PHYSICAL REVIEW D, VOLUME 58, 054004

Intrinsic charm of light mesons and CP violation in heavy quark decay
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We investigate the impact of intrinsic heavy quark states on predicted val@&B aEymmetries in decays
of heavy mesons. It is shown that the intrinsic charm contribution, although dynamically suppressed in QCD,
is favored by the weak interaction, and therefore it can significantly dilute the predicted val0@&s\ablating
asymmetries. This introduces an additional nonperturbative uncertainty into the estimate df 8ieotating
effects. We provide a phenomenological estimate of the intrinsic charm contentamid ' mesons by
expanding various amplitudes in terms of the heavy-light quark mixing angle and discuss theoretical uncer-
tainties in the estimates of dire€tP-violating asymmetries iB— ('K ("), [S0556-282(98)03815-§

PACS numbse(s): 13.25.Hw, 11.30.Er, 12.38.Lg, 14.40.Nd

I. INTRODUCTION These asymmetries have been calculated for a number of

final statesf, such aB—KK,K, etc.

Heavy quark decays offer a wide array of methods for |t is plausible to assume that while the BSS mechanism
testing the standard model and searches for the signatures @es represent a way to produce a nonzém-violating
new physics. In particular, they proved to be a powerful toolygymmetry, the soft nonperturbative effects might produce
in the studies of the weak mixing matrix and prepare a fertilg,ger final state interactiofFSl) phases in the exclusive
ground for the exploration of the smallest Cabibbo-y,qgitions, thus introducing a nonperturbative uncertainty to
Kobayashi-MaskawdCKM) matrix elementsV,;, and Vi the calculation of the asymmetry of Ed). For example, the

323(’)?&2“?2&?32%’ disrtelzjgj:lI%SVSIZtiVoIr?l?nt\l/%rll\./eTshfo?nbsaﬁz: rescattering of physicahadrons produced in the reaction
9 P Q_rovides an additional source for the FSI phiae5].

sons of the partial decay rates of charged mesons. As a r S
sult, the necessary requirement is a possibility for two Here we s_hall argue that soft FSI co_ntrlbutlons_dc_) not
distinct pathwaydi.e., amplitudes with different weak and exhaust the list of possible nonperturbative uncertainties of

strong phasedo reach a given final state. It is realized, for A‘é”p The Fock state expansion could include a nonvanish-
instance, in thed decays to the final states not containing ing contribution of the heavy quafke.g., charmstates to the
charmed quarks. In this exampl€,P violation can occur light meson's wave function. Although higher Fock state
either from the interference of the tree-level and penguirfontributions are dynamically suppressed in QCD, weak
amplitudes, or from the interference of the penguin amplidtransitions of theb quark to the heavy quark states are
tudes with different quark flavors in the loop. The strongCabibbo favored. Therefore, the weak interaction selects in-
phases are generated by allowing internal quarks in the peitrinsic charm states of the light mesons making their contri-
guin loop to go on their mass shells by virtue of the so-callecbutions competitive with the diredi— u transitions to the
Bander-Silverman-SonBSS mechanisnil]. It is expected |eading Fock states of the light mesons. We admit that the
that the resulting strong phases for different amplitudes arghtrinsic charm content of light mesons is considerably diffi-
different, in the first case because tree-level graphs do najult to estimate. However, at least for a particular class of
produce perturbative strong phases, and in the second casight vector and pseudoscalar mesons this contribution can
because of the different mass thresholds for different quarke phenomenologically accounted for by allowing the “mix-
species in the penguin loop. ing” of the heavy mesons with hidden charm with the light
Let us consider a process governed by the qumrks mesons bearing the same quantum numbers. For instance,
transition to a given final state. In general, there are two there is a nonvanishing probability for the mixingdf and
distinct ways to reach: by the tree-leveb—uus amplitude ¢, 7., andz’, etc. In what follows we consider the possible
orby a penguirb—>sqatransition. It is clear that the tree- effec'gs of_ intrinsic heayy quark states of light mesons on
level amplitude is proportional to the CKM matrix elements C P-violating asymmetries. _
V*.V,s and thus Cabibbo suppressed as it scalea‘ai The paper is organized as follows. In Se_c. Il we con§|<_:ier
Wolfenstein parametrization. On the other hand, the Ieadin% upper bound on th? value of the he_av_y—ll_ght guark mixing
penguin effects, although suppressed by loop factors, sca gle. In Sec, Il we discuss how the intrinsic charm content

asVi Vs, or N2, This makes the tree amplitude comparabIeOf the light mesons affects dire@P-violating asymmetries

in strength with the one-loop penguin diagrams, thus enh‘,jmcc:_oncentratlng on the phenomenologically interesting transi-

ing the interference term and allowing for sizable tions B— 7 )K™). We summarize our results in Sec. IV.
CP-violating asymmetry

II. HEAVY-LIGHT QUARK MIXING

dir __ I‘Eﬂfi_ 1_‘B~>f

A= (1) There are many possible approaches in QCD that account

g7+ FBHf. for the intrinsic heavy quark states in light quark systems. It
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is therefore reasonable to employ a phenomenological de-scription of the mixing, extracting the values of the mixing angles
from the experiment. These values can be later compared to the results obtained using various models. Let us parametrize a
mixing of the heavy and light pseudoscalar mesons in terms of the following matrix:

7' ap—bp cp—dp
n = _Cp_dp ap+ bp
Ne Sin ap COSpp  SiN ap SiN ¢p

where ap=coS(ap/2)cosbp, bp=sir(ap/2)cos(2pp—6p),
cp=coF(ap/2)sinbp, and dp=sir?(ap/2)sin(2pp— bp).
Here 7y, ng, and 5.y represent the flavor SB) singlet,
octet, and purec states, respectively, ang, 7, andz, are
physical states

1 - —
=—|uu+dd+ss),
|770> \/§| >
| 7e)= — |+ dd—259 (3)
=—/|uu —2s9),
778 \/6
|77c0>=|C€>'

The mixing anglesyp, 0p, and ¢p have a simple physical

meaning[6]: ap represents an “admixture” of the heavy
guarks to the light oned)p represents a mixing of the light

guarks among themselves, ad gives a light quark S(B)

admixture to a heana state. It is clear that one recovers a

standardn— %’ mixing matrix asap—0 and heavy quarks

—sin ap cog ¢p—0p) 7o
—sin ap sin(¢p— 0Op) 7g |,
Cosap 7co

)

The construction of Eq(2) corresponds to the introduc-
tion of the additional, charmed singlet current in addition to
the “standard” SU3) singlet and octet currents

1 — _ _
Ag= —G(U7”75U+ dy*ysd—2sy*yss),

J6

decouple from the light ones. Sometimes, it is more conve-

nient to work in the quark basis

1 - — —
|n')= Exn/|uu+ dd)+Y,/|s9+Z,|cc),

X, Juutdd)+Y,[s9+Z,|cc),

Imy= @
77>_\/§

1 — — —
X, Juu+dd)+Y, [s9+Z, |cc),

|770>:E

where we have generalized the constructioh7dfto include
intrinsic charm states. Using E) it is easy to show that

2 2 2 _
X2 +Y2 +72=1 (5)

for eachn;={7,n", n}. This equation might be violated by ¢ {ha «

1 — — _
A= —=(uy ysu+dy*ysd+ sy yss), (6)
0 ﬁ( Y s yHysd+ sy ys
AL=Cy"ysC.
These induce the following matrix elements:
ny . 2
(n'|uy,ysul0)=—i/3| (ap—bp)Fo
+ ! (cp—dp)F
 (Co— ’
\/E p—Up)Fg|P,
S ]2
(n'[s7,75810)= —i\/3l(ap—bp)Fo
_\/E(CP_dP)F8]p;u W)

(1'[c,v5¢0)=i\2sin apcos pp— Op)F,, D, .

Similar matrix elements exist for thg. HereFg ¢ are the
singlet and octet decay constants ém,gio is the 7, decay

constant. In the limit of S(B) symmetry Fg=F_. The
SU(3)-violating corrections have been calculated8hin the
framework of chiral perturbation theory and found to modify
this relation by approximately 25%, i.eFg/F_ =1/Xg
=1.25. We shall use this value in the following analysis. The
value of x5, on the other hand, is not fixed by the &Y
symmetry arguments, so we shall keep it as a free parameter
fixing it later by fitting to the experimental data the limit
nonet” symmetryFq/F .=1/Xy=1).

the presence of some other pseudoscalars that might mix 1 parameters of the mixing matrix can be obtained phe-

with »; as well. This would result in the limitation of the nomenologically

as they contribute to the decays of charmo-

described method to the prediction of the upper bound on thgi; 1o the lightn, 7', and=° mesons and to radiative decays

value of 7, contribution to the mixing angle .

INote that we areot using any specific quark model.

of the light mesons. Here our essential assumption is that the
mixing anglesap and ¢p are sufficiently small. This as-
sumption, however, is rather loose, and is valid even for a
relatively large charm content of’ [9,10], but it allows us
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to carry out a perturbative expansion in these angles. In the
following analysis we will only keep terms linear . and

P .

The bulk of information about the relevant mixing angles
comes from the radiative decays 9f #»’, and 5. mesons.
Normalizing the decay widths to the width af’— yy and

PHYSICAL REVIEW D 58 054004

\FCFWF%O 2
Xo— gTap )

Xg .
p,,]r: \/_§S|n 6’p+0080p<

p,=| Xg COS 6p

Cc

using Eq.(2) we obtain

§(&)3F(n’—>w)
8

2
_ 1 CF7,F,,Co
—sin 0p \/§x0— 5—2 ap ) (10
m;,

Py =
7o8imy ) T(a%=yy) ,
3CFF,,
Py=| Xoap T 8 2
m3,
F . F.cp—dp
=| g-[ap=bpl+ .
0 8 8 As it is seen from Eq(10), the dependence app drops out
at this order, so we sesp=0 in what follows. In time, when
3CF,.F, 2 the accuracy of experimental measurements improves, the
— \/:—ZCOSin ap oS ¢pp—6p) | , second order in the “angle expansion” should constrain the
8 m. value of ¢p as well.
It is clear from Eq.(10) that three equations do not con-
strain four parametersép, ap, Xy, and Foreor There are
5 several ways to proceed at this point. For instance, one can
_3 my L(n—vyy) fix Xxo=1 by assuming a nonet symmetry and fit the rest of
Pn= m,) (7%= yy) the parameters from the E(L0). Here we shall take a dif-
ferent approach. The “angle expansion” can be carried out
= = for other processes involvingy and 7', such asJ/¢
= F—[ap+ bp]— F—\/g[Cp-i-dp] —>77(’)7 and J/ y— n.y, or n' —pvy. In the limit of SU?3)
0 8 invariance, only the singlet statg, or 5., can be coupled to
2 J/¢. The amplitudes of the radiative decay of a vector char-
1 CFanco . _ monium state into a final state containing the(S)Usinglet
- E —mf, sin ap sin(¢p—6p) | , (®) light quark statd 7o) or | 7¢0) can be written as
[
A(‘]/ ¢H 7]07) = Afumﬁfljfﬁ;pzkf’ g
3( m. ) 3T (76— 77) A= 160Y) = Be,apel€piks . (11)
Po=8lm. | Te0_von
© 8IMy) T(m0=yy) Performing the “angle expansion” we find tiat
F. F . sin apsin 3
=| Esin ap cos ¢p+ F—PT% PQlp—mey) 1 | P14 CYP(A/B)}2
0 8 8 TQIy—7"y)  cof 6plPy) | @p—(AB) |
2
3CFF,, n 13 2
+\g 7 cosap| FQy—ny 1 P |1+ aP(A/B)}
Mg T/y—ny)  sirPopl Pyl | @p—(AB) |
(12)
whereap, bp, andcp were defined in Eq(2) and Ty n'y) 1 [p,?
- P’
FAly—mny)  tarfépl Py |
82
C= \/E( ?) 9)

2This result agrees with the result (1] in the limit A/B<ap.
Please note that it is not possible to extragt from this decay

Expanding in terms ofap and ¢p and keeping only the mode alone without invoking additional dynamical arguments

linear part we arrive at

about the size oA/B (cf. [11)).
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As seen from Eq(12), theratio of radiative decay widths of order to overcome this problem, additional constraints on the
charmonia intop’ and » is independent of the mixing angle parameters in Eq(10) must be imposed. For instance, the
ap at this orderand can be used to extract the valuegpf. ~ value ofF, can be extracted from other decay modes that

Alternatively, the ratio are less sensitive to the heavy-light mixing, eBy- 7.Xs,
T'(n'—py) 3 1 where thecc component is enhanced by the CKM matrix
M[& ~X2,~ Z[ 2c0s fp+ Sindp]? element V. Using this methodF, ~can be fixed to
S(o=my)p, T3 (13) F,,=0-29 GeV. This and the third line of E¢LO) implies

that |sinap|<0.03 (1.7°), ¢p=0. It is interesting to com-
does not depend on the heavy-light mixing angle and can bpare this bound to what already exists in the literature. It
used to extractdp. A similar analysis is possible fop appears that all the models of intrinsic charm based on
— ny, etc. Extractingdp from either decay mode and feed- heavy-light meson mixing11,12 (see alsd13]) satisfy this
ing it into Eq. (10) leads to the constraints on all of the bound. On the other hand, there exists a class of operator-
mixing parameters. This calculation findg~—20°, Xg product-expansiof©PE)-based calculations[9,10] that
~0.92 (which corresponds té&,/F_~1.05, in full accord clearly violates this bound, predictinge=7° if the expan-
with [7,8]). The situation is more complicated with respect tosion is terminated at the levelraif. As we shall see later,
the heavy-light mixing angles. Uncertainties in the extrac-these values of significantly dilute the direcCP asym-
tions of the light-quark mixing anglé, and decay rates metries inB decays’
complicate the extraction of the value of the mixing angle A similar construction is available for the vector mesons,
ap. In fact, all of the experimental results can be successwhere we use the same notations with the obvious replace-
fully fit assuming a zero value for the mixing angle. In ment of the subscripP by V,

¢ ay—by cy—dy —sinay cog¢py—6y)\ [ wo
o | = —cy—dy ay+by —sinay sin(¢y—06y) || wg|. (14
Jly sin ay COS ¢y SiN ay, Sin ¢y COoS ay o
|
Numerically, sinay cos(h,— 6,)=1.2x10"*[6]. the CKM matrix was used to writé,= — &,— £,, AS=AS

—AL, AP=AR—AL, and¢=Vi Vis.
In order to form aC P-violating asymmetry, we also must
consider the corresponding amplitude for the decay oBthe
In B decays, the tree-level amplitude is suppressed by a _ _ .
small V,,, which makes it comparable to the one-loop Ae_1=ES[Ar+ AR+ E AR+ Ay]. (16)
penguin amplitude. On the other hand, the transition _ _
BH[Qa]sHMs with Q being a heavycharm quark and Using the fact thaA;=A; andAy=Ay, the asymmetry of
M a light final state meson is not CKM suppressed. ThereFd: (1) can be formed as

Ill. AMPLITUDES AND CP-VIOLATING ASYMMETRIES

fore the latter mechanism becomes competitive with the di- A=Tgz 7T

rectb— u transition to the light quarks constituting the light - -

mesons. Since thé—ccs amplitude does not contain a A= IMES £ M Ap+ AU J[AS+ Ay ] 17)
- uSc P P ’

CP-violating weak phase, it may significantly reduce the
predicted value o€ P asymmetry. In what follows we con- wherex;= \/[1_()(f +x¢)2[1— (X5 — x¢.) 2]/ (47mg) is @
sider two cases foM being a pseudoscalar and a vector b2 o2
meson.

The generic amplitude for the decays dBaneson to the
charmless final staté can be written as

phase space factor, divided by the sum of the corresponding
decay rates. As seen from E@.7), direct CP violation in
the B— #;K mode arises not only from the interference of

3The OPE-based calculations successfully explain the unexpect-

- [
Apt=EuATT EhAm T i :g,c,t &ihp edly large branching ratio f@— 7'K. They however have certain
phenomenological difficulties in the case of the inclusiyepro-
=& ATt Agt] + §C[A§,t+ Aul- (15 duction inB decays, as well as describing ratios of branching frac-

tions of B mesons decaying tBP andPV final stated11,26,27.

The fact that the mass of the charmed quark is not sufficiently large
HereAs is a tree-level amplitudeyy, is a “mixing” ampli- for the fast convergence of the OPE might explain the variance in
tude, andA; is a penguin amplitude. As usual, unitarity of the results of these calculatiofi4].
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the penguin diagrams with the different internal quark fla- The decay amplitude (')K:_i<7](/)K|Heﬁ|B> can be
vors, but also, because of the complicated quark content Qfyitten as 7

the #;, from the interference of the Cabibbo-suppressed
tree-level amplitudes with the penguin amplitudes. As we
shall see later, the intrinsic charm contribution affects
CP-violating asymmetries calculated using perturbative BSS

(g (g (g (K
ABHn(')Kzgu[A{'] +FuwAR Tl ELFLAS THARG T

") 2
phases. It is therefore instructive to study the dependence of A¥ = _GszB[aZFL::’)f'j-(mn(’))Lk(Mi)
the asymmetry on the parameki{ait qzlmé, which param- ")
. . . n
etrizes the momentum flowing through the penguin vertex +agFif? (0L, (mi)], 19

[16]. The final answer, of course, is independentgoénd

should be obtained by either integrating the asymmetry with A”(')Kze mzﬁ 1— i a
respect toq smeared by some function defined by the mo- P B8 Ng P
mentum distribution of quarks in the final state mesons, or by
fixing q using quark modgl arguments. We shall use the sec- A,@l(,)K:GFmésin ap
ond method for our predictions, presenting the graphs asym-
metry vsq to show the threshold structure GfP-violating X cog ¢pp— ep)FvaE(mi(f))Lk(ﬂi),
asymmetries. We comment on the effects of soft FSI phases
in the Conclusion. wherea;=C,+ xC;, a,=C;+xC,, ui=m?/m3, and the
In the following discussion we shall first use the effectivefollowing notations are used:
Hamiltonian calculated at the leading order in QCD, i.e.,
with no QCD corrections associated with the penguin part. _ 7 _ $S K 2 _
Next, the full next-to-leading order effective Hamiltonian is ap=FifL (0L, () +F o) B () ki)
employed. 2
It is well known that the calculation of the two-body non- +2F frz("(o) Mk M (x2)
leptonic decays of heavy mesons cannot be performed with- K mgm, 7!
out invoking a particular model. This model dependence is 2
partially cancelled in the asymmetry E@.). In our calcula- —ss .k, 2 M0
tion we choose the factorization approximatidry—21] and + Fn(,)f+(mn(,))m Mi(pi)- (20
the Bauer, Stech, and Wirb@SW) model[15] to estimate
relevant form factors. Our choice of the form factors and kinematic parameters is
explained in the Appendix. In the standard factorization ap-
A. Leading order calculations proachy=1/N. and all the octet-octet nonfactorizable cor-

rections are neglected. These corrections can be accounted
for phenomenologically by treating as a free parameter and
} fitting it to the available data assuming universality of these

The “no QCD Hamiltonian” reads

corrections for different final statd®22]. In this approach,

2
4G a
Héf?=—F|§QE ciOP—B—S[ > &F
=1 i a,~0.25[23,24.

\/E i=u,c,t

In order to maintain gauge invariance and unitarity, the
w| — %+O4— %Jroﬁ (18) calculation must be performed to ord&ﬁ in perturbative
N¢ N¢ ’ QCD (PQCD expansior{25]. The C P-violating asymmetry

. . . . reads
ngsayMLQﬁQﬁyﬂLbal OgZSYMLQQYMLb,
")
B B AL0k=N,0kIm fﬁfc((Al’:’ )2
03<5>=sy,.LLb§ 9y“L(R)d,

n
x{lm F*ReFo+ReFX|Im Fo— FFRe Fet J
Ou(6)=Sa¥ul s> Asy*L(RIG, . o o
a +AL “AB KIm FEA+AZ KAz K
Here, Q={u,c}, q={u,d,s}, and F; are the Inami-Lim N
functions for the flavoi. A similar construction is available X|Im Fo— wReFe ) (22)

for the effectiveb—d transitions(although the effects of

intrinsic chErm states are largely suppressed in these mOdB?viding A,k by the sum of the decay rates, the asymmetry
sinceb—uud decays are not CKM suppressed compared teEq. (1) can be calculated. As it is seen from Fig), the
b—ccd). In what follows we drop the contributions from intrinsic charm reduces tHeP asymmetry by approximately
the electroweak penguin operators and dipole operators f&0—-50 %, if our estimate afp is used thus complicating the
the sake of simplicity. extraction of CP-violating parameters of the CKM matrix
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FIG. 1. CP asymmetry calculated at the leading order in QCD FIG. 2. Same as Fig. 1 but farp=0.12.
as a function of the parametq?/mé for B— 'K, without intrinsic
charm(gray) and with intrinsic charmep=0.03 (black. Og=SaYMLQ5QBY“Lba, Og=SyMLQQy"Lb,
from the decay modes of this type. Please note, that if by
some reason, the intrinsic charm content of theis in- — —
creased9,10], this mode becomes practically useless for the 03(5>:57u|-b% qy“L(R)q,
observation of the direc€P-violating effects. It is clear
from Fig. (2) that CP-violating asymmetry is significantly . .
diluted even forap=7°, which corresponds to the lower 04(6)=3an|-b52 dsv“L(R)Q,.
bound of the prediction in OPE-based calculations. This q
however, simplifies the time-dependent analysis of the dec
Bg—> n'Ky as it suppresses dire€@P-violating amplitudes.
The behavior ofC P-violating asymmetries for the case of

¥ our calculation we used renormalization scheme indepen-
dent effective Wilson'’s coefficients defined as

7K final states is similar to the case described above. We agmy) o) 10| _
therefore refrain from displaying the shape of tAg5(q) C' 3 (My) =Cyiya(mp) + BN | C(Mg, ,0%,my) — }Cz,
function, but rather show the numerical value of tg, in

Table | with q fixed by the quark model arguments. The off _ ag(my) ) 10—
analysis of thep(V final state is completely similar to the Cai (mp) = Cai(my) — T[G(mq ,q°,my) — g}cz
calculation described above. The results are presented in (23

Table | as well. B
with i=1,2 and Wilson’s coefficientC, at w=m, with

B. Next-to-leading order calculations ag(mz)=0.118 are given by
The next-to-leading ordefNLO) QCD effective Hamil- _ _
tonian reads Ci(my)=-0.313, C,(my)=1.150,
4G 2 o Ca(my)=0.017, Cy(my)=—0.037 (24)
= my)=0. s mp)=—2~0. ,
HZ#O—([QE‘GC&QZ 07+ 2, Ckok“ s e
(22) Cs(m,)=0.010, Cg(my)=—0.046.
TABLE I. Absolute values ofC P-violating asymmetrlesé\d" for q qzlmb—O 5,p=0.05,7=0.36, and
=1.6-1.3 GeV.
Mode AY(ap=0.0),% Ad(ap=0.03),% Ad(ap=0.12),%
B —#5'K™, LO 1.9-3.5 1.6-2.7 1.0-1.5
B — 7K™, NLO 25-4.4 1.7-29 0.7-1.2
B —»K™, LO 3.1-73 27-6.1 1.9-3.9
B™—»K~, NLO 3.0-71 2.2-54 0.8-2.6
B —#'K*", LO 2.9-6.7 19-4.1 0.9-1.6
B —#»'K*~, NLO 7.6-16.5 3.3-7.5 0.3-1.3
B —gyK*~, LO 6.7-19.8 45-125 1.9-4.7
B~ — »K*~, NLO 15.4-38.3 6.3-18.3 1.4-19
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The functionG(mj .02, 1) is given by Similar calculations can be performed for the decays in-
volving vector particles in the final state, such Bs-> ¢K.
mé—x(l—x)qz The calculation is simplified considerably since the decay is
G(mg,0%, 1) = —4J’ dxx(1-x)log————— dominated by a single penguin amplitude. TBE asymme-
M (25) try for the leading order case is

Agk=NgxIm &8 EJASIm FReF +ReF¥ImF
whereq is a momentum of the gluon in the penguin diagram. ~ <~ #* Eu&l ApTHIM FuReFe wlm Fed

It is clear that the strong phase is generated every tife +ASEAL Im FX]. (26)
>4m§ for each quark species in the loop. . ]

The factorization calculation is completely similar to the Here, the following notations are used:
one performed in the previous section. The only difference
arises from the fact that the effective constaats C,;_, ALK = —GemyF 4(ps+ pK).Efli(m(Zb)&
+ xC,; are not vanishing and have to be taken into account 8
along with the corresponding form factors. Those are the 5K K, 2
combinations of the form factors and the decay constants Am = —GemyF ,(ps+px) - ef(mj)a,
defined in the previous section. The results are presented in : _
Table 1. In our calculation we fixed the value af=0.25 Xsin ay COS py— By). @7
fixed by the experimental data while dropping the nonfactorag ysual, one expects partial cancellations among the first
izable contributions to the matrix elements of penguin operaang the second term in E426) because of the Glashow-
tors which are difficult to estimate reliably. The asymmetry|jiopoulos-Maiani (GIM) mechanism. Thus, the intrinsic
is seen not to change significantly in going to NLO approxi-charm amplitude is potentially important as it does not suffer
mation with the intrinsic charm contribution still diluting itat from this cancellation. Fortunately, the small value of the
the level of 30-50% for the estimated value @§=0.03. ~ heavy-light mixing angle for the vector mesons makes the
The effect becomes stronger for higher values of mixingintrinsic charm contribution extremely small. The correction
angles. As it is seen, even the perturbative result is veryy ihe asymmetr)A%"P:OG% is less than 1% for the same
uncertain. The major source of uncertainty is by far domi-chgice of CKM parameters as before. We therefore see no
nated by the value of the charmed quark mass that affects tE)int in performing the NLO studies of this class of decay
position of the charmed quark threshold. Because of they,qes. Clearly, final states containing vector particles are
SU(3) symmetry relations, the values of the hadronic formpy,,ch ess affected by the higher Fock state “pollution.” The

factors, although important for the decay width predictions,resumng CP-violating asymmetries, however, are signifi-
are not seen to significantly affect the predicted values Bf cantly smaller.

asymmetries. An additional source of uncertainty is the value
of nonfactorizable corrections usually summarized in the ef-
fective parametey. In the case of the asymmetries induced
by the penguin-tree interference, it can change the balance of We have investigated the impact of the intrinsic heavy
these contributions, thus shifting the valueA$’, . It is usu- quark states on th€ P-violating asymmetries iB decays. It
ally assumed that the nonfactorizable corrections can berises because of the fact that the intrinsic charm quark
taken into account by replacing the factors oNZl/in a; states, although suppressed by QCD dynamics of the pro-
throughout the calculation with trengleparametery. This  cess, are less affected by weak Cabibbo suppression. The
fact also induces the uncertainty into the estimate of bottmost dramatic effect occurs in the case of théV final
decay width andC P-violating asymmetry. It is interesting  states. Unfortunately, the impact of the intrinsic charm states
to note that in the limity— 0 the contribution from the in- on theCP asymmetry is very difficult to test experimentally
trinsic charm amplitude becomeggativeactually reducing since the directCP asymmetry explicitly depends on the
the predicted values of branching fractions: for instancestrong phase of matrix elements relating two states pro-
B(B™— #'K)=2.8x 10" ° for moderate values of the form duced by the weak interaction. This quantity is notoriously
factors andwp=0.3 drops toB(B~— 'K ) =1.6x 10 ° if difficult to estimate theoretically since it comprises not only
x=0. Of course, higher values for the branching fraction areperturbative BSS phases but also soft nonperturbative phases
still possible considering large uncertainties in the values ofjenerated by the rescattering of physical hadi®js Soft
hadronic form factor$26]. FSI contributions, although important, are not seen to change
the shape of the graphs asymmetry vs parantgtert rather
move them up or down, whereas the described mechanism

“The contribution of the octet matrix element is usually associateocertamly affects the Shgrpe. Of course, in the final result the

with the quark final state rescatterings into the colorless hadrofunction described byAcp(q) has to be integrated over
states. It is clear that the interactions of the rescattered and spectaith a suitable choice of a “smearing function” representing
quarks might introduce differeny’s for different amplitudes. For momentum distributions of quarks inside the final hadrons,
instance, there would be different contributions from-uus and  or g has to be fixed by the quark model arguments. In either
b— dds octet amplitudes t8 ~— 7 ’K*). The effect is similar to ~ case, the intrinsic charm contribution is seen to reduce the
the effect of Pauli interference in nuclear physics. value forC P-violating asymmetry sizably. This effect is not

IV. CONCLUSIONS AND OUTLOOK
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universal, but rather specific to the final states containing 1 [

7() mesons, so it cannot be attributed to the long-distanc& 5 = NE
part of the penguin diagram.

The mechanism described in this paper, along with the
uncertainty in the determination of FSI phases complicategss _ i
the use of the dired® P-violating asymmetries as a so-called 7 J3
“consistency check” in the determination of the angles of
the CKM triangle. For instance, the numerical values of the , 1 1
angle y determined from various decay modes have to bef? = ng[(ap—bpﬂ E(Cp—dp)],
consistent with each other unless there exists a hew physics
contribution that violates this requirement. Thus, the possiblg here Fo=1.0_, Fg=1.25_ as explained in the text,
inconsistency should manifest a nonstandard model mechg;, 4 F.=0.093 GeV. AIso,f3=O.33. Similar expressions
nism affecting the decay processes. As one can see from thgis; for the, meson as well. Vector and axial vector form
discussion above, there exist possible sources of violation Ghctors are defined as
this consistency checkithin the standard model.

Finally, we would like to note that this mechanism does<K*|§m(1+ v5)b|B)
not markedly affect the decay modes where electroweak
(EW) penguin diagrams are manifesi@dg.,B— 7’ 7) since =i9(9%) €vape* "(Pat+Pk) “(Ps— PK)”
there the tree-level and mixing amplitudes contribute at the
same order in Wolfenstein parametemwith mixing ampli-
tudes additionally suppressed by the small values of heavy- X[f2(a?)(pg+ pK)M+f3(q2)(pB— PIME (A3)
light mixing angles.

1
(ap—bp)Fo+ E(CP_dP)FB] :

{(ap—bp)Fo—V2(cp—dp)Fgl, (A2)

+(mg—mp)f(g?) el +(* - q)

<M* |El7,uq2|o>: —i \/EFM* My + E; .
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APPENDIX: HADRONIC MATRIX ELEMENTS 3 qZ[ Ao~ (Mt M)Ayt (Mp—Micx ) Az

AND KINEMATICAL FACTORS (A4)

where we také\; =A,=A3;=0.33 GeV for the sake of sim-

We use the following definitions for the pseudoscalar had plicity. L(;) andM are the kinematical parameters

ronic form factors:

*(g?)
B Lk(Mi):l_MKJF—f,i(qz)Mn,
(M[qy,b|By=f¥(a%)(pg+pm), .
"(q
+fM(a?) (Pe—Pm) 4 L(u)=1—p,+ T e
. ; 102 1
(M1, 750210) = =i V2F i %Py, (AD My =5|[3=y+(1=3y)uc—(1=y),]
€(g?

We takeF=0.12 GeV. Usual relations among decay con-
stants(and transition form factoyof different mesons in the K(g?)
pseudoscalar octet imposed by (Sldsymmetry are modified

in the presence of— ' mixing and intrinsic charm com- andy=1/2—-1 is related to the momentum distribution of
ponents ofy and %', e.g., guarks inside of the mesons.

[1-y+(1-y)ux+(1+y)u,l|, (A5)
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