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The contribution of chiral anomalies to non-leptonic weak decays of K-mesons
at the quark level has been investigated by taking the At — ¥ x%y decay as
an example. The theoretical prediction for the probability of the K+ — xt x%4
decay with the direct emission of a photon is B(K* — 1t 2%y (DE))anom <
{1.1£0.2) x 107>, This value overlaps itself with the experimental one: B(K* —
=.+.=.oibm\,:=:o3 < (1.56 £ 0.35) x 10~° obtained by Abrams et al. There
has been presented (he critical analysis of the description of non-leptonic weak
decays and the account for the chiral anomaly contributions into these processes,
performed within chiral perturbation theory at the hadronic level with non-linear
realization of chiral symmetry. .

The exploration of the influence of chiral anomalies [1] in non-leptonic weak de-
cays of K-mesons is an important business for a deeper understanding of Standard
model, embodying Standard electroweak model [2] and QCD. Recently within chiral
perturbation theory at the hadronic level (CHPT),, with the non-linear realization of
chiral SU(3)xSU(3) symmetry [3] there were considered the contributions of chiral
anomalies to the K* — 7% x%y decay amplitude, caused by the direct emission (DE)
of a photon. For the definition of the amplitude A(K* — 7+ 7%y(DE)) the authors
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of [3] introduced two new free parameters a; and az, which can not be determined
within (CHPT)y, and must satisfy the restriction [3]

_w+ m.au.lwaw_m 5, :v

imposed by the comparison of theoretical value of the probability B(K* — «*x°y(DE))
with the world-average value of experimental data [4]:

B(K* — 7t 1%9(DE))esp = (1.8 £ 0.4) x 107°.

Since the restriction (1) cannot help to fix these free parameters, so they remain fully
undetermined. Thus from the practical point of view the results, obtained in [3],
one cannot appraise as a theoretical explanation of the K+ — at#x%y decay with a
direct emission of a photcn. Besides this fact there is another reason compeling us to
think, that the results, obtained in ref. [3], are not established good enough. This is
concerning the misrepresentation of the transformation and dynamical properties of
the penguin operator at the hadronic level.

In this paper we repeat the criticism concerning the bosonization of the penguin
operator within (CHPT)y, [5,6]. We analyse the crucial consequences of this bosoniza-
tion by example of the account for chiral anomalies in non-leptonic weak decays of
K-mesons. We give the quark level evaluation of chiral anomaly contributions to the
probability of the K* — «* 7%y decay with the direct emission of a photon, especially
_ to underscore the twist of the mechanism of the enhancement of the Al = 1/2 tran-
sitions in nonleptonic decays, provided by the incorrect bosonization of the penguin
operator used in ref. [3]

The effective weak Lagrangian, obtained within Standard model and governing
transitions with AS = 1 and Al = 1/2 selection rules, reads [7]:

= — ﬁu - * .
LAS=IAIS = ,\mx;sa : Oar=1y2 : + hec, @)

where

Oar=1/2 = C101 + C202 + Cs0s (3)

and C; (i = 1,2,5) are Wilson coefficients being as function of heavy quark masses,
Agcp and renormalization scale g. In the Shifman- Vainshtein- Zakharov- basis the
operators O; take the form [7a]:

O = [57u(1 = P*Yullay* (1 = 7°)d] =[5, (1 = 7)) (1 = 7°)ul,

02 = O + 25vu(1 = *)dllar*(1 = "),

05 = [57,(1 = )N dllar" (1 + 7*)Ad ), ()
where ¢ is a column matrix with elements (u, d, s) such that the every quark flavour
possesses N colour degrees of freedom; the matrices of SU(N). colour group XA (A=
1,...,N? — 1) are normalized by the condition tr.(MAB) = 2648 The symbol :...:
denotes the normal-ordering operation. It should be stressed that the use of the

normal-ordered form of the effective weak Lagrangian (2) is due to the ordinary
requirements of quantum field theory [8].

it
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Now we propose to analyse the transformation properties of the : Oay_q/9 -
operator. For this aim we have to consider the transformation E.ovo.nzmwsmM \mr.m
O n-wco_.mnoa. In order to do it, for the sake of convenience, one can introduce tk
following generalizations of these operators [6]: _ *

012 = 0837 = (d — id™) g, (1 — 1*)eallgr" (1 — 1)< ql+
1,207 (1 = ) gl lgr* (1 = 7°)g] —
— Ofz = d™[lgru(1 = ) qllar" (1 = ¥*)ecq)+
+12(07(1 = 7))@y (1 ~ 2°)q), (5a)

05 = 057" = [g7u(1 = *)CAq)lar" (1 +1°)Aq) —

— 0§ = [g7u(1 = Y )Nglar* (1 + v°)A 2], (5b)
where d® = 2tr(1°{t%,1°}) and & = —1/3 and & = 5/3. The matrices ° (a =
1,...,8) are normalized by the condition tr(t®¢%) = §2¢/2.

It is well known that any operator O° (a = I, ...,8), tra ing li
= 1,...,8), transf >
must obey the following commutation relations [5,9]: : Hemmitig ke (e, Lul:
[Q1(0), 0%(0)] = if***0°(0),
where f%¢ = —2itr(¢4[t*,¢]) and

£(0) = \%a 1q%(0,2) A_Ilw.hv t%¢(0,z) :.

[Q&(0),0°(0)] = 0, (6)

[+9° "

%(0) = \%a “.qio_sv 5 g(0,z) :

mym—._o nrmocwwmao-.mo:@?w:a_.mmranr:&nrmwmdm_grm:Earosongw_-o&mnamwo::

. Now _wn us m<m_:moo.25 ma:.m_-a_dm commutation relations (6) for the :0;:-operators
y applying the canonical anticommutation relations for current quark fields one monm.

/5.6 |
[QE0),: Ota =11 085, Q8(0).: 0%, =0, (7a)
[Q2(0),: 03(0) 1 = i : 03(0)
it
G 7] (01gq[0) = G(0)(1 — +°)t°24(0) : +
e

+4 (1= 77 ) I0): 0)1 +2)e%%9(0) -

(Q4(0).:040) 1 =4 (1= 5 ) (Olgal0) 401 = 7°)44(0): -

1
~4 (1= 37) OO 701 +4°)e%4(0) - (78)
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It is seen that the normal-ordered penguin operator does not transform like (81, 1z),
and only the : O; 3 :-operators have the indicated transformation properties.

In spite of this the authors of [3] insist that the effective Lagrangian (2) "has a
unique realization at the mesonic level to lowest order in CHPT first given by Cronin”

h“ﬂ"—.b&”n\u = = /vm w\:lh <ER.QQOQS + T.O: : Amv
where ) )
Ocr = Fgtr(t5~70,U0* Uty = tr(¢5~ "L, L*) 9

is the Cronin’s operator [11], transforming like (8.,15) under chiral mﬁﬁdxmd@
rotations :
U-U' =g U hm .

By definition {11] we have: L, = —iF2U8,U™, being the (V-A) hadronic current
and transforming like (81,1g), i.e. Ly — L'y = grL,gf, then U = exp(—2i®/Fp)
such that ® = {°®* is the octet of pseudoscalar meson fields, and g;, and gg are the
matrices of the SU(3), and SU(3)r chiral rotations respectively.

By assumption [10,11] the phenomenological constant gs must be fixed from the
experimental data on the K2 — 7+ 7~ decay, i.e. |gs] = 5.1.

Since the operators € : 01 : +Cs : Oy : and Cs : Os : have different transfor-
mation properties, so they cannot be bosonized to the same form with the common
factor gg. The detailed confirmation of this affirmation, performed within current
algebra approach, soft-pion technique and low-energy theorems, one can find in [5,6].

As aresult the effective Lagrangian (8) can be at most the hadronic version of the
Lagrangian :

glEslateli - |@m§s;9 {01+ Ca:052). (10)

In this case the constant gg, expressed in terms of Wilson coefficients [6]"
g8 = Ci+Ca, (11)

is of order unity, and there is not any hidden dynamics being able to provide the
unexpectable increasing of the gg-value up to |gg| = 5.1.

By completing this discussion we should like to emphasize that the inapplicability
of the Cronin’s operator to be considered as a bosonized version of the penguin one is
not connected with the normal-ordered or normal-unordered form of the later. The
main reason of this problem has the dynamical nature [10]. The matter is the Cronin’s
operator governs the K% — 7+ 7~ transition via P-wave-intermadiate states:

(7t 77 [0c |K®) = (xt 7 [(LuL¥)23] KO) =
= (7 (Lu)21[0) (™ (L*)13 K) + (7 [(L,,)2210){0]( L¥)23] K °), (12)

where the matrix elements (7~ [(L*);3|K°) and (7t 77 |(L,)22]0) are saturated by

P-wave intermediate states. It implies that only the vector part of L, gives the
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contribution. In the coitrary the penguin operator has the open S-wave channel,
being clearly seen after Fierz transformations in (4) ,

00 = =4 (1= 7z ) s+ 7)lfa(t ~ 1°)+

H5(1 + 7)1 ~ 7)) + [5(1 +1°)s](5(1 ~ 1))}, (13)
and hence [12]
(wta]: 05 : K% =4 (1- %m (* 7 |dd]0)(0]s7°d| K ) —
—(x* ey d[0){x~ |sul K%, (14)

where the vacuum saturation approximation has been applied [7a,12]. The enhance-

ment of the A/ = 1/2 transitions in the K® — 77~ decay occurs by wvirtue the
saturation of the matrix elements (7% 7~ |dd|0) and (7~ |5u|K®) of the scalar current
quark densities. Within linear realization of chiral SU(3)xSU(3) symmetry these
matrix elements are saturated by the - and x-mesons, being the scalar partners of
pseudoscalar mesons under chiral transformations [7a,12,13,14]. Since the penguin
and the Cronin’s operators govern the Al = 1/2 transitions in the K° — z+z~
decay via different intermediate states, so these operators cannot be identified. Con-
sequently the value of gg (11) cannot be increased at expense of the penguin operator
contribution. The latter 1eans that if the authors of [3] would prefer to approximate
the K+ — x* 7%y decay amplitude with the direct emmission of a photon by chiral
anomaly contributions, so they would have to change the estimate of the a;-parameter

values, i.e. .
5.
P> 15
N Ci+Cy (15)

instead of a; < 1 [3], admitted in accordance with the bosonization ‘procedure, pro-
posed by Pich and de Rafael [15] and leading to incorrect bosonization of the penguin
operator [16]. -

Now let us proceed to the quark level evaluation of chiral anomaly contributions
to the K* — 7*x0y decay. The diagrams describing this decay are depicted in
Figs.1 and 2. The pole-diagrams in Fig.1 involve the transitions 7+ — ataly K+ —
K+*7% and K+ — K%xty being determined fully by the anomalous vPPP-vertices.
This is due to the form factors of the VPP-interactions, vanishing at low-energies [17].
The diagrams in Fig.2 contain both anomalous and non-anomalous contributions. We
are picking up only the anomalous ones.

First let us regard the contribution of diagrams in Fig.l. By keeping only the
chiral anomalies of the 7yPPP-type, one obtains

\:s.+ :Vv - qﬂ+Aﬁ+vﬁcAEOv4Avi=:ea =

AKH (p) — K¥(p4)7° (P0)1(9))anom =

€

= N»‘ﬂmiaumﬁiwuumnu_ (eoi23 = 1),
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Fig.1. Feynman diagrams, describing the (7, K')-pole contributions to the Kt — xtoy
decay amplitude with the direct emission of a photon.
A
K
7
.,,..b,.
Y
Fig.2. Feynman diagrams cf the structure part of the K* — xt 7%y decay.
\2?4@& % ~Acﬂvcvac€oviiva§5 =0. (16)

Now we have to avaluate the matrix elements of the K+ — % transition. By using
the results obtained in ref. [18] one gets at the leading order in large N expansion

(r*(p)] : O1,2: |K*(p)) = 2F5p
+ 2.2 2p’
(x*(p)|: Os : |KH(p)) = —8Fg9° {1 + vk (17)
1
where © = —(0|dq|0)/F2? and A, is the slope parameter. In Chiral perturbation
theory at the quark level (CHPT)q [19] these parameters are fixed in terms of chiral

symmetry breaking scale A, = 0.94 GeV and the constituent quark mass m =0.33
GeV, calculated in the chiral limit, i.e. o

5= 4ml (m)/F} = 1.92 GeV, A, = (2m#)"/? = 1.13 GeV (18)

and

3 [d% 1 3 5 Ay
fi(m) = :i\ﬂmy.ﬂﬂn 6r2 Tmls :AI% |
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As a result we can write down the contribution of the diagrams in Fig.1 to the
K* — 7t 7% decay amplitude:

) GF ... 1
AK* (p) = 7 (04 )7° (Po)1(9)) Fig.1a = &S.S&SW e
2 =2 wﬁw« € u v, a B
x [(Cy + Co)mg ~ Csdv® | 1 + A2 M_..mwﬂa:;nm (9)Pipse”,
-+ + ()0 = _Gr. 1
AK™T(p) = 77 (p4)7" (Po) V(D)) Fig1s = ——= Vi, Vua— X

V2 ““mk —m2
x [(Cy + Cy)m? — Cs4%? O + .szv e euvase (P4 PS¢,
AZ }| 227F,
AK*(p) = 7 (p4)7°(P0)7(9)) Fig1c = 0. (19)

The total contribution of the diagrams in Fig.1 to the K+ — 7+ 7% decay amplitude
sums to the following expression

A(K*(p) = 7 (p1 )7 (po) (@) Fign =

Gr_,. . . 842 e v ]
,\m<§<§ A N+ C—C >|wv gf%%@?um%. (20)

It is necessary to remind that this result is obtained in the leading order of both large
N and chiral expansions. Also it is safe to say that this result is the model-independent
one, being fully determined by the transformation properties of the starting effective
weak Lagrangian (2).

To confirm our affirmation, concerning the incorrect bosonization of the penguin
operator within (CHPT)y, which results the incorrect account for the chiral anomaly
contributions, let us compare the factor

mrw
Q_+Q~|Quﬂewuv ) (21)

produced by the structure of the Lagrangian (2), with the corresponding factor, com-
ing up in the K — a+7~ decay amplitude. The K° — ntx~ decay amplitude,
evaluated with the help of the Lagrangian (2) in the leading order of large N and
chiral expansions, takes the form [18]:

=2
W\—ANﬂo l.v q_.+a.|v HQﬁa\hu«\:lmuo AQ_ +le Qmﬂ»'dn.v T:w« l ﬂ:wV. Awmv
v, H

It is seen that the factor

. 42
Ay

in (22) differs from the factor (21) in (20). It means that in [3] there is incorrectly

obtained the eflective Lagrangian (see the formula (10) in [3]), having the form

Ci+Co— (23)

)

DMH_I mm. ﬂnﬁ ;\ g:\su . .o .+..|. +
NL::. = lﬂlf\l.lwla\:m«:&.emA \u\:\nwzq_‘ N aam™ + ...
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where F,, = 944, — 8, A, is the electromagnetic strength tensor. In this expression
the factor gs is just the same, determining the K — x+tx~ decay amplitude via the
Lagrangian (8)
W\i © — wta") = GV, Vuags(mk — m?)

in (CHPT),. This incorrect result is, of course, the consequence of the misrepre-
sentation of the transformation and dynamical properties of the penguin operator at
the hadronic level, i.e. the use of the Cronin’s operator for the bosonization of the
penguin one.

Now let us proceed to the evaluation of the diagrams in Fig.2. These diagrams
describe the structure part of the K* — nt7% decay amplitude, containing the
matrix elements (yx%xt|: O; : [K*). However in this paper, as has been emphasized
above, we are keeping only the anomalous parts of these matrix elements, i.e. the
quantities (yx°x*|: O; : |K *+Yanom. By using the vacuum saturation approximation
{7a,18] we can present the matrix elements {(y7°7| : O; : [K*)anom in the form of
the following decompositions

(7°7*]: 01 ¢ |KF Yanom = (yat i, d|0)(x|5v" u] K +)+
0w [, d0) (71577 ul K ) — (e, wl0) ({5 L),
(%71 02 : |K ) anom = (17°7t] - Oy 2 |KF ) anom+
+2(y7° @y, u + dy, dJ0)(x* |5y d| K ),
F070T]: 05 11K * Y anom = (el d0) (a5 ul )+
+(ymOmt @y®dl0) (0157 ul K *) + (x°)dy P dj0) (yxt |53 d] K ). (24)

Let us write down the analytical expressions of the matrix elements, incoming to the
r.h.s. of the formulae (24) {12,18}:

e

(@™ i1 dl0) =~ g ()

1 e . «
ﬂm.gfs%\ (9)p°d",

(Dl u| Kt (p))

i, e { a
O (po)linul0) = =52 cuane (D54’

(1(@)7° (po)lity, u + dy, d|0) = J_Iamlm,ms.s%:%?uu (25a)
(2 (o)l ul K+ (p)) = -wf PO,
(7°(po)mt (p4)]a7.dl0) = —V2(py — po).,
(w30 dIK¥(p) = ~(p + P4 )i (25b)

iV2F, v*

(D)7 (po)ls7*ul K+ (p)) = 3 >w>:,.,+§ — K (p)7%(po)7(9))anom.

¥
3
%

e
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. iV2F,
(1(@)7° (po)* (p4 ) |iir° d]0) = I%QHR?JE = 7 (p1)7°(p0)7(9)) anom;
1
(@) ¥ ()57 d K (p)) = 0; (25¢)
(7* (p4)l@r°d|0) = (0|57°ul K *(p)) = ~iVZFys. (254)
By using formulae (25) we can find the following matrix elements
. .
A.w:z.oa.+— 10y : _~ﬂ+va:e3 = lﬂgattnumrAav@u.vwnb.
€ O
A\v\s.cs.+_ 10y :ﬂ+va=e~= = lw#ﬂnﬁe mttauatﬁnvﬁﬂﬁo Qm<
1692 e
A\\s.cs..f_ 10s: _~A+vn=e§ = |l>w||§a§5uatﬁcvmvt+ﬁm~ m. Awmv

As a result the contributicn of chiral anomalous parts of the diagrams in Fig.2 is given
by the expression

A(K*(p) = ¥ (p4)7°(p0)Y(9)) Fig.2, anom =

Gr.. , 1652 e «
= a\M«\ES& Aqﬁ; +3Cy + Qm.l\ﬂmlv Nﬂulmucm:;umtgvu“ﬁo 7.

27

By summing up (20) and (27) we can obtain the total amplitude of the K+ — 7+ %
decay, caused by chiral anomaly contributions, i.e.:

A(K*(p) — 7+ (4)7°(P0)7(9))anom =

ViVl 0C +5C0) i mase P (28)
Since the Cs-coefficient is cancelled out, so the penguin. operator does not contribute
to the anomalous part of the K+ — 7+ 7%y decay amplitude at alll

It means that the mechanism of the Al = 1/2 transition enhancement in the
K° — 77~ decay does not relate to the mechanism, governing the anomalous part
of the K* — x+#% decay with the direct emission of a photon.

Let us estimate the contribution of chiral anomalies to the probability of the
K% — at 7% decay with the direct émission of a photon

B(KY — 7t i®Y(DE))anom = Tic+|GFV], Vua(9C) + 5C1)|* x

m
X|IQ|\ ds s(1 — am?[s)3*(m} — 5)% = (1.1£0.20) x 1075,  (29)

32148 FZm3 am?2
where 72} = I(K* — all) = (5.32£0.03) x 10-'7 GeV [4), |GFVy, Vua| = 2.5 x
1076 GeV~2, mg = 0.50 GeV and m, = 0.14 GeV, ¢, = 1.262 and Cy = 0.063. The
uncertainty (+0.2) x 1075 is due to the theoretical uncertainty of (CHPT)q, being
equal to 20% approximately [20]. The Wilson coefficients C; and (', depend on the
tenormalization scale yi, and the numerical values C; = 1.262 and 'y = 0.063 are
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obtained it = A, = 0.94 GeV [21]. It should be noted that the numericai values of Cy
and Cy are found at the complete neglection of the penguin diagrams contribution,
ie. Cs = 0, which gives C; = C_/2 and Cp = C'4/10 such that C-C% =11[7,20].
The account for the penguin diagrams contribution to the (V-A)x(V-A) four quark
operators yields to the change of the coefficients 'y and C, by following way [7,20]:
Ci=C_[2— C_/2+4Cs and Cy = C4+/10 — C4/10+ Cs. Since C5 < 0, so we rmuo
obtained the upper bound of the chiral anomaly contributions to the K+ — 7t a0
decay with the direct emission of a photon. .

Now let us compare the theoretical result with experimental data. In Particle
Data Group [7] there are quoted three experimental results

. 2.05 4 0.46333 ,  (Bolotov, 1987)
10® B(K* — at2°y(DE))esp = § 23£3.2, (Smith, 1976)
1.56+0.35+£0.5, (Abrams, 1972)

The world-average value is [4]
B(K* — 7t 1°¢(DE))expwav. = (1.8£0.4) x 1075,

Our result is in agreement with those obtained by Abrams et al. and Smith et al.
With the result, obtained by Bolotov et al., there is the agreement within two standard
deviations only.

By using the results obtained both in the present paper and in ref. [22] one
can conclude that chiral anomalies play a dominant role for the description of the
K+ — 7tn%y(DE) decay. To our point of view, the present experimental data on
this decay are not established good enough to be compared with theoretical results
and must be revised. Of course, this proposal can be said out within the theory not
containing low-energy free and ill-determined parameters like gg, ai, etc.

In the conclusion we would like to repeat that all shortcomings of the paper {3]
are connected with the misrepresentation of transformation and dynamical properties
of the penguin operator at the hadronic level, i.e. the use of the Cronin’s operator
for the bosonization of the penguin operator within non-linear realization of chiral
SU(3)x SU(3) symmetry, i.e. within (CHPT)n. The incorrect bosonization Ow. local
four-quark operators [15], exploited in ref. [3], has led to the misrepresentation of
the mechanism of the K+ — wtx% decay with the direct emission of a photon.
In fact as has been shown above the penguin operator does not contribute to the
Kt — n+x%(DE) decay amplitude, caused by chiral anomalies. It means that the
mechanism of the enhancement of Al = 1/2 transition in the decays K® — at7~ and
K+ — n+x%(DE) are different. The continuation of the use of the Cronin’s operator
for the description of the enhancement of the Al = 1/2 transitions in non-leptonic
weak decays will lead to new delusions. .

It is necessary to draw attention to the attempt of the bosonization of the penguin
operator, undertaken in ref. [23] within Chiral theory with non-linear realization of
chiral SU(3)xSU(3) symiaetry. The result of this version of the penguin operator at
the hadronic level differs from the Cronin’s operator, and presents the direct substitu-
tion of current quark densities g(1+7%)q’ in the formula (13) into hadronic densities,
constructed in terms of U-fields and its derivatives. Unfortunately, this attempt can-
not be appraised as successful. Indeed the matrix elements of this hadronic version
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of the penguin operator satisfy the low-energy theorem

lim (7* (r4)7~ (2 )|Os1K°(p)) = (= (P)IO5| (o),

P40 0

being incorrect for the matrix elements of the penguin operator obtained at the quark
level within current algebra approach [5,6].

So we must conclude that the results, obtained on the basis of the bosonization
procedure, proposed in [23] and leading to the incorrect hadronic version of the pen-
guin operator, are not good established and demand revision.
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