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W e sum m arize the results presented n W orking Group 5 (W G 5) of the CKM 2006 W orkshop in
N agoya. T he charge of W G 5 was to discuss the m easurem ents of unitarity triangle angles = ; and
= 3 from B -m eson decays containing cham quark(s) in the nalstates.

I. INTRODUCTION

The focus of W orking Group 5 at the CKM 2006
W orkshop were them easurem entsof = ; and = 3 an-
gles in the standard unitarity triangle of the Cabibbo{
K obayashi{M askawa (CKM ) m atrix E|, E] that are ob—
tained from B decays into nalstatem esonsw ith valence
c quark(s). The discussion summ ary of the previous edi-
tion in this workshop serdes can be found in E].

II. M EASUREMENTS OF IN B DECAYS
W ITH CHARMONIUM .

B %-m eson decays originating from b! ccs quark-level
transitions are the key channels to m easure the B {B ]
m ixing phase @]. In the CKM picture of CP violation
thisphase equals2 = ;,with

—Amg 2 1)
VeaVy,
one of the angls In the standard unitarity triangle. A
particularly clean m easurem ent of  is provided by the
tin e dependent CP asymm etry in the \goden" chan-
nelB% ! J= Kg. Here the theory error, ie. the dif-
ference between sin(2 ) and the coe cient of sin( m t),
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Sg- & . risan allbecause it isgiven by a doubly C abibbo-
suppressed ratio of penguin to tree am plitudes E]. Ne-
glecting this correction leads to small \penguin pollu—
tion" of extracted sin(2 ).

In view of the steadily increasing accuracy at thee' e

B factories and the quickly approaching start of the
LHC, a closer ook at the size of penguin pollution In
B? ! J= Kg was taken as part of our W orking G roup
discussions. T he conclusion ofan analysis perform ed sev-
eralyearsago @ Jw as that these corrections are extrem ely
an all, of the order of less than a perm il of the observed
valie, although a precise calculation isnot possible. T he
analysiswas extended recently by the authors of H Jusing
a form alism that com bines the Q CD —m proved factoriza—
tion and the perturbative Q CD approaches. The pen-
guin pollution S ;- g, and the direct CP asymm etry
Aj_ g, werecalculated at leading power in 1=m ;, and at
nextto-Jleading order in . Both quantities were found
to be at the 10 2 level [d].

A di erent avenue to dealw ith these corrections was
chosen by the authors of [¢,[10]: em ploying the SU (3)
avour sym m etry of strong interactions and further plau—
sible dynam icalassum ptions, thedata from B? | Jg= °©
channel, where penguin-to+tree ratio is not CKM sup-
pressed,areused to estimate S ;- x, . A ttothecur
rentdatagives S ;- g, = 0:000 0:012. Thisestin ate
of S ;- g, isan order ofm agnitude larger than the al-
ternative ones discussed above, and is com parable to the
present experin ental system atic error. Note, however,
that the quoted error re ects also the size of experin en—
talerrorson observablesin B? | J= © decay and does
not necessarily re ect the size of penguin pollution. In
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this sense the quoted bound on penguin pollution is a
conservative one. At the LHC , the penguin pollution in
BJ ! J= Kg can be controlled using the B ! J= K
channeland the U —gpin sym m etry [11]as sketched below .

T he above estin ates of penguin pollution are especially
interesting in light of a rather sm all recent experin ental
sin(2 ) value, which leads to som e tension in the CKM

ts. Follow ing a recent paper [12]the In plications for the
allowed region In the space of the general New Physics
(NP ) param eters fO]:‘BdO{Bg m ixing were discussed [13].
In this analysis, the \true" value of is xed by and
VupJ extracted from treedlevel processes, which are as-
sum ed not to be a ected by NP. Com parison w ith the
valie of extracted from Bg ' J= Kgs then gives a
constrainton a NP phase §F inBJ{BJ m xing. The re-
sult depends sensitively on ¥/, w here the nclusive and
exclusive detemm inations give 57 jici= (110 4:3)
and NP dxa= (34 79) , respectively. Sin ilar ef-
fects were also found in Refs. [14], and should be closely
m onitored in the future.

On the experim ental side, the B factory experin ents
BaBar and Belle have analyzed datasets of 384 and 535

10° BB pairs, respectively. T he prelin inary BaBar re—
sult is given as an average over severalcc K g /K 1, chan—
nels [15]: smn2 = 0:710 0:034 0019 and j j =
0932 0026 0017 (Fig.[d). Belle reported the re-
sult usihg only the J= K ° modes [16]: sn2 , =
0642 0031 0017 and A = 0018 0021 0014
witha= Cc= @1 JjF)»=0+3F) Fi.O. &t shoud
be noticed that nalstatesw ith di erent (cc) resonances
can have di erent S corrections. At present these are
expected to be am aller than experin ental errors. W ith
increasing experim entalaccuracy, how ever, averaging the
CP asymm etry m easurem ents from di erentm odesm ay
becom e problem atic. Experin entally, the predicted un-
certainty on S and C from the B-factoriesat 2 ab ! will
stillbe dom inated by statistics w hile the system atic com —
ponent of the error originatesm ainly from the know ledge
of the vertexing algorithm perform ance.

A . M easurem ents of and cos2

Severalm ethods based on the decays into resonant or
m ultibody nalstates are being used to resolve the dis-
crete am biguity in the determ ination of from m easured
sin2 . A theoretical review of detem hations from
B decays involving cham nal states was presented by
A.Datta [17]: theb ! ocs transitionsB ! J= K (),
B! D/'D0)Kg,theb! ood transition® ! D¢ 'p )
and theb! cud transition B ! D ( 'h0.

Thedecay B ! J= K% ! J= Kg % isaVV decay.
T he corresponding tin e-dependent angular distribution
allow sam easurem ent ofboth sin2 and cos2 [L8]. The
sign am biguity can be resolved by using the interference
between the K S-wave and P -wave am plitudes in the
K (892) region and assum Ing sm all strong interactions
between J= and K . The result of such an analysis
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FIG .1: Background subtracted tdistributions and asym —

m etry for eventsw ith good tags forJ= K % m odes in the Belle
analysis. In the asym m etry plot, solid curve show s the t re-
sult.
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FIG .2: a) Num berofCP-odd candidates (J= Ks, (2S)Ks,

c1Ks,and cKgs) in the signal region with aB? tag (Ngo)
and with a B® tag (N,,,50), and b) the raw asymm etry
(Ngo Ngo)=(Ngo+ Ngo),asfunctionsof t.Figuresc)and
d) are the corresponding distrbutions for the CP-even m ode
J= K. The s0lid (dashed) curves represent the t projc-
tionsin torB ? B?) tags. T he shaded regions represent
the estin ated background contributions.



yields a positive value for cos2 E ].

TheB(t) ! D *D Kg decay can have both non-
resonant and resonant contributions m aking it sensitive
to cos2 ]. U sing the theoretical calculation for the
sign of the hadronic coe cient in front of cos2 [@],
cos2 is preferred to be positive at the 94% con dence
Jevel 211.

The tree kevel b ! cud decay B (t) ! Dho(h’

O, w)withD ! Kg * uses the variation of the
strong phase over the nalphase space to obtain  w ith—
outdiscrete am biguities @ ]. The sensitivity to the phase
com es from the interference ofdi erent resonance decays
that either com e from B directly or from a prior oscil-
lation through B . R esults of such analyses are available
from both BaBar and Belle E,@].

In orderto obtain  from B (t) ! D ¢ ’D (), one needs

further Inform ation to dealw ith the penguin e ects. This
can be provided by the U -spin+related Bg ! Dé )Dé )
m odes ﬂ,@}orby usihg SU (3)xelated B ! D )Dé )
decays and dynam ical assum ptions ]. The BaBar
m easurem ents of CP observablesin B (t) ! D ¢ " p ()
w ere presented E}, while a new Belle m easurem ent of
B(t)! DD was reported 2d]. There isa slight dis—
agream entbetw een the tw o experin entson the size of the
direct CP asymmetry n B (t) ! D*D . W hile Belle
obtans Cp+p = 091 023 0:06, BaBar quotes
Cp+p = 011 035 0:06. In the Standard M odel
(SM ),a an alldirect CP asym m etry is expected based on
an estim ate using a com bination of naive factorization
and an arbitrarily large strong phase due to the nal-
state interactions ]. In Ref. ], a detailed analysis of
the allowed region In observable space for CP violation
n Bg ! DD was performed In view of the new B -
factory m easurem ents, together w ith an estim ate of the
relevant hadronic penguin param eters and observables.
T he questions of the m ost prom ising strategies for the
extraction of CP-violating phases, about the interplay
w ith other m easurem ents of CP violation and regarding
NP search were also addressed.

B. CPT/T violation in m ixing.

BaBar has presented experin ental results on CP and
CPT violhtion in m xing @]. Allowing for CP T viola—
tion, the general param etrization of B °{B  m ixing is
p— 0. p— 0
p 1l zB"i+g 1+ zB"'i;

P—— 4. P—— .

p l+zB"1i gl =zB'i; (2)

Bri
Bui=

w ith z denoting a com plex param eter that is zero if CP T
is conserved. O n the other hand,C P violation in m ixing
is found, if §=pj6 1 (while CP violation In the interfer-
ence of m ixing and decay is possible if arg(g=p) 6 0).

In the SM , ¥=pjisclose to 1,

1
1 Zm—=; (3)
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FIG . 3: Alowed regions for the CP T violating param eters
Im z; and Rez ; atvariouscon dence levels. The red star
represents the SM expectation and the solid black ellipses
correspond to 1,2 and 3 signi cances.

where B°Ho B% =M1, 1 1,=2. TheCP wiblathg
quantity Im ( 1,=M 1») is suppressed by an additional fac-
tor mZ2 m2)m? 0:d relative to j 1,=M 123, giving
JIm ( 12=M 15)< 10 3 in thesMm [29,[3d1.

The CP- and CPT-wiblating param eters are deter-
m fned from tin edependent ts to B °{B° pair events
in two com plem entary approaches. In the rstapproach,
two high-m om entum Ileptons are dem anded in order to
select inclusive sam fleptonic B ° decays. In the second
approach,one of the B m esons is partially reconstructed
in the semileptonic D 1" ; channel (only the lepton
and the soft pion from D ® ! D®  decay are recon—
structed ), while for the avour of the other B a leptonic
tag isused.

Noevidenceof CP orCP T violation isfound in m ixing
w ith either of the two m ethods. The rstm ethod gives

] 1= ( 08 2Ty 19ey) 107
Mz = ( 139 73wy 32gey) 1075
Rez = ( 71 39 (sar;) 20(syetyy) 10 3ps L,

where z was taken to be tin e independent. T he prelin i~
nary result from the second m ethod is:

T=pj 1= (65 38wy 20geyn) 10°:  (4)
Both results are com patible with the SM expectations
and w ith previously published BaB ar results @,@J. As

rst pointed out by K ostelecky @}, taking the CP T -
violating param eter z to be constant in tin e is not very
natural. Since CP T viclation in the quantum eld the-
ory Im plies Lorentz violation one can expect z / a ,
w here is the decaying B -m eson four-velocity and a
a constant fourvector describing Lorentz violation. Be-
cause of the Earth’s rotation the product of the two vec—
tors is tin e dependent z = zg + z; cos( £+ ), with
the Earth’s rotation frequency, £ the sidereal tin e, whike
zp and z; are constants. BaBar analysis accounting for
this tin edependence givesresultsform z; and Rez 3
consistent w ith zero at 222 as shown in Fig.[3.



III. M EASUREMENTS OF

The extraction of from B ! (£ ) K decaysuses the
Interference between b ! cus and b ! Ucs transitions.
T he Interference is nonzero when the nalstate £ is ac—
cessble to both D and D mesons. The theoretical un—
certainty is com pletely negligible as there are no penguin
contributions.

Several methods were proposed that dier in
the choices for the nal states £: CP elgenstate
(GLW method [34]), doubly Cabbibo suppressed (ADS
m ethod [39]), and a com bination of these two m ethods
using a D D alitz analysis (GG SZ m ethod [34]).

T he feasibility ofthe m easurem ent crucially depends
on the size ofry , the ratio of the B decay am plitudes in—
volved (rs = A(B* ! DK*)FA®B* ! DK"*)j. The
value of ry is given by the ratio of the CKM m atrix el-
em ents ¥V, V. 7V V,sjand the colour suppression fac-
tor, and is estim ated to be in the range 0.1{02 [37]. For
di erent D decays, the B system param eters are com —
m on, which m eans that the com bination of di erent D
channels can help m ore than jist adding m ore statistics
381.

The shiftduetoD {D_m ixing isestin ated to be less
than one degree for doubly Cabibbo-suppressed decays
and much an aller in other cases, and can eventually be
included in the determ nation. The e ect due to CP
violation in the neutralD sector is negligble in the SM
and atm ost at the 10 ? order if one considersNP in the
cham sector [391].

Results from the two B -factories Belle/KEKB and
BaBar/PEP ITare available. T he B elle collaboration uses
a data sam ple that consists of 386  10°BB pairs [40].
The decay chams B* ! DK*,B* ! D K* wih
D ! D ®andB* ! DK " withK " ! K{ ' are
selected for the analysis. T he analysis of the BaBar col-
laboration [41]isbased on 347 10°B B pairs. T he recon—
structed nalstatesareB* ! DK*'* andB* ! D K*
with twoD channels: D ! D ®andD ! D .!
The neutral D meson is reconstructed in the K ) *

nalstate In all cases. T he num ber of reconstructed sig—
nalevents in the Belle’sdata are 331 23,81 11 and
54 8fortheB" ! DK*,B" ! D K* and B" !
DK * channels, respectively. BaBar nds 398 23,
97 13 and 93 12 signaleventsin theB* ! DK *,
B*! DD K* andB* ! D D K* channels re-
spectively.

The DO !
m? = m? (K g
a large sam ple of avortagged D 1 po
KJ *  decaysproduced in continuum e’ e !
nihilation.

K * decay amplitude £f(m?2 ;m? )
) is determ Ined independently from

, DO 1
gd an-—
The am plitude £ is param etrized as a co-

1 The previous BaBar [44] publication includes also the B* !
DK * channel but this m ode is not included in the recent up-—
date.

herent sum of twodody decay am plitudes plus a non-
resonant decay am plitude,

el

2 .2 i 2 .2
)= ase” A m 7 ;m

fm?;m )+ ket 5 (5)

=1
w here the sum isover the resonancespresent in K g * ’
Aj(m 2m 2} is the corresponding B reitW igner fom , aj
and 5 are respectively the am plitude and phase of the
m atrix elem ent for a decay through j-th resonance,while
band are the am plitude and phase of the non—resonant
com ponent. T he totalphase and am plitude are arbitrary.
To be consistent w ith the CLEO analysis [43], the K g
m ode is chosen to have unit am plitude and zero phase.

For Belle, a st of 18 twobody am plitudes is
used. These include ve Cabibbo-allowed am pli-
tudes: K (892) , K (1410)° r Ky (1430)* ,
K, (1430)* and K (1680)* , their doubly C abibbo-
suppressed partners, and eight channelsw ith a K g and a
;! ,5(980),£,(1270),£,(1370), (1450),

1 and 5 .TheBreit{W ignerm asses and w dths of the
scalars 1 and ; are leftunconstrained,while the param —
eters of the other resonances are taken to be the sam e as
in the CLEO analysis [43]. T he param eters of the res-
onances obtained in the tareasfollows:M |, = 519 6
Mev/c?, | =454 12MeV/?,M , = 1050 8M eV /&
and , = 101 7 MeV/F (the errors are statistical
only). In theBaBarcase,a sin ilarm odel isused w ith 16
two-body decay am plitudes and phases. In particular, a
modelbased on a t to scattering data (K -m atrix [44])
is used to param etrize altematively the S-wave com —
ponent and it is used to estin ate the m odel system atic
uncertainty. The agream ent between the data and the

t result is satisfactory for the purpose of m easuring
and the discrepancy is taken into account in the m odel
uncertainty.

Once f(mf ;m?) isdeterm ined, a tto B data alk
low s the determ ination of ry, and g, where 5 =
argR B* ! DK*)A®B* ! DK * )] AnalysisofCP
violation is perform ed by m eans of an unbinned m axi-
mum lkellhood twith theB* and B samples tted
separately using C artesian param etersx = 1y cos( s

)and y = r; sin(s ). The t is performed by
m inin izing the negative likelihood fiinction of n events

resonance:

xXn
2bgL= 2 Jogpm?,;m’;; E i;Mpci); (6)
i=1

w ith the D alitz plot density p represented as
i BEGM pe)=

Y+ (X + iy)f(m2;mf)j2 (7)
2, EM pe):

p(m? ;m?
F@? jm?
Foig ( EM pe)+ Fpaclm? ;m

The signal distrbbution Fgy is a function of two kine-
m atic variables, E and M p., Fpa is the distrdbution



of the background, and = (mf ;m 2 ) is the totale —
ciency. The background density function Fpo is deter—
m ined from analysis of sideband events in data and w ith
M C generated events.
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FIG. 4: Results of signal ts with free param eters x =
r Cos + g andy = rsih + g rB ! DK from
the BaBar and Belle latest publications [43]. The contours
indicate one standard deviation.

Fiure [4 shows the results of the separate B* and
B data tsforB ! DK mode in the x{y plane for
the BaBar and Belle collaborations. Con dence intervals
were then calculated using a frequentist technique (the
so-called N eym an procedure in the BaBar case, the uni-

ed approach of Feldm an and Cousins [46] in the Belle
case). The centralvalues for the param eters , 1 and
for the combined t (using the (x ;y ) obtained for all
m odes) with their one-standard-deviation intervals are
presented in Tab.[J for the BaBar and Belle analysis.

T he uncertainties in them odelused to param etrize the
DO 1 KO * decay am plitude lead to an associated
system atic error In the t result. These uncertainties
arise from the fact that there is no unique choice for the
set of quasi?2-body channels in the decay, aswellas from
the various possible param eterizations of certain com po-
nents, such as the non—resonant am plitude. To evalu-
ate this uncertainty severalaltermative m odels have been
used to tthedata.

D egpite sin ilar statistical errors obtained for (x ;y )
n the two experim ents, the resulting  error is much
an aller In Belle’s analysis. Since the uncertainty on
scales roughly as 1=rz , the di erence is explained by
noticing that the BaBar (x ;y ) measurem ents favor
values of ry am aller than the Belle results.

At present the am plitude In the D alitz plot analysis
is described as a sum of Breit{W igner-like resonances
(). This approach is valid for narrow wellspaced reso-
nances but fails to describe broad resonances, in partic-
ular the scalar ones. In addition, interferences betw een

overlapping resonances m ay not be well accounted for
within the Breit{W ignerm odel, which in tum can have
an in pact on the detem ination of the CKM param eter

. The K 1 atrix approach appears as a possible alter—
native that correctly im plem ents unitarity of S m atrix
in 2-body scattering also for overlhpping resonances. Its
extension to 3-body decays is delicate w ith incom plete
analytic structure from unitarity constraints. Neverthe-
less, a K m atrix approach extended to 3-body decays
would provide an alternative to the current m odel (sum
of Breit{W igner-likke resonances) and help to assess the
m odel error m ore precisely [481].

T he error due to the resonance m odel can be avoided
by using the m odel-independent m easurem ent pro—
posed In [3d]. In this approach, the D alitz plot is par-
titioned in bins symm etric with respect to the *
axis. Counting the num ber of events In such bins from
entangled D decay sam ples, In addition to the already
utilized avourtagged D decay sam ples, can determ ine
the strong phase variation over the D alitz plot. For this
the data of a ¢ham factory is needed. U seful sam —

plesconsist of (3770) ! D OD_0 events w here one of the
D mesons decays into a CP eigenstate (such asK K
or K g 1), while the D meson going in the opposite di-
rection decays into K * . Using also a sin ilar sam —
ple where both m esons from the (3770) decay into the
KO ¥ state provides enough inform ation to m easure
all the needed hadronic param eters in D decay up to one
overall discrete am biguity (this can be resolved using a
BreitW ignerm odel). C LEO - showed thatw ith the cur-
rent integrated lum inosity of 280 pb ! at the (3770)
resonance, these sam ples are already availbble.

W ith the um inosity of 750 pb ! , that CLEO - should
getat the end of its operation, the sam plesw illbe respec-
tively about 1000 and 2000 events. U sing these two sam —
plesw ith a binned analysis and assum ng rg = 0:1,a 4°
precision on 3 could be obtained [49,/50]. An unbinned
In plem entation of the m odel independent approach was
presented by A . Poluektov [501].

Channels w ith bigger ry 03 0:4,such asB? !
D °K ©, have been proposed. An analysis of this channel
exploits the bquark avour tag provided by the sign of
the charged kaon in the K ° decay [47].

IVv. MEASUREMENTSOF sn(2 + )

A B°meson can decay intoD ‘) * nalstate either
directly through a C abdbbo-favoured transition (propor-
tionalto V) orcan  rst oscillate into a B © and then de-
cay via a doubly C abibbo-suppressed transition (propor—
tionalto Vyyp). T he interference of the two contributions
generates the observables S  in the tin edependent CP
asymm etriesthatareequalto 2r' ) sin(2 + )1b1,152],
whereret = AB°! D *)=aB°! D ). UnbPr
tunately this ratio is very small, O (0:02), and one fur-
them ore needs to have know ledge of the relative strong
phase in orderto beable to extract the weak phases. To



TABLE I:Results of the com bination of B * !

DK",B" !

D K*,andB" !

DK ' modes for BaBar and Belle analyses.

The rst error is statistical, the second is system atic and the third one is the m odel error. In the case of BaB ar, one standard
deviation constraint is given for the rg values.

Param eter BaBar Belle

(92 41 11 12) (53" 3 9)
el < 0:140 059" 058 0:012 0049
R (118 63 19 36) (146", 3 23)
X 0:017 0203 075" 2558 0013 0:049
5K ( 62 59 18 10) (302750 6 23)
< 056402 0:041 0084
DK (243" % 3 49)

do so one either needs to m easure the observables w ith
O (r?) precision or use extemal input on r.

BaBarand Belle have perform ed tin e-dependent anal-
yses w ith full and partial reconstruction techniques (for
* channel, see Fig.[@) [53,/54], giving

the D

D

a = 2r sin2 +

Ccos

0:037

0:011; (8)

with an error that is still dom inated by the statistical
com ponent.
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FIG .5: tdistributions for the partial reconstruction sam —

ple from Belle experin ent. Curves are the t results for the
signal, background, and their sum .

Estinate ofr in B !

D

* from theBO !

D, °

decay using SU (3) symm etry was presented by M . Baak
T he potential breaking of underlying assum ptions
can com e from several sources: non-factorizable contri-

53]

butio

ns,

nal state Interactions, or m issing diagram s in

calculation —eg. W -exchange. Nevertheless a global t
to several observables can constrain such e ects, which
leaves hopes that such m easurem ent can be Included In
the Unitarity Triangle global ts [551].

Interesting deas on how to extract sh(2 + ) from
m ultibody decays have been discussed. In particular, a
tin edependent D alitz analysis of the B ! D KO *
decay can separate Vg, and Vy, contributions (visble
through K and D  resonances respectively) and there—
fore be sensitive to the weak phase. Unfortunately, given
the level of background only with 10 ab ' of ntegrated
lum nosity one can aim ata 10% error [54].

AND AT HADRON COLLIDERS.

An overview of various determ inations using Bg de—
cays into cham ed nalstates was given by R . F leischer
57]. For the decays that have both tree and penguin
am plitudes, the U —spin symm etry is used to obtain the
Inform ation on the penguin-to—+tree ratio. In the U —spin
based m ethodsonly the SU (3) avour symm etry isused,
while in other uses of SU (3), for instance in diagram —
m atic approaches, further dynam ical assum ptions such
as neglecting anniilation-like am plitudes are com m only

used. The U-spin symmetry o ers also a powerfiil tool
()

for the analysis of the By ! D ) ,Bs! Dsg' K
system [541].
T he hadronic m atrix elem ents of the By ! J= Kg

and By ! J= K decays are related through the U -
soin symmetry [11]. The penguin and tree am plitudes
InBs ! J= Kgs aremultiplied by the com binations of
CKM elem ents of sin ilar size, V Vg and V, Vg respec—
tively. In Bg ! J= Kg, on the other hand, the tree
is relatively 1= 2 enhanced com pared to the penguin.
T his hierarchy allow s for the determ ination of penguin
pollution on sin 2 determ ination for both decays simn ul-
taneously, up to the SU (3)-breaking e ects, thereby com -
plem enting the discussion given in Section [I. This type
of analysis can also be used to determ ine the hadronic
penguin e ects in the extraction of the B g {Bg m xing



phase ¢ o 2 from theBg ! J= channel @be
relting it to the Bq ! J= © decay (591.

A nother Interesting U spinrelated system is given by
theBs ! DD, andBg ! D'D decays|[1l,24]. Here
wem ay take the penguin e ects into account in the deter—
m ination ofthe B J{B J and B { {B J m ixing phases 4 and

s, respectively. A swas noted in Ref. @], the analysis

of the Bygs) ! DDy decays can also straightfor-

wardly be applied to the By ! K “K © system . Follow —
ing these lines, the penguin e ects in the determ ination
of sih ¢ from the b ! s penguin decay Bg I K%k
can be Included through its Bg I K%K ° partner @J
(hereB? ! K°K?and B ! KK’ take the rdls of
B! DD, and B ! D'D , respectively); this is
also the case for the corresponding By sy ! K °K 9 de-
cays [59,[621.

T he theoretically cleanest determ inations of the m ix-
ing phases s and are o ered by the pure tree decays
Bs! D KggpyandBg ! D ;0 0;::, respectively
@]. The weak phase , on the other hand, can be ob—
tained from pure tree coburallowed S = 1 decays

Bs ! DK @] and/or from the pure tree colour—
suppressed S = 1B ! D (O), Bs ! D , ..and
By ! DKg) decays. Since these are tree decays there

is no penguin pollution. There is enough experin ental
Inform ation to extract all the hadronic param eters be-
causem any di erent D decays can be used for the sam e
B decay process. Each additionalD decay m ode brings
in one additionalparam eter, the strong phase between D
and D decay, while also bringing in two additional ob-
servables, the corresponding branching ratio and the CP
asymm etry.

The study of B ! D%  decay by CDF,
where the D% is reconstructed In  avor (K )
or CPeven (K K*; ") eigenstates was reported

], with the measurement of the matio R =
BR(B ! DY_ K )BR(® ! D2 ), which is
one ofthe nputs in theG LW m ethod for determ ination
(341, quoting the value 0065 0007 0:004 [6€1.

CDF ocbserved for the rst tine the B ! D/D,
channel and reported the measurem ent of the ra-
tioR = BR(Bg! D!D_,)=BR®B°! D!D )=1%67
04l(stat) 0:d2(syst) 024(fs=fy3) O039Br ) (671
Perform ing a run on the (53 ) resonance, also the Belle
collaboration has recently obtained an upper bound of
6:7% (90% C L.) for this branching ratio [64]. M oreover,
the D 0 collaboration has perform ed a rst analysisofthe
com bined By ! Dé )Dé ) branching ratio, w ith the re-
sult of BR(B, ! DS'D{)= 39719 1)y [691. For
a recent analysis using these Tevatron results to control

the penguin e ectsjano ! D*D seeRef. @].

The LHCb sensitivity for the extraction of was sin -
ulated forB ! DK  treedleveldecays }. A combi-
nation of the GLW and ADS methods w ith the avour
D! K andD ! K decays leads to a statistical
erroron  In the range 5{12 for s 008 with 2 b !
data. Theuseof B ! D °K that arem ore challeng-
Ing at LHCb isalso under study. T he statistical precision
on from neutralB decays has been estin ated to be In
the range 7{10 ©r2 b ' of LHCb data,while a D alitz
analyssin B ! (Kg )b K is estim ated to lead
to a statistical error on of about 8 . An im pact of
the fourbody D decay,B ! (K 'K + pK was
also sim ulated, w ith estin ated accuracy 14 .AIlin
all the estin ated precision on  from a com bination of
these m odes is expected tobeat 5 r2 b ' ,which
is com parable to the indirect determ ination of usihg
CKM ts.

VI. CONCLUSIONS

In thenexttwo years, thee' e B -factoriesw illreach a
totalintegrated um inosity ofabout2ab ' and CDF /D0
of severalfo ' . The m easurem ent of the angle  willbe
perform ed in several channels w ith no lin itation due to
system atics uncertainty and w ith a theory error under
control. T he current world average ervror on  is around
20 ﬂ,@}. A m ore precise m easurem ent w ill be chal-
lenging, especially since the sensitivity depends critically
on the realvalue of ry for the various channels that need
to be com bined. T hanks to the quickly approaching start
ofthe LHC and itsdedicated B decay experim ent LHCDb,
we will soon get full access to the rich physics potential
of the Bs-m eson system , and will also enter a new era
for the precision m easurem entsof . In them ore distant
future, an upgrade of LHCb and a super B -factory (or a
super avour factory) could bring the m easurem ents to
their ultim ate precisions.
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