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Original scientific paper

A scheme is introduced in which weak decays of mesons can be analyzed with-
out the use of the current algebra, and with no reference to any of the hadronic
models. The interaction of mesons and their constituents is described by an effec-
tive field theory, with two kinds of valence vertices — regular and anomalous — the
latter having a »wronge flavor structure. The explanation of the AI = 1/2 rule is
sought within the long and not the short distance dynamics.

1. Introduction

The methods of analyses of nonleptonic weak decays were devised in the early
days of development of the current algebra?. Its modern form was triggered by
works of Gaillard and Lee, and Altarelli and Maiani?, in which weak interactions
of quarks were modified by QCD corrections. Soon it became possible to evaluate
the matrix elements of the resulting operators in some of the hadronic models
(e. g, in BAG*% or harmonic oscillator® % type models). In 1977 a new set of
operators (so-called PENGUIN operators) was introduced” as a theoretical and
phenomenological necessity, and the framework was completed. (For recent re-
view articles on successes and methods of standard analyses see Ret. 8). The ba-
sic elements of today’s analyses are (a) an effective Hamiltonian (dressed by QCD),
(b) the usage of current algebra techniques, or some other procedure (e. g., vacuum
inscrtions) in the process of the reduction of matrix elements, and (c) the use of
some hadronic model in actual evaluations of amplitudes. This scheme will be
referred to later on as a sstandard« one.
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Was the question of nonleptonic weak decays in this way settled down? Was
there any necessity for further analyses of this subject? A look into the literature
shows that nonleptonic decays are still a hot topic. Numerous rccent works could
be classified in two major categories. In the first one, on the basis of the standard
approach (which is assumed to be mainly correct), constraints and restrictions
on parameters (e. g. masses or mixing angles) and forms of the underlying theo-
ries are set (e. g. restrictions on supersymmetric theories, subconstituent models,
left-right models, etc.); or analyses and predictions for processes not yet experi-
mentally clear (some rare K decays, P-V in high-energy scattering, weak de-
cays of heavy mesons, CP violating processes, ctc.) are made. It is intercsting
that basically the same three-step procedure, (a)-—(c), is in another context used
in analyses of possible decay modes of protons. (See e.g., Ref. 9.).

In spite of this broadly accepted confidence in standard methods*!, there
exists another class of papers more critically inclined. In these works authors are
looking for alternative approaches!®~!3), or for omitted but perhaps important con-
tributions'4’. Some steps, or cven the entire (a) — (c) procedure is challenged ! 5- 17,
and the bounds on amplitudes rather than their absolute values are calcula-
ted!®, The present situation is to a certain extend confusing, in the sense that
both classes of works (7. e., critical of and, on the contrary, satisfied with the stan-
dard framework) coexist in literature, although — if the criticism is for example
justified — the predictions and restrictions obtained by standard methods may
have no value.

Indeed, the objections are all but insignificant. Here are just some of them:
macroscopic methods (such as current algebra reductions®) are used side-by-side
with microscopic concepts (e. g., with an effective quark-quark interaction), despite
the possibility of double counting; the factorizasion on the soft and hard QCD con-
tribution is questionable!?’; only leading (and more recently next to leading2®) lo-
garithmic corrections are taken into account in a dynamical situation where the
other, ignored terms might be of the same importance. While the origin of the
crucial PENGUIN operators” is easily understood, the way they become phe-
nomenologically important is somewhat obscure and unnatural (basically, some
small masses appear in certain denominators), ezc. If one tries to cope with such
issues, remaining still within the standard framework, most usually a proliferation
of assumptions is needed and a complicated and inconvenient description results.

In this work I'll try to elucidate some of these problem, not from within the
standard procedure, but devising a new simple framework for description of weak
decays of mesons*2. The simplicity of the new approach might even tempt one
to consider it a step backward instead of a step forward. The main characteristic
e. g., will be the apparent negligence of gluonic corrections. In the next sections
this and similar stages will be thoroughly explained and put in a logical
context. The goal was to build a procedure not subjected to macroscopic techniques
that are used in standard approaches. For that purpose a kind of effective field

*1 In fact, very often the authors working within standard schemes doadd some nonstandard
»long distances) contributions by hand. Such works will also be classified as standard. Note that
such an implantation can hardly be controlled. In fact, it is not very probable that the long- and
short-distance contributions disentangle in a simple way. _
~ *2 It would be much more complicated to describe the baryon decays in a similar way. Note
that in standard approaches the same technique is used in description of decays of both mesons
and baryons.
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theory with direct hadron-constituents couplings was introduced. As a consequence
a diagrammatic analyses at the level of constituents was made possible, and results-
free of ambiguities related to hadronic models and to the reduction procedure-were
obtained. The new, just-described framework will often be referred to as a smicro-
scopic«. The main purpose of this introductory paper is to establish the new met-
hod and to analyze some of the simplest processes (including two-body hadronic
decays of pseudoscalars). Similarities (or differences) as related to earlier results
and previously used methods will be clearly explained. In a future work the general
analyses will be replaced by an explicite model, and the list of considered processes
will be enlarged. )

After this introduction, two sections follow in which basic assumptions of the
new model are described and discussed. In Sec. 4 the weak decay constants and
form factors are introduced in terms of finite loop integrals. The generalization of
the Fierz rearrangement rule to the bound state formalism is described in Sec. 5.
The contributions of sregular«, and »anomalous« vertices to the K — nzw decays
are calculated in Secs. 6 and 7, respectively, and obtained results are discussed
and compared to experimental values in Sec. 8. In the last section the new and
old approaches are confronted, and some concluding remarks on advantages (and
imperfections) of the microscopic picture are given. Throughout the work the
four-flavor version of SU (3) x SU (2) X U (1) model is used. The electroweak
part of the model is described in the renormalizable gauge. In this gauge in addi-
tion to weak bosons, W, the Higgs-ghost particles, ¢, are also carriers of the weak
force. However, since only the leading terms in 1/ M3, expansions will be interesting
in analyses, the ¢ fields contributions will most often be of no importance.

2. Microscopic approach and related assumptions

To introduce the new model, let me start with a consideration of M;, decays
(M stands for a pseudoscalar meson), which are probably the most simple hadronic
processes in nature. At macroscopic scale at which our detectors work, only a me-
son, a lepton and its neutrino are observed (Fig. 1(a)). However, one can proceed a
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Fig. 1. Various stages in a description of the Fig. 2. The vertex in Fig. 1 (c) has an addi-
M~ - [y decay. The double line denotes a tional substructure. It is believed that the
meson, the single line a quark or lepton, and nonperturbative QCD leads to a confine-
the wavy line a weak boson. ment. Dashed lines represent gluons.

step further. The standard model teaches us that the lepton pair is created by a weak
boson, which also interacts with hadronic constituents (Figs. 1(b), 1(c)). With
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even stronger sresolution« one would observe gluons forming an effective (¢g)M
vertex (Fig. 2). Unfortunately, although one knows the way constituents (gluons
and quarks) interact mutually, the precise mechanism by which a meson is formed
is not known. Therefore, as long as the problem of confinement is unsolved, Fig.
1(c) with an unknown function in the (g¢g)M vertex seems to be the most one can
achieve in a microscopic description of the process. Fortunately, it is not exactly so.

Although one can't theoretically determine the vertex function, its form is not
completely arbitrary. The most important constraint is related to diagram 1(c).
Since the probability for M — Iv decay is finite, the momentum dependence of
the vertex function must be such that the quark loop contribution in Fig. 1(c)
is convergent. Another important source of restrictions on vertex functions are
various symmetries at the level of hadrons and/or constituents. One could proceed
and impose further constraints (e. g., to require a form which doesn’t allow the emis-
sion of on-shell quarks from mesons), but I'll not continue here in this direction*3.
Rather than to construct an »sideal« model, I'll try to concentrate on relations that
can be reached even without the precise form of the (gg)M vertex. Such type of
analysis will for brevity be referred to as »model-independent«, although the morc
appropriate name would be sindependent of the details of the model«.

Let me now present the assumptions related to the framework in which in
subsequent sections the weak decays of K meson will be analyzed. (In the next
section some of these assumptions will be discussed more thoroughly.) It will be
supposed that: '

() The interactions of macroscopic particles (mesons) and their constituents
(quarks and gluons) can be described by an effective field theory into which
all confining effects are integrated, leading to nonlocal meson-constituent
vertices in momentum space. (The counterparts of these vertices in the co-
ordinate space are wave-functions of mesons, in terms of various Fock
states).

(#) Only the effect of (gg)M vertices will be investigated, and higher Fock states
such as G (gg)M (where G stands for gluon), GG (gg)M, etc., will be ignored.
In one class of vertices, (gg) will correspond to the regular valence pair quarks,
so that the resulting picture will be similar to the valence approximation used
widely in hadronic weak processes. In addition, another type of (yg)M verti-
ces (ranomalous«) will be introduced in Sec. 7.

(##) It will be assumed that interactions responsible-for the formation of a regular
(7¢)M vertex () do not spoil Lorentz invariance, (b) are SU(2)s1avor and SU(3)co10r
- invariant**; (c¢) conserve C, P and T symmetries. Since the four-flavor
model is used, n6 CP-violdting effects will be considered. (The gencralization

to the six-flavor theory is straightforward.)

The assumptions () to (#%) lead to the most general form of effective (regular)
vertices in the microscopic model. The appropriate vertices in # and K systems

*3 An explicit model for (gg) M vertices is presented in Ref. 21. Another model is descri-
bed in Ref. 22.

* 4 Masses of up and down quarks are then cqual, and will be denoted thereafter with the
same symbol: m, = my; = m.
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are denoted in Fig. 3. The vertex functions I'; and I'k appearing in the figure can
be defined as

L0 = (Pt |Paor + 22 P Yot g Pe QR iy (21)

Momenta Q, k + Q/f2 and 2 — QJ2 correspond to a meson, outgoing and ingoing
quark, respectively. P; to P, are some unknown functions. For us it is important
that they must insure the finiteness of diagram 1(c). As a consequence of the assum-
ption (i#) the functions P, can be further subdivided into the parts that are eit-
her oven or odd on the replacements £ - —k and Q - —Q. Note that vertex
(2.1) has pseudoscalar, axial-vector and tensor looking terms, but no scalar and
vector terms.
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Fig. 3. Regular vertices in zz and K systems. Fig. 4. The gauge invariance relates (gg) K
The vertex functions I'z and I'y are defined vertex to vertices containing gluons (G) in
in Eq. (2.1). addition to fermions.

With vertices in Fig. 3 and with the definition (2.1), one may start with the
test of the model in various exclusive weak decays. However, let me first analyze
in more detail the assumption (if).

3. Higher Fock states and why to neglect them

There is no doubt that the assumption () in the previous section looks to a
certain extent unnatural. No presently known mechanisms suppress the intluence
of higher Fock states on low energy processes (the situation might be different at
higher energies*5). Still, I'll insist on the valence picture. Inorder to explain better

*5 The role and importance of higher Fock states in meson (and baryon) wavefunctions is
discussed in Ref. 23.
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the logic behind this assumption, let me consider the situation in which gluons do
appear in effective vertices. Then not only the (gg)M vertex but also the G (gg)M,
GG (g9)M, ..., vertices have to be defined, too. Two important features of such a
complete microscopic picture are: (1) there will be an infinite number of new ver-
tices with gluons; (2) once the (gg)M vertex is defined, new vertices are not arbi-
trary but are related to (gg)M vertex function. Both of these features are a conse-
quence of the gauge invariance of the underlying theory. The situation is explai-
ned in Fig. 4. Imagine that the effective (gg)M coupling in the coordinate space is
described by

F(9,9) 99 Pus> (3.1)

where 9 (and 9’) are derivatives of outgoing (ingoing) fermion field operators, and
F is some functional of d and d’. The gauge invariance requires (even in an effiective
field theory!) that J, is replaced in a complete model by a covariant derivative

D, =0, —i(gf2) 7 Gu. ‘Equation (3.1) therefore becomes
F(D,D’) g Py, (3.2

thus generating an entire class of new vertices. Since Eq. (3.1) must be nonlocal
(in order to ensure the finiteness of M — [ »), expression (3.2) contains generally
an infinite number of terms with all possible numbers of gluon field operators, in
addition to meson and fermion fields. It is clear that such a scenario leads to an
unavoidable catastrophe: if the higher Fock states are important, then one must
take into account in any calculation an infinite number of terms describing the
complete wave function. Most probably this cannot be done in a satisfactory way,
and one must abandon the hope that anything could be understood in hadronic
decays. Alternatively, the contribution of higher states could be suppressed by
some unknown mechanism (smallness of the strong coupling constant?); but then
the main contribution comes from Eq. (3.1), and in the first approximation higher
states are negligible. In other words, while the picture in which a meson con-
tains basically a pair of quarks is not natural, it is preferable and necessary if
one wants to calculate anything. One could say that by testing the valence picture,
our ability to deal with hadronic decays is tested also.

Imagine now that the lowest order results are known, and that one wants to
calculate (hopefully small) first order corrections. In the microscopic framework
it immediately becomes clear that one cannot disentangle the contributions of
the ordinary QCD corrections to the process from the contributions of higher Fock
states. The situation is explained in Figs. 5 and 6. The diagram in Fig. 5 looks like
a typical »hard gluon« correction to the weak process described in a valence appro-
ximation. However, this diagram is by itself gauge-nonivariant and represents only
a part of corrections. In Fig. 6 the complete, gauge-invariant form, which comprises
also the diagram in Fig. 5, is shown. One sees that the proper description of one-
-gluon corrections requires a parallel introduction of higher Fock states.

Note that in the standard approach, when four-quark operators are dressed
by QCD, one basically uses a type of corrections from Fig. 5. Although it was just
mentioned that the diagram in Fig. 5 leads to an incomplete description, that is
not an obvious source of problems as long as only sleading log« approximation is
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used. Namely, it is most probable that lcading logarithmic terms (g2 In My,) do
not spoil the gauge invariance. The real problem for the standard approach lies
somewhere else. In a microscopic model, at the one-gluon level, one can easily
demonstrate the appearance of nonlogarithmic terms (e. g., some ratios of masses
and momenta). The mass My, is simply not large enough to insure the dominance
of the In My, term in an expression in which various other large nonlogarithms

Ml Ml

S M'I —n M”
Fig. 5. An incomplete and gauge dependent Fig. 6. The gauge invariant description of
correction to a weak two-body decay. sone gluona corrections. Higher Fock states

are required.

appear. There is no reason to believe that in diagrams with many gluons, the situa-
tion will be different. The above objections suggest the following conclusions:
(a) if one decides to include gluonic corrections, it is not enough to take into account
only In My, terms, because the other terms might be equally important; (b) if other
than leading log terms are to be included, than that should be done by diagrams of
the type presented in Fig. 6, since otherwise the gauge invariance is lost. I shall
rcturn to thesc questions again in the concluding section.

As explained earlier, in this work only the lowest order description, with va-
lence quarks and with no gluons in vertices will be considered. Since higher order
Fock states are neglected, it would be inconsistent to pay any attention to a class
of QCD corrections depicted in Fig. 5. Therefore, in the simplest version of the
microscopic model one has to deal with diagrams in which no gluon line is atta-
ched directly to the valence quarks*®. Still it doesn’t mean that this model drags
back to pre-QCD days. Note that gluons (»soft gluons«) do participate in the forma-
tion of bound states from quarks. Though not explicitly appearing in diagrams,
their prescnce has left a profound trace in th¢ nonlocal character of the vertex
functions. In addition, a class of QCD corrections is perfectly allowed; e. g., self-
-energy and vertex corrections in parts of a diagram not related to the valence quark
propagators (see Fig. 7).

stk)

R(F) w- 2ot
dik-p) 4
Fig. 7. A type of »allowed¢« QCD corrections Fig. 8. Diagram describing K- — {7 decay
in the K° - yy decay. In this figure the va- in the microscopic framework. Types of
lence quarks are denoted with heavy lines. particles and their momenta are denoted.

*6 The idea that hard gluons are unimportant in weak decays has circulated in recent years
in the literature. In another framework it was used in e. g., Ref. 24. See also Refs. 15 and 17.
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Microscopic analyses with valence vertices are not a novelty. In a difficrent
framework they were already used in literature. Two recent serious attempts are
by Chernyak and Zhitnitsky, and by Gilmour (Ref. 25). In both of these works
a particular choice for wave functions was done, so that the results are model-de-
pendent. In addition, higher order QCD corrections were considered without
a parallel introduction of higher Fock states, which might — in the light of the
above discussion — lead to incomplete and gauge-noninvariant conclusions.

4. Elementary application

In this section a few elementary processes will be considered. It was alrcady
mentioned that K;, decay is the most simple hadronic decay, so lct's analyze
it first. In a macroscopic notation K — /» is characterized by a matrix element
of the weak current, {0 |J# (4S = 1) | K> =i fx P#. In the microscopic descrip-
tion the invariant amplitude is given by a loop integral (see Fig. 8),

d*k 1 |
2m)* Tr{ Kk—P —m (1 —vs) k—m, ~

. Gsin
,“’{='*T§_(_3)f(

, P B i
x T (%= 2, P)| w1 = v w1 + 0130 (@)
(Boldfacc letters denote Lorentz contraction; e. g., P = Pry,,).

The minus sign, and the factor 3 (= N) in front of the integral appear as a conse-
quence of the close fermion loop and the trace over unit matrix in a color space.
Only p# ys part of the W-boson vertex gives a nonvanishing contribution to the
integral. The kaon decay constant is then in microscopic notation given by

dk 1

. 1 P
ifg- P2 =3 PEE Tr{k —p = P V=[x (k - P)} (4.2)

M
W
Fig. 9. All radiative corrections are already Fig. 10. The microscopic description of
included in the effective vertex. Therefore, K- - #%% decay.

diagrams of that type do not appear in the
microscopic model.

Since fx must be finite, the component of I'y contributing to the integral (4.2)
must for large momentum, k2 — o0, behave at least as 1/k3. (This important cons-
traint was mentioned in Sec. 2). fx+ can be defined in a similar way. Due to proper-
ties of I'y, the relation fx+ = fx- = fx is valid. When in Eq. (4.2) m;, is replaced by
m, and 'y by I',, one obtains the definition of f;.
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It is clear that only the lowest Fock state can contribute to the K;, decays.
Furthermore, since an effective vertex is used in Eq. (4.1), there is no need for
additional radiative corrections (sce Fig. 9), and expressions (4.1) and (4.2) would
remain unchanged cven in an approach not restricted to valesce vertices only. Thus
(4.2) can be directly related to the experimentally measured values.

Another simple process is K - 7/ » decay. This process will help to define
weak form factors in terms of microscopic functions. Consider e. g, K~ > z0l%
decay (Fig. 10). The reduced amplitude is

Gsind _
//——'—IT“R « (1 = 7s) o (— 3)f(2 )4'

X Tr{s,. p2(1 — 7 S, [Tl S, [FI“EF]} 0 +0MML (43

S, stands for the propagator of a g-quark. One can now easily recognize the form
factors. With Q = Py — P,, and m, = m3 = m, m, = m, it follows

[ FX= (Q%) [Px + Pa]* +1FE (0% [Px — Pal* =

= 3f(34?4 {( —%—-1)11)—1ya (k 4- ~—§2——m;)-l X

x Ik (k—--’;—" Ph)(k— ’_‘jﬁ‘-—m;)—ll‘n( —ff —P)} 44)

-

Note that only the vector part of the W-boson vertex gives a nonvanishing contri-
bution to forn: factors. To the leading order in 1/M}, Eq. (4.3) thus becomes

G 1
=i Z50 2 o (p 4 Py« 4 FEs 08) x Iepronicpart.  (4.5)

V2 )2

In a similar way one can describe all K;; decays in terms of the same form fac-
tors FX= and FX= defined in Eq. (4.4). For example, in Ks — 7~ 7 » decay

17_2) {FK= (Px + P;)* + FK= Qs} X leptonic part, (4.6)

and so on. Onec can demonstratc that when m, —m, in Eq. (4.4), the second form
factor disappears, F_ (Q?) —> 0. Thatis clearly related to the conserved vector cur-
rent (CVC) hypothesis known from macroscopic description?, and leaves us with
only one form factor in the pion system. Namely, when m;, is replaced by m, and
K by 7, expression (4.4) can serve as a definition of F77 form factors. However, as
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just mentioned, due to the isospin symmetry, the part of the integral which defines
Fr= gives zero contribution, and one has (Q == P,, — P,,),

=1

N ,
IFT7 Q%) [Pay+ Paz]*=3 _d_f__x Tf{(k — —?— - m)

(a5 pe (k + —2Q— — m)_I X

-1
< I, (k — _P_';LI-’_z _ m) r,.}. @.7

Since weak (charged) and electromagnetic currents in the standard SU(2) x U (1)
model are members of the same isomultiplet, it is evident that F7* in Eq. (4.7) des-
cribes not only weak but also electromagnetic form factors. Therefore one obtains
an additional constraint on the form of the vertex functions: I',, must be such
that FMar(Q? - 0) = 41, which is the usual normalization of the electromagnetic
form factors.

These elementary decfinitions of weak decay constants and form factors, will
find their full application in the analysis of nonleptonic decays. However, it will
be instructive to introduce first another valuable tool in microscopic considerations,
namely the generalized Fierz transformation.

5. Two-loop integrals and generalized Fierz transformation

In the previous section some basic tunctions were defined in terms of one-loop
integrals. In the analysis of nonleptonic decays we shall mostly have to deal with
two-loop integrals. In this section a very useful technique, by which in weak pro-
cesses two-loop integrals can be reduced to a product of one loop integrals, will
be described. This technique will be illustrated in an analysis of the box diagram
contribution to the K, — yy decay.

As shown in Ref. 26, in the free field limit of the four flavor theory ‘t is the
box diagram which gives the most important contribution to the decay amplitude.
According to Gaillard and Lee?®,

G . 16
v”{:;cf = r_iSln!’COSl‘} (*9—) X

4

2
where H (m) functions correspond to some calculable intcgrals. In the microscopic
approach the strange and down quarks are not free. They are off-shell particles
which can assume all possible momenta in a loop integral. Amazingly enough,
the final result of analysis coincides with the exp: ession (5.1). The mechanism which

will be referred to as the generalized Fierz transformation (GFT) is responsible
for this coincidence.

* % e BH (m}y — H ()] €apya 0% A? (q,) 67 4% (¢2), (5.1)
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Hecre is how it works. Consider ths diagram in Fig. 11. The related matrix
element is proportional to (R = ¢, — ¢2),

5 #
Yy P .
S (=) | d*RTr!S, k-}—-‘!i Ll‘,cs,,(k—i) X T we
2 |‘i 2 3 2 ,.d 92
’ (K-F/2)
. | Fig. 11. One of the
X fd g (=) (52 bor dagrms i

[S,, (l — -g-) y8 S, (l - g) y2 S, (l + g—) — (e —~ c)] (- ;'5)}. (5.2)

This expression is quite nontransparent, but it can be simplified. In the first step
the W-boson propagator should be expanded in a series:

1 1 2k
- = — Y
T—R =G, IE— (M, =% [l trer—GgE =y T ] (3.3)

Note that an cxpansion in which only Mj, (instcad of M;, — k?) is used as a Jarge
parameter wouldn’t do. Higher order terms would then produce an infinite num-
ber of UV divergences in the integral over d*k! With the expansion (5.3) one can
evaluate the integral over d?/. It is easy to demonstrate that the second and higher
terms in the expansion are of the order O [k/{(M;, — k2)2]. Such terms are UV
safe in the d*k space, and suppressed due to large denominator, and could be
ncglected. Consider now the first term in the r. h. s. of Eq. (5.3). As a consequence
of the GIM mechanism, even when propagator [/2 — (M2, — k)]~ ! is replaced
by [—(M}, — k?)]~", the integral over d*/ in Eq. (5.2) is still convergent. But
that means that there are no logarithmic corrections of the type In (M;, — k2) in
the lcading part2”, and that one can write the integral over d*/ as

1 ’ ” 1e?
f d* >z L f Ay (1 — ) [Su ¥ Sy y* S — (u > )1y (1 — ys5) +

‘ k
+0 (= y) Ch
At this stage it is helpful to usc the relation
Yu(l=p) Tl —y) = =l = p) Te T (1 — 5}, (5.5)

which is valid for any combination T of y matrices. The leading part of Eq. (5.2)
can now be rewritten as

#—(=3) [ L% (s, Ly s, pall—ps)
A~ (_)f kz—Mf'v {xl_/i K OdVn 75}
f AT {[Syf Spy* S —(w —~ )y (1 —ys)} - ... (5.6)
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Dots in Eq. (5.6) denotce terms of order O (1/Mj,). One can use once again the same
trick, this time in d*& space, and shrink the 1/(> — M3,) »propagator« te 1/(—M;,)
since the remaining integral is finite due to the characteristics of I';; vertex. The rc-
sult is (to the leading order in 1/M;,)

1

Jl~(—3)mfd“kTr (...} x fd“lTr () F o=

- .;_ [(-3)fd4k'rr {...}]?{W[(—s)‘[dwn {...}] Lo (5T

where the missing expression in curly brackets are the same as in Eq. (5.6). The
relation (5.7) is illustrated in Fig. 12. It says the following: if no divergences appear
in a two-loop integral when the W-boson propagator is shrunk to a point, the
integral can be to the leading order factorized in a product of two one-loop integrals.
The advantage of the procedure is clear from the second equation in (5.7). The
integral _f d*k doesn't have to be calculated; the comparison with Eq. (4.2) shows
that it is proportional to fx. In addition, the second integral in Eq. (5.7), _fd“l,
is a convergent integral which can be shown to be identical to [H (m) — H (m2)]
in Eq. (5.1). It is not difficult to see that the proportionality factors in Eq. (5.7)
are identical to those appearing in Eq. (5.1). Thus the equivalencc of the free field2®
and the microscopic analysis becomes evident.

Fig. 12. The generalized Fierz transformation illustrated in one of the diagrams contributing
to K - yy decay. N denotcs the number of colors. To the leading order GI'IT" provides a simple
relation between different types of diagrams.

Although the transformation in Fig. 12 and in Eq. (5.7) reminds us of the
Fierz transformation, two important differences must bc pointed out. While the
original transformation deals with free spinors, here a generalization to the off
shell fermions was prcsented. Furthermore, an exact relation for free spinors is
replaced here by the relation valid only to leading order in 1/M3. Note that GFT
is possible basically because a (gg) M vertex improves a convergence of quark loop
integrals.

There are a large number of weak decays of mesons in which the generalized
Fierz rearrangement greatly simplifies the analyses, and GFT will be particularly
uscful as we proceed with a study of K — &z processes. However, this is the pro-
per place to mention that in some decays (mainly in some rare K — decays) the
transformation cannot be applied. In such cases the free field results will not coin-
cide with the microscopic analysis, and the microscopic approach will reveal addi-
tional (probably important) bound state effects. The detailed analyses of that issue
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will be presented elsewhere. In a similar way, when higher Fock states (and QCD)
corrections are introduced, GFT can be applied only partially, which means that
the true factorization occurs only if the higher states are negligible.

6. K - nndecays

Let me analyze now two-body hadronic decays of K mesons. The six possible
decay modes are

K% > a% a0, Kgy +~a~ n*, Kgp — n0 0. 6.1

In the microscopic framework one has first to construct the relevant diagrams.
Some of them are presented in Figs. 13—15. There are all together 96 diagrams

u L u =
s +
W T
\ / -
‘W
Fig. 13. Two-body decays of the charged kaon (K*) with regular vertices. The heavy line here

denotes the strange quark. ¢ stands for Higgs ghost. The similar set of diagrams corresponds to
K- - 7~ =° decay.

~E~E <C
€ g 4F

Fig. 14. K¥ > n°2° decay. Cross terms (with pions exchanged) shou.d be added. Kt - n°z°
is described by a similar set of diagrams.

Fig. 15. K5 -+ a~a* with regular valence vertices. The decay K®-> 2=zt can be described in
a similar way.

FIZIKA 17 (1985) 4, 501—525 513



GALIC: EXCLUSIVE DECAYS OF KAONS IN...

contributing to processes (6.1), however many of the diagrams in which the Higgs-
ghost particle, ¢, propagates are suppressed, and other diagrams group together
in just a few distinctive classes. Still, it might look as a surprise that to the leading
order in 1/M},, amplitudes of all processes in Eq. (6.1) are proportional to just
one single function. .

This effect is a consequence of three different mechanisms. The first one is
related to GFT. Two typical examples are presented in Figs. 16 and 17. The same
mechanism that gave rise to the factorization in the K- yy box diagram, breaks
here the two-loop integrals (l.h.s. in Figs. 16 and 17) into the product of one-loop

Fig. 16. GFT in K - i decays. The indicated relation is exact when terms of the order 1/Mj, are
neglected. R and Q are momenta of outgoing pions.

integrals »joined« by a W-boson propagator (r.h.s. in quoted figures). The factor
1/3 (= 1/N) is related to the number of colors in the model. Indicated relations
are exact in the leading order. The use of GFT in such a way reduces the number
of independent diagrams, relating e. g., the first and the second diagram in Fig. 13.

Fw 1"

—_— '-V= .

h t R | Ik R
= '3— k 4

———, s,
Ir I

Fig. 17. As a consequence of GFT and assumed isospin symmetry, the entire class of diagrams
in Figs. 13—15 give no leading contributions to decay amplitudes. Namely, the amplitude of the
diagram on the r.h.s. is exactly zero in an SU(2) symmetric world.

In addition the evaluation of required diagrams is extremely simplified. The r.h.s.
in Fig. 16 is namely proportional to the product of previously defined functions,
and one obtains

1 :
Hrig.16 ~ g [FE= (@) (P + R)= + FX7 (Q*) (P — R)*] Qs fa (6.2)
In a similar way the r.h.s. in Fig. 17 gives the contribution
1
Mgy ~ 7 Pfi [FP (P (Q — Ry + F2r(PH(Q + Ry].  (63)
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Expression (6.3) can serve as an illustration of the second reason that leads to the
simplification of the final result. As discussed in Sec. 4, one has F?? (P?) =0, and
in addition, since the pions are on mass shell,

P (Q — R)® = Q> — R? 0. (6.4)

Therefore, the »annihilation« diagrams, and those 1elated to them by the GFT do
not contribute to amplitudes of K - &z decays*”.

In such a way the most of diagrams in Figs. 13—15 are either proportional
to (6.2) or, being of the form (6.3), unimportant. It remains to consider the last
two diagrams in each of Figs. 13—15. All these diagrams are characterized by
a direct s - d (or d — s) transition through a self-energy subdiagram. Such a tran-
sition is presented in more detail in Fig. 18. Here one is not allowed to ignore the

e0®00 e,
o DAY

s ue wd s ue. . d

(o) (b)

Fig. 18. The direct s — d transition through a sself-energys loop. In spite of GIM mechanism,
diagrams are divergent and need a renormalization.

Higgs-ghost exchange: Diagram 18(b) is divergent! Therefore only when properly
chosen counterterms are introduced can the values of diagrams with self-energy
insertions be obtained. However, when such counterterms are added, subdiagrams
become not oaly convergent, but lose their dominant 1/M?, part. Thus each dia-
gram with a dircct s -d (d — s) transition becomes of the order 1/Mj, in the valence
model, and does not contribute significantly to amplitudes.

The net result of the above analysis can be summarized as follows. From the
starting 96 diagrams, 64 are suppressed by the presence of either Higgs-ghost or
the direct s - d transitions, 16 diagrams are eliminated by the isospin symmetry,
while the remaining 16 arc all proportional to Eq. (6.2). It is not difficult 1o write
the complete amplitudes now. When all factors 1/3 (from GFT) and +1/)2 (Clebsch-
-Gordan coefficients from some vertex functions) are collected, one obtains in the
leading order

A* =4 (K* —>n+n°)=%X, ~=M(K- >z n°)=—%X,
Al =M (Ks »z*77) ='§-X= A =#H (K, »at=") =0, (6.5
AS, =4l (K = 79 20) = -—-%X, AL, =M (Ky > 20 7°) = Q.

*7 In a model with broken isospin symmetry, some small and probably negligible contri-
bution would survive. The importance of the isospin breaking for K — = form factors is recently
discussed in Ref. 28.
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In an SU (N) theory, the factor 4/3 would be replaced by (N 4+ 1)/N, the factor
—2/3 would become —2/N, while the amplitude 4S_ would remain unchanged.
The unknown function X in Eq. (6.5) is given by

X = !% sin 9 cos & !_/]—i- fa [(nke — m2) FX(mk) + m? FE= (m)].  (6.6)

It can be secn from Eq. (6.5) that A~ == —A*, and that K, — nz decays are for-
bidden as they should be, but this is just a natural consequence of the starting
assumptions. (Remember that the PC conservation was built into the model.)

The real challenge for any model of K decays arc the remaining three ampli-
tudes. From Eq. (6.5) one finds that

2
At =3 A5 = 245, (6.7)

While the function X in Eq. (6.6) depends on the form of the vertex function used
in calculation, relations indicated in Eq. (6.7) are valid for any particular choice
of I'. However, if something weren’t missing in the previous analysis, Eq. (6.7)
would be bad news for the microscopic framework. Namely, the experimentally
measured amplitudes (found from the widths in Ref. 29) are*8

[A*| = 18.3 eV,
|AS_| = 389.1 eV and |4S,| = 372.2eV. (6.8)

So, while Eq. (6.7) predicts the A+ amplitude of the order of A% amplitudes,
experiments show that the latter are enhanced by a factor ~ 20. Does it mean the
end of the valence model? No. In the next section it will be shown that an impor-
tant contribution was missing from expression (6.5), and that its addition can dra-
matically change relations (6.7).

7. Anomalous wvertices

Relations (6.7) are not a novelty. One gets the same ratios of amplitudes in
macroscopic analyses when QCD is turned off. (Compare e. g., with results ob-
tained with vacuum insertions in Ref. 30, and by current algebra in Ref. 31. Coef-
ficients of operators should be set to frec field values.) To change this situation,
in the standard approach one introduces operators dressed by hard gluons.
The same solution cannot be applied in this work. Since I want to use just soft
gluons which never appear explicitly in diagrams, and no hard gluon corrections,
it seems in the first moment that there is no room for a change of relations (6.5)
and (6.7). In fact, it is not so. Let me explain that more thoroughly.

* 8 Only widths are listed in this review. The absolute values of amplitudes can be deduced
using standard expressions (see, e. g., formulae A—7 in Ref. 30).
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The mecchanism by which gluons form the regular vertices is schematically
presented in Fig. 2. Imagine now that still within the confinement radius a direct s -
- d transition has taken place in a valence quark line. This possibility is presen-
ted in Fig. 19. As a result, an effective vertex with a swronge flavor structure would
appear. For the K~ meson, it would be e. g., an anomalous (dx) K~ vertex in addi-
tion to the regular (su) K- vertex. It is important to realize that such an anomalous
vertex is as natural as regular valence vertices once all the soft gluons within the
confinement radius are integrated in. The probability for its appearance might be
very low, but it is certainly different from zero. So, let us concentrate on this pro-
bability.

Weé /d We
1
K s sl v
Wy ° T
u [ i6

Fig. 19. An s — d transition takes place wit- Fg. 20. Gluons emitted from a sclf-energy
hin the confinement radius, which gives rise loop serve as a catalyst and make s ->d
to an anomalous (di) K~ vertex. The strength transitions more probable.

of the new vertex is unknown, the order of
its magnitude is @ = (mx/Mw)? sin ¢ cos 9.

If anomalous vertices are to play any role in K —» =z decays, their vertex
function has to be at least of the order 1/M3,. It is easily seen that otherwise their
contribution would be nagligible as compared to contributions of regular diagrams.
On the other hand, as it was discussed in Sec. 6, the rate for a direct s - d transi-
tion is of the order 1/M3,. However, there is a big difference between diagrams in
Fig. 18 and the relevant subdiagram in the Lh.s. of Fig. 19. While diagrams in
Fig. 18 — as a result of GIM mechanism and renormalization— are really suppres-
sed, the situation is completely changed when one (or any number) of gluons is
emitted from the quark line within the self-energy loop. The GIM mechanism
then breaks, and e. g., the diagram in Fig. 20 has a nonvanishing 1/ M7, part. (This
fact was discovered and used in another context by ITEP group”). So, it appears
that the general strength of new vertex functions is proportional to (mk/M2) sin &
cos #, and not to (mk/M2)>sind cos ¢ as one would naively expect. Therefore
anomalous vertices on equal footing with normal vertices take part in descriptions
of K -z decays and might provide us with a mechanism (within a valence pic-
ture) that could bring ratios of amplitudes closer to measured values.

What is the precise form of new vertex functions? Since weak interactions
were involved in a creations of anomalous vertices, C and P invariance are broken.
However, a combined CP invariance must still be preserved. In a way similar to
the one by which the form (2.1) was deduced, one can now find the most general
Lorentz and momentum structure of the new vertex. The true functional dependen-
ce remains, of course, unknown. For simplicity I will not write down explicitly
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the full Lorentz stiucture of the anomalous vertex function [, appearing in Fig.
21. It will be enough to mention that it has in addition to pseudoscalar, axial-vec-
tor and tensor structure, two novel terms with scalar and vector structure.

It is clear that in a complete microscopic picture, due to a gauge invariance,
one should also introduce anomalous vertices with both gluons and quarks. Once
again, for reasons mentioned in Sec. 3, such structures will be igncred with hope
that some unknown mechanism enables one to deal only with (gq) M (both regular
and anomalous) vertices in weak processes, and to disregard higher states. In Fig.
22 new vertices in a pion system are represented. They also have to be taken into
account when a new set of diagrams corresponding to K - nz decays are drawn.

. d u s [

u d u s

K° E ~ X g s 7 . g
=@(ﬂ\ﬁt =@</\of; =@/\-/:f,/./i é@éﬂ/ﬁ

d d d s

Fig. 21. Anomalous (valence) vertices in K Fig. 22. Anomalous vertices in 7z system.
system, relevant for K -+ zzzz. The constant Here, b = (ma]Myy)? sin & cos 9.
a was defined previously in Fig. 19.

So far only a possibility for an s — d transition was considered. One may think
of a similar 4 — ¢ transition through a self-energy loop, which would create anot-
her set of anomalous vertices (e. g., for K~ meson, a new (5¢)K~ vertex, etc.}, again
of the order (mk/M3,) sin & cos 9. However, it is easy to see that such vertices can-
not contribute to two-body K decays. Furthermore, they are probably much less
interesting: while the magnitude of s - d (and d —s) transitions is proportional
to the degrze of SU (4)¢1avor Symmetry breaking, transitions 4 - ¢ (¢ - u) are pro-
portional to the degree of violation of SU (3)¢javor Symmetry. It is known that the
latter is small as compared to the former. Therefore even in processes in which
diagrams with ¥ — ¢ do appear (e. g., in Cabibbo suppressed D decays), the new
vertices shouldn’t be that important as anomalous vertices contributing to K decays.

There is one point that should be made particularly clear. The anomalous
vertices described in this section are not an artifact introduced to meet demands
posed by experiments. Although their exact strength is dictated by phenomenology,
their existence fits as naturally to a confinement scheme and the valence picture as
the existence of regular vertices does.

8. Results and directions for future work

If one now adds contributions of diagrams with anomalous vertices (Fig. 23)
to the results (6.5), one obtains the ultimate set of amplitudes,

518 FIZIKA 17 (1985) 4, 501—525



GALIC: EXCLUSIVE DECAYS OF KAONS IN...

afy & '==.,° -\ E+=1X, A- = A+
K* ’ * % k!
d N1t d
up=— I A3 =£X+2Y AL_ =0 (81
i u \/ - 3 a o T .
"15. s\
br ~ ~
A;,S;,=—%X+2Y, 3L =0

Fig. 23. The diagrams with ano-
malous vertices contributing to

K* > a*n® decays. Similar sets The function X was defined in Eq. (6.6), while
of diagrams can be constructed Y is given by

for other decay modes.

d4

el ]
(2m)*

Y= Tr [(a T SaTa 4 8T 5 T Sucer y_ir" s‘,]. (8.2)

(a and b are defined in Figs. 19 and 22, respectively.) One immediately realizes
that new diagrams do not contribute to K+ (K~) decays, basically due to the cancel-
lation of diagrams 23(a) and (b). On the other hand, both 4 amplitudes can gain
a significant contribution provided Y function is large enough. The simplicity
of relations (6.5) and (6.7) is to a certain extent lost, but still-three amplitudes are
described by only two functions, and from Eq. (8.1) one can form the sum rule

24+ = AS_ — 48, (8.3)

This sum rule was for the first time derived many years ago in a macroscopic ana-
lysis3?. Here its simple derivation is presented in a microscopic valence model,
with no reference to the current algebra. While incomplete relations (6.7) were in
a heavy conflict with the experiment, now not only the sum rule, Eq. (8.3), but
also the absolute values, Eq. (8.1), are in agreement with experiment, provided

X~10eV, Y~190eV. 8.9

The approach presented in this work doesn’t tell us why the function Y is
so much greater than the function X. One could argue that the integral in Y has a
part similar to one appearing in strong V - PP (e. g., ¢ - 7w) decays, and that
therefore it is so large. However, no firm conclusion can be made in"a model-in-
dependent way, i. e., before some explicit choices for I" and T* were made. Although
the magnitude of Y cannot be predicted, one can accept the values of Eq. (8.4)
and look for consequences in other processes. Large Y suggests, for example, that
decays of a short-lived kaon are enhanced as compared to the decays governed only
by standard vertices. In this second category there are not only K+ — s#+m0 de-
cays, but also many other leptonic and semileptonic decays of kaons, in which ano-
malous vertices are suppressed. In addition, Cabibbo allowed D - K= decays, in
which anomalous vertices cannot contribute in the leading order, should have am-

plitudes comparable 10 A* rather than to AS. What is the experimental situation?
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TABLE 1.

Decay modes Amplitudes (in keV) Reduced amplitudes
Kt - gtn0 0.083 sc 0.0589 m¥k G sc
K% - atn- 1.75 sc 1.2494 my Gsc .
K5 - 7n%%° 1.68 s¢ 1.1953 m} G sc
D* - a*K° (1.20 £ 0.19) c? (0.0158 + 0.0025) m3 G c?
D% 7:"‘1-(_‘ (2.01 £ 0.23) c? (0.0265 + 0.0030) m3 G c?
D% —» n%K° (1.93 &+ 0.51) c? (0.0254 + 0.0067) m3 G c*
D*—+ K*K° (2.70 + 1.85) sc | (0.035 +0.024) m}Gsc
D% > KK~ (3.01 + 1.01) sc (0.040 - 0.013) m3 Gsc
Dt — nta® <26 sc < 0.034 m} G sc
D° - ntn- (1.51 £ 0.76) sc (0.02 + 0.01) m} G sc

The experimental results2®? on two-body decays of pseudoscalar mesons. The reduced amplitudes
(see the explanation in the text) clearly show the dominance of decays in which anomalous vertices
are expected to be important. (G is the Fermi constant; s = sin# and ¢ = cos# are Cabibbo
factors). .

Unfortunately, the momentum transfer Q2 in semileptonic decays is not the same
one which appears in nonleptonic K — nz decays, where Q2 = m?2. Therefore,
without an additional assumption on the behavior of form factors FX=(Q?) for

various O2, one cannot have a conclusive test. In D decays the situation is slightly
different. The experimental values are displayed in Table 1 for both D and K de-
cays. In the second column the various amplitudes are written with Cabibbo angles
factorized. Still, the amplitudes do have a dimension of a mass, and since the re-
levant scales are not expected to be the same in D and K decays, the values in this
column cannot serve for a comparison. In the third column the sreduced« amplitu-
des are listed. These numbers were obtained when the »natural« mass-scales —

% in denominators, and masses of mesons (with an appropriate power) in nume-
rators — were extracted. The reduced amplitudes clearly show similarities in K-
and D decays, and a strong enhancement in K5 decays. It remains of course to
see whether this conclusion survives in a more quantitative treatment*°,

So far, several processes (semileptonic K decays, D decays) were mentioned
in which anomalous vertices do not contribute to the leading order. And when,
in addition to K% — zz decays, could new vertices be important? They can cer-
tainly influence radiative and rare decays of kaons. For example, significant (dd) K-
and (ss)KE vertices could change the free-field predictions for KX - yy decay

* 9 Cabibbo allowed D decays are in the general microscopic picture described by three sets
of (uncalculable) functions, U, V and Z. All are produced just by regular vertices. More precisely,

one obtains B* =.4 (D* »a*K®) ~U + V)3, Bi_ =4 (D° +n*K~) ~ U — Z[3, and
By =#(D° +7°R% ~ (¥ + Z)3 V2. U, V and Z are some combinations of weak decay
constants and weak form factors. The resulting sum rule, B+ — B} . = VZ BY, agrees with ex-
periments (see Table 1).
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(see Fig. 24)"and eventually explain the disagreement between a theory and expe-
riments even without an application of a pole model (see, e. g., Ma and Pramudita
in Ref. 26). In a similar way new vertices will make important contribution to rare
decays. Since both anomalous vertices and bound-state effects (see discussion at
the end of Sec. 5) certainly affect the existing analyses of K — up, K —» vz,
and other rare decays, the restrictions on parameters (such as masses, etc.,) obtained

Fig. 24. K°® —+ yy with the anomalous vertices.

in the standard fashion from these decays might need a complete reexamination. Fi-
nally, another class of processes whose re-analysis can be worthwile are CP-viola-
ting processes in a six-flavor theory. The CP violation can be introduced through
the self-energy type diagrams, and therefore one could expect a simple and model-
-independent (within a valence model, of course) parametrization, that might shed
more light on this important issue.

9. Discussion and conclusions

As mentioned in the introduction, many terms, techniques and results in this
work might look familiar to the reader. Yet a closer consideration shows some im-
portant differences between this work and previous analyses. It was already ex-
plained in Sec. 3 how the valence model used here differs from the usual one. Basi-
cally, Fock states with gluons, and gluonic radiative corrections are excluded.
Consider now some results from Sec. 8. The least original expression is the sum
rule, Eq. (8.3). In fact this relation was introduced more than twenty years ago32),
and has survived through many changes in our views on nonleptonic decays. In
the microscopic approach, even when higher order Fock states and all possible QCD
corrections are included, the same sum rule can be relatively easily demonstrated
(For the related works, see Ref. 33). In macroscopicapproachesit is the consequence
of the lack of the AI = 5/2 terms in the effective Hamiltonian. Note that this sum
rule is determined by the underlying electroweak theory, has nothing to do with
QCD, and therefore is one of the rare results in hadronic physics not depending on
details of hadronization of constituents.

In view of the previous discussion, the question »Why A1 = 1/2 rule is valid?¢
could be restated as »Why are AS_ and A3, amplitudes so close one to another?«.
(The sum rule then ensures the smallness of 4*.) Let us first consider the expla-
nation in standard approaches. The amplitudes are given in terms of matrix elements
of various operators. Without QCD the required ratio is the same as in Eq. (6.7),

A3 _
o= 3 (9.1)
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When the leading logarithmic corrections in the form X, a, (¢ In My)" are in-
troducéd, the absolute value of the ratio changes to?,

|4s_| e + 2,
I A5, | e — 2’

9.2)

which is still not close enough to one. In Ref. 7 it was noticed that the inclusion
of terms 3, b, (g2 In m_)" gives a small but very important change in the effective
Hamiltonian. In the original work? (with vacuum insertions), the new terms were
expected to have large matrix elements due to appearance of some small numbers
in denominators of relevant expressions. Even in approaches based on the current
algebra, the new terms (PENGUIN operators) are welcome; the matrix elements
of standard terms seem to be suppressed in various hadronic models, while such
shelicity suppression«3!> doesn't affect PENGUIN operators.

In addition, new terms have only 4 = 1/2 part. Anyhow, the idea is to make re-
gular operators that predict »incorrect« ratios (9.1) and (9.2) as negligible as possi-
ble, either by making the matrix elements of new operators very large (when va-
cuum’ insertions are used), or by using helicity suppression as big as possible (in
approaches based on CA). In both cases, one remains basically with the ratio
(AS )eencuin/(AS)pencuin, Which is approximately equal to one, and the AI =
= 1/2 rule is satisfied. The popularity and praises to the standard approach can
be related to the fact that one can always choose hadronic model parameters, the
»QCD coefficients«, and other parameters (masses of quarks, etc.) in such a way
that regular operators are suppressed, and the PENGUIN operators have just the
right magnitude to describe experimental values *1°,

A different picture is suggested in this work: the microscopic framework has
quite a small predictive power. It provides a handy (and correct, if the valence model
is correct) parametrization of observed results, but not much more. Too many
unknown facts on the confining mechanism, wave functions and higher order QCD
corrections, force us to use only such a quantitative description of meson decays.
The question arises: how is it possible that the standard approach is free of these
same problems? The answer is simple. By using standard approches one can easily
lose control over various steps in the procedure. Particularly the role of QCD be-
comes unclear once various macroscopic reductions (soft pion techniques, insertions
of poles, etc.,) are used parallel to microscopic analyses (e. g., effective quark scat-
tering amplitudes). So, the suggested answer is that the standard approach is
not free of mentioned difficulties. They are just hidded. The property of the mic-
roscopic picture to expose the problems clearly, should be considered as an advan-
tage, not a drawback. In the microscopic framework,for example, the factorization
of amplitudes (such as one denoted in Eq. (5.7)) is po ssible only when all QCD cor-
rections are turned off. More precisely, though some leading In My, terms might
be. factorizable, the nonlogarithmic terms (which can be of the same magnitude,
and shouldn’t be neglected) do not factorize (see Secs. 3 and 5). Therefore, the
message learned in the microscopic analyses is: QCD corrections (apart from those

* 10 Ope can easily find some other reasonable parameters which do not lead to a satisfactory
explanation of the AI = 1/2 rule (see e. g., Tables 2—4 in Ref. 30). Such parameters are then said
to be sexcluded by experimentss.
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responsible for the formation of bound states), are either unimportant or uncalcu-
lable. In the standard approaches, due to overlaps of various methods and techni-
ques, it is very difficult to present this point clearly. Still, no matter how hidden,
this fact must affect the standard analyses.

The major novelty in the microscopic picture is the way in which the direct
s - d transitions are treated. In the standard framework these transitions are
built into the cruical PENGUIN operators. The coefficients of such operators are
then calculated in the perturbative analysis. In the concept proposed in this work,
the anomalous vertices, created also by s — d transitions, take over the role of
PENGUIN operators. However, the chiral structure of anomalous vertices doesn’t
seem to play any role, while in standard analyses, just the chiral structure was
responsible for enhancements. Furthermore, in the microscopic model the strength
of anomalous vertices can be only determined by comparison with experiments,
while in the standard analyses the relevant coefficients are said to be caulculable.
But the most significant difference between the two approaches is the environment
in which the direct transitioas are placed. In the standard approaches the PEN-
GUIN operators are controlled by a short distance expansion and hard gluons.
On the contrary, anomalous vertices emerge as a long distance effiect within the con-
finement radius. Why do I believe that the soft and not the hard corrections play
such an important role? Let us consider once again the s — d transitions (Figs. 18
and 19). When no gluons are presented, such transitions are not likely to happen
(the probability for a transition is proportional to 1/M$,). So, one needs gluons as
catalysts. However, haid gluons are very rare (compare with the smallness of coef-
ficients of PENGUIN operators). On the other hand, the soft radiation is un-
restricted, and a natural explanation within the context of soft corrections follows
immediately.

In conclusion, the scheme is described in which amplitudes of the weak decays
of mesons can be analyzed at the quark level, with no use of hadronic models or
CA*'', Two types of relativistically invariant vertices appear in the model: the
regular and anomalous (with swronge flavor content). Both arise as a result of QCD
confinement. The phenomenology suggests relatively big importance of anamalous
vertices, and that could affect considerably the analyses of rare K decays. The assum-
ption that higher Fock states and QCD corrections are unimportant isn't so far
in contradiction with experiment, and is on the other hand a theoretical necessity,
but more work is needed to make firmer conclusions.

The approach has presently small predictive power and leads only to a suit-
able parametrization. (However, it is suggested that the same is true for standard
approaches). Still, in many cases even such a parametrization might bring inter-
esting and experimentally confirmable results. The 41 = 1/2 rule is qualitatively
explained as a consequence of soft and not hard corrections. The radical change
in analyses of nonleptonic decays is expected not from a refinement in the treat-
ment of hard gluons (e. g., calculations of some two- or three-loop corrections)
but, on the contrary, from better understanding of confinement mechanisms, and
hadronic wave functions. Only the advance along these lines would enable the
calculation of integrals in Egs. (4.2), (4.4), (6.6) and (8.2), and turn the qualitative
picture presently available into a powerful quantitative method.

*L1 An interesting attempt of a direct calculation (with no, use of C4 or PCAC — however.
within the standard scheme with an effective Hamiltonian) is described recently in Ref. 34,
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EKSKLUZIVNI RASPADI KAONA U »MIKROSKOPSKOM« SUSTAVU
HRVOIE GALIC
Stanford Linear Accelerator Caznter, Stanford University, Stanford, Cclifornia, 94305, USA

UDK 530.145

Originalni znanstveni rad

Uvedena je metoda s kojom se slabi raspadi meczona mogu analizirati bez uporabe
algebre struja, i bez koriStenja bilo kojeg od hadronskih modela. Mcdudjelovanje
mezona i njihovih tvorbenika opisano je pomoéu efektivne teorije polja, s dvije
vrste valentnih vrhova: regularnim i anomalnim. Potonji imaju »pogresnu« okusnu
strukturu. Objasnjenje Al = 1/2 pravila traZeno je u dinamici vezanoj uz velike,
a ne male udaljenosti.
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