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Role of charm in the decay ofB mesons ton'K
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In this Brief Report we focus on the calculation bf,), the amplitude of thedc)— (gluons)— %’ transi-
tion, which provides the magnitude of the contribution of the Cabibbo favbredcs elementary process to
B— 7'K decay. It is found thaf f]?)= —12.3 to —18.4 MeV on the scale afn.. This number is in strong
contradiction with the estimations of Halperin and Zhitnitsky but almost in agreement with the phenomeno-
logical analysis of Feldmaat al, Petrov, and the estimations of Adi al. [S0556-282(99)03501-9

PACS numbses): 13.25.Hw, 12.38.Lg, 14.65.Dw, 14.70.Dj

I. INTRODUCTION Using the datg1.1) it is foundff}?)z140 MeV (“expt”).
o This value perfectly coincides with estimation of Halperin
Recently there has been a great theoretical intgBest3  gng Zhitnitsky[3]:
in the recently released experimental data on the branching
ratios of the decays d—K#' [1,2]: f=(50-180 MeV. (1.6)
n
+ "ty (@ et L1565, -5
B(B™—7'K™)=(6.5-13+0.9 %10, (D On the other hand, a recent phenomenological study placed a
B(B%— 7'K®) = (4.7f§j8i0.9)>< 10°5. bound on ff}?) , hamely —65 MeV$ff7?)s 15 MeV, with
(1.2 ff}?) being consistent with zero by analyzing tQ# evolu-
tion of the 'y form factor [7], and more recently it was

In the standard model the Cabibbo favoted-ccs elemen-  ogtimated from observed ratio af decay toy’ and 7, the
tary process may be followed by conversioncaf pair into value of f © = — (6.3+0.6) MeV [8]. Other similar estima-
7

7' through the gluons. The amplitude of this process is de-, . © , }
tion which leads tdf”, |<12 MeV was made in13]. Ali

scribed by
et al. considered the complete amplitude for the exclusive
Gr o B-meson decays, including’ K channels, where it was com-
M:E\/cb\/gsal( 7' (P)[Cy,¥sc|0) bined the contribution from the proces®—s(cc)
—s(gluong—sz5) with all the others arising from the
X (K(q)[sy,b|B(p+q)). (1.3)  four-quark and chromomagnetic operators, as detailed in

their paperg5,6]. Their estimations gavéf ,(7?)|25.8 MeV

©_ _31(— i —
Kobayashi-Maskawa matrix elemengs,= 0.25 phenomeno- [5] and fy 3.1(=2.3) MeV (for m; in the range 1.3

logical number obtained by a fisee[3] for the references 1.5 GeV [6], In agreement W'th the)anaIyS|L<7]. They
The matrix element stressed the importance of the &gnféf and found a the-

oretical branching ratio in the range

Here G is the weak coupling constany.,, Vg, are

(' (P)[Cy,rscl0)=—if"p, (1.4

is nonzero due to the virtualc— gluons transitions. Cer-

tainly, this matrix element is suppressed by the4factor. ~ Which is somewhat smaller than the experimental @n#).

However, because of strong nonperturbative gluon fields tolhe similar analysis made iri0] leads the authors to con-

gether with the Cabibbo favoreb—c transition the sug- clude thatf 7(7?)= —50 MeV may provide the explanation of

gested mechanisitl.3) can be expected to compete appre-the data.

ciably with the other mechanisms of ti&—K»' process Having this situation, it is important to recalculatéf) !

[9,12]. _ to clarify the mechanism oB—K#' decay in the similar
If we assume the dominance of the mechaniamd) the  framework performed by Halperin and Zhitnitskg].

branching ratio is written in terms dffyc,) as[3]

B(B—7'K)=(2—4)x10°,

£© Il. CALCULATIONS OF ')

2

Br(B—Kn')=3.92X 103(1 Z;ev) : (1.5 The symmetry of the classical Lagrangian may be de-
stroyed by quantum fluctuation§5—-17. In gauge theories
the axial anomaly arises from noninvariance of the fermionic

*Associated with ICTP. Permanent address: Theoretical Physics
Department, Tashkent State University, Tashkent 700095, Uzbeki-
stan. 1The details of the present calculations are givefli.

0556-2821/99/58)/0375014)/$15.00 59 037501-1 ©1999 The American Physical Society



BRIEF REPORTS PHYSICAL REVIEW D 59 037501

measure against axial transformations in the pa.th integrals Qfetlls+imcll must be regularized in the standard manner as
the theory[18] (see also Ref[19], concerning higher-loop

correction$. The present problem is intimately related with
where M is the regulator mass. Equatidg8.4) must be a

. P+im)(p+iM
this phenomena. def|P+im,|— de ( (P )
gauge invariant function of the gauge fieddand therefore

(p+img)(P+iM)

In the following we will work only with the Euclidian
QCD2 In the Euclidean QCD the axial anomaly in the light
guark axial current in chiral limit reads

g2 must be expressed through the gluon field strength tensor and
aﬂ,p;fyw#,pf: —ij ﬁeé, (2.1) their covariant derivatives.
We will follow the operator method proposed by Vain-

. . , shteinet al.[20] in the same line as ifB3]. The key ingredi-
where s is the light quark field {=u.d,s) andg the QCD ot of this method is based on an assumption of a possibility
coupling constant. G=€"""G],,Gy,,, whereG}, is the  of an expansion of Eq2.4) overgG/mZ. We will take into

The situation with heavy quarks is very different, sincegq. (2.4). We start from the calculation of
we must take into account the contribution of the mass term.

The divergence of the axial current of charmed quarks has a H(x) = 2mu(x|Tr 75(I5+imc)‘1|x> (2.5
form:
1 -1
) 92 . = —2im%(x|Tr ys| P2+ m2+ EUgG) |X)
d,C"y,ysC=—Ii WGGnL 2m.c' ysc, (2.2

=H,(x)+H3(x)+0(g*G*), (2.6)

The first term in Eq(2.2) again comes from noninvariance
of the fermionic measuréor in other words, from Pauli-
Villars regularization. The main problem here is to calculate —_9im?2 2, 2\ -2
the contribution from the second term in E8.2). It is clear Ho00) = = 2ime(X|Tr y5(P*+m;)
that this one is reduced to the problem of the calculation of g s 2 g
the vacuum expectation value of the operatar.2'ysc in X50G(P*+mg) 5 0Glx) 2.7
the presence of gluon fields.

In the path integral approach the calculation of the contrignd
bution of this term to any matrix element over light hadrons
may be considered in sequence of the integrations. First the H3(x)=2im§<x|Tr ys(P2+ mﬁ)*2
integration overc-quark is performed, and the next step is
;_he ca!culatlon of the integral over gauge gluon field and Xga_G(P2+mg)flga_G(PZ_{_m(Z:)fl
inally integral over light quarks. 2 2

We consider here the first step: the integration ower

where

quarks. We define XgUG|X>- 2.8
<2mcc*(x)y5c(x)>=f DcDc2mcf(x) yse(x) Here6G=0,,G,,.0,,=({/2)[y,.7.].

It is straightforward to calculatéi;(x), since we may
b neglect the noncommutativity of the operators in E28)
><exp<f c (|V+|mc)c>. (2.3 and replace® operator by in Eq.(2.8). In that case we may
use the evident formulas,

HereiV= Yu(id,+gA,) and we introduce the operatéy, 1 d*p 1
and p, which are defined in the coordinate space as <x|ﬁ|x)=f v Ry a—
(leﬂll)L/):iVMé(x—y) and (x|p,ly)=id,8(x—y). It is (p=+m) (2m)" (p=+m°)

clear that the formal answer for the path intedaB) can be =(2*74(n—1)(n—2)m2"-2)~1
written in the form

. Tr vs5(0G)3=i25tr,GGG,
(2meeT(x) yse(x)) = 2m, def|P+im,| 7 ¥

whereGGG=G,,G,,G,,. We get

X(X|Tr y5(P+img) "x) (2.9 vPpk
3
. g ~
H3(X)=—i =52, GG GE. 2.9
3( ) 243772m§ abc ( )
2We are using here the convention of the Euclidian Q®Rj,
=Xga, Xmi=Xeis Awo=iAgs, Awi=—Agi, u= e, JM:%, The calculation oH,(x) needs much more efforts. First
Ym0~ YE4 ’)’Mi:i'}/Ei y YM5= YE5- We W|" Omlt index E. Of a." we represent the’G(P2+ mg)il |n the form
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oG(P2+md) 1= (P2+m?) oG+ (P?+m?) "4 P2,6G]  (2.16 may be easily translated from Euclidian to Minkowski
space accordingly the above-given prescription. For

2\ — ~ ~ ~
+(P#+mg) [P [P%0G]] instance [(G*G%)e—(G%GYy] and [(fanG*G°G)e
+o 210 ——(fapcG*GPG)y], which lead to

2
The routine calculations of the commutators in E2.10 2 c(u)_ 9 aga /
lead to mn’fn' <0|16’7T§(G G )M|77 > (217}

[P2,0G]=V26G+2iP,V,0G, (2.1) and

P2,[P2,0G]]=V*sG+2iP (V V24 V2V ) oG g° ~ ,
[ [ (oa ]] g a( )0' mirf(,;r):<O|m(fachaGbGC)M|77>- (21&
+(20)?PGp,V ,0G ¢

+(2i)2PaPﬁV,gVaoG- (2.12  The phenomenological way of the estimation of ﬂfyé) is
the application of the QCBQED axial anomaly equation
Other higher commutators lead to the terms oi@¢6G3) in  together with data om’ — 2y decay leads to
the expansior(2.10 and may be neglected. Following the

arguments of20] we may neglect also the terms which con- f;”,):63.6 MeV, (2.19
tains single operatoP, . The reason is that the matrix ele-
ments which was used ii6]. On the other hand the calculation of
the matrix elementg2.17), (2.18 may be reduced to the
(X|(P2+m2)~"P,|x)~V G calculation of the correlators
By using the Bianchi identity it is easy to show that (GAGA(X)GAGA(Y)), fap G GPGo(x)GAGA(y))
V?G,,=1(Gu,Guu+GuuGra) = V.V uGau=V, VoG s respectively. The calculation of the correlators are naturally

(213 performed in Euclidian space. These correlators have almost
the same dependence on the large relative distamcey|

and the ratio of these correlators become almost constant, at
least in DP chiral quark mod¢R2,23. So, in this model,
which was successfully checked by the calculation of the

It is evident that the terr¥*o'G is order ofO(G®) and may
be neglected. Collecting all of th®(g?G?) and O(g>G?)
terms inH,(x) in Eq. (2.7), we get

ig? ig? axial anomaly low-energy theoref21] in chiral limit, the
Ho(x)= ﬁGaGaJr mfachaGch- ratio of Eqs.(2.18 and(2.17) is equal to
(2.14) f(nC,) 12 1 ( @
—“m=— =2 =—>~—0.1. 2.2
Finally fnu,) 5p° 6m;
ig? ig® Herep is the average size of the QCD vacuum instantons, for

— ~ —~b
H(x)= 57—5G°G*~ mfachaG G® (219  \which phenomenological analysis, variational and lattice cal-

culations showed that
We neglect here the small contributions of the terms like
V.V.Gia-

As expected, the first term iH(x) cancels with the first and we used this value for the estimati@20. So, By

term |nf th.(2.2), which |§ trr:e contnbut:ondfrom rk:onépvarl- taking into account the estimatiof2.19 [we usem,(su,
ance of the measure and the rest part leads to the |vergengemc)21_25 GeV on the scaley,~m. for the numerical

of the c-quark axial current in the form estimate} we find

p=1/3 fm, (2.20)

ig®

~ (c) _
_ f GaGbGC. fi'=—6 MeV. (222
253 72m?2 ab¢ 7

<‘?MCT(X) ¥, Y5C(X)) =

(2.16  This number is close to the one [&], |f7(]?)| =5.8 MeV and
We would like to stress an attention that our answer fort.he sign and the order of the value coincide with the estima-

T X . tions of[6,8,13.
f—laaﬁge(r)i(rz)gln)cljscz(r)l(i?[%igkf[ef]lmes less than was calculated by Recently, Shuryak and Zhitnitsk¢] performed direct nu-

. . merical evaluations of the various correlators of the operators
We apply this result to the calculation of ttfeflc,) and b

2~a/ca A3 a~berc : e
G?G?, g°f,pG?G G in the Interacting Instanton Liquid
compare with the analogous quantit§’’, which is defined l%l/lodel (IILgM ;bgrheir calculations lead tog g

in the similar way ad ,(;’) in Eq. (1.4). These quantities cer-
tainly are defined in Minkowski space. Equati¢h1) and (0|g%G3G? ')=7 Ge\ (2.23
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(which leads tof ;= 48.3 MeV) and

|<O|93fachaébGC| 77’>|

2
|<0|926a'éa|77/>| (1.5-2.2 GeV. (2.29

The later is somewhat large than their simple estimate fo
this ratio of matrix elements

12

= <i>~(1~1.5) GeV-.

5 /)2 (22'2253

With the use of Eq(2.24 [instead of the factor 12/8 in
Eqg. (2.20] we arrive at

f(C)

f(—”u:)=—o.17 to —0.25. (2.26
n

This ratio givesf 7(7?) =—8.2~—12.3 MeV at the scale of the

size of the instantom,~p~ 1. The abovementioned experi-

mental numberg¢l.1) are given at the scalg,;~m;, which

is different from the scale of this instanton calculation. The

account of the anomalous dimension of & GG operator

leads to correctiof4]

o (ma=mo) =15 (puo=p™". (227

The account of this scale factor leads to

PHYSICAL REVIEW D 59 037501

f(u1=mg)=-12.3 to —18.4 MeV. (229

Hence, using Eq2.24), the result of more sophisticated cal-
culations of Shuryak and Zhitnitsky, we get the number
%2.28) which is 2-3 times larger than simple estimation
2.22.

These number$2.22), (2.28 are in agreement with the
phenomenological boundg,13] and almost in agreement in
the sign and the value witf6,8] but six—ten times less than
the estimations given bj3] (see alsd4]).

By using the numerical analysis of the branching ratio for
B*— 5'K™* given at[5] (Fig. 17 of[5]) we expect that the
value offfﬁ) given in Eg.(2.28 may provide a more satis-
factory explanation of the experimental dat&Ve reserve
this investigation for the future publication.
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3Quite recently Cheng and Tsefiyl] concluded an impressively
good explanation of these data using our va28 for ffﬁ) .
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