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Performing a global fit of the experimental branching ratingl C P asymmetries of the charmleBs— PV decays according to QCD
factorization, we find it impossible to reach a satisfactmgyeement, the confidence level (CL) of the best fit being lemidan 01%.
The main reason for this failure is theflitulty to accomodate several large experimental branchatigs of the strange channels.
Furthermore, experiment was not able to exclude a largetdBB asymmetry iB® — p*n~, which is predicted very small by QCD
factorisation. Then, trying a fit with QCD factorisation cpi@mented by a charming-penguin inspired model, we rea@sgfib which

is not excluded by experiment (CL of about 8%) but is not falywincing. These negative results must be tempered bthark that
some of the experimental data used are recent and migtegilile significantly.

1 Introduction about them). The QCDF approach keeps the order O in
Agcp/my and the order 1 imvs and the decay amplitudes
It is an important theoretical challenge to master the non-for B—P V can be written as

leptonic decay amplitudes and particularly tBenon- 10
leptonic decays. Understanding these transitions will al- A(B—PV) Z Z/lp aip (P V|Oi|B)y. (1)
low us to estimate the CKM matrix elements and @i p=uc i=1

violating parameters. Moreover, we have at our dlposalWhere the index f represents the factorized hadronic ma-
many experimental mesaurements (see [1] and referencqﬁx elements, in the “naive factorization” sense, fhere

therein) which provide constraints to the models. Among products of CKM matrix elements, th@'s are the opera-
those models, there 1S the "QCD factopsaﬂon m.ode_l” [2.3] tors of the dective hamiltonian which describes the tran-
(noted .QCDF) \.Nh'(.;h improves the naive factor|zat.|on hy- sition and theaip’s are the non-factorized part of the ampli-
pothesis by taking into account some QCD corrections. tude which can be perturbatively calculated (expansion in
In this brief paper, we present the results of [1] where aas). All the explicit expressions can be found in [1].
systematic analysis of the charmldss» PV decays was
performed in order to confront QCDF with the experimen-
tal data available.

Furthermore, though the contributions of the weak an-
nihilation terms to the decay amplitudes are power sup-
pressed [2] and do not appear in the preceding formula,
they have to be added [9-11] because they could give rise

2 Theoretical framework to large strong phases with the QCD corrections :

AMB—-PV) « fg fp fy > A, by, 2
When dealing with matrix elements of 4-quark operators, Z p. ' _

it was usually assumed that these matrix elements couldvhere thef; are decay constants abdannihilation param-
be written as the product of a semi-leptonic matrix ele- eters which are collected in [1].

ment and a nqn-leptonic one (naive factorization hypoth-po\vever, some of the topologies involved in the evaluation
esis). That gives reasonable results but we know thergy (1) and (2) present endpoint singularities which must be
are problems like wrong renormalization scale dependencgmoothed out by some non-perturbatiffieets. But QCDF

because the gluon exchanges between the mesons are Ngses not know how to calculate them, so we followed [3]

glected. Butrecently [2,3], itwas noted thatBr-> MiM2  and parametrized the corresponding integrals by :
decays, the soft gluon exchanges are power suppressed in

the heavy quark limit, so that ti& — PV transitions can Xa=In E(1 +pae?n).

be expanded into two parametergs (QCD corrections, An

i.e. hard gluon exchange, calculable perturbatively) andWe used thesameparameteiX, for the annihilation and
Agcp/my, (heavy mass corrections but not much is known the factorized terms.
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Input Range Scenario 1| Scenario 2 Experiment Scenario 1| Scenario 2
y (deg) 99.955 81933 AT | -082+031+016| -0.04 -0.23
ms (GeV) | [0.0850.135] | 0.085 0.085 AF | -011+016+009| —00002 | 004
u(GeV) [2.1,84] 3.355 5971
DA [0,1] 1.000 1.000
oa(deg) [-180,180] -22928 -87.907 Table 2. Values of the CP asymmetries for B np decays in
g (GeV) [0.2,0.5] 0.500 0.500 QCDF (scenario 1) and QCDFCharming Penguins (scenario
fg (GeV) [0.14,0.22] 0.220 0.203 2). The notations are explained in ref. [9] of [1].
R, [0.35,0.49] 0.350 0.350
Re [0.018 0.025] 0.018 0.018 . . e

B (0.316204278]| 0373 0377 4 The charming penguin modification
Foo7 [0.23,0.33] 0.330 0.301 ) ) o

Bow [0.25,0.35] 0.350 0.326 As seen in table 3 the fa!lure of our overall fit with QCDF

—K* [0.3995 0.5405] 0.400 0.469 can be traced to two main facts. First, the strange branch-

Fl—>|< [0.28,0.4] 0.333 0.280 ing ratios are underestimated by QCDF. Second the direct
Re[AP] [-0.01,0.01] 0.00253 CP asymmetries in the non-strange channels might also be
I AP] [-0.01,0.01] -0.00181 underesti_mated. A priori this could .be gured if some non-
Re[AY] [-0.01,0.01] _0.00187 perturbatlve mechanism was cqntrlbutlng|m Indeed,
ImAY] [-0.01,0.01] 0.00049 in the strange channel®) is Cabibbo enhanced and such

a non-perturbative contribution could increase the branch
ing ratios, and, increasin®|/|T| in the non-strange chan-
Table 1. Various theoretical inputs used in our global analysis nels with non-small strong phases could increase signifi-
of B — PV decays in QCDF. The parameter ranges have beencantly the direct CP asymmetries. We have therefore tried
taken from literature [3,12-14]. The two last columns gile t  3qding a long-distance interaction term, inspired from the
best fits of both scenarios. charming-penguin model [4-8], which depends only on
two fitted complex numbefs

3 QCD factorization and experiment Let us start by describing our charming-penguin inspired
model for strange final states. In the “charming penguin”

Before confronting QCDF with experiment, a compila- picture the weak decay of B (B7) meson through the
tion of various charmless branching ratios and di@Bt  action of the operatof = (Chb)v_a(SQv-a Creates an
asymmetries was performed which includes the latest rehadronic system containing the quasksi(i), c, ¢, for ex-
sults from BaBar, Belle and CLEO. Then in a first stage, ampleﬁ(s*) + D® systems. This system goes to long dis-

in order to compare our theoretical predictions with thetances, the C eventually annihilates, a pair of light quarks

data, we computed the” and minimized it, letting free s created by non-perturbative strong interaction and sne |
all the theoretical parameters in their allowed range : Wegf; with two light mesons.

ended up with the theoretical parameters giving the best

fit. Using those best-fitted parameters, we were then able té\ssuming the flavo§ U(3) symmetry and the OZI rule in
make theoretical predictions (branching ratigP asym-  the decay amplitude, one can express the long distance
metries). In a second stage, we tested the quality of théerm by two universal complex amplitudes respectively
agreement between measurements and predictions by asA” (AY) when the active quark ends up in the Pseu-
Monte-Carlo based “goodness-of-fit” test (see [1] for fur- doscalar (Vector) meson, weighted by a Clebsch-Gordan
ther details). codficient computed simply by the overlap factor (see [1]).

_In practice, to the QCDF'’s decay amplitudes, we add the
In table 1 are collected the values found for two best fits :Iong distance amplitudes, given by:

in scenario 1, we consider QCDF alone where all the the-
oretical parameters are allowed to vary in specified ranges,
except fory totally free. The second scenario, to be ex-
plained in the next section, refers to a fit performed by
adding to the model a charming penguin inspired term and

wherey is constrained in the range [382°]. We can see The fit yvith long distance penguin contr_ibutions is pre-
that many parameters are dragged to their limit values. ~ Sented in table 3 under the label *Scenario 2. The agree-
ment with experiment is improved, as expected, but not in

The theoretical predictions, obtained from the theorética such a fully convincing manner. The goodness of the fit is
parameters yielding the best fits, are compared to experiabout 8 % which implies that this model is not excluded
ment in table 3.

APB - PV) = G—\/;n%/lp(CIpﬂP +CclVaAY). @

2|n order to avoid to add too many new parameters which woukeritze
1We excluded the channels containifignesons which are more special. ~fit void of signification.
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ﬁcenario 1

by experiment. However a look at table 1 shows that sev-

eral fitted parameters are still stuck at the end of the al- %4007 .
lowed range of varlatlon._ In partlc_ulan_A =1 means that _ Easg- ]
the uncalculable subleading contribution to QCDF is again o T 8
stretched to its extreme. %3ooj i
250~ -
5 Conclusion 2007 ]
150~ -
We have made a global fit according to QCD factoriza- 100- i
tion of published experimental data concerning charmless i l
. ) ) . 50~ -
B — PV decays including CP asymmetries and excluding T N
the channels containing thg meson. Our conclusion is O 5 10 15 20 25 30 35 40 45 5
that it is impossible to reach a good fit. As can be seen X2
in the scenario 1 of table 3, the reasons of this failure is Scenario 2
that the branching ratios for the strange channels are pre- 42450gwwwww A RAAA LARRR RN AR A
dicted significantly smaller than experiment except for the 0,00 b
B — ¢K channels, and in table 2 it can be seen that the di- £ ,
—0 . . 5350 s
rect CP asymmetry d8 — p*n~ is predicted very small ©3°7 1
while experiment gives it very large but only two sigmas %300? B
from zero. Not only is the “goodness of the fit” smaller 250~ b
than .1 %, but the fitted parameters show a tendency to 200 B
evade the allowed domain of QCD factorization. 150 ]
Both the small predicted branching ratios of the strange 100- ]
channels and the small predicted direct CP asymmetries in 50- ]
the non strange channels could be blamed on too dall RS ot

0
0 5 10 15 20 25 30 35 40 45 5

XZ

amplitudes with too small “strong phases” relatively to the
T amplitudes. We have therefore tried the addition of two
“charming penguin” inspired long distance complex am-
plitudes combined, in order to make the model predictiveFigure 1. Goodness of fit test of the two proposed scenarios: the
enough, with exact flavosU(3) and OZI rule. This fitis arrow points at the valug?,,, found from the measurements, and
better than the pure QCDF one: with a goodness of the fithe histogram shows the correspondipgin the case that the

of about 8 %, the model is not excluded by experiment. But™0dels predictions are correct.

the parameters show again a tendency to reach the limits of
the allowed domain and the best fit gives rather small value,
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Experiment Scenario 1 Scenario 2
Prediction  y? Prediction  y?
BREB - p°2% | 207+188 | 0.132 11 0.177 1.0
BRE’ - p* 1) 11.023 10.962
BRE’ - p 1Y) 18.374 17.429
BRE’ - p*r7) | 2553+432 | 29.397 08 | 28391 0.4
BR(B™ — °n7) | 949257 | 9.889 0.0 7.879 0.4
BRB™ - wr) 6.22+17 | 6.002 0.0 5.186 0.4
BRB™ — D) 0.004 0.003
BR(B~ — p~ 79 9.646 11.404
BR(B~ — K~ K9 0.457 0.788
BR(B~ — KOK") 0.490 0.494
BRE’ — °K) 5.865 8.893
8RB - wK) | 634+182 | 2.318 4.9 5.606 0.2
BRE — p*K") | 1588+4.65| 6.531 40 | 14.304 0.1
8RB — K~ r*) | 193+52 | 9.760 34 | 10.787 2.7
BRB — K~ 2% | 71+114 | 7.303 0.0 8.292 0.0
8RB’ - OK) | 872+137 | 8.360 0.1 8.898 0.0
BRB — K ) | 1212+313 | 7.889 18 | 11.080 0.1
BR(B™ — p°K") | 892+36 | 1.882 3.8 5.655 0.8
BRB™ - p K) 7.140 14.006
BRB — wK) | 292+194 | 2.398 0.1 6.320 3.1
BR(B~ — dK) | 888x124 | 8.941 0.0 9.479 0.2
BRE - K°p) | 1641+321 | 22.807 40 | 18.968 0.6
BRB — K1) | 254+56 | 17.855 18 | 15543 3.1
ACpr 0.38+023 | 0.250 0.228
Cor 045+021 | 0.019 0.092
8.1/4 3.9/4
AL ~0.22+011| -0.015 -0.115
ALK 0.19+0.18 | 0.060 0.197
AL ~021+019| -0.072 05 | -0.198 0.0
ALK ~0.21+028| 0.029 0.7 0.189 2.0
ALK ~0.05+03 | -0.138 01 | -0.217 0.3
ALK 017+028 | -0.186 16 | -0.158 1.4
ALS -005+02 | 0.006 0.1 0.005 0.1
36.9 20.8

Table 3. Best fit values using the global analysis ofB PV decays in QCDF with freg (scenario 1) and QCD¥Charming Penguins
(scenario 2) with constrainegl.




