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One of the most relevant challenges for Bxéactories is the determination of the three angles
of the Unitarity Triangle (UT) of the Cabibbo-Kobayashi-8kawa (CKM) matrix [1]. To date,
besides the precisely measured argjlérom the “gold-plated” mod&y — J/(Ks, the extraction
of the two remaining angles, namety and y, is obscured by our lack of knowledge about the
hadronic dynamics inside mesons. Although their extrad8amainly limited theoretically by the
so-called penguin pollution, CP violation in the charml8sdecays, such aBy — 77T, Tp and
similar modes, could be of great help in their extractions.

In this work, we propose a transparent analysis of explotivg UT through the CP vio-
lation in By — p¥m*, combined with the “gold-plated” modBy — J/Ks. Contrary to the
Bq — 1T 11" modeBy — p T 1t exhibits two transition amplitudes, namely = A(B® — rttp¥) =

T (€Y+ % , whereT, andP.. are respectively the corresponding tree and penguin ardplit

Since the determination of the penguin-to-tree amplitsdelievant for our analysis, we use QCD
factorization (QCDF) [2] for their estimate.

The time-dependent decay rates Byr— p* ™ decays are defined by 6 Observallles\C,
S, AS, N'PTand«7P™, insufficient input to predict model independently the &ittetical parameters,
namely 7 hadronic parameteliB. |, |P.|, ., @ and one weak phagerelated to these modes. To
disentangle the CKM dependence from the hadronic paraseterwrite the penguin-to-tree ratio
(P/T). = 4r. €% /\/p2+n2, where(r.,@.) are pure strong interaction quantities &mdn)
are the perturbatively improved Wolfenstein parametefsN&glecting the very small effects from
electroweak penguin contributions in our processes, onexpress the penguin parameters #+
andr_é&%-, respectively, in the form [2,4,5]

—(aV4+albrz+bps+bya)) —(abs—ryaps+kalbvz+bya+bpa))
avi+ay,+rabvi+bps+bpatbyal’  api+ap,—rfaps+kabei+bys+byatbpal

- (D)

A recent analysis gives [6]:
r. = 0.04+0.01, @, =0.18+0.27,

r_ = 0.03+0.02 @ =—0.02+0.42,
r. = 0.89+0.22 @ = 0.02+£0.03, )

where the error includes an estimate of potentially impdrfewer corrections. In order to obtain
additional insight into the structure of hadrorBedecay amplitudes, it will be also interesting to
extract these quantities from oth@ichannels, vieSU(3)-symmetry [7], or using other methods.

Since the parameters andq are small quantities,” CP — violating’ S, "CP— conserving AS)
and their corresponding rescaled quanti(i‘é@P—vioIating" § "CP— conserving AS_) [7]arere-
spectively well approximated, at the lowest order.inby [4,7]:

S= fCtl(riycpﬂ:artaTan)) AS.:fCt2(ri’(pi’rt’(R’T’r’)’
§-: ﬂ:t?,(l'i;(P:taT,ﬁ): Aéf_Ct4(r:|:?(pi7(R)rvﬁ)) (3)

where the observable = cot has been introduced to relate the paramptéo ), namelyp =
1— 1n, to simplify our analysis in terms of only one CKM paramet&hus, assuming that the
parameterr (or sin2B) is known one could extract precisely, as we will see below. Taking
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Figure 1. CKM phase) as a function of the mixing-induced CP asymmetry Sorg — pTrt within the
SM forsin2B8 = 0.739. The dark (light) band reflects the theoretical uncertaimtyhe penguin phaseg.
(penguin amplitudey) in the left and right plots, however in the middle one thedagailects the theoretical
uncertainty in the tree ratior

T =2.26+0.22,n = 0.35+0.04 [8] and our penguin parameters results in (2), we find fr@n (
that S= 026 *028(7) +047(m —-0.02/+0.01  +0.04-0.01] 00051y (4)

-019 —-0.39 +0.02-0.00]  —0.04—-0.005  +0.02
(r+[e:]) (r-[e-)
S _ 0.27 049,75\ —004+002 —0.01—0.005
S=-042 To7a(1) Tg39(n) 4004001  +0.01+0.01 ° )
(r+le:]) (r-[e-1)

We note that the sensitivity af or sin23 in extractingS is significant, however the dominant
uncertainty is related to thg which for the purpose of predictin§ has been borrowed from a
standard CKM fit [8]. Distinctly, the large sensitivity &fto n is analogous to the fact that in turn
n depends weakly oB. Concerning§ which is free fronr; per definition, the impact af andt
(or sin2B) are significant, however less than in the cas&.dh Fig. 1, we have plotted the CKM
parameten as function ofS, showing ther ., @. ) (left-plot) and the (middle-plot) uncertainties.
We find that the sensitivity off on the strong phase. is rather mild compared to the penguin
amplituder... This is not surprising, since the dependenceporenters inns = G(r., @.,r1, 7,9
only at second order. As a cross check of our strategy onexteacer], independently of;, as
function ofS, Ng= K(r+,@.,1,9). In this case, however the sensitivity g on the strong phase
@ is more pronounced than i, as shown in Fig. 1 (right-plot). This is traced back to thet fa
that the strong phasg. in ng, contrary tons, enters at first order.

Moreover, theBy — p* ™ decays offer the possibility to explore the two individudledt
CP asymmetries betweeB?(EO) —ptm andEO(BO) — p~ 1" decay rates, namely., For any
given values of. and@. a measurement @.. defines a curve in theo( n)-plane, as sketched
in Fig. 2 where a model-independent correlation, within 3¢, between the penguin parameters
r. and @ for different values folC. is shown. In the determination of and p described here
discrete ambiguities do in principle arise. However, thay be excluded by other information on
the UT (for further details on these ambiguities, see [10]).

In [9,10], it has been shown that the sensitivityrpfin By — "1~ modes, on the strong
phaseg,; is rather mild, since its dependence enterg ianly at second order. Hence, using the
lowest order result ip; is most likely a very good approximation to the exact ressde([9,10]).

In an analogous manner, the same argument holdB4fer p*™p~ channels. The corresponding
equations are similar to those defined Byr— "1 (see egs. (36) and (37) in [10]Therefore,
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Figure 2: Contours of constant.Cin the (11, @.)-plane for fixedp = 0.20andn = 0.35.

it is interesting to define the ratio [6]:
Sop (14 TSm— /11— Sp) _ 1+ 1pp COSPp '
Sm(1+TSp—/1-,) LEmmCOSPm

gpthe

(6)

REXP
Note that the Ihs of (6), namel¥®*?, depends only on experimental observables, and is therefor
a measurable quantity, to be confronted with the theoldtitarmations encoded in the rhs of (6)
Z™e. Sincer i ~ rop ~ 0.1 are small, we expand the ratig"® in these two parameters to get

to lowest orderZ"®=1+ Relrp, €%% — 15 €%, where in QCDFr,, €% — 1y @9 ~ X%

is very sensitive to the chirally enhanced temfjs Using QCDF, we findr%;—‘jlg = —0.064+0.014,
leading to%’g‘gDF: 0.94+0.014 [6]. On the other hand, using the most recent experirhdata
reported either by BaBar or Belle concernit®y, Spp, ) [11], we find Zg 5, = 1.01£0.11 and
P = 0.8140.11. Although these two values suffer from large uncertestiheir central values

agree quite remarkably with the QCDF one given above.

We proposed strategies to extract information on weak phfasen CP violation observables
in By — pTrrt decays even in the presence of hadronic contributionsecbtatpenguin
amplitudes. Assuming knowledge of the penguin pollutioneticient use of mixing-induced CP
violation inByg — pT 1" decays, can be made by combining it with the correspondisgrobble
from By — J/Ks, sin 28, to obtain the UT paramete(p, n). The sensitivity on the hadronic
guantities is discussed. In particular, there are no firdéocorrections imp.. Moreover, we
found that the dependence ppin By — p* 1" is less pronounced than in tBg — " 1T~ case,
sincer. ~ ry;;/3, leading to an important simplification in our analysisadty, a new
experimental test of the factorization ansatz is presems@tyBy — "1 andBy — pp T
modes.
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