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Evading the CKM hierarchy: Intrinsic charm in B decays
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We show that the presence of intrinsic charm in the hadrons’ light-cone wave functions, even at a few
percent level, provides new, competitive decay mechanism® fdecays which are nominally CKM sup-
pressed. For example, the weak decays oBtmeeson to two-body exclusive states consisting of strange plus
light hadrons, such aB— 7K, are expected to be dominated by penguin contributions since the treéslevel
Hsuﬂdecay is CKM suppressed. However, higher Fock states iB thave function containing charm quark
pairs can mediate the decay via a CKM-favoted scc tree-level transition. Such intrinsic charm contribu-
tions can be phenomenologically significant. Since they mimic the amplitude structure of “charming” penguin
contributions, the latter need not be penguin contributions at all.
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. INTRODUCTION such asg—cc are associated with Dokshitzer-Gribov-
Lipatov-Altarelli-Parisi(DGLAP) evolution, or they provide
It is usually assumed in the analysis Bfmeson decays perturbative loop corrections to the operators; they are ex-
that only the valence quarks of the initial- and final-statetrinsic to the bound-state nature of the hadron. In contrast,
hadrons participate in the weak interaction. Typical exampleg,o oc pairs which are multiply connected to the valence
are the semileptonic decd —|~var", which is based on  quarks cannot be attributed to the gluon substructure and are
the transitionb—ul~v; B~ —K ™ v, which is based on the intrinsic to the hadron’s structure. The intrinsic, heavy quarks
penguin amplitudé— sy, andB~—K ™~ 7%, which is based are thus part of the nonperturbative bound state structure of
on b—suu and penguirb— sg* —suu transitions. In each the hadrons themselvgs], rather than part of the short-
case, it is assumed that the matrix elements of the operatoféStance operators associated with the DGLAP evolution of
of the effective weak Hamiltonian involve only the valence Structure functions or radiative corrections to the effective
quarks of the incoming and outgoing hadrons. Any nonva¥veak Hamiltonian.
lence gluon or sea quarks present in the initial or final state Recently Franz, Polyakov, and Goeke have analyzed the
wave functions appear only as spectators. propertl_es of the intrinsic heavy-quark fluctuations in had-
The wave functions of a bound state in a relativistic quantONS Using the operator-product expansiéh For example,
tum field theory such as QCD necessarily contain Fock state§€ light-cone momentum fraction carried by intrinsic heavy

of arbitrarily high particle number. For example, tBeé me-  duarks in the protorxqg as measured by th'ﬁ”_compo-
son has a Fock state decomposition nent of the energy-momentum tensor is related in the heavy-

quark limt to the forward matrix element

| B™)= iyy] bu)+ Youg | bug) + ¢ udg] budd) (p|trc(G*“G*BGaﬁ)/mé|p), whereG*" is the gauge field
L o strength tensor. Diagrammatically, this can be described as a
+ puss| DUSS) + Ypiec| bucc)+-- .. (1.1))  heavy quark loop in the proton self-energy with four gluons

attached to the light, valence quarls6]. Since the non-
The Fock state decomposition is most conveniently done ahpelian commutatof A, ,Az] is involved, the heavy quark
equal light-cone timer=t+z/c using light-cone quantiza- pairs in the proton wave function are necessarily in a color-
tion in the light-cone gaugd"=0 [1,2]. The light-cone octet state. It follows from dimensional analysis that the mo-
wave function ¢,(x; Kk, i,\;) depends on the momentum mentum fraction carried by th@Q pair scales ak?/mg
fraction of partonx;, wherex;=k;"/P* and 3;x;=1, the wherek, is the typical momentum in the hadron wave func-
transverse momentuﬂﬁh WhereEiIZU=0, and the helicity tion. In contrast, in the case of Abelian theories, the contri-
\; . The light-cone wave functions are Lorentz invariant; i.e.,bution of an intrinsic, heavy lepton pair to the bound state’s
they are independent of the total moment@h=P°%+ P? structure first appears '(ﬁ(l/mf). One relevant operator cor-
and of P, of the bound state. The extra gluons and quarkresponds to the Born-Infeld=(,,)* light-by-light scattering
pairs in the higher Fock states arise from the QCD interacinsertion, and the momentum fraction of heavy leptons in an
tions. Contributions which are due to a single gluon splittingatom scales ak?/m{’ .
In the case of the proton, analysgs&-9| of the charm
structure function measured by the EMC group indicate a
*Email address: sjbth@slac.stanford.edu significant charm quark excess beyond DGLAP or gluon-
"Email address: gardner@pa.uky.edu splitting predictions at largets;~0.4, and suggest that the
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intrinsic charm (IC) probability is =<1%. Although these
analyses are not conclusiy&0], this value is consistent with
the theoretical estimate of Fram al. [4,11]. An intrinsic
charm component in the light hadrons of this scale has been
invoked to explain the p7” puzzle in J/ ¢ decay{12], lead-

ing charm production inr N collisions[13-15, as well as <
the production of pairs ad/ ¢ at largexg in these reactions d
[16].

Ol T
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o

Th . f intrinsic ch C)in th | FIG. 1. Intrinsic charm in th& meson can mediate the decay to
. . € eX|sterl1ce 0 |ntr|nS|p chariC) in t e.pmto’.‘ also a strange, charmless final state via the weak tranditierscc. The
implies the existence of IC in other hadrons, including Bhe square box denotes the weak transition operator.

meson. In order to translate the estimate of the IC probability
in the proton to the IC of 8 meson, we are faced with two
conflicting effects. The typical internal transverse momentu
k, is larger in theB meson, evidently favoring a larger IC
probability in theB meson; on the other hand the proton’s . i , . .
additional valence quark generates a larger combinatorif— SCC transition, promoting their phenomenological im-
number of IC diagrams, favoring a larger IC probability in pact. e ) )
the proton. In evaluating the first effect, it is useful to com- AS & specific illustration, consider the exclusies|=1

pare positronium with the H atom: the kinematics of thedecays,B—mK and B—pK. The variouszK final states
heavy-light system make its ground-state radius a factor offom B® andB™ decay are connected by isospin symmetry;
two smaller than that of positronium, and thus its typicalthe same is true of the branching ratiosplé. The presence
bound state momentum is a factor of two larger. This analogy)f weak transitions involving intrinsic charm can alter the
should be applicable when comparing the internal scales ddattern of the predicted branching ratios. Since the same ini-
the B meson to that of the light pseudoscalars; we note thatial and final states are involved, the intrinsic charm contri-
the normalization of the light-cone wave functiem(x,lzl) b_utlon_can_ interfere with the conventlonal_ ampl_ltudes, _and
with i e 7,B is set by the decay constafit. Lattice calcu- y|eld S|gn|f!car1_t effects. We .note_that such intrinsic contribu-
lations indicatefg~191 MeV [17], so thatfg/f, ~2, sug- t|on§ function in a manner |'dent|cal to that of Sharm-quark—
gesting that the momentuk is significantly higher in th® medla'Fed”pengu[n cqn_tr|but|orﬁ24,25—termed charml_ng
meson than in light hadrons. Thus the IC component irBthe PeNguins” by Ciuchinietal. [26-28—so that charming
meson could be as large as four times that of the proton, thﬁengums.need not.bg penguin contrl_butlons at all. .
is, ~4%. The IC component of thé, baryon could be Halperin and Zhitnitsky have considered the role of IC in

larger: in this case, the additional valence quark generates™@€diating the decayB— 'K [30], andB—»'X [31], ar-
larger combinatoric number of IC diagrams as well. The9Uing. as we have, that IC can be important when coupled
ways in which the decayinb quark interacts with its had- With the Cabibbo-enhanceld—scc transition in decays to
ronic environment, particularly “spectator effects,” are evi- charmless final statg82]. They effect their numerical esti-
dently important in explaining the lifetime difference in the mates in the factorization approximation, so that the impor-
B and A, [18,19 hadrons; IC could play a role in this con- tance of their IC mechanism is determined by the parameter
text as well. f(;,) , where

The presence of intrinsic charm quarks in tBewave
function provides new mechanisms f8r decays. For ex- — .
ample, C%ang and Hou have considered thg production of <0|C7M75C|”'(p»:'f(nc’)pﬂ‘ 1.2
final states with three charmed quarks SUCl"EaSJ/IﬂDW
andB—J/yD* [20]; these final states are difficult to realize Recent work has showh(?) to be ~—2 MeV [4], rather
in the valence model, yet they occur naturally when the smaller [33,34,32,35% than f(77c,)~50—180 MeV[30,31], so
quark of the intrinsic charm Fock staﬂebﬁc?) decays via that efforts to reconcile the observed rate with standard
b—cud. In fact, thed/y spectrum for inclusiveB— J/yx ~ Model (SM) predictions continue[36]. Although other
decays measured by CLEO and Belle shows a distinct ed"&chanisms could well be at worg7,38, we wish to point
hancement at the low/y momentum where such decays out that the factorlzatlon approximation does not capture the
would kinematically occuf21,22). Alternatively, this excess PNYsics of IC. IC is produced in a higher Fock component of

could reflect the opening of baryonic channels suctBas a hadron’s light-cone wave function; it is naturally in a color
. 3/ypA [23] octet statd 33], so that the dynamical role it plays in medi-

! . N L ating B-meson decay is intrinsically non-factorizable in na-
These ideas take on particular significance in view of the[ureg y y

hierarchical structure of the Cabibbo-Kobayashi-Maskawa  »ihough we will specifically consider the role of IC in
(CKM) matrix—the weak transitionb—scc is doubly  exclusiveB-meson decays in this paper, the effect of IC can
Cabibbo enhanced with respect tda>suu transition. For  have a more general phenomenological impacBahysics.
example, intrinsic charm components in the initial and finalFor example, it is well-known that the semileptonic branch-
hadron light-cone wave functions will allojAS|=1 B me- ing fraction in inclusiveB meson decay, B, is smaller than

son decays through processes such as that shown in Fig. 1;
Mhe small intrinsic charm probability is offset by the com-
paratively large CKM matrix elements associated with the
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SM predictions; however, the “natural” resolution of this associated with a time-like form factor entering semi-
puzzle—an increaseb— scc rate—is at odds with the ob- leptonic decay has two distinct contributions: a contribution

served number of charifand anti-charmquarks pe8 me-  in which parton number is conserved, so thapartons
son decayn,, as this is also too small compared to SM — n partons, and one in which it is not. In the latter case, one
expectation$39]. IC in theB meson can increase the charm- Of the anti-quarks in a nonvalence Fock state fluctuation in
lessh—s rate, as illustrated in Fig. 1, thus reducing thethe B meson annihilates thle quark, yielding the transition
semileptonic branching ratio. Earlier work ascribed a posf+2 partons-npartons. These conclusions emerge from
sible role to IC in resolving th&/n. puzzle[40], yet only ~ Lorentz invariance in concert with the kinematic constraint
IC in the light hadrons was considered. We believe that théf g*>0. The omission of such contributions can become
role played by IC in th& meson in realizing strange, charm- acute in the context db—sqq decays, since CKM factors

less final states to be potentially of greater importance. ltgqyor b—stt andb— scc transitions over those df—suu
should be recognized that IC does not significantly increasgy a numerical factor of roughly 50. We shall show that
the inclusive yield of charmed hadrons, since the materialywhen such decays are mediated by IC contributions, the
ization Of intrinSiC Charm iS dynamica”y Suppressed. For eX'CKM hierarchy can be evaded, impacting not Oniy the
ample, in hadron collisions the probability of materializing pranching ratios, but also theéP asymmetries associated
IC Fock states is of2(1/m?) [5], save for an exceptional ith these decays.

portion of phase space, at large [13], for which it is of Consider the following family of decay modes:

(’)(1/m(2:) [13]. As noted by Chang and Hd20], the mate-

rialization of IC of theB meson will lead to novel exclusive = o — o =

decays to charm final states; for example, IC can mediate ~B(B"— 7 K") BB —7'K") BB —m K)
B™—J/ye v., as well aB—J/ . If there were no IC in
the B meson, such final states could only be realized through 50 00
Okubo-Zweig-lizuka{OZI) violating processes. B(B =K, 22

II.ICIN B— oK AND B—pK DECAY as well as

We will now consider the specific role of IC in mediating o o o
the exclusive decayB8— wK and B—pK. The operator- B(B’—p"K™) B(B"—p°K™) B(B-—p K9
product expansion and renormalization group methods pro-
vide a systematic theoretical framework for analyzing exclu- _ _
sive hadronicdB-meson decays. The amplitude for the decay B(B%—p°K"). (2.3
of a B meson to a hadronic final stafeis given by A(B

—1)=(f | Heg| B), and forb—sqqdecayHey can be writ-  These decays are mediated by the short-distance weak tran-

ten as sition b—sqq where qeu,c,t. The magnitude of the
branching ratios themselves as well as the precise patterns of
H ﬁ:% 2 V. VE(C,0P+ Czop)—vth*E C.O;l. ratios of ratios are sensitive to the contributing decay topolo-
2] e PPPE ! 2 g T gies, the CKM factors accompanying a particular operator,
and the numerical values of the accompanying Wilson coef-
(2.2 ficients. Intrinsic charm can play a particularly important role
here since the operator with the largest Wilson coefficient
where the explicit form of the operators are given in Ref.combined with the largest combination of CKM matrix ele-
[41]. The Of , are the left-handed current-current operatorsments can now entdthe p=c term in Eq.(2.1)] at tree
arising fromW-boson exchange; the sum oyerontains the level.
strong and electroweak penguin operators. The Wilson coef- Let us begin by a constructing a simple numerical esti-
ficients are computed gt=M,, and are evolved, using mate for the above ratios. The transitiohs-stt and b
renormalization group methods, to=0O(my); only C; is of  _, sccare favored over thb— suutransition by a factor of
O(1) at the scalgu~My,. The Ci(x) are known; the op- )\ 2: however, the values of the CKM parameters can exacer-

erator matrix element§f | O;(x) | B), however, pose a con- e the flavor hierarchy. That is, using?+ 72=0.38 and
tinuing theoretical challenge. Various methods exist to estiy — 2196. which fall within the=5% C.L. of recent fits

mate thenj42—-47; however, all of these approaches assum — e .
that only the valence degrees of freedom participate in th SO]Qhe b—suu transition is suppressed with respectbio

decay process. Indeed, this viewpoint is shared by attempts’Stt andb—scc transitions by a factor of roughly 50. If

to catalog all the possible contributions to the various excluWe neglect isospin-violating effects, in particulpkl|=1

sive decay amplitudef48]. It is this assumption that we electroweak penguins, and assume thatsuu transitions

challenge. are negligible, just one decay topology exists for each decay
It should be emphasized that Fock states of arbitrary parn a particular “family,” and the various decay rates are re-

ticle number are necessary to describe a relativistic bountated by isospin symmetry. This simple model predicts the

state. Furthermore, as shown in Réf9], the matrix element following pattern of ratios of branching ratios:
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TABLE |. Empirical branching ratios iB— 7K decay in units of 108 from the CLEQ[52], BaBar[53],

and Belle[54] experiments. The symbcE denotes theCP-averaged branching ratio. In constructing the
averages, the statistical and systematic errors for each experiment were added in quadrature.

Mode CLEOQO[52] BaBar[53] Belle [54] Average
B(B®— 7" K") 17.2°35+1.2 16.7+1.6+1.3 19.3'3352 17.3:15
B(B~—7°K") 11639113 10.8"23+1.0 16.333°135 12174
B(B~— 7K 18.2°48+1.6 18.233+2.0 13.754 1% 17.3°3
B(B°— 7°K?) 14.6°27°33 8.2'37x12 16.0g5'57 10435
B(B’— 7 K™):B(B™—= K ):B(B~— 7 K%:B(B°— 7°K%)=2:1:2:1, (2.9
as well as
B(B°—p*K™):B(B™—p°K " ):B(B~—p K°%):B(B°—p°K%=2:1:2:1. (2.5
|
[The factors of 2 arise as the contributing components of the V. \V*
p~, m andp®, #° wave functions differ by a normalization AB* =K 7% =—2"""rE (s u,u:BY,K*,70)
factor of y2.] The corresponding predictions for the branch- V2
ing ratios pf theC P—conjugatg decays are.idenlticgl, .and thus +E,(u,u,s:B, 70,K")
the associate€ P asymmetries are zero in this limit. Mea-
surements by the CLEO Collaboratiof51] of the —P$™M(s,u;B" K", 70)

CP-averaged modes are consistent with this prediction:
+A;(s,u,u;BT K* 70)]

B(B°—p"K*)=(16.0"18+2.8)x 106 B VtsV?bP (S.UB K m0)
(2.6 J2 B=mE e
B(B™—p°K™)=(8.4"49+1.8x10°°, +AABT—K* 70 2.9

The more extensive data for tile— 7K modes[52—-54 are

+ 0__+\_ * .t 0 +
summarized in Table I. In this case the simple 2:1:2:1 pattern ABT—=KITT) =V Vil Au(s,d.u:B7KE 77)

is only roughly realized. No significan€CP asymmetries —Pf"M(s,d;B+,K°,7r+)]
have been observed thus far.
Before proceeding to detailed estimates, we discuss the —V Vi Pi(s,d;B* KO, 7Ty (2.9

contributions toB— 7K and B— pK decays in terms of a
parametrization based on the Wick contractions in the matrix

elements of the operators of the effective Hamiltori4d. VeV,

The individual parameters that appear are manifestly scale A(B°—K°7%) =—=—[E,(u,u,s;B% 7% K
and scheme-independent, so that the deficiencies of analyses

based on the factorization approximatiBb] are avoided. +PSM(s,d;B%,K°, 7°)]

We first assume, as in Rdi48], that only the valence de-
grees of freedom of the mesons participate in the decay. The

. . . Vtsv?b
variousB— 7K amplitudes are then parametrized as -

2

ABO—K* )=V, VE [Eq(s,u,u;BO.K*, 77) +AA(BO—K%70). (2.10

Pi(s,d;B%,K?,7°)

—PEM(s,u;BOK ", 7)) _ .
We have used the notation of R¢#8] and the convention
~ViVipPa(s,u;BSK 7)) (27 - 7~ =ud and p° 7%= (uu—dd)/\2. The corresponding
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FIG. 3. Schematic illustrations of the full SM contributions to

FIG. 2. Schematic illustrations of the full SM contributions to B—Ka/p decay as mediated by intrinsic charm and strangeness in
the amplitudes parametrized in E¢8.7)—(2.10. Diagram(a) con-
tributes to E;(s,u,u,B,K*,7/p), diagram (b) contributes to

E,(u,u,s,B,w/p,K), and

diagram (c)

A(s,q,u,B* K, 7/p).

Diagram

(d)

P.(s,9,B,K,7/p) andP$™(s,q,B,K,7/p).

contributes
contributes

to
to

parametrization of th®— pK amplitudes is obtained from
the replacementit~, 7% 7w+ )—(p~,p%p ™). The label ‘E;”
refers to operators witt/~ emission topologies;A;” refers
to annihilation topologies, whereasP;” contains penguin

topologies. The term P

IMn

represents penguin contribu-

tions which vanish in then,=m, limit. The contribution

labeled “AA” vanishes in the limit of isospin symmetry;
electroweak penguin effects contribute to it, as do isospinues of theC;(x) can depend on the explicit form of the
violating contributions in the matrix elements themselvesoperatord57], but this impacts neither the identification of

[56].

the hadron light-cone wave functions. Diagraf@sand(b) contrib-
ute toA'l°(s,q,B,K,7/p), whereas diagrarfc) modifies the value
of Py(s,q,B,K,m/p) and P$'M(s,q,B,K,7/p) determined in the
valence approximation.

matic diagrams in the full theory which underlie the effective
vertices and parameters.

We now enlarge our considerations to include nonvalence
degrees of freedom in the meson wave functions. The form
of the parametrization itself does not change, though addi-
tional terms arise from the decay processes which do not
appear in valence approximation. Turning to Eg).in Ref.
[48], we see, adopting their conventiofike numerical val-

the effective parameters nor their numerical val4eg], that

In the effective theory, the effects of the heavy degrees ofhe terms of form
freedom, such as the&/=, Z or t quark are replaced by ef-
fective coupling constants, the Wilson coefficiel@g u),
multiplying effective verticesO;(w). Combinations of the
products of C;(x) and O;(u) are individually scale and
scheme invariant. Nevertheless, the physics of the diagrantan contribute td— 7K andB— pK decay once IC in the
of the full SM remains, and in Fig. 2 we illustrate the sche-hadron light-cone wave functions is considered. Such terms

G
Tgv:bvcicl<M>Q§°°<u>+cz<mQ§°°<m] (2.1
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are Cabibbo-enhanced, and contain a Wilson coefficient of V. \/*
order unity, so that the phenomenological impact of these ABT =K 7%= = Ub[El(s,,u,u;B+,K+,7r°)
neglected terms can be substantial. V2

Let us define +E,(u,u,s:B*, 70, K")

—P$M(s,u;B* K", 70

AT(5,0;B,M1,M2)=Cy(M; M| Of[B)ic FAS BT KT )]

+Cx(M1M,|O5[B)c, (2.12

Vts t*b R+t Kt -0
_—\/E P.(s,u;B™,K™,7")
where ge u,d. The contributions toA'lc(s,q;B,Ml,Mz) .
arising from intrinsic charm are shown {a) and(b) of Fig. N VcchbA|C(S wB* K0
3—we anticipate that contributiaii), which is driven by the \/E A== e
IC component of the Fock states of the light hadrons, is . i o
particularly significant fopK final states. Thus, the param- +AABT—K" ) (2.14

eterA'lc(s,q;B,Ml,Mz) will depend on whethepK or =K
. " . . . + 0_+y\_ * .p+ 0 +
final states are considered because the intrinsic charm con- AB™ =K 7" )=V Vi [As(s,d,u;B" K", 77)

tent of thew and p are most likely different. — PSM(s,d:B* K, 7 ")]
Figure 3c) illustrates how intrinsic strangeneds) can 1 R
modify the P, and P$™ contributions—the decay topology —V, Vi Pi(s,d;B" KO, 7 ™)

indicated is realized from theCP(c,s,u;B,M,M5) (con-
nected penguifi topology of Ref. [48] by pulling the

strange quark line “backwards” into 8S pair. This pictorial (2.1
description is not meant to trivialize the IS contribution: the

+VeVEAS(s,d; BT KO, )

latter is irrevocably associated with the bound state’s struc- VooVi,
ture, as it is entangled with the other quarks of its Fock A(B*—K°7%) =—=—[E,(u,u,s;B? 7% K°)
component by two or more gluon attachments. V2

The essential point_ of the pa_rametrization of HdB] is n P‘f”\"(s,d;BO,KO,wO)]
that the parameters given therein are both scale and scheme
independent. In particular, the emission topologies, are VieVi

scale and scheme-independent, irrespective of any penguin + ———P4(s,d;B K?,70)
contributions, since we can consider transitions in which all V2
four quark flavors are different: in such processes penguin

*
contr_ibutions §imply do not occur, anq the represent the _ VCSVchllc(S,d;Bo,Ko,Wo)
physical amplitudes of the channels in question. Similarly, J2
decay channels exist for which only annihilation topologies 0 w00
contribute; thus the annihilation contributions associated +AA(B =K ), (2.19

with the O4(x) andO,(w) are themselves scale and scheme , i .
independent. Here we consider an annihilation topologyS earlier theK final states are rgallzed by the replacement
driven by the IC components of the hadrons’ wave functions?— - The structure of these relations show us that under the
thus, this contribution, too, is separately scale and schem@SSumption of the unitarity of the CKM matrix IC enters in a
independent—and the additive paramenéf(s q:B,M, manneridentical to that of the penguin contributior3; and
1 1 L L GIM . . . . .
M,) parametrizes its contribution. In the limit of isospin P1 —S0 that the contributions cannot be distinguished phe-
symmetry, one value oA'lc(s,q;B,Ml,Mz) characterizes nor_nenolog|cally. The nume_ncal size of the penguin contri-
the 7K final states and another characterizes thosgkof butions has been debated in the literature: in particular, the
We can now modify our earlier parametrization to includeP&nguin contraction of the3 operator, the “charming” pen-
the presence of IC: guin contribution, enterind®; and P$™, can be enhanced
by non-perturbative effect§24—29. Recently, moreover,
Ciuchini et al. have argued that any phenomenological defi-

ABOK* )=V oV* [Eg(s,u,u;BO,K ™, 7m7) ci_en_cies of th_e “QCD chtorizat?op" approach, without _anni—
hilation contributions, in describing thB— 7K branching
—P$M(s,u;B% K™, 77)] ratios can be rectified by introducing an additive phenom-
. oL enological contribution td?; [28]. It is evident that such a
—VisVipPa(s,u;BY K™, 77) phenomenological treatment will mimic the impact of IC.

Thus we see that charming penguin contributions need not be
penguin contributions at all. Ciuchirat al. have discussed
(2.13  that a variety of physical effects, such as annihilation contri-

+ Ve VEAC(s,u;BO,K T, 7r7)
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butions, e.g., could be covered by the “charming penguin”
aegis; we have shown that IC is another effect, non-
perturbative in nature, and potentially of substantial numeri-
cal size, which contributes in an identical manner.

The recent phenomenological analysis of Ciuckinal. is
of high interesf{28], though it is unsatisfying: it is evident
that annihilation terms, which they neglect, are numerically
important[41,58. Thus we need a theoretical framework in
which the annihilation contributions, including those associ-
ated with IC, can be estimated. To do this, we adopt the
perturbative QCD treatment of Li, Yu, and collaborators
[45,46,59,6() to which we now turn.

Ill. PERTURBATIVE QCD FRAMEWORK

In the usual perturbative QCD treatment of exclusive pro-
cesses, the amplitude for a particular exclusive process is
formed by the convolution of the nonperturbative distribu-
tion amplitudes,¢y(x,Q), with the hard scattering ampli-
tude T, computed from the scattering of on-shell, collinear
quarks[61,62. To wit, for B—M;M,, we have

11 1
M(B—=MM;)= fo dzfo dyfo dX¢e(X,Q)Th(X,Y,2)

X b, (¥.Q) b (2.Q), (3.1)

where, e.9..¢y,(2,Q)=§d%k, ¢(x,k, ,\;). This formula
is suitable if the distribution amplitudes vanish sufficiently
rapidly at the endpoints, andadfs( ) is sufficiently small for
a perturbative treatment to be germane. However, in the case
of some electromagnetic form factd®3], as here irB de-
cay [64,65, the distribution amplitudes may not fall suffi-
ciently quickly at the end points to permit both criteria to be
satisfied. Equatio3.1) itself emerges from an expansion of
Ty in powers ofk?/Q?; the solution[66,67] is to reorganize
the contributions irk, , so that the contributions to the hard
scattering in the transverse configuration spaxeconjugate
to k, ) are no longer of point-like size. THedependence of
the reorganized distribution amplitudes, the so-called “Suda-
kov exponent,” suppresses the largeregion, so that the
resulting integrals are convergent ang{«) is more or less
consistently small. AQ? increases, the Sudakov mechanism
becomes more effective at screening the ldrgegion[67].
The soft portion of the integrand can also be regulated by
adopting a “frozen” running coupling for sufficiently low
scales[68] or by incorporating transverse structure in the
light-cone wave functiond69]. The procedure of Refs.
[45,46 is appealing in its simplicity as a single parameter,
Aqcp. suffices to regulate the nonperturbative dynamics.

In the approach of Ref$45,46,59,6Q the transition am-
plitude for B—M M, decay is estimated via a three-scale
factorization formula, typified by the convolution

C(t)®H(t)®¢(x,b)®ex;{ —s(P,b)

t d; _
-2 fl/bf 7q[ as(p)]
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FIG. 4. Hard scattering diagrams in the valence approximation

to B—K(m/p) decay.

where y,= —as/m is the quark anomalous dimension in
axial gauge and~ O(mg). The Wilson coefficienC(t) re-
, (3.2 flects the renormalization groyRG) evolution of a term of
the effective Hamiltonian, such as given in Eg.1), from
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the W mass scalél,y, to the hard scalé. The light-cone Ai(s,u,u;B,K,7)=—fgF,—M,,
wave function¢(x,b), on the other hand, parametrizes the
nonperturbative dynamics manifest at scales belolw 1/ P.(s,9,B,K,m)=—fFE—ME—fgFP—MmP,

~O(Aqcp)- The exponential factor organizes the large loga-

rithms which occur when the system is evolved from the  P$™(s,q,B,K,7)=0,

scalet to that of 1b; this contribution includes the Sudakov

form factor, with exponens(P,b) andP the dominant light- AA(BHWK):VtsV?b(waePKJ’_ MePK), (3.3
cone component of a meson momentum, and suppresses the

contribution of the largeb region. The remaining part, the where “factorizable” and “non-factorizable” contributions
hard scattering amplitudéi(t), is channel-dependent and are denoted bf andM, respectively. The subscripésanda
can be calculated perturbatively using the operafrsfthe  refer to emission and annihilation topologies, respectively,
effective Hamiltonian. The diagrams which comprid€t)  and the superscrif reflects the presence of penguin opera-
for B— 7K decay inO(as) are shown in Fig. 4—we con- tors in the hard-scattering amplitude. Diagraf@sand (b) in
sider specificallyB— 7K decay in this section as this system Fig. 4 give rise to the contributioﬁKF(eP), whereas Figs. 4
has recently been treated by Li, Keum, and Sanda in thg) and(d) give rise toM{" . “Factorizable” in this context
perturbative QCD approacf#l]. These are the only dia- means that the production of one meson is independent of
grams in O(es); contributions without a hard-gluon €x- that of the other, so that as illustrated in diagramsand(b),
change between the spectator and other quarks aré supy.  the emission of th&-meson decouples from the dy-
pressed by wave functions and do not contriié, 7. namics of theB— m form factor. Switching thes and u

Let us consider the leading-order contributiongHtt) in | . ; '
. ) abels in diagramsga)—(d) of Fig. 4, one finds that the new
B— K decay. In diagramé) and (b) the K meson is pro- diagrams(a) and (b) give rise to the contributiorf ,F{,

duced in a color singlet state, so that the lower half of the h th di 4 ai e toMF)
process “factorizes” from the meson emission and representd '€€as the new lagrants) and (d) give rise oMy .

a computation of th&— m form factor. In diagramsc) and ~ Note, moreover, diagram@) and (f) in Fig. 4 give rise to

(d) the weak process produces the mesons in a color octésFa Whereas(g) and (h) give nse };,OMA' Ngte thatq
state; the exchanged, hard gluon ensures that the outgoirfg(4:d); the contributionsFe, M, Fz, andM; subsume
mesons emerge in color-singlet states. Finally, diagr@ms quark—charge—dt_epen(_jent pieces. Finally, electroweak penguin
(h) describe annihilation processes; the gluon emission progeontributions give rise to the terms denoted KA(B

. . K).
duces aqq pair, so that two color-singlet mesons can be 7 . . .
produced. The limitations of the usual factorization formula, The explicit expressions for the varioisandM are de-

Eq. (3.1), become apparent upon the evaluation of the dia:[alled in Ref[41] and references therein. The best fit of their

gram in Fig. 4a) [64,65,71,4%for the B— 7 form factor. If resulting branching ratios to the data of RE§2] suggests

the transverse momentum dependence of the quarks is n@—aty_ ¢3~90°. Combining the CLEQ52] resuItsI\I/wth the
glected, the heavip quark generates a singularity &g the more recent measurements at Ba8g] and Be 6[54}
longitudinal momentum fraction of the spectator quark in thenotlnlg.TabIIe l, suggest thaﬁ canlbe s]:'naller than %0 @
-meson, goes to zerf72]. However, this singularity no result n closer accord to t € valué o determllneq' rom
longer occurs if thd, dependence in the heavy quark propa-gIObaI fits of the C_KM maErlx |n+th§ Sl\ﬂ50,076l08|gn|f+|ca[1t
gator is retained; thus thB— = form factor is regarded as CP asymmetries in th~—K=7" and B*(B") K~ 7"
perturbatively calculable, once proper resummation techModes are also predicted. The branching ratios in these
niques are applied45]. In the approach of Beneketal. ~ modes are sensitive tp. However, we shall show that the IC
[47], however, theB—  form factor is treated as non- contr|bL_1t_|on may impact this _plctqre ina §|gn|f|£:ar(|)t way.
perturbative input. One consequence of this is that the per- Significant CP asymmetries in theB™—K=7" and
turbative corrections in the two schemes are organized diB°(B%) — K= #* decays are predicted in R¢f.7] since the
ferently: in Ref.[47], hard-scattering contributions A( «) factorizable annihilation diagrams generate significant strong
are retained which would be regarded as non-leading order iphases through imaginary parts in the hard scattering ampli-
the approach of Ref45]. However, infrared enhancements tudes. Li, Keum, and Sanda argue that the Sudakov suppres-
also plague the treatment of annihilation contributions in thission mechanism required to regulate the endpoint regions of
approach 58]; thus the treatment of Ref45] is more sys- the amplitudes is reliable since some 90% of the contribu-
tematic in that the endpoint singularities contributions fromtions to theFZ; form factor comes from the region where
the contributions of all decay topologies are regulated in av,/7<0.3 [77,41]. This is an encouraging, if weak, self-
consistent way. For further comparison of the two ap-consistency check, though it is crucial to recognize that this
proaches, see Ref/3,58,74. remark pertains specifically to the value af associated
Adopting the notation and conventions of RB41] we  with the gluon exchanged in the computation of the hard

find that the parameters of Eq&.7)—(2.10 are given by  gcattering kernel. The functioms(u) also appears para-

[75] metrically in the expression for the Sudakov exponents; here
E4(s,u,u;B,K,7)=—fxFo— M,, as(u) can be evaluated at the softest scale, namg(iL/b)
with b~1/A52,. The sensitivity of the numerical results to
Eo(u,u,s;B,7,K)=—f Fox— Mgk, soft physics can thus be codified in terms of the sensitivity of
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TABLE II. Likely IC configurations in theB meson, where
e (u,d). The | bca) light-cone wave function will be maximized
for states of minimal invariant mass, so that the configurations with
the lowest masses are the most likely. The masses are assessed
using the lowest-lying meson masses in eagiqgg) ;» channel as
described in the text. The mass increment associated with the rela-
tive motion of the twoq;q, states has not been assessed, though it
likely acts to increase the estimated mass inlthd states.

FIG. 5. Hard scattering diagram mediated by intrinsic charm in
the B-meson wave function.

Configuration Estimated mass

the results to the cut-off in the integration over the transversepg), (cc),- in a relativel =1 state =8.4
coordinates. In specific, if we change the cut-off from
1A§L, to 0.45A 425, so thatas(u)/m=<0.30 throughout
the entire integral, we find that tlﬁ form factor changes by
a factor of three. The numerical results depend sensitively N (e i lativel = 1 ~83
the manner in which the endpoint region is regulated. Hopeg ﬂ)l’(cc)o’ n a relativel =1 state '

(bg)o-(cc);- in a relativel =1 state =8.4
(ba)of(cz)m in a relativel =0 state 8.7

fully the inclusion of “threshold resummation” will help (P@o+ (cC)o- in a relativel =0 state 8.7
mitigate this sensitivity 78]. It should also be emphasized

that a more realistic regulator might comprise of the Sudakoybc);-(cq);- in a relativel =1 state =84
suppression mechanism with a systematic scale setting pro-

cedure in concert with a “frozen” value ofs at very low  (pc),-(cqg),- in a relativel =1 state =8.3
scales. In this manner, the sensitivity of the numerical result be)o_ (CQ)o: in a relativel =0 state 8.7
to the endpoint regions can be reduced, but we postpone this

investigation to a later publication. - — N =g

Let us now proceed to investigate the consequences of 1€29)1-(CQo- in a relativel =1 state -

in B—«K decay. The hard scattering contribution B> (bC€)o+(c)o- in a relativel =0 state 8.6
— K decay mediated by IC in th® meson is shown in Fig.

5; the hard gluon must emerge from the spectator valence i f th ficles | h Fock state tend to minimi
quark to generate a non-trivial contribution. This diagramma Ics ot the particies in each Fock state tend fo minimize

gives rise to the parametéﬂf(s,q,B,K,w) in Egs.(2.13— the total light-cone energy. Thus the most favored configura-

(2.16). It is worth noting that IC in theK or the 7 mesons tions have zero relative rap|d|t){ amﬂﬂ“ ' )
could also generate a contribution Pd_c(s,q,B,K,w), as _We enu_merate the Iowes_t—lymgbccq) states consistent _
iilustrated schematically in Fig.(B). We ignore this contri- With the 0" B meson state in Table II, and we assess their

bution, as we believe that IC in tlemeson to be of greater relative likelihood, that is, their relative light-cone energy, by

phenomenological significance. In order to estimate the Con(_astimating the total invariant mass of each configuration of

tribution associated with Fig. 5, we must consider the strucSPECIfic spin by summing the mass of each individual
ture of theB meson in the presence of IC. It is to this issue(d102),e state.[For simplicity, we neglect the mass shift
we now turn. associated with the relative motion of tlygq, states] To
effect this estimate, we use the empirically determined
A. IC in the B meson masse$79], supplemented by model calculatidi®®,81] for
those states which have not yet been obsef@2{ The net

TheB-meson light-cone wave functioj¥g) as an eigen- yeqyit s that the enumerated states listed in Table I are of
state of its light-cone HamiltoniaH . satisfies the equation comparable likelihood.

(M§—Hyc) | ¥g)=0. Expanding| W) in terms of its Fock The pattern of estimated masses can be understood by
state decomposition yields an infinite set of integral equanoting that in the heavy quark limit, the spin of the heavy
tions for the Fock componenig,(x; ,lzii,)\i), so that quark decouples, and the ground state is a degenerate doublet
of (07,17) stateg[83]. There are two excite®-wave dou-
. 1 blets, comprised of (0,1") and (1*,2") states; an estimate
gn(Xi K N)= —————(VicW)a, (34 of spin-orbit effects suggests that the(2") doublet is
M3— >, m?,/x; more massiveg[84]. More recent investigations have sug-
I

gested, however, that the sign of the spin-orbit force in

) ) o ) heavy-light systems is inverted relative to atomic expecta-
whereV/ is the potential matrix in the Fock-state basis. Thejjgng [85], so that the (0,17) doublet is pushed to higher

sum is over the partons in the Fock componenhamely  energy[85,80]; nevertheless, the configurations of twd 1
Sk, andm?;=k?;+m;. The kinematics dictat&x;=1.  mesons in a relative=1 state can be discounted, as they are
Equation (3.4) suggests that minimizing the value of more massive and thus less likely than the states enumerated
3;m?,/x; enhances the likelihood of a particular Fock-statein Table Il. The combination of 0 and 2" mesons in a
component. This is equivalent to the statement that the kinerelativel =2 state can be similarly neglected, as the masses
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of the mesons themselves are comparable or slightly larger Returning to Table Il we see that tfi2 and the I and
than those of the 0 and 0" configurations—and the angular 0*D* states can also be liberated from tBemeson via

momentum penalty is two units. All the IC configurations S — . L

involve at least oné=1 configuration, either within or be- annihilation of thebc quaﬁs. Indeed, this mechanism is il-

tween the meson states. This implies that the numerator déstrated for decay into the* (17) state in Fig. 2e) of Ref.

the light-cone wave functions can involve terms which arel20l—the annihilation can occur without CKM suppression

linear in the relative transverse momekta [86]. into du andsc quarks, or intd *»,. Moreover, the annihi-
The recent observation of a significant branching ratio oflation in this case can occur with a Wilson coefficient of

B's decaying into the scalaP-wave state of charmonium order unity, so that the mechanism is numerically more sig-

[87] nificant in this case than in decays to charmonium final
states. The helicity-favored process can yield eith@ ar
BB —K* o) D* meson. IC has been argued to impact Bre D* form

— =0.77£0.11+0.22 (3.5 factor near the zero recoil region, and thus the extraction of
B(B"—K"J/4) |Vcp| [20]. The error in|Vy| is of the order of 5% 79]; yet

the presence of IC could become an important consideration

is surprising from the standpoint of naive factorization sinceas the form-factor studies gain in precision. The materializa-
the V—A structure of the weak vertex forbids the decay totion of IC Fock states is more prominent at larger values of
Xo and y, states[88,89. However, QCD radiative correc- Xr; this argues for the materialization of IC in this case at
tions to the inclusive decay rate are sizeal6], so that Small recoil. Potentially the presence of IC could impact the
once these corrections are included, the decay rates into tlextrapolation of the empirically measur&d-D* form fac-
Xo K andJ/ K channels may not be dissimilg89]. tor to zero recolil. Interestingly, however, theoretical con-
On the other hand, the large observed decay rat®for straints exist on the slope and curvature ofhe D*) form
—K™ xo could be evidence for a transition involving intrin- factors[91,92, and thus a comparison with high-precision
sic charm of theB since the required orbital angular momen- experimental data may serve to identify the contribution

tum is naturally present. The first four configurations ingom |c. it is worth noting that the decay % is disfavored

Tabl'e. Il are suggestive of a mephanism in W,hiCh e in the IC mechanism; comparing branching ratiosE@h
annihilate  a K meson; the remaining charmonium state of —, o o
andDg h final states could also be helpful in illuminating the

either 1, 07, or 0" character is freed from thB-meson hani involved. Th i tend to the inclusi
wave function. Helicity arguments favor annihilation in the MEChanNISMs INvoived. These notions exiend 1o the inclusive
case as well, in a manner analogous to our earlier discussion.

ﬁ](pQ) .Staé?’ though the Supt[)aressmn;fsol\cl:latedhwith anni= | et us now proceed to specific numerical estimates of the
ilation in state may not be sevefdl]. Nevertheless, IC mechanism irB—s 7K

this mechanism populates the.K, J/¢K, and xoK final

states, though the decay to tlyg state, however, is disfa- _ )

vored, offering a signal which can distinguish intrinsic charm B. Numerical estimates

from other mechanisms. Note that the weak annihilation of |n constructing a first estimate of the impact of ICBn

the bg quarks must be mediated by penguin operators te— 7K decay we consider exclusively the role played by IC

avoid suppression by CKM factors. in the B meson since we expect it to have larger phenomeno-
The IC mechanism can occur in inclusive decays as welllogical impact than the IC of the light mesons. The hard

The likelihood of materializing IC Fock states is enhanced ascattering diagram foB— wK decay inO(«as) is shown in

the value ofxg which corresponds to the typicalof the IC  Fig. 5. The color structure of th®5 operator which causes

tmeands :hau9°~§ﬁ0>.+<xa%to'44 [20].fThe hlflnhetrﬁ_a\tlcsl, n originates from thes or ¢ quark line. The light-cone-energy
L;rn,ie ermlljne el'mvdanan miasg)fg‘ I\?Irzw ch / 1'S valle  minimization argument suggests that,) is pushed to very

0 XC; can be realized, namelyg=( Xt DI(1=Xee) low x, as in Fig. 8b) of Ref.[20], so that the spectator quark
+(M+ k?)/x¢s, so that the IC mechanism is particularly must suffer a hard interaction to emerge in the pion final state
favored in this region ob(s invariant mass. Note that the with an appreciable likelihood. Thus these additional contri-
decayB— y,X, continues to be disfavored. We can comparebutions are suppressed by the hadron wave functions, and we
this scenario with the NRQCD prediction which emerges inneed not consider them further. _

leading order in the relative velocity of thec pair; in this Although IC; in theB meson can be. in any of several
alternative picture, th® decays to theP-wave charmonia low-lying conﬂgurayons, as illustrated in Table Il, we as-
can be mediated by a decay to a color-octet charmoniuriume that our estimated lowest energy state, namely the
state, which evolves nonperturbatively to a color-singlgt  (PC)1-(ca)o- state, reflects the dominant arrangement of IC
state[90,88. This mechanism, in concert with the color- in the B meson wave function. Examining Fig. 5 we see that
singlet mechanism, computed in NLO, suggests g8  there are no hard gluon interactions across the weak vertex,
— X2 X/ B(B— xoX<)~5 [88]. Thus a comparison of the SO that the computation of the hard scattering amplitude fac-
B— x0 X branching ratios as a function & should serve torizes. One portion of the weak vertex mediates the annihi-
to test and distinguish the IC and color-octet mechanisms. lation of the I" bc quarks, and the other describes the am-
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plitude for the O (ca) state to emerge with the parton

content of thewrK final state, namelysq’qq. It should be
realized, however, that the final contribution is non-
factorizable since the two pieces of the hard scattering am-
plitude are tied together by the integration over the coordi-

nates of the light-cone wave function of thed);-(cq)o-
state. We know little about the form of this wave function,
although the kinematics of the IC configuration suggests tha
it falls more steeply in the endpoint region than the wave
function of the valence component. Consequently, reorganiz:
ing the perturbative contribution into integrals over the im-
pact parameters may not be needed. Nevertheless, to effe
an explicit, albeit simple, estimate we turn to the form fac-

tors computed by 5e[.41], as the amplitude for the 0(cq)

state to emerge asq’qa cosmetically resembles Fig(f4.
We thus estimate that

<,

Brx 10

s 1 1
100

L PR L
120 140

. 2 2 L1 ]
80 160 180

¥ (degrees)

FIG. 6. The impact of IC in théB meson on th8—K* 7~
branching ratios as a function of Theuppercurve for each type
of line corresponds t8°— K" 7~ decay, whereas thewer curve
for each type of line corresponds BY—K ™7+ decay. The solid
line depicts the results of Re#1], realized from their Table I. The

where fg«~0.317 GeV[93] reflects the annihilation of the dashed line is the result once the IC contribution, as per @3,

- be K d th ining f fl . (3.6), is subtracted, and the dotted line is the result once the IC
1" be quarks, and the remaining factors reflect an est'mat%ontribution, as per Eq€2.13,(3.6), is added. The vertical solid

of the lower half of the diagram in Fig. 5. TH, form factor  |ines enclose the=5% C.L. fits toy in the SM, 34%=y=82°, of

is dominated by=§6, engendered by the operators associategref. [50].

with ag(t), for which the contributions from Figs.(d) and

(f) sum, rather than approximately cancel. We note thaj . (K°7°). Sizeable asymmetries are generated when the
a;(My/2)/ag(My/2)~—20. The parameteB reflects the g parameter is included; otherwise they are small. The IC
probability amplitude to find th@& meson in an IC configu-  contribution,A'C, can be significant relative to the penguin
ration, as well as an adjustment for the50% penguin en-  ontribution, but it is small compared t&,, so that
hancement reported in Rdf77], so thatB~2(0.02)/3. We Aco(KO7*) and Acs(K°7°) will continue to be small once
take this as a rough estimate of the possible impact of IC ifne effects of IC are included, although they will be modi-
B— wK decay. fied. Consequently we focus on the role of IC B

In evaluating the role of IC iB— 7K decays, let us first = = decay. Using Eqs(2.13,(3.3 and the numerical
consider what we might expect in its absence. We can relatg,gits of Table | in Ref[41] we fi,nd that

the parameters of Eq$2.13—(2.16 to the older, diagram-
matic analyses of Ref94]. To wit, the parameteE; con-
tains the factorizable, “color-allowed” tree contribution,
whereasE, contains the factorizable, “color-suppressed”
tree contribution—this is made manifest in the mapping to
the amplitudes of the perturbative QCD approach in Eq.
(3.3). Typically the factorizable, “color-suppressed” tree and
annihilation—specifically thefgF, term in Eq. (3.3—  so that |A°|/|P;|~20%. The resulting branching ratios,
contributions are thought to be smaller than the factorizableg(B°— K * ) and itsCP-conjugate, are plotted as a func-
“color-allowed” tree contribution[94]. The explicit numeri-  tion of y in Fig. 6. The inclusion of IC modifies the expected
cal estimates of Ref41,58 support this in that the partial pranching ratios, but its impact on the expected partial rate
rate asymmetries in the modes with charged kaons, whichsymmetries is striking. IC modifies the penguin contribu-
contain theE, parameter, are much larger. For the purpose ofion, parametrized by, substantially; in realizing\cp this
our discussion, let us define the partial rate asymmetry irffect is amplified by the comparatively large value Bf,
K=#™ decay as generating the substantial variations seen. For similar rea-
sons, one can also expect marked effectada K * 7°). The
combinations of Wilson coefficients, andag differ in sign,
BB =K 7 )+BB —K ) as do thel((;)(AZ) pieces ofV Vg, andVV3,, so that sub-
(3.7  tractingAy”in Eq. (2.13 suppresses the strong phase relative
to the amplitude parametrized by,sV;,E; and hence sup-
where the extension to other modes is clear. We have argugiessesAcp. The numerical sign associated wity. is un-

a;(my/2
pl(b)B

IC g g
A7 (s,q9,B,K,m) chFaa6(mb/2) ,

(3.6)

AF=25x10"%+i2.2x10°3
E;,=—0.13-i4.1x10 3 (3.9

P,=9.3x10 3—i4.5x10 3,

A+ )= BB 2K T) — BB KT )
c =

(and explicit calculations suggesthat Acg(K*7~) and
Ac(K™ 7% should be larger thanAcf(K°7") and

clear; our remarks assunBe>0 in Eq.(3.6) for definiteness.
A suppressed\cp, as can be realized through the inclusion
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of IC, is in better agreement with recent measurements, notedicated by the Europeon Muon Collaborati@&MC) mea-
Acp(K"7r7)=—0.07+=0.08(stay = 0.02(sysh [95]. With the ~ surement$7—9]. As emphasized by Chang and H&0], the
uncertainties from the IC contribution, we are compelled todecay of theB andY into charmed final states may provide
echo the conclusion of Reff28]: with the present theoretical the best phenomenological constraints on Fock states of the
and experimental errors, it is not possible to extract the valu8 containing intrinsic charm. We have emphasized here the

of v from these decays. impact of such Fock states on exclusive decays to light had-
rons.
IV. SUMMARY Additional insight into the magnitude of IC and/or IS con-

tributions in theB may also be obtained from decays in

The role of non-valence components in the hadrons’ lightwhich all four quarks in the weak transition differ, so that the

cone wave functions, coupled with the hierarchical structurgyenguin contributions which confound the clear identifica-
of the CKM matrix, offers new perspective @&decays. The tion of non-valence effects iB— (7, p)K decays are absent.

effects can be striking in decays for which the tree-levelgy, example, the decaB’—K D™ proceeds at the quark-

contributions are Cabibbo-suppressed, so that we have f?ével viab—csu In the valence approximatiol/~ emis-
cused on the role of IC in th® meson in mediating3 ) PP

—7K andB— pK decays. We have shown that such contri-Sion yields the only possible decay topology. TKie meson

butions cannot be distinguished from the “charming” pen-forms from the decay of the/™ to a color-singlesu, so that
guin contributions of Ciuchinet al. [26—2§, demonstrating ~the color transparency property of QCD suggests that a fac-
that the latter need not be penguin contributions at all. Théorization picture should be an excellent description of this
intrinsic charm effect, although quantitatively elusive, is suf-Process. However, additional decay topologies are possible
ficiently significant, on general grounds, to impact tRe ©NCe non-v_alent;e _degrees of freedom are considered. For
— K andB— pK branching ratios, and the associated par_example,glven intrinsic charm Fock states in Beneson,

tial rate asymmetries, in a sizable manner, though the largete b andc can annihilate and decay su and form aK™
variations are seen ilcp(K"77) and Acg(K*7°%). Thus  meson. The remaining quark and spectatat form theD*

we must agree with the discouraging conclusions of Ciuchinjeson. Additionally, using IS in the meson, théo ands can

et al. [28]: the unestimated contributions ®— 7K decay - . ,
are of sufficient size that these modes cannot be used t%ndergow exchange to yield au final state. These quarks

estimatey, or, better, that any discrepancy betweedeter- ~ €N rearrange with the remainisgyuark and spectatat to
mined in a fit of theB— 7K branching ratios and that of an form a D "K™ final state. Thus the IC and/or IS-mediated

unitarity triangle fit is not yet meaningful. contribL_Jtions associated with the same _CKM facto_rs gnd

The presence of IC in the meson touches many different short-d|sta|_’10e operators as the. gonyenu_onal contributions
aspects oB physics. It can mediate decays which are Sup_could repair any quantitative def|C|_enC|es in the usual treat-
pressed in valence approximation, suchBas J/¢/D  [20] m.ent. of thgse decays. Hovyever,'smce the.IC and/or IS con-
andB— yo K. It offers a pathway by which the semileptonic trlbut_lo_ns in such cases is neither Cab|bbo nor _W|I_son
branching ratioBy, can be suppressed without eX‘,jlcerb‘,mngcoe_fﬂment-enhanced relz_:ltl_ve to the d_ommant contribution,
the charm counting problem. It could potentially help explaint"€ir Presence may be difficult to confirm.
the lifetime difference between thB meson and the\,
baryon.

At the present stage of knowledge of non-perturbative We are grateful to M. Beneke, G. Bonvicini, S. Dong, |.
QCD wave functions, we only have a qualitative picture ofDunietz, G. Hiller, W.-S. Hou, P. Hoyer, D.-S. Hwang, A.
the structure of nonvalence components of the hadron'&agan, M. Karliner, H.-N. Li, H. Quinn, J. Tandean, and L.
light-cone wave functions. Eventually lattice gauge theory onWolfenstein for helpful comments and discussions. S.G.
methods such as discrete light-cone quantizaibhCQ)  thanks the SLAC Theory Group for its hospitality during the
may provide quantitative results. It is very important to re-completion of this work. This research was partially sup-
measure the charm structure function of the proton at largeorted by the Department of Energy under contracts DE-
Xpj to confirm or disprove the evidence for intrinsic charm AC03-76SF00515 and DE-FG02-96ER40989.
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