denotes the per-
[8,10,19 tinent sum of the S(B) Clebsch-Gordan coefficients in the

intermediate representatidR The same holds for the Wz
L=Ly+ Lyt Lspt Lz, (9 current. The total matrix element is then simply a sum

whereL, . Ly, Lsg, and Ly, denote ther-model, Skyrme, (OIS OW2)y, with i=1,....4. The quantities> are given
symmetry breakingSB), and Wess-ZuminéWz) terms, re- by the ove[Iap integrals of the profile function in RET).
spectively. Their explicit form can be found in Ref8, 15]. For theO; operatorR=8, s or 27. The matrix elements
In this work we will use the S(B) extended Lagrangia(®) read
in the limit of fy="f_. Then our new set of parametexs R
B’, andé’, determined from the masseszantg decay constants  (A%,O4|E9,)=(18.14b5%—20.410"?) x 103
of the pseudoscalar mesof§], is x=2mg/m:—1, B'=0, B 5

'=m2f2/4. Owing to the presence of th& term in the =(4.865¢—0.097) X 107° GeV?,
classical masg&,,, the dimensionless size of the solitaf (13
becomes a function of, ., and§’:

<leé(SK)|Bl>:qDSKXZ CR, (12)
R

(E%5104Q5,) = (—10.60b5%+ 12.89p"?) x 1073
15
X62:§[1+\/1+305"/e2f:‘7]—1. (10) — (— 2.84 5+ 0.06yy) X 10°% GeVA,

. : . (14
Note thatX is responsible for the baryon mass splittings

and the admixture of higher representations in the baryomote that we have omitted the static kaon fluctuations in all
wave functions. However, as explained above, in this workof our computations.
we use the S(B) symmetric baryon wave functions in the  Our main goal was to learn how the approach of Rff.
spirit of the perturbative approach to SB. Indeed, we hav§g], in which the Skyrme model is used to estimate the un-
shown in Ref[1] that the SB effects through the weak op- known nonperturbative matrix elements, applies to fhe
erators in the decay amplitudes are very small. nonleptonic decays. We have systematically presented all
Our fitting procedure is as follows. Since the coupling possible tree diagrams, namely, factorizable contributions,
is equal to its experimental value, the only remaining freethe octet diagranfonly for the Q) amplitudd, and the
parameter is the Skyrme chargeThe valuee~4 was suc- decuplet pole diagrams. Numerical results presented in Table
cessfully adjusted to the mass difference of the low-lyingl are very encouraging. They are in satisfactory quantitative
1/2" and 3/2 baryong(Table 2.1 of 8]). This value ofewas  agreement with experimental data. In Table | both factoriz-
next employed to evaluate the static properties of baryons.able[Bg(g?)] and pole amplitudefBr(q?)] are displayed.
For the evaluation of the nonleptonfa™ decays, the A comparison of the total amplitude®) Btheon(qz) with
most important baryon static property is the octet-decuplegéxperiment shows the following.
mass splittingA. Another important quantity is the axial vec-  (a) The dynamics based on the pole diagrams supported
tor coupling constang®". We compute these quantities by by the Skyrme model leads to very good results for the rela-
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TABLE I. The p-wave (B) nonleptonicQ)~ decay amplitudes. Taking into accounta)—(c) and Ref[17], we expect that this
Choices(off, on) correspond to the amplitudes without and with dynamical scheme would produce better agreement with ex-
inclusion of short-distance corrections, respectively. Bqr(£, ) periment.

H 2_m2 2 . .
amplitudeq®=mj (mz%). (e) We have found octet dominance, i.e., the 27-
contaminations are small.

Amplitude (10°° Gev™) (o (@) (o) (f) We also find the dominance of the Skyrme Lagrangian
Bg)m*)(qz) off  2.67 0 0 currents over the WZ current. Fer=4, the WZ contribution

on 551 0 0 to Egs.(13), (14) is below 3%.
BR2)(q?) off 157 1.28 0.91 (9) As in the nonleptonic hyperon decays, the factorizable

contributions, in the Skyrme model approach, turn out not to
be important for the) ™ nonleptonic decays.

(h) Finally, we found that the pole terms and the factoriz-
able contributions have opposite signs.

Bineon( ) off 4.24 1.01 0.85 We conclude that in general our approach provides a good

on 8.65 226 1.84 description of the(™ decays. Obviously, not all details are
under full control(e.g.,mg corrections are neglectgcever-
Bexp[2] 402 135 080  theless, it seems the QCD-corrected weak Hamiltori&h,
together with the inclusion of other possible types of contri-
. ) bution to the total amplitude& poles and/or factorization,
tive importance of various decay modes. However, all aMyigher baryon poles, elc.supplemented by the Skyrme
plitudes are too large by about a factor of 2. model, leads to the correct answer.

(b) The decay amplitud€y , which does not contain fac-  \ye hope that the present calculation, taken together with
torizable contributions, has the largest pole contributionshe analogous calculation of the nonleptonic hyperon decay
since both pole diagrams are of approximately the same sizgqy jiiudeq 1,9], will contribute to the understanding of the
and contribute constructively. , nonleptonic hyperon interactions. It is also a test of the ap-

(c) Short-distance corrections to the effective weakpjication of the Skyrme model to the evaluation of nonper-
Hamiltonian are proved to be importdiit2,13. turbative quantities like axial vector coupling constants and

2
(d) In fact, too large values of the QCD-enhan@g(q°)  the dimension-6 operator matrix elements between the differ-
amplitudes are actually a welcome feature; namely, if oN&nt baryon states.

takes into account the high& (3/2") resonances then the

poles(5) will flip in sign, since their masses are larger than  This work was supported by the Ministry of Science and
the (0~ mass. The assumption that the vertices will be moreTechnology of the Republic of Croatia under the contract no.
or less the same as for the ground-state poles leads to interr20980102. M.P. was supported by the Polish KBN Grant PB
cancellations between pole-diagram contributida§,17. 2 PO3B 019 17.

on 3.14 2.56 1.81
Bs(q?) off 0 -0.27 —0.06
on 0 -0.30  0.03
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