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Testing QCD factorization and charming penguin diagrams in charmles8—PV
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We try a global fit of the experimental branching ratios @B asymmetries of the charmle&— PV
decays according to QCD factorization. We find it impossible to reach satisfactory agreement, the confidence
level (C.L.) of the best fit being smaller than 0.1%. The main reason for this failure is the difficulty to
accommodate several large experimental branching ratios of the strange channels. Furthermore, experiment

was not able to exclude a large diré2P asymmetry inB°— p™ 7, which is predicted to be very small by

QCD factorization. Trying a fit with QCD factorization complemented by a charming-penguin-diagram-
inspired model we reach a best fit which is not excluded by experig@ht of about 8% but is not fully
convincing. These negative results must be tempered by the remark that some of the experimental data used are
recent and might still evolve significantly.
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[. INTRODUCTION pared to the intrinsic scale of strong interactions. This allows
one to deduce that nonleptonic decay amplitudes in the
It is an important theoretical challenge to master the nonheavy-quark limit have a simple structure. It implies that
leptonic decay amplitudes and particulaByhonleptonic de- corrections termed “nonfactorizable,” which were thought to
cay. It is not only importanper se in view of the many be intractable, can be calculated rigorously. The anomalous
experimental branching ratios which have been measured relimension of the matrix elements is now correct to the order
cently with increasing accuracy by BaHar-10], Belle[11—  at which the calculation is performed. Unluckily the sublead-
15], and CLEQO[16-21], but it is also necessary in order to ing O(A/my) contributions cannot in general be computed
get control over the measurement ©P violating param-  rigorously because of infrared singularities, and some of
eters and particularly the so-called angleof the unitarity ~these which are chirally enhanced are not small, of order
triangle. It is well known that extracting from measured O(Mz/my(m,+mg)), which shows that the inversen,
indirect CP asymmetries needs a sufficient control of thePOWer is compensated by /(m,+m). In the seminal pa-
relative size of the so-called tré®) and penguir(P) ampli- ~ Pers 0f[22,23, these contributions are simply bounded ac-
tudes. cording to a qualitative argument which could as well justify

However, the theory of nonleptonic weak decays is a dir2 significantly larger bound with the risk of seeing these

ficult issue. Lattice QCD gives predictions for semileptonic.unlorecjICtabIe terms become dominant. It is then of utmost

or purely leptonic decays but not directly for nonleptonic'ggoggnce to check experimentally QCD factorization
ones. For a while, one has used what is now called “naive( )

factorization” which replaces the matrix element of a four- h;';T:S: f:\év é’g:;'l;: :115 beer; asp‘_)l_“rfgag:]eprzl E‘tg;(t) e
fermion operator in a heavy-quark decay by the product of pseu Somecays. 9 u

the matrix elements of two currents, one semileptonic matri Siitr;‘?lt tTerder(:?%/ tr? n)c()ns';irra:]ngr]ﬁ ]\(/I\?hailll Sﬁtesd's preiilctet(rj t]O be
element and one purely leptonic. It has been noticed for gntly farger than experime € the decay 1o strange

while that naive factorization did provide reasonable results inal states is significantly underestimated. B3] it is

although it was impossible to derive it rigorously from QCD '([:I.alm?d tha;[ thl's cantrt‘)e cured bﬁ/ a valute gf lthe unltanLy-
except in theN.—o limit. It is also well known that the nangie angiey farger than generatly €xpected, larger maybe

matrix elements computed via naive factorization have a{;iﬂoig c.oEill(”:jge alz(;.lntgl ac;:son;(r)]': \tlﬁgogsrgg,?,g:ﬁlgtfles éhDe
wrong anomalous dimension. u ude posiively 9 Q

Recently an important theoretical progress has been peF:\c:torization with the data. I[24,25 it was objected that the
formed[22,23 which is commonly called “QCD factoriza- arge branching ratios for strange channels argued in favor of

tion.” It is based on the fact that thie quark is heavy com- Ehe presence of a_spe_cmc nonperturbative co_ntrlbutlon called
charming penguin diagrams{25-30. We will return to

this approach later.

. The B— PV (charmless pseudoscalar vector meso
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—a" . This prediction is still valid in QCD factorization asymmetries than QCDF due to the fact that penguin contri-
P 0/(Q0 0 butions to annihilation diagrams, claimed to be calculable in
where th(Lz’Mﬂ ratio s of about. 3%(8%) for the B PQCD, contribute to a larger amount to the amplitude and
—p'm” (B’—p~7") channel against about 20% for the have a large strong phase. In fact, in PQCD, this penguin
B =" =~ one. If this prediction were reliable, it would put annihilation d|agram_ is clalmed to bg of the_same ord.er,
0 4+ - . " O(as), than the dominant naive factorization diagram while
the B>—p" " channel in a good position to measure thej, CDF it is also®(«,) but smaller than the dominant
Cabibbo-Kobayashi-MaskawtCKM) angle a via indirect  5i6 factorization which is)(1). Hence, in PQCD, this

CP violation. This remark triggered the present work: We |arqe nenguin contribution with a large strong phase yields a
wanted to check QCD factorization in tiB2— PV sector to large CP asymmetry[40—42.

estimate the chances for a relatively easy determination of ¢ QCD factorization is concluded to be unable to describe
the anglea. _ the present data satisfactorily, while there is to our knowl-
_ The noncharme8— PV amplitudes have been computed g4ge 1o theoretical argument against it, we have to incrimi-
in naive factorizatior{32], in some extension of naive fac- nate nonperturbative contributions which are larger than ex-
torization including strong phasg83], in QCD factorization  hected. One could simply enlarge the allowed bound for
[34—36, and some of them in so-called perturbative QCDyn e contributions which are formally subleading but might
[37,38. In[39], a global fit toB—PP,PV,VV was investi- pe |arge. However, a simple factor of 2 on these bounds

gated using QCDF in the heavy-quark limit and a plausibleyakes these unpredictable contributions comparable in size
set of soft QCD parameters has been found that, apart ot the predictable ones, if not larger. This spoils the pre-
three pseudoscalar vector channels, fit well the eXpe”mentﬁictivity of the whole program.

branching ratios. Recent[\36] it was claimed from a global A second line is to make some model about the nonper-
fit to B—PP,PV that the predictions of QCD factorization rpative contribution. The “charming penguin diagram” ap-
are in good agreement with experiment when one excludegyoach [27,30 starts from noticing the underestimate of
some channels from the global fit. When this paper appearegyange-channel branching ratios by the factorization ap-
we had been for some time considering this question and OWroaches. This will be shown to apply to tR&/ channels as
feeling was significantly less optimistic. This difference \ya as to thePP ones. This has triggered us to try a
shows that the matter is far from trivial mainly because €X-charming-penguin-diagram-inspired approach. It is assumed

perimental uncertainties can still be open to some disCussioR 4t some hadronic contribution to the penguin loop is non-
We would like in this paper to understand better the origin ofyeryrhative, in other words that weak interactions create a

the difference between our unpublished conclusion and thgnarm-anticharm intermediate state which turns into non-
one presented if86] and try to settle the present status of the .harmed final states by strong rescattering. In order to make
comparison of QCD factorization with experiment. the model as predictive as possible we will use not more than

~ One general remark about QCD factorization is that ityys ynkown complex numbers and use flavor symmetry in
yields predictions which do not differ so much from naive strong rescattering.

factorization ones. This is expected since QCD factorization In Sec. Il we will recall the weak-interaction effective
makes a perturbative expansion the zeroth order of whichyamitonian. In Sec. 11l we will recall QCD factorization. In
being naive factorization. As a consequence, QCD factorizagec |\ we will compare QCD factorization with experimen-
tion predicts very small dire€@ P violation in the nonstrange 5, branching ratios and dire€tP asymmetries. In Sec. V we

channels. Naive factorization predicts vanishing dif€® || propose a model for nonperturbative contribution and
violation. Indeed, direcCP violation needs the occurrence compare it to experiment. We will then conclude.

of two distinct strong contributions with a strong phase be-
tween them. It vanishes when the subdominant strong con-
tribution vanishes and also when the relative strong phase
does as is the case in naive factorization. In the case of The effective weak Hamiltonian for charmless hadrdgic
nonstrange decays, the peng(®) and treg(T) contributions  decays consists of a sum of local operat@¢smultiplied by
being at the same order in the Cabibbo angle, the penguishort-distance coefficients; given in Table | and products
diagram is strongly suppressed because the Wilson coeffof elements of the quark mixing matriX,p=Vpr;s or )\")
cients are suppressed by at least one power of the strongvpb\/;d, Below we will focus onrB— PV decays, wher®
coupling constants and the strong phase in QCD factoriza- andV hold for pseudoscalar and vector mesons, respectively.
tion is generated by &(as) correction. Having botfP/T  ysing the unitarity relation-A,=\,+\., we write

and the strong phase small, the dir€® asymmetries are
doubly suppressed. Therefore a sizable experimental direct

Il. EFFECTIVE HAMILTONIAN

G
Het=—1= Ap| C1QP+CLQ5+ CiQ
eff 2 p;u’(: p 1Q1 2Q2 i—3 |Q|

CP asymmetry inB—p* 7~ which is not excluded by ex- " 2 oS P\ Tt TR g 10
periment[9] would be at odds with QCD factorization. We
will discuss this later on. Notice that this argument is inde-
pendent of the value of the unitarity angje contrarily to
arguments based on the value of some branching ratios
which depend ony [23]. where Q, are the left-handed current—current operators

The perturbative QCDPQCD predicts larger direc€P arising fromW-boson exchangeQs cand Q7 10 are

+C7,Qy,+ CgyQag | +H-C., 1)
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TABLE I. Wilson coefficientsC; in the NDR scheme. Input

parameters areA%z 0.225 GeV, my(m,) =167 GeV, my(my)
=4.2 GeV,M,=80.4 GeV, a=1/129, and sif¥,=0.23[23].

NLO C, C, Cq C, Cs Cs
u=my/2 1137 —0.295 0.021 —0.051 0.010 —0.065
u=my  1.081 —0.190 0.014 —0.036 0.009 —0.042
u=2m, 1.045 —0.113 0.009 —0.025 0.007 —0.027
C;la Cgla Cgla Cypla C?f; ng
u=my/2 —0.024 0096 —1.325 0.331 — —
u=m, —0011 0060 —1.254 0.223 — —
w=2m, 0011 0039 -1.195 0.144  — —
LO C, C, Cq C4 Cs Ce
u=my/2 1185 —0.387 0.018 —0.038 0.010 —0.053
w=my 1117 —0.268 0.012 —0.027 0.008 —0.034
u=2m, 1074 —0.181 0.008 —0.019 0.006 —0.022
Csla  Cgla  Cgla Cyla  C§I cey
u=my/2 —0.012 0.045 —1.358 0.418 —0.364 —0.169
u=my, —0.001 0.029 —1.276 0.288 —0.318 —0.151
u=2m, 0.018 0.019 —1.212 0.193 —0.281 —0.136

QCD and electroweak penguin operators, §hd, and Qggq
are the electromagnetic and chromomagnetic dipole operaquations. The essential problem obstructing the calculation
tors. They are given by

Q0= (pb)y-a(SP)v-a,

Qb= (abj)V—A(gjpi)V—A!

Q3=<?b>v_A§ (A9)v A

Q4:(§ibj)v—A§q: (9jq)v-a.

Q5=(§b)V,A§ (EQ)V+A-

Qez(gibj)v—Aé (EjQi)v+A:

Q7= (gb)V—Ag 3 eq(EQ)V-%—A )

Qs= (?ib,-)vaEq) 3 eq(ajqi)VJrA )

M,
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Q9=<§b>H§ $eq(aq)v-a,

Q0= (gibj)V—A% %eq(a,-qi)v_A,

e _
Q7'y= gmbSUM,,(l-i- ’}/5)F’uvb,

_g _
Qgg=8—775mbsoﬂy<1+ 5)G*"b, ©

where @102)v+a=0d17,.(1= vs5)0d,, i,] are color indicesg,

are the electric charges of the quarks in unitdedf and a
summation ovelg=u,d,s,c,b is implied. The definition of
the dipole operator€, and Qg, corresponds to the sign
conventioniD #=i¢*+gsALt, for the gauge-covariant de-
rivative. The Wilson coefficients are calculated at a high
scalex~M,, and evolved down to a characteristic scale
~my using next-to-leading order renormalization-group

of nonleptonic decay amplitudes resides in the evaluation of
the hadronic matrix elements of the local operators contained
in the effective Hamiltonian.

lll. QCD FACTORIZATION IN B—PV DECAYS

When the QCDF method is applied to the decds
— PV, the hadronic matrix elements of the local effective
operators can be written as

(PV|O;|B)=F;P(0)Ty *fy®y+A5 Y (0)Tp *fpdp
+ T fgDpx fyDyxfpdp, 3)

where ®, are leading-twist light-cone distribution ampli-
tudes, and the -products imply an integration over the light-
cone momentum fractions of the constituent quarks inside
the mesons. A graphical representation of this result is shown
in Fig. 1.

Here FE~P and A3~V denote the form factors foB
— P andB—V transitions, respectivelypg(£), ®\(x), and
®p(y) are the light-cone distribution amplituddsCDASs) of

FIG. 1. Graphical representation of the factor-
ization formula. Only one of the two form-factor
terms in Eq.(3) is shown for simplicity.
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A VANV

(a) (b) (c)

FIG. 2. Orderag corrections to
the hard-scattering kernels. The
upward quark lines represent the
emitted mesons from b quark
weak decays. These diagrams are
commonly called vertex correc-

(d)
tions, penguin corrections, and
hard-spectator-scattering diagrams
suy g g for (@—(d), (e),(f), and(g),(h), re-
spectively.
(e) (f) (g) (h)

valence quark Fock states f@; vector, and pseudoscalar (3). But as emphasized i0—-42, the contributions from
mesons, respectivel§; "' denote the hard-scattering kernels, weak annihilation could give large strong phases with QCD
which are dominated by hard gluon exchange when theorrections, and hence lar@ violation could be expected,
power suppressed(Aqcp/my) terms are neglected. So so their effects cannot simply be neglected. However, in the
they are calculable order by order in perturbation theory. Th&QCDF method, the annihilation topologiésee Fig. 3 vio-
leading terms off' come from the tree level and correspond |ate factorization because of the end-point divergence. There
to the naive factorizatioliNF) approximation. The order of s similar end-point divergence when considering the chirally
a terms ofT' can be depicted by vertex-correction diagramsenhanced hard-spectator scattering. One possible way is to
Figs. 2a-2(d) and penguin-correction diagrams Figs. treat the endpoint divergence from different sources as dif-
2(e),(f). T" describes th'e hard interactions between the SPeGerent phenomenological parametf28]. The corresponding
tator quark and the emitted mesbh, when the gluon virtu- - price is the introduction of model dependence and extra nu-
ality is large. Its lowest order terms ata;) and can be  mgrical uncertainties in the decay amplitudes. In this work,

depicted by hard-spectator-scattering diagrams, FitB—2 e will follow the treatment of Ref[23] and express the
2(h). One of the most interesting results of the QCDF aP-yeak annihilation topological decay amplitudes as
proach is that, in the heavy-quark limit, the strong phases
arise naturally from the hard-scattering kernels at the order
of ag. As for the nonperturbative part, they are, as already
mentioned, taken into account by the form factors and the A3B—PV)xfgfpfy D Npbi, (5)
LCDAs of mesons up to corrections which are power sup-
pressed in 1h,.

With the above discussions on the effective Hamiltonian )
of B decays Eq(1) and the QCDF expressions of hadronic Where the parametels are collected in Sec. Il B, and the

matrix elements, Eq3), the decay amplitudes f@&—PVin  expressions for the weak annihilation decay amplitudes of

the heavy-quark limit can be written as B— PV are listed in Appendix B.
G 10
A(B—PV)= —; > > Ap@l(PV|Oi|B)nt.  (4) A. QCD coefficientsa;
p=u,ci=1

We express the QCD coefficiends [see Eq.(4)] in two

The above(PV|O;|B), are the factorized hadronic matrix Parts: i.e.,aj=a;;+a; . The first terma;, contains the
elements, which have the same definitions as those in the Nfaive factorization and the vertex corrections which are de-
approach. The “nonfactorizable” effects are included in thescribed by Figs. @—2(f), while the second pa#; ;, corre-
coefficientsa; which are process dependent. The coefficientssponds to the hard-spectator-scattering diagrams Figs.
a; are collected in Sec. Il A, and the explicit expressions for2(g),(h).
the decay amplitudes d8— PV can be found in Appen- There are two different cases according to the final states.
dix A. Case | is that the recoiled mesbh, is a vector meson, and

According to the arguments if22], the contributions of the emitted mesoM, corresponds to a pseudoscalar meson,
weak annihilation to the decay amplitudes are power supand vice versa for case Il. For case |, we sum up the results
pressed, and they do not appear in the QCDF formula, Edor a; as follows:

b M
B m< FIG. 3. Orderag corrections to
M the weak annihilations of charm-
? less decay8—PV.
(a) (b) () (d)
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C Cra
a5, =Cy+ —2| 1+ — iV,
) NC
F
=" “C,H(BM;,My)
C
Cl CFOZS
=Co+— |1+
a2| C2 NC 1 477_ VM ’
TLUEX
Q) =—"—3 C;H(BM,My),
C
C4 C,:afs
a3|—C3 N_C 1+ 477 VM y
F
Q=7 C,H(BM;,My),
C
Cs Cras Cras Pl
=Cy+ —| 1+ + ’
A =Cat |1 4 T 2 N,
F
=75 CH(BML 2)
C
C6 CFCYS ,
::15|—05+N—C 1- yp= \
7TC|:CYS ,
ag =~ ———CgH'(BM,Mp),
NC
Cs Cras|  Cras PRA,s
ael_Csdl_N_C 1-6 A 47 N¢
Cg CFCYS
a6‘||—0, a7‘|—C7+N_C 1 47T VM ,
B 7TCF as
arn=- CgH'(BM1,M3),
C
Cra a PR
Bi=Cot |16 Foslp — M3
97 N,
ClO C,:a
a8‘||:0, ag‘|:Cg+ N_C|:1+ 47TSVM y
mCras
Qg =——— 2C1H(BM;,M,),
N
C
Ceas,, |, @ PRY'
o, = C1°+N Y Y ter N
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mCras
aon="5 NE 2CoH(BMy,M,), (6)

c

where C,:=(N§—1)/2NC, and N.=3. The vertex param-
etersVy, andV}, result from Figs. 2a)—2(d); the QCD pen-
guin parameters}, i and the electroweak penguin param-
etersPy %" result from Figs. g)—2(f).

The vertex corrections are given by

m, 1
Vy=12 In;— 18+ f dxg(x)Py(x),
0

my 1
V,’\,|=12In7—6+f dxg(1—x)Dy(x),
0

3 1 2xI S 2Inx
g(x)= 1=y nx—im

2 Liy(x) — In?x+ =

—(3+2im)InX—(X—=1-X)|,

)

where Li(x) is the dilogarithm function, whereas the con-
stants 18 and 6 are specific to the naive dimensional reduc-
tion (NDR) scheme.

The penguin contributions are

PI[\)/I,ZZ Cil3

|m 2 G lC
n7+ - (Sp) _E 9

8™ 2 G (0)-Gy(1
><§n7+§— m(0)—Gpn(1)

3 3
+ 2 Cs+Cot 58Cs+ 5€Cuo

4 mb eﬁfl (I)M(X)
X §|n7—GM(Sq) 2C89 0CIX 1—x
; 4 m, 2 . 1
PM’3:C1 §|n7+§—GM(Sp) + C3— ECg

8 my 4 -
X224+ = — &3, (0)— Gy (1)

3 u 3
3 3
+2/ Cy+Cot 56,Ce+ 5€4Cro0
q=q
4 m
§In7b—GM(sq) —2cgh, (8)

and the electroweak penguin parametefs:"”,
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PPiSY=(C1+N.Cy)

m, 2
In7+3—GM<sp> ~(C3+NiCy) H'(BV.P) = — M(O)f de [ ax

4 m 2 1 1
X 3'”#« +3756m(0)=5Gu(1) f dy §) @ (X) <1>_( 13
y
+q:2q/ (NeCat CatNeCst Co) For case ll(vector meson emittgdexcept for the param-
3 (4 m (x eters ofH(BM{,M,) and H'(BM,M,), the expressions
Cellin_t_ _ P for a; are similar to those in case |. However, we would like
><2eq 3In . Gm(sy) f dx ,

to point out that, becaus@/|(qq)s-p|0)=0, the contribu-
tions of the effective operator®g g to the hadronic matrix

mb elements vanish; i.e., the terms that are relateakpdisap-
P53 =(Ci+N Cz) Gu(sp) |—(C3+NCy) pear from the decay amplitudes for case Il. As to the param-
etersH(BM,,M;) andH'(BMy,M,) in &, they are de-
4 m, 2 1, 1 fined as
§In—+ 3 2GM(O) Gu(1)
(6)
H(BP,V)= f f f dy2®
+ >, (NC3+Cy+NCs+Cg) ( )= BFB*"(O) Y
:q’
3 (4 m . o X‘Dv(x) Dp(y) . ZMPE(DE(Y)
Xieq §|n7—GM(Sq) _NCC77, 9 v V mp, X y ,
wheres,=ma/mj, and whereg’ in the expressions faPf, ; , B(f
and P};S" runs over all the active quarks at the scale H'(BP V):_ B—>P(0)j f f dy
=0(my), i.e., q'=u,d,s,c,b. The functionsGy(s) and
Gu(s) are given, respectively, by dy(x)| P 2up X O
. (V| Pely) | 2me X PRY)|
. X y my x y
GM(s)=f dxG(s—ie,1=X)Dy(X), (10
0 The paramete;up=m§,/(ml+ m,), wherem, , are the cur-
rent quark masses of the meson constituents, is proportional
R 1 to the chiral quark condensate.
GM(S)zf dxG(s—i€,1—x)PR(X), (11)
0

B. Annihilation parameters b;

1 The parameters ob; in Eqg. (5) correspond to weak-
G(s,x)=—4J duu(l—u)In[s—u(1—u)x] annihilation contributions. Now we give their expressions,
0 which are analogous to those [iB3]:

B 2(12s+5x—3xIns) C.
9x 1(M1,M2)—N C1AL(M 1, M),

4.\/4s—X(2s+X) ) [ x 12
Tarca ds—x' ( )

The parametersl(BM,,M;) andH'(BMy,M,) ina; ,
which originate from hard gluon exchanges between the
spectator quark and the emitted meddp, are written as

Ce
bZ(MlaMZ):mCZAll(MlaMZ),

C

Ce A
b3(MlaM2):W{C3AI1(M1-M2)+C5AI3(M11M2)

Cc

H(BV,P)= BBi‘(/(O)f gf +[Cs+NCe]AL(M 1, M)},
C ) )
xfdy‘bB(@ Pp(X) Puly) DM M2)= = {Cats My, M) + CeAo(M . M)
0 X y c
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ce _
bgw(MlvMZ):F{CQAH(MLMZ)"_CWNS(MlvMZ)
C

+[C7+NCg]AL(M 1, M)},

C ) )
biW<M1,M2>=N—Z{cmAuM1,Mz>+csA'2<M1,M2>}-
C

Here the

current-current

annihilation

(19

parameters

b1 A(M1,M,) arise from the hadronic matrix elements of the
effective operator®); ,, the QCD penguin annihilation pa-
rameterdd; (M 1,M,) from O;_g, and the electroweak pen-
guin annihilation parametets%(M,M,) from O;_4,. The

parameters ob; are closely related to the final states; they
can also be divided into two different cases according to the

final states. Case | is thdd ; is a vector meson anll, is a
pseudoscalar mesdhereM; andM, are tagged in Fig.)3

Case Il is thatM; corresponds to a pseudoscalar meson and
M, corresponds to a vector meson. For case I, the definitions

of AL'(M,M,) in Eq. (15) are

AL AV,P)=0,

. 1 1
AL(V,P)= WasJ’O dxfo dy®y(x)Pp(y)

1

>< —
y(1—xy)

1
x%y )’

1o 2up 2(1+X)
ALV.P) = e ax dyby(x)Dh(y) e 21
0 0

PHYSICAL REVIEW D67, 094019 (2003

. 1 1
L(V.P) == mas [ dx [ dydu00@p(y)

1 1

>< _—_+__
x(1—xy) xy?

. 1 1
ALV.P) = e [ e[ “dya,c0R(y)
2 2y

My xy(1—Xxy)
For case Il,

AL AP,V)=0,

§ 1 1
ALP,V)=—Tag fo dx fo dyDB(x) Py(y)

2pp 2(1+y)

m,  xy?

. 1 1
(PV) =, | ax | aypeooauy)

1 1

X| ——m—m—+ >
y(1-xy) X%y

. 1 1
L(PV) == mas [ dx [ ay@ot0@y(y)

1 1

>< _—_+__
x(1—xy) xy?

(16)

TABLE II. Experimentally known data of P-averaged branching ratios for the charmiBss PV decay
modes, used as input for the global fit. The channels containingytheeson have been excluded.

BR (X 10°) BaBar[1-10| Belle[11-15 CLEO[16-21 Average
BO—mip* 28.9+5.4+4.3 20.8°23"3% 27.6'85+4.2 25.53+4.32
Bt —mp® 24+8+3(<39) 8.0°23+0.7 10.433+2.1 9.49+2.57
BO— 7%° 3.6+3.5+1.7(<10.6) <5.3 1.6°29+0.8(<5.5) 2.07+1.88
Bf»7'w 6.6723+0.7 4.229+0.5 11.333+1.4 6.22+1.70
B —K™p~ - 15.8" 38754 16.0°55+2.8(<32)  15.88-4.65
B*—K™p° 10+ 6+ 2(<29) - 8.4739+1.8(<17) 8.92+3.60
B">K"w 1.4°13+0.3(<4) 9.272%+1.0 3.224+0.8(<7.9) 2.92+1.94
B—K%» 5.917+0.9 - 10.0°57+ 1.4(<21) 6.34+1.82
BO—K** 7~ - 26.0:8.3+3.5 168+2 19.3+5.2
BT —K*Og~ 15.5-3.4+1.8 19.435+2.1°%2  7.6'33+1.6(<16) 12.12+3.13
Bt —K* a° - - 717354 1.0(<31) 7.1+11.4
BT—K**y 22.1"85'+3.3 26.578+3.0 26.435+3.3 25.4+5.6
BO—K*%y 19.8°82+1.7 16.555+1.2 13.853+1.6 16.41+3.21
B*—K*¢ 9.2+1.0+0.8 10.7+1.0"92 5.5 22+0.6 8.58+1.24
B°— KO 8.7°11+0.9 10.01979% 5.4'37+0.7(<12.3)  8.72+1.37
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TABLE Ill. Experimental measured data of dire€tP asymmetries for the charmle&— PV decay

modes, used as input for the global fit.

Aep BaBar[1-10] Belle[11-15 CLEO[16-21 Average

B -7 —0.0179%3+0.03 - —0.34+0.25-0.02  —0.21+0.19
B =K -~ —0.21+0.28+0.03 - —-0.21+0.28
B —K* - —0.05"$2+0.01 - —0.05+0.30
BO—K*%y - 0.17"528+0.01 - 0.17+0.28
B —K ¢ —0.05+0.20+=0.03 -~ - —0.05£0.20

. 1 1
APV = e[ x| “dyaooyy)

ZILLP 2X

M Xy(1-xy) "

is crude and there is no known physical argument justifying
this assumption. We shall see below tiat gives large un-
certainties in the theoretical prediction.

IV. QCD FACTORIZATION VERSUS EXPERIMENT

In order to propose a test of QCD factorization with re-

Here our notation and convention are the same as those pect to experiment, a compilation of various charmless

[23]. The superscriptsandf on A"*' correspond to the con-
tributions from Figs. 8),(b) and 3c),(d), respectively. The
subscriptsk=1, 2, and 3 orA}" refer to the Dirac structures
(V-A)®(V-A), (V-A)®(V+A), and
(=2)(S—P)®(S+P), respectively. d(x) denotes the
leading-twist LCDAs of a vector meson, arblp(x) and

branching fractions and direc€ P asymmetries was per-
formed and is given in Tables II, 1ll, and IV. This compila-
tion includes the latest results from BaBar, Belle, and CLEO.
The measurements were combined into a single central value
and error, which may be compared with the theoretical pre-
diction. First, the total error from each experiment was com-

®P(x) denote twist-2 and twist-3 LCDAs of a pseudoscalarputed by summing quadratically the statistic and systematic

meson, respectively.
Note that assuming SB) flavor symmetry implies sym-

metric LCDAs of light mesonsunderx« x), WhenceAi1=

error: this approach is valid in the limit that the systematic
error is not so large with respect to the statistic error. Second,
when the experiment provides an asymmetric erfré;g, a

—A;. In this approximation the weak-annihilation contribu- conservative symmetric error was assumed in the calculation

tions (for case ) can be parametrized as

2
. T
ALV, P):18ﬂ-as< Xp—d+ —

’

3

LV, P)=mag [272—6(X5+2Xa)],

ALV, P)=6magr (2X53—Xa), (18

whereX,= [ 5dx/x parametrizes the divergent end-point in-

tegrals and, =2up/m; is the so-callecchirally enhanced
factor. We can get similar forms to E¢L8) for case I, but
with AL(P,V)=—AL(V,P). In our calculation, we will treat

by using*+Max(o1,05). In case of a disagreement between
several experiments for a given measurement, the total error
was increased by a “scale factor” computed fronyacom-
bining the various experiments, using the standard procedure
given by the Particle Data Gro®DG) [43].

In order to compare the theoretical predictidiy} with
the experimental measurementst o}, the following x?
was defined:

2

X>=2 (

X=y
Ox

In the case when a correlation matrix between several mea-

Xa as a phenomenological parameter and take the sansmirements is given by the experiment, as in the case of the
value for all annihilation terms, although this approximationp™ 7 /p"K~ measurements, thg? was corrected to ac-

TABLE IV. Experimental results and correlation matrix for the
various asymmetries measured in the chanpéls™/p=K*. The
notation is explained if9].

Correlation coefficien{%o)

B—p“m®  Measurement  ALT  ALS C,, AC,,
ALR —-0.22+0.08:0.07 - 3.4 -11.8 —10.4
ALK 0.19+0.14+0.11 34 - -13 -1.1
Cor 045018009 -11.8 —1.3 - 23.9
AC,, 0.38'5%+0.11 -104 —-1.1 239 -~

count for it. The above? was then minimized usingiNUIT
[44], letting free all theoretical parameters in their allowed
range. The quality of the minimum vyielded byNUIT was
assessed by replacing it with ad hocminimizer scanning
the entire parameter space. The theoretical predictions, with
the theoretical parameters yielding the best fits, are compared
to experiment in Table V for two scenarios to be explained
below. The asymmetries of the" 7~ channels can be ex-
pressed9] in terms of the quantities reported in Table IV.
The comparison between their theoretical predictions and ex-
periment is reported in Table VI.

Scenario 1 refers to a fit according to QCD factorization,
varying all theoretical parameters in the range presented in
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TABLE V. Best-fit values using the global analysis®f PV decays in QCDF with free/ (scenario 1
and QCDF+-charming penguin diagraniscenario 2 with constrainedy. The CP-averaged branching ratios

are in units of 106,

Experiment Scenario 1 Scenario 2
Prediction X° Prediction X
BR(B— p°=) 2.07+1.88 0.132 11 0.177 1.0
BR(B—pt ) 11.023 10.962
BR(B*—p~7") 18.374 17.429
BR(B°—p*m™) 25.53+4.32 29.397 0.8 28.391 0.4
BR(B™—p°m7) 9.49+2.57 9.889 0.0 7.879 0.4
BR(B™—wm™) 6.22+1.7 6.002 0.0 5.186 0.4
BR(B™—K* K9 0.457 0.788
BR(B™—K*%K"™) 0.490 0.494
BR(B —®) 0.004 0.003
BR(B —p 79 9.646 11.404
BR(B%— p°K°) 5.865 8.893
BR(B®— wK?) 6.34+1.82 2.318 4.9 5.606 0.2
BR(B*—p*K") 15.88+4.65 6.531 4.0 14.304 0.1
BR(BY—K* ™) 19.3t5.2 9.760 34 10.787 2.7
BR(B™—K* ™70 7.1+11.4 7.303 0.0 8.292 0.0
BR(B°— ®KO) 8.72+1.37 8.360 0.1 8.898 0.0
BR(B™—K*%77) 12.12+3.13 7.889 1.8 11.080 0.1
BR(B™—p°K") 8.92+3.6 1.882 3.8 5.655 0.8
BR(B™—p K9 7.140 14.006
BR(B™—wK™) 2.92+1.94 2.398 0.1 6.320 3.1
BR(B™—®K™) 8.88+1.24 8.941 0.0 9.479 0.2
BR(B*—K*%) 16.41+3.21 22.807 4.0 18.968 0.6
BR(B™—K* " 7) 25.4+5.6 17.855 1.8 15.543 3.1
AC,, 0.38£0.23 0.250 0.228
Con 0.45£0.21 0.019 8.1/4 0.092 3.9/4
2p —0.22£0.11 —0.015 —0.115
AL 0.19+0.18 0.060 0.197
A(“;’Ef —0.21£0.19 —0.072 0.5 —0.198 0.0
_,48';’ —0.21+0.28 0.029 0.7 0.189 2.0
Ag';*’ —0.05£0.3 —-0.138 0.1 —-0.217 0.3
AZK 0.17+0.28 -0.186 1.6 -0.158 1.4
AE’;&',S —0.05-0.2 0.006 0.1 0.005 0.1
36.9 20.8
Table VII. Even the unitarity triangle angheis varied freely 1dx mg _
and ends up not far from 90 °. We have takér= X, in the XaH= fo v |nA—h(1+ panHE PAH). (19

range proposed in Ref23]:

TABLE VI. Values of theCP asymmetries foB— mp decays These parameters label our ignora_nce_ of the nonpe_rtL_era-
in QCDF (scenario 1 and QCDF+charming penguin diagrams tively calculable subdominant contribution to the annihila-
(scenario 2 The notation is explained if9].

tion and hard scattering, defined in Eq$6),(17) and Egs.

(13),(14), respectively. They do not need to have the same

Experiment Scenario 1 Scenario 2 Value for allPV channels but we have nevertheless assumed
o one common value since a fit would become impossible with
AL —0.82£0.31+0.16 —0.04 -0.23 too many unknown parameters.
Ag;w* —0.11+0.16+0.09 —0.0002 0.04 Scenario 2 in Table V refers to a fit adding a charming-

penguin-diagram-inspired long-distance contribution which
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TABLE VII. Various theoretical inputs used in our global analy-
sis of B—PV decays in QCDF. The parameter ranges have been f . 2 H()(z)d)(2
taken from literaturd23,34,35,4% The two last columns give the Cl= X"> Xdata
best fits of both scenarios. o oy o '
f , H(x?)dx
Input Range Scenario 1 Scenario 2 x>0
The results of the “goodness of fit” tests are given in Fig.

g](((ig%)v) [0.085.0.135 896225 gldggs 4. From these tests, one may quote an upper limit for the

s AN ’ ’ confidence level in scenario 1, Cs£0.1% and, in the case
r (Gev) [2.184 3.355 5.971 of scenario 2, C.I=7.7%.
Pa [-1.1 1.000 1.000 In Tables Il (lll') we give the experimentdl P-averaged
éa (deg) [ 180,180 —22.928 —87.907 branching ratios(direct CP asymmetries which we have
Ag (GeV) [0.2,0.9 0.500 0.500 used in our fits. We have also used the quantities reported in
fs (GeV) [0.14,0.22 0.220 0.203 Table IV which are related to the branching ratios €@
Ry [0.35,0.49 0.350 0.350 asymmetries of th&—p* 7" channels.
Re [0.018,0.02% 0.018 0.018 For the sake of definiteness let us recall that the branching
AP [0.3162,0.4278 0.373 0.377 ratios for any charmlesB decays,B— PV channel, in the
Fo7 [0.23,0.33 0.330 0.301 rest frame of thB meson, is given by
ASe [0.25,0.35 0.350 0.326
A(E)HK* [0.3995,0.540p 0.400 0.469 T |p| a
FB-K [0.28.0.4 0333 0280 BR(B—PV)= S F|A(BHPV)+A (B—PV)
REAP] [—0.01,0.01 0.00253 B
Im[.AP] [—0.01,0.01 —0.00181 +APB—-PV)|? (20)
Rg.AVY] [-0.01,0.01 —0.00187 o
ImLAVY] [-0.01,0.01 0.00049 where 75 represents th&-meson lifetime(charged or un-

charged according to the cas&@he amplitudes4,.42 and
AP are defined in Appendixes A, B and in Eqg4) and

. . . - 25), respectively. In the case of pure QCD factorization
will be presented and discussed in Sec. V. In thisyfits Esc?anarioplwe i/ake of courseALDEO. 1%e kinematical

constrained within the rande34°,82°. factor |p| is written as

The values of the theoretical parameters found for the two
best fits is given in Table VII: many parameters are found to ImZ = (mp+my)2][m2—(mp—my)?]
be at the edge of their allowed rantén order to estimate Ip|=
the quality of the agreement between measurements and pre-
dictions, the standard Monte Carlo based “goodness of fit”
test was performed_ Comparison with Du et al.

(i) The best-fit values of the theoretical parameters were Qur negative conclusion about the QCD factorization fit
used to make predictions for the branching ratios &/  of theB— PV channels is at odds with the conclusion of the
asymmetries. authors of Ref[36], who have performed a successful fit of

(if) The total experimental error from each measuremenboth B— PP andB— PV channels using the same theoreti-
was used to generate new experimental values distributechl starting point. These authors have excluded from their fits
around the predictions with a Gaussian probability. the channels containingk&* in the final state, arguing that

(iii) The full fit previously performed on real measure- these channels seemed questionable to them. We have thus
ments is now run on this simulated data, andfef this fit ~ made a fit without the channels containing ®&, and in-
is saved in a histograr. deed we find as the authors of Rigg6] that the global agree-

It is then possible to compare thé,,, obtained from the ][netnt be,t\IW(ta_en %Ct[)tgacﬁrizaﬂog and ?::}pert"gem V‘(’j"?‘s sf‘rfis'

; 2 o - actory. Notice that this fit was done without discarding the
Vrcgisl:rrﬁénexémtigrfgﬁ one would obtain if the pred|ct.|ons channels* — wr *(K*) as done by Diet al.
. y, one may compute the confidence

level of the tested model by using Notice also that the paramete®,, and theAZ} have
been kept in this fit. The disagreement between QCDF and

experiment for these quantities was not enough to spoil the
satisfactory agreement of the global fit because the experi-
mental errors are still large on these quantities.

ITable VIl shows that the fit value gf, appears at the edge of the ~ 1he conclusion of this subsection is that the difference
input range,p=1. However enlarging the range pf,, such as Petween the “optimistic” conclusion about QCDF of Du
|pal=<10, brings a large annihilation contributiopq,$,)=(2.3, €t al.and our rather pessimistic one comes from their choice
—41°) for scenario 1 and (4.4,108°) for scenario 2. With so Of discarding the channels containing the’s. In other
large values ofp,| the unpredictable contributions would dominate words the conclusion about the status of QCDF in Bie
the total result making the whole exercise void of signification. — PV channels depends on the confidence we give to the

i (21)
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FIG. 4. Goodness-of-fit test of the two proposed theoretical models: the arrow points at thggg@twnd from the measurements, and
the histogram shows the values allowed f3rin the case that the models predictions are correct.

published results on these channels. SU(3) symmetry. We will assume flavor-$8) symmetry in
the decay amplitude of this hadronic state. This still leaves

V. SIMPLE MODEL FOR LONG-DISTANCE four SU(3)-invariant amplitudes since bothandV can have
INTERACTIONS an octet and a singlet component and that there exist two

. . __ octets in the decomposition 0P88. We make a further sim-
As seen in Table V the failure of our overall fit with plifying assumption based on the Okubo-Zweig-lizGR!)

QCDF can be traced to two main facts. First the strang , )
branching ratios are underestimated by QCDF. Second tr?éj !e. Let u?tg::vel'agtexamlfleawe assdutrEetgiai((s% V\rhere
e light quarksi,d,s, and thatP=(qd). Then

direct CP asymmetries in the nonstrange channels mighfl 'S @ny o _
also be underestimated. priori this could be cured if some W& compute the contractions between
nonperturbative mechanism were contributing [®. In- —
deed, first, in the strange channéB| is Cabibbo enhanced ((sa)(qd)|s(uu+dd+ss)d)=1. (22
and such a nonperturbative contribution could increase the ] _ o —
branching ratios, and second, increasiRy|T| in the non- The meaning of this rule is simple. We add to the
strange channels with nonsmall strong phases could increasgiarks in our hadronic state an &) singletuu+dd+ss
significantly the direc€ P asymmetries as already discussed.and compute an “overlap” making contractions so that the
We have therefore tried a charming-penguin-diagramguarks in the singlet go into two different mesons. This latter
inspired model. We wanted nevertheless to avoid to add tooonstraint is the OZI rule. This is why the overlap in E2Q)
many new parameters which would make the fit void of sig-is 1 even ifg=d since it is forbidden to have bothquarks
nification. We have therefore tried a model for long-distancefrom the singlet in the same final meson. As an example, the
penguin contributions which depends only on two fitteddecaysﬂiopo gives the following overlap coefficient:
complex numbers.

Let us start by describing our charming-penguin-diagram- — (uu—dd)| — — _— | 1
inspired model for strange final states. In the “charming pen- (sd) B s(uu+dd+ss)d ) =— N (23
guin diagram” picture the weak decay ofB? (B~) meson

through the action of the operat@; [see notation in EAs.  For the  meson we will use the decomposition [i2].
(1) and(2)] creates an hadronic system containing the quarkshe overlap coefficients thus computed play the role of
s,d(u),c,c, for exampIeD(s*) + D®™) systems. This system SU(3) Clebsch-Gordan(CG) coefficients computed in a
goes to long distances, tieec eventually annihilate, a pair of Simple way. These coefficients are assumed to be multiplied
light quarks are created by a nonperturbative strong interad?y an universal complex amplitude to be fitted from experi-
tion and one is left with two light mesons. Let us here restrictnent. Up to now we have assumed that the active quark
ourselves to the case ofR\ pair of mesons; i.e., one of the (here,s) ended up in the vector meson. We need another
final mesons is a light pseudoscalar,K, 5) and the other a unl\_/ersal amplitude for the case where the active quark ends
light vector mesong, w, ,K*). In this paper we leave aside UP in the pseudoscalar meson. _ .
the 5’ which is presumably quite special. We are thus left with two theoreu@lly mdepgndent and
We will picture now this hadronic system as a coherentunknown amplitudes: one with/=(sg), P=(qd), one
state which decays into the two final mesons with totalwith P=(sa), V=(q€). We shall write them respectively
strangeness- 1. This state has a total angular momentumas A7 (AY) when the active quark ends up in the pseudo-
J=0. Its flavorsd is that of a member of an octet of flavor- scalar(vecto) meson.
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TABLE VIII. Flavor-SU(3) Clebsch-Gordan coefficient for

CcoSsfg sind, CoSfg sinf,

long-distance penguin-diagram-like contributions. Notice that the ClV= - P~ _— -
channelB™ — ® 7~ vanishes due to the OZI rule. \/E \/§ , \/5 \/§ '
(26)
cI? clv
— with 6p=—9.1° andfg= —22.2°.
BR(B®—p’m") 05 0.5 The fit with long-distance penguin contributions is pre-
BR(BY—pta) 1.0 0. sented in Table V under the label “Scenario 2.” The agree-
BR(B°—p~ m*) 0. 1.0 ment with experiment is improved, and it should be so, but
BR(B™— p°m") 12 12 not in such a fully convincing manner. The goodness of the
BR(B-—wm") 112 12 fit is about 8% which implies that this model is not excluded
BR(B~—K*K°) 10 0. by experiment. However, a Ioo_k at Table VIl shows that
BR(B™—K*OK ") 0 10 several fitted parar.ne.ters are st!ll stuck at the end of the al-
BR(B~—®x) 0. 0. lowed range of variation. In part'lcul'a:rAzl means that the.
BR(B™—p~ ) 1 12 uncalculable. subleading contribution to QCDF is again
_ _ stretched to its extreme.
BR(EO—’POEO) —1N2 0. Finally the fitted complex numbers which fix the size of
BR(B°— wK") 12 0. the long-distance penguin contributidfast four lines in
BR(B*—p*K") 1.0 0. Table VII) are small. To make this statement quantitative,
BR(BO—K*~7*) 0. 1.0 assuming the long-distance amplitude were alone, the values
BR(B~—K* % 0. 12 for_AP and AV in _Table .V correspond to branching ratios
BR(B®— &KO) 0. 10 which reach at their maximum>610~6 but are more gener-
—_ ally in the vicinity of 2x 1078, In part, this is due to the fact
BR(B™ —K*%7") 0. 1.0 that, if some strange channels want a large nonperturbative
BR(B™—p°K") 12 0. contribution to increase their branching ratios, some other
BR(B™—p KO 1.0 0. strange channels and particularly tie—K¢ channels
BR(B™—wK™) 12 0. which are in good agreement with QCDF cannot accept the
BR(B™—®K™) 0. 1.0 addition of a too large nonperturbative penguin contribution.
BR(B°—K*%) —0.665 0.469 This last point should be stressed: if the.strange channels
BR(B™—K* ) —0.665 0.469 show a general tendency to be underestimated by QCDF,

there is the striking exception of thess channels which
agree very well with QCDF and make the case for charming

Concerning theB decay into a pseudoscalar vector ~Penguins diagrams rather difficult.
meson of vanishing total strangeness, we apply the same

recipe with the same amplitudets” and.A"Y, replacing thes VI. CONCLUSION

quark by ad quark and, of course, the corresponding replace- _ ) o

ment of the CKM factol g,V by VoV We have made a global fit according to QCD factorization
Cc Cs c ca-

To summarize, the long-distance term is given by tWOof published _experi_mental data cqncerning charmlBss
universal complex amplitudes multiplied by a CG coefficient PV decays mclgdmg?P asymmetrles: We have only ex-
computed simply by the overlap factor in E83); see Table cluded from the fit the channels containing thé meson.

VI Our conclusion is that it is impossible to reach a good fit. As
In practice, to the amplitudes described in the Appendixe§@" b€ seen in scenario 1 of Table V, the reason for this
we add the long-distance amplitudes, given by failure is that the branching ratios for the strange channels

are predicted to be significantly smaller than experiment ex-
cept for theB— ¢K channels, and in Table VI it can be seen

AP(BPV)= %mé)\é(CIPA PrcIVaY) (29 that the direcCP asymmetry oB—p* 7~ is predicted very
V2 small while experiment gives it very large but only two sig-
mas from zero. Not only is the “goodness of the fit” smaller
for the nonstrange channels and than 0.1%, but the fitted parameters show a tendency to
evade the allowed domain of QCD factorization. One might
G wonder if we were not too strict in imposing the same scale
APP(B—PV)= —m2\(CIPAP+CIVAY) (25  winall terms since the value gf, representing the effect of
V2 unknown higher order corrections, could be different in dif-

ferent classes of channéls\Ve have performed several tests
for the strange channels. In Eq24) and(25), AP and AY  relaxing this unicity ofu and concluded that it affected very
are two complex numbers which are fitted in the global fit oflittle the outcome of our fit.
scenario 2 andCI® and CIV are the flavor-S(B) Clebsch-
Gordan coefficients which are given in Table VIII. For both
channels containing the we have used the formulas 2We thank Gerhard Buchalla for raising this question.
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For the sake of comparison with the authors of R86] Maybe, however, the coming experimental data will move
we have tried a fit without the channels containing’a The  enough to resolve, at least partly, this discrepancy. We would
result improves significantly. The only lesson we can receivdike to insist on the crucial importance of direCtP asym-
from this is that one must look carefully at the evolution of metries in nonstrange channels. If they confirm the tendency
the experimental results, many of them being recent, beforg be large, this would make the case for QCDF really diffi-
drawing a final conclusion. cult.

Both the small predicted branching ratios of the strange Finally we do not know yet the answer to our initial ques-
channels and the small predicted dir€® asymmetries in on: are we in a good position to study the unitarity-triangle
the nonstrange channels“could be bIan;ned on too sMall 5516 from indirectCP asymmetries thanks to small pen-
ampl!tudes with too small “strong phases relat|ygly to fhe guin diagrams. If experimental data evolve so as to provide a
amplitudes. We have therefore tried the addition of twobetter support to QCDF, one could become bold enough to

charming-penguin”-diagram-inspired long-distance com- use it in estimatingr and this would reduce the errors. Else,
plex amplitudes combined, in order to make the model pre-

dictive enough, with exact flavor-§8) symmetry and the only modeI—indepen(_:ie_nt pounﬂ%] could be u_sed but they
Oz rule. This fit is better than the pure QCDF one: with a '€ NOt Very constraining in part because of discrete ambigu-
goodness of fit of about 8% the model is not excluded by'€S- , , , ,
experiment. But the parameters show again a tendency to NOt€ added in proofSince this paper was submitted, one
reach the limits of the allowed domain and the best fit givef Us (P.-F.G) has finalized a new experimental estimate of
rather small value to the long-distance contribution. The latthe —p7 andB— pK channels for the Babar Collaboration
ter fact is presumably due to tH8— ¢K which are well ~and redone the fits presented in this pajgef]. As a result,
predicted by QCDF and thus deliver a message which corthe confidence level raises to 1% for the QCDF and drops to
tradicts the other strange channels. This seems to be the re3f6 for the charming penquins.

son of the moderate success of our “charming-penguin”-

diagram-inspired model.

Altogether, the present situation is unpleasant. QCDF ACKNOWLEDGMENTS
seems to be unable to comply to experiment. QCDF imple- ]
mented by arad hoclong-distance model is not fully con- We are grateful to Gerhard Buchalla for useful discus-

Vincing_ No clear hint at the Origin of this prob|em is pro- sions on various aspects of this work. A.S.S. would like to
vided by the total set of experimental data. PQCD, alsghank PROCOPE 2002 and DESY for financial support. We
calledk; factorization, would predict larger dire€tP asym-  thank AndreGaidot, Alain Le Yaouanc, Lluis Oliver, Jean-
metries, but we do not know if their sign would fit experi- Claude Raynal, and Christophe dfee for several enlighten-
ment either if an overall agreement of the branching ratiosng discussions which initiated this work as well ab&stien
with data can be achieved. Descotes at a later stage.

APPENDIX A: THE DECAY AMPLITUDES FOR B—PV

Following Ref.[32], we give the decay amplitudes for the followiBg— PV decay processes.

1. b—d processes

A(§O -t _% 2f FB*MT 2 ’ ' ’ Al
—p T )_\/Eme 1 (mp){)\ua1+()\u+)\c)[a4+a10]}’ ( )
ABC—pta~ _Se 2f _AEP(m2){\! '+, —r7 A2

—p )= \/EmB Ao (MM jar+ (N j+N)[agtae—ry(astag)l}, (A2)

_ Gr 1 3

0 0, 0y_ _ 2 B—p 2 ! _ ’ ’ _ - T _ _ _
A(B — TP ) 2\/§mB(fﬂ'AO (mﬂ')|)\ua2 ()\u+)\c) a4 2a10 r)( ag 2a8 + 2(a7 ag) ]

B— 7/ a2 ’ ’ ’ 1 3
+fFL (M) N @2 — (N + o) as— zalo—i(aﬁag) , (A3)
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fLAS (M) {Njar+ (N + A )[ag+a0— T (ag+ag) ]}

G
A(B™ =7 p%)= 2" mj

3
+fp|:§%(m§):>\;a2+()\(,+)\g) —a4+ §a10+ §(a7+ag) H (A4)
— -_0 _GF 2 B—p 2 ’ ’ ’ 1 T 1 3
AB —p 7 )—7mB f-Ay P(M2)y Njaz+ (N + X)) —a4+§alo—rx —a6+§a8 +§(a9—a7)
+pr?%W(m,%){Mal"'(M"'Aé)[a4+alo]})a (A5)

_ _ _GF 2 Bﬂw
AB —7 w)—Tm (m? I{Njar+ (N HN)[agta—r T(@agt+ag)]}

[

1
a,+2(aztas)+ E(arl— ag—ap)

+f FBH”(mﬁ,)[x(,aﬁ()\(,Hg)

2. b—s processes

50 *— _+ Ge 2 B— /2
ABY—K* 7 ):EmeK*Fl (M )N+ (Mg +Ao)[as+asl}, (A7)
"0 -+ Gr B— 2 K
A(BY K p )=EmeKAO (MR IN@+ (N ho)[astae—r(ag+ag)T}, (A8)
. Ge . 1
A(BO—>KOpO)=7m§(fKAg P(Mgo)(—Ny—Ao)| @ 5810~ r A~ 538
££,F2 (M) N yag+ (A )><§(a +ay) ] (A9)
p ud2 u c 2 9 7 '

- 0 G B—K* 2 3
A(B™ —K* )= mB f A (mﬂT) )\ua2+()\u+)\c)xi(a§)_a7)

+ e F2T(MR )N+ (N g+ No)(ag+ag0)} |, (A10)
-0 G B~>p 2 K
AB™—K™p )——mB fkAg P(Mi){N@ar+ (Ny+No)[az+ae—r,(ag+ag)]}
B—K 2 3
+pr1 (mp) )\ua2+()\u+)\c)><§(a9+a7) (Al1)
B 1 ( GF —w 1
A(BOHKOw)=7m2( B o(mio) (\yF o) @ Eam—r)'j A~ 5 g
BoK, 2 1
+f P (ME)  Aas+ (At o[ 2(astas) + E(ag+a7) , (A12)
— - GF 2 B‘?UJ
A(B —>K C!)):?me (mK){)\ a1+()\ +)\ [a4+alo r (a6+a8)]}
B—K 2 1
+f,F1 (MY A@x+ (N +A)|2(az+as) + E(a9+a7) , (A13)
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Gr
AB™ —K* )= —Em2

. . 2
fFT w (mK){)\ ap+(ANyt+No)(ag+ag)}+f ()AB K" (m n('))

NA
o 1 1
()\ a2+)\ca2fu +()\ +)\C)[ (ag_a5)+ z(ag_a7)+r;(7(’) aG_EaB
)
Cc S
o 1 1 o) 1\ 50
+(ag—as+ag— T a3—a5—§(a9—a7)+a4— 81071y |8~ 588 |y ,
0 fo0
(A14)
— 1 — * 2
A(BP—K*%y ())_EmB fee P2 m2) N+ 00) 24— a0+ AT (M)
o0 1 1
()\ A+ Ny +()\ +)\C)lZ(a3 as)+ 5 (a9~ a;)+r7"| ag 6~ 52
20
o 1 1 (1) 1 Vo
+t(ag—astag—ay) —+|ag—as— 5 (- a)tas— sa0 I | 8 588 | | ]| (A15)
) 0
with r)’j(’)=2mf](,)/(mb+ M) (Mg +my).
3. Pure penguin processes
- — %0 _GF 2 B 2
A(B —a K )—EmeK*Fl (mK*)()\u+)\C) a4_§a10, (A16)
— 1 1
A(B™—p KO = —=maf A§ 7 (mZo) (\y+No)| @s— S 10— 1| as— S ag] |, (AL7)
[ 2 2
_ — %0 _GF 2 B—K 2 ’ ’ 1
A(B —K™K )—EmeK*Fl (mK*)()\u+)\c) a.4 Ealo, (A18)
*— 10 G 2 B—K* 2 ’ ’ 1 K 1
A(B™—K* K )_\/E afkAg (M) (N[ +N¢) a4~ 510Ny | A6~ 58] |, (A19)
G B—m 1
AB =7 ¢p)=— —= me FI (m¢,)()\ +\()|agtas— (a7+ag) , (A20)
AB™—K™ ¢)=A(B*~K"¢)
G B—K 2 1
\/Eme¢F (M) (Ny+Ae) a3+a4+a5—§(a7+a9+a10) . (A21)

APPENDIX B: THE ANNIHILATION AMPLITUDES FOR B—PV

We give in this section the following annihilation amplitudes #& PV already given in Ref[35] but with different
notations.
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1. b—d processes

Gk
A3B 7 p )_E gff [Mbl(p+,77)+(>\(,+>\é) bs(7™,p ") +ba(p™ ) +hy(7,p")
1 ew, - + ew, + - 1 ew, — +
_Eba 7T ,p ) +hy (pT )—§b4 T ,p") (B1)
a 0 G ’ + - 2 12 — + + — _ +
A3B =7 pT)=— 2 fefaf o) Aiba(7 7, p7 )+ (NN | bs(p™, 77 ) +ba(m™ ,p7 ) +bg(p™,77)
1 ew, — + ew, + — 1 ew, — +
— 568" m ) +bE(m o)~ 305 () (82
A3(BO—7° po)— J— fof . f | Ni1(p% 70) +by(70,p%) T+ (N + N 0){ ba(p®, m0) +bg(7,p%) + 2by (7, %)
1
+2by(p°, 70) + 50 b$"(p°, %) —b5Y(7°,p°) + 03" (70, p%) + b5"(p°, 770)]] ] (B3)

G
A%B™ —m p%)= ffsfwfp{M[bz(Wipo)—bz(PO,777)]+(?\(,+7\é)[b3(777p°)—bs(PO,f)

+b5Y (7, p%) = b5 (%, 7)1}, (B4)

A#B~—x% )—G faf . f IN[ba(p ™, 7°) —bo(7®,p )+ (N +N)[ba(p ™, 7°) —bs(7°p ")
+05"(p™, 7)) = b7 p )]}, (BS)
Aa(B_—WT_w):%fafwfw{)\ﬂ[bz(ﬂ_,w)+bz(w,ﬂ'_)]Jr()\fj+)\é)[b3(77_,w)+bs(wﬂ'f_)
+b5Y (7 )+ b5 w, 7)1}, (B6)

2. b—s processes

Aa(§°—>w+K*‘):\/—ngfﬁfK* ()\u+)\c){b3(K*‘,w+)—%bg""(K*‘nﬁ) ] (B7)
RO - Ge - 1 eW e — _+
A%B =K p+)=EfoKfp (>\U+>\c){b3(K ,p+)—§b3 (K™p™) ] (B8)
A3(B°— K%)= - O fafif,i (Ay +)\c){b3(K° p°)— > bSW(KO O)H (B9)
. Ge _ 1
Aa(BO—>K°w)=7fowa (Ay+Ao) b3(K°,w)—§b§W(K°,w) ) (B10)
Aa(B’—>K’w)=%fowa{)\ubz(K’,w)+()\u+)\c)[b3(K’,w)+bg""(K’,w)]}. (B11)
_ _._G¢ _ _ _
A3(B™ — mOK* )=7foﬂfK*{)\ub2(K* 70+ (Mg M) [bg(K* 70 + b (K* ~, 791}, (B12)
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Ao — — 0 GF - 0 - 0 ewre— 0
AXBT =K p7) = Faffpihuba(K™,p7) + (Nut N e)[bg(K™,p7) + 03" (K™, p7) 15, (B13)

— 1 _
7](’ b3(K*O,n(’))—zbgW(K*o,ﬁ(’))

_ _ G
A3(B%— p(IK*%) = T;fo“ )fK*[ (Nu+No)

S

o — 1 —
+fZ—”(be,(n"),K*O)—EbSWw('),K*O))”, (B14)
7](')

S

D)
by(K* ™, 7))+ =I—=by( ("), K* ")
(1)

G
Aa(87H 7](,)K*7): _Ffol:?(,)fK*[ )\U

V2

3.,
T (Nt Ae) ba(K*,77(’))+b§W(K*,77(’))+#(b3(77(”,|<*)+b§W(77"’,K*))”-
7
(B15)
3. Pure penguin diagram processes
— Ge — _ _
Aa(B_—m-r_K*O):Efowa*{)\ubz(K*o,w_)-i—()\u+)\c)[b3(K*°,7T_)+bgW(K*O,w_)]}. (B16)
ap- .w0.— Ge wo - wo - ew o0 —
A%B™—K% )=Efstfp{?\ubz(K P )T NN [bs(K®, p7) +b3"(K % p7) ]}, (B17)
o Gr _ _ _
A3B™—K K*°)=EfoKfK*{)\{Jb2(K*°,K )+ (N + N [ba(K* O, K ™)+ b§™(K*O K ™)1}, (B19)
G
Aa(B‘HKOK*‘)=T;foKfK*{)\l’JbZ(KO,K*‘)+(>\L’J+)\é)[b3(K°,K*‘)+b§‘”(K°,K*‘)]}, (B19)
A3B =7 ¢)=A%B°— %) =0. (B20)
ap— - Ge - - ew, -
A%B™—K ¢):EfoKf¢{)\ub2(¢aK )+ Nyt ) [ba(,KT)+b3%(,KT)]}, (B21)
a/p0_ 0 GF ) 1 ew, o
A%(B"—K ¢)=Efstf¢ (AytAe)| bs(¢,K )_§b3 (¢,K") |- (B22)
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