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W e sum m arize the resultspresented in W orking G roup 5 (W G 5)ofthe CK M 2006 W orkshop in

Nagoya.ThechargeofW G 5 wasto discussthem easurem entsofunitarity triangleangles�=�1 and


=�3 from B -m eson decayscontaining charm quark(s)in the �nalstates.

I. IN T R O D U C T IO N

The focus of W orking G roup 5 at the CK M 2006

W orkshop werethe m easurem entsof�=�1 and 
=�3 an-

gles in the standard unitarity triangle ofthe Cabibbo{

K obayashi{M askawa (CK M ) m atrix [1,2]that are ob-

tained from B decaysinto�nalstatem esonswith valence

cquark(s).Thediscussion sum m ary ofthepreviousedi-

tion in thisworkshop seriescan be found in [3].

II. M EA SU R EM EN T S O F � IN B D EC A Y S

W IT H C H A R M O N IU M .

B 0-m eson decaysoriginating from b! c�cs quark-level

transitions are the key channels to m easure the B 0
d{

�B 0
d

m ixing phase [4]. In the CK M picture ofCP violation

thisphaseequals2�=�1,with

� = Arg

�

�
VcdV

�

cb

VtdV
�

tb

�

; (1)

one ofthe angles in the standard unitarity triangle. A

particularly clean m easurem entof� is provided by the

tim e dependent CP asym m etry in the \golden" chan-

nelB 0 ! J= K S. Here the theory error,i.e. the dif-

ference between sin(2�)and the coe�cientofsin(�m t),
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SJ=	K S
,issm allbecauseitisgiven byadoubly Cabibbo-

suppressed ratio ofpenguin to tree am plitudes [5]. Ne-

glecting this correction leads to sm all\penguin pollu-

tion" ofextracted sin(2�).

In view ofthesteadily increasingaccuracyatthee+ e�

B factories and the quickly approaching start of the

LHC,a closer look at the size ofpenguin pollution in

B 0 ! J= K S wastaken aspartofourW orking G roup

discussions.Theconclusion ofan analysisperform ed sev-

eralyearsago[6]wasthatthesecorrectionsareextrem ely

sm all,ofthe orderoflessthan a perm ilofthe observed

value,although a precisecalculation isnotpossible.The

analysiswasextended recently by theauthorsof[7]using

a form alism thatcom binestheQ CD-im proved factoriza-

tion and the perturbative Q CD approaches. The pen-

guin pollution �S J= K S
and the direct CP asym m etry

A J= K S
werecalculated atleading powerin 1=m b and at

next-to-leading orderin �s. Both quantitieswere found

to be atthe 10�3 level[8].

A di�erentavenue to dealwith these correctionswas

chosen by the authors of[9,10]: em ploying the SU (3)


avoursym m etry ofstronginteractionsand furtherplau-

sibledynam icalassum ptions,thedatafrom B 0 ! J= �0

channel,where penguin-to-tree ratio is not CK M sup-

pressed,areused to estim ate�S J= K S
.A �tto thecur-

rentdata gives�S J= K S
= 0:000� 0:012.Thisestim ate

of�S J= K S
isan orderofm agnitudelargerthan theal-

ternativeonesdiscussed above,and iscom parableto the

present experim entalsystem atic error. Note,however,

thatthe quoted errorre
ectsalso the sizeofexperim en-

talerrorson observablesin B 0 ! J= �0 decay and does

not necessarily re
ect the size ofpenguin pollution. In
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this sense the quoted bound on penguin pollution is a

conservative one. Atthe LHC,the penguin pollution in

B 0
d ! J= K S can be controlled using the B 0

s ! J= K S

channeland theU -spin sym m etry [11]assketched below.

Theaboveestim atesofpenguin pollution areespecially

interesting in lightofa rathersm allrecentexperim ental

sin(2�)value,which leadsto som e tension in the CK M

�ts.Followingarecentpaper[12]theim plicationsforthe

allowed region in the space ofthe generalNew Physics

(NP)param etersforB 0
d{

�B 0
d m ixing were discussed [13].

In this analysis,the \true" value of� is�xed by 
 and

jVubjextracted from tree-levelprocesses,which are as-

sum ed not to be a�ected by NP.Com parison with the

value of� extracted from B 0
d ! J= K S then gives a

constrainton a NP phase�N P
d

in B 0
d
{�B 0

d
m ixing.There-

sultdependssensitively on jVubj,wheretheinclusiveand

exclusive determ inations give �N P
d
jincl = � (11:0� 4:3)�

and �N Pd jexcl = � (3:4 � 7:9)�,respectively. Sim ilar ef-

fectswerealso found in Refs.[14],and should be closely

m onitored in the future.

O n the experim entalside,the B -factory experim ents

BaBarand Belle have analyzed datasetsof384 and 535

� 106 B �B pairs,respectively.Theprelim inary BaBarre-

sultisgiven asan averageoverseveralc�cK S/K L chan-

nels [15]: sin2� = 0:710 � 0:034 � 0:019 and j�j =

0:932 � 0:026 � 0:017 (Fig.2). Belle reported the re-

sult using only the J= K 0 m odes [16]: sin2�1 =

0:642 � 0:031 � 0:017 and A = 0:018 � 0:021 � 0:014

with A = � C = (1� j�j2)=(1+ j�j2)(Fig.1). Itshould

benoticed that�nalstateswith di�erent(c�c)resonances

can have di�erent�S corrections. Atpresentthese are

expected to be sm aller than experim entalerrors. W ith

increasingexperim entalaccuracy,however,averagingthe

CP asym m etry m easurem entsfrom di�erentm odesm ay

becom e problem atic. Experim entally,the predicted un-

certainty on S and C from theB-factoriesat2 ab�1 will

stillbedom inated by statisticswhilethesystem aticcom -

ponentoftheerrororiginatesm ainly from theknowledge

ofthe vertexing algorithm perform ance.

A . M easurem ents of� and cos2�.

Severalm ethodsbased on the decaysinto resonantor

m ulti-body �nalstatesarebeing used to resolvethe dis-

creteam biguity in thedeterm ination of� from m easured

sin2�. A theoreticalreview of� determ inations from

B decaysinvolving charm �nalstates waspresented by

A.Datta [17]: the b ! c�cs transitions B ! J= K (�),

B ! D (�)�D (�)K S,the b! c�cd transition B ! D (�) �D (�)

and the b! c�ud transition B ! D (�)h0.

The decay B ! J= K 0� ! J= K S�
0 isa VV decay.

The corresponding tim e-dependent angulardistribution

allowsam easurem entofboth sin2� and cos2� [18].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 allstrong interactions

between J= and K �. The result ofsuch an analysis

 B0 → J/ψK0
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FIG .1: Background subtracted �tdistributionsand asym -

m etry foreventswith good tagsforJ= K
0
m odesin theBelle

analysis.In the asym m etry plot,solid curve showsthe �tre-

sult.
E

ve
nt

s 
/ (

 0
.4

 p
s 

)

200

400

E
ve

nt
s 

/ (
 0

.4
 p

s 
)

200

400

  tags0B 

  tags0 B

a)

R
aw

 a
sy

m
m

et
ry

-0.5

0

0.5

R
aw

 a
sy

m
m

et
ry

-0.5

0

0.5 b)

E
ve

nt
s 

/ (
 0

.8
 p

s 
)

200

400

E
ve

nt
s 

/ (
 0

.8
 p

s 
)

200

400

  tags0B

  tags0 B

c)

 t [ps]∆
-5 0 5

R
aw

 a
sy

m
m

et
ry

-0.5

0

0.5

 t [ps]∆
-5 0 5

R
aw

 a
sy

m
m

et
ry

-0.5

0

0.5
d)

BABAR
preliminary

FIG .2: a)Num berofCP-odd candidates(J= K S , (2S)K S ,

�c1K S ,and �cK S )in the signalregion with a B
0
tag (N B 0)

and with a �B
0
tag (N

barB 0), and b) the raw asym m etry

(N
B 0 � N �B 0)=(N B 0 + N �B 0),asfunctionsof�t.Figuresc)and

d)are the corresponding distributionsforthe CP-even m ode

J= K L . The solid (dashed) curves represent the �t projec-

tions in �tfor B
0
(�B

0
) tags. The shaded regions represent

the estim ated background contributions.
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yieldsa positivevalueforcos2� [19].

The B (t) ! D �+ D �� K S decay can have both non-

resonantand resonantcontributionsm aking itsensitive

to cos2� [20]. Using the theoreticalcalculation for the

sign of the hadronic coe�cient in front of cos2� [20],

cos2� ispreferred to be positive atthe 94% con�dence

level[21].

The tree level b ! c�ud decay B (t) ! D h0(h0 =

�0;�:::) with D ! K S�
+ �� uses the variation ofthe

strong phaseoverthe�nalphasespaceto obtain � with-

outdiscreteam biguities[22].Thesensitivitytothephase

com esfrom theinterferenceofdi�erentresonancedecays

thateithercom e from B 0 directly orfrom a prioroscil-

lation through �B 0.Resultsofsuch analysesareavailable

from both BaBarand Belle [15,23].

In orderto obtain � from �B (t)! D (�) �D (�),oneneeds

furtherinform ation todealwith thepenguin e�ects.This

can be provided by the U -spin-related �B s ! D
(�)
s

�D
(�)
s

m odes[11,24]orby using SU (3)-related �B ! D (�) �D
(�)
s

decays and dynam ical assum ptions [25]. The BaBar

m easurem entsofCP observablesin �B (t)! D (�)+ �D (�)�

were presented [23],while a new Belle m easurem ent of

B (t)! D + D � wasreported [26]. There isa slightdis-

agreem entbetween thetwoexperim entson thesizeofthe

direct CP asym m etry in B (t) ! D + D � . W hile Belle

obtains CD + D � = � 0:91 � 0:23 � 0:06,BaBar quotes

CD + D � = 0:11 � 0:35 � 0:06. In the Standard M odel

(SM ),a sm alldirectCP asym m etry isexpected based on

an estim ate using a com bination ofnaive factorization

and an arbitrarily large strong phase due to the �nal-

stateinteractions[27].In Ref.[24],a detailed analysisof

the allowed region in observable space for CP violation

in B 0
d
! D + D � was perform ed in view ofthe new B -

factory m easurem ents,togetherwith an estim ate ofthe

relevant hadronic penguin param eters and observables.

The questions ofthe m ost prom ising strategies for the

extraction of CP-violating phases, about the interplay

with otherm easurem entsofCP violation and regarding

NP search werealso addressed.

B . C P T /T violation in m ixing.

BaBarhaspresented experim entalresultson C P and

C P T violation in m ixing [28]. Allowing forC P T viola-

tion,the generalparam etrization ofB 0{�B 0 m ixing is

jB Li = p
p
1� zjB 0i+ q

p
1+ zj�B 0i;

jB H i = p
p
1+ zjB 0i� q

p
1� zj�B 0i; (2)

with zdenotingacom plex param eterthatiszeroifC P T

isconserved.O n theotherhand,C P violation in m ixing

isfound,ifjq=pj6= 1 (while C P violation in theinterfer-

enceofm ixing and decay ispossibleifarg(q=p)6= 0).

In the SM ,jq=pjiscloseto 1,

�
�
�
�

q

p

�
�
�
�
� 1� �

1

2
Im

�12

M 12

; (3)

1 Im z
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FIG .3: Allowed regions for the C P T-violating param eters

Im z1 and ��Rez 1 atvariouscon�dencelevels.The red star

represents the SM expectation and the solid black ellipses

correspond to 1,2 and 3� signi�cances.

where hB 0jH e�j�B
0i= M 12 � i�12=2. The C P -violating

quantityIm (�12=M 12)issuppressed byan additionalfac-

tor (m 2
c � m 2

u)=m
2
b
� 0:1 relative to j�12=M 12j,giving

jIm (�12=M 12)j< 10�3 in the SM [29,30].

The C P - and C P T-violating param eters are deter-

m ined from tim e-dependent �ts to B 0{�B 0 pair events

in two com plem entary approaches.In the�rstapproach,

two high-m om entum leptons are dem anded in order to

select inclusive sem ileptonic B 0 decays. In the second

approach,oneoftheB m esonsispartially reconstructed

in the sem ileptonic D �� l+ �l channel (only the lepton

and the soft pion from D �0 ! �D 0�� decay are recon-

structed),while forthe 
avourofthe otherB a leptonic

tag isused.

NoevidenceofC P orC P T violation isfound in m ixing

with eitherofthe two m ethods.The �rstm ethod gives

jq=pj� 1 = (� 0:8� 2:7(stat:)� 1:9(syst:))� 10�3 ;

Im z = (� 13:9� 7:3(stat:)� 3:2(syst:))� 10�3 ;

��Rez = (� 7:1� 3:9 (stat:)� 2:0(syst:))� 10�3 ps�1 ;

wherez wastaken to betim eindependent.Theprelim i-

nary resultfrom the second m ethod is:

jq=pj� 1= (6:5� 3:4(stat:)� 2:0(syst:))� 10�3 : (4)

Both results are com patible with the SM expectations

and with previously published BaBarresults[31,32].As

�rst pointed out by K osteleck�y [33], taking the C P T-

violating param eterz to be constantin tim e isnotvery

natural. Since C P T violation in the quantum �eld the-

ory im pliesLorentzviolation onecan expectz / ���a �,

where�� isthedecayingB -m eson four-velocity and �a �

a constantfour-vectordescribing Lorentz violation. Be-

causeoftheEarth’srotation theproductofthetwo vec-

torsis tim e dependent z = z0 + z1 cos(
 t̂+ �),with 


theEarth’srotation frequency,t̂thesiderealtim e,while

z0 and z1 are constants. BaBaranalysisaccounting for

thistim edependencegivesresultsforIm z1 and ��Rez 1

consistentwith zero at2:2� asshown in Fig.3.
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III. M EA SU R EM EN T S O F 


Theextraction of
 from B ! (f)D K decaysusesthe

interference between b ! cus and b ! ucs transitions.

The interference isnonzero when the �nalstate f isac-

cessible to both D and D m esons. The theoreticalun-

certainty iscom pletely negligibleasthereareno penguin

contributions.

Several m ethods were proposed that di�er in

the choices for the �nal states f: CP eigenstate

(G LW m ethod [34]),doubly Cabbibo suppressed (ADS

m ethod [35]),and a com bination ofthese two m ethods

using a D Dalitz analysis(G G SZ m ethod [36]).

Thefeasibility ofthe
 m easurem entcrucially depends

on thesizeofrB ,theratio oftheB decay am plitudesin-

volved (rB = jA(B + ! D K + )j=jA(B + ! D K + )j). The

value ofrB isgiven by the ratio ofthe CK M m atrix el-

em entsjV �

ub
Vcsj=jV

�

cb
Vusjand the coloursuppression fac-

tor,and isestim ated to bein therange0.1{0.2 [37].For

di�erent D decays,the B system param eters are com -

m on,which m eans that the com bination ofdi�erent D

channelscan help m ore than justadding m ore statistics

[38].

The�
 shiftduetoD {D m ixingisestim ated tobeless

than one degree for doubly Cabibbo-suppressed decays

and m uch sm allerin othercases,and can eventually be

included in the 
 determ ination. The e�ect due to CP

violation in the neutralD sectorisnegligible in the SM

and atm ostatthe10�2 orderifoneconsidersNP in the

charm sector[39].

Results from the two B -factories Belle/K EK B and

BaBar/PEPIIareavailable.TheBellecollaboration uses

a data sam ple that consists of386� 106B �B pairs [40].

The decay chains B + ! D K + , B + ! D �K + with

D � ! D �0 and B + ! D K �+ with K �+ ! K 0
S�

+ are

selected forthe analysis.The analysisofthe BaBarcol-

laboration [41]isbased on 347� 106B �B pairs.Therecon-

structed �nalstatesare B + ! D K + and B + ! D �K +

with two D � channels: D � ! D �0 and D � ! D 
.1

The neutralD m eson is reconstructed in the K 0
S�

+ ��

�nalstatein allcases.Thenum berofreconstructed sig-

naleventsin the Belle’sdata are 331� 23,81� 11 and

54� 8 for the B + ! D K + ,B + ! D �K + and B + !

D K �+ channels, respectively. BaBar �nds 398 � 23,

97� 13 and 93� 12 signalevents in the B + ! D K + ,

B + ! D �[D �0]K + and B + ! D �[D 
]K + channelsre-

spectively.

The �D 0 ! K 0
S�

� �+ decay am plitude f(m 2
+ ;m

2
�
)

(m 2
�

= m 2(K 0
S�

� ) is determ ined independently from

a large sam ple of
avor-tagged D �� ! �D 0�� , �D 0 !

K 0
S�

+ �� decaysproduced in continuum e+ e� ! q�q an-

nihilation. The am plitude f is param etrized as a co-

1 The previous BaBar [42] publication includes also the B
+

!

D K
�+ channelbut this m ode is not included in the recent up-

date.

herent sum oftwo-body decay am plitudes plus a non-

resonantdecay am plitude,

f(m 2
+ ;m

2
�
)=

N
X

j= 1

aje
i� jA j(m

2
+ ;m

2
�
)+ be

i�
; (5)

wherethesum isovertheresonancespresentin K 0
S�

+ �� ,

A j(m
2
+ ;m

2
�
)isthecorresponding Breit-W ignerform ,aj

and �j are respectively the am plitude and phase ofthe

m atrix elem entforadecay through j-th resonance,while

band � aretheam plitudeand phaseofthenon-resonant

com ponent.Thetotalphaseand am plitudearearbitrary.

To be consistentwith the CLEO analysis[43],the K 0
S�

m odeischosen to haveunitam plitude and zero phase.

For Belle, a set of 18 two-body am plitudes is

used. These include �ve Cabibbo-allowed am pli-

tudes: K �(892)+ �� , K �(1410)+ �� , K �

0(1430)
+ �� ,

K �

2(1430)
+ �� and K �(1680)+ �� ,theirdoubly Cabibbo-

suppressed partners,and eightchannelswith a K 0
S and a

�� resonance:�,!,f0(980),f2(1270),f0(1370),�(1450),

�1 and �2 .TheBreit{W ignerm assesand widthsofthe

scalars�1 and �2 areleftunconstrained,whiletheparam -

etersoftheotherresonancesaretaken to bethesam eas

in theCLEO analysis[43].Theparam etersofthe � res-

onancesobtained in the�tareasfollows:M �1 = 519� 6

M eV/c2,��1 = 454� 12M eV/c2,M �2 = 1050� 8M eV/c2

and ��2 = 101 � 7 M eV/c2 (the errors are statistical

only).In theBaBarcase,asim ilarm odelisused with 16

two-body decay am plitudesand phases.In particular,a

m odelbased on a �t to scattering data (K -m atrix [44])

isused to param etrizealternatively the �� S-wavecom -

ponentand it is used to estim ate the m odelsystem atic

uncertainty. The agreem ent between the data and the

�t result is satisfactory for the purpose ofm easuring 


and the discrepancy is taken into accountin the m odel

uncertainty.

O nce f(m 2
+ ;m

2
�
) is determ ined,a �t to B � data al-

lows the determ ination of rB , 
 and �B , where �B =

arg[A(B + ! D K + )=A(B + ! D K + )]. Analysis ofC P

violation is perform ed by m eans ofan unbinned m axi-

m um likelihood �t with the B + and B � sam ples �tted

separately using Cartesian param etersx� = r
�

B
cos(�B �


) and y� = r
�

B
sin(�B � 
). The �t is perform ed by

m inim izing the negativelikelihood function ofn events

� 2logL = � 2

n
X

i= 1

logp(m 2
+ ;i;m

2
�;i;�E i;M bc;i); (6)

with the Dalitz plotdensity p represented as

p(m 2
+ ;m

2
�
;�E ;M bc)=

�jf(m2
+ ;m

2
�
)+ (x + iy)f(m 2

�
;m

2
+ )j

2�

� Fsig(�E ;M bc)+ Fbck(m
2
+ ;m

2
�
;�E ;M bc):

(7)

The signaldistribution Fsig is a function of two kine-

m atic variables,�E and M bc,Fbck is the distribution
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ofthe background,and � = �(m2+ ;m
2
�
)is the totale�-

ciency. The background density function Fbck is deter-

m ined from analysisofsideband eventsin data and with

M C generated events.

DK+, D→KSπ
+π-

Contours give -2∆(ln L) = ∆χ2 = 1, corresponding to 60.7% CL for 2 dof
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FIG . 4: Results of signal �ts with free param eters x� =

rcos� 
 + �B and y� = rsin� 
 + �B for B
�
! D K

�
from

the BaBar and Belle latest publications [45]. The contours

indicate one standard deviation.

Figure 4 shows the results of the separate B + and

B � data �ts for B ! D K m ode in the x{y plane for

theBaBarand Bellecollaborations.Con�denceintervals

were then calculated using a frequentist technique (the

so-called Neym an procedure in the BaBarcase,the uni-

�ed approach ofFeldm an and Cousins [46]in the Belle

case).Thecentralvaluesfortheparam eters
,rB and �

forthe com bined �t(using the (x� ;y� )obtained forall

m odes) with their one-standard-deviation intervals are

presented in Tab.Iforthe BaBarand Belle analysis.

Theuncertaintiesin them odelused toparam etrizethe
�D 0 ! K 0

S�
+ �� decay am plitude lead to an associated

system atic error in the �t result. These uncertainties

arisefrom thefactthatthereisno uniquechoiceforthe

setofquasi-2-body channelsin thedecay,aswellasfrom

thevariouspossibleparam eterizationsofcertain com po-

nents, such as the non-resonant am plitude. To evalu-

atethisuncertainty severalalternativem odelshavebeen

used to �tthe data.

Despite sim ilarstatisticalerrorsobtained for(x� ;y� )

in the two experim ents, the resulting 
 error is m uch

sm aller in Belle’s analysis. Since the uncertainty on 


scales roughly as 1=rB , the di�erence is explained by

noticing that the BaBar (x� ;y� ) m easurem ents favor

valuesofrB sm allerthan the Belle results.

At present the am plitude in the Dalitz plot analysis

is described as a sum of Breit{W igner-like resonances

(5). Thisapproach isvalid fornarrow well-spaced reso-

nancesbutfailsto describe broad resonances,in partic-

ular the scalarones. In addition,interferencesbetween

overlapping resonances m ay not be wellaccounted for

within the Breit{W ignerm odel,which in turn can have

an im pacton the determ ination ofthe CK M param eter


. The K -m atrix approach appears asa possible alter-

native that correctly im plem ents unitarity ofS m atrix

in 2-body scattering also foroverlapping resonances.Its

extension to 3-body decays is delicate with 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 currentm odel(sum

ofBreit{W igner-like resonances)and help to assess the

m odelerrorm oreprecisely [48].

The errordue to the resonance m odelcan be avoided

by using the m odel-independent 
 m easurem ent pro-

posed in [36]. In this approach,the Dalitz plot is par-

titioned in bins sym m etric with respect to the �+ ��

axis. Counting the num ber ofevents in such bins from

entangled D decay sam ples,in addition to the already

utilized 
avour-tagged D decay sam ples,can determ ine

the strong phase variation overthe Dalitz plot.Forthis

the data ofa �-charm factory is needed. Usefulsam -

plesconsistof (3770)! D 0D
0
eventswhereoneofthe

D m esonsdecaysinto a C P eigenstate (such asK + K �

or K 0
S!),while the D m eson going in the opposite di-

rection decaysinto K 0
S�

+ �� . Using also a sim ilarsam -

ple where both m esonsfrom the  (3770)decay into the

K 0�+ �� state providesenough inform ation to m easure

alltheneeded hadronicparam etersin D decay up to one

overalldiscrete am biguity (this can be resolved using a

Breit-W ignerm odel).CLEO -cshowed thatwith thecur-

rent integrated lum inosity of280 pb�1 at the  (3770)

resonance,thesesam plesarealready available.

W ith thelum inosity of750 pb�1 ,thatCLEO -cshould

getattheend ofitsoperation,thesam pleswillberespec-

tively about1000and 2000events.Using thesetwo sam -

pleswith a binned analysisand assum ing rB = 0:1,a 4o

precision on �3 could be obtained [49,50].An unbinned

im plem entation ofthe m odelindependentapproach was

presented by A.Poluektov [50].

Channels with bigger rB � 0:3� 0:4,such as B 0 !

D 0K �0,havebeen proposed.An analysisofthischannel

exploitsthe b-quark 
avourtag provided by the sign of

the charged kaon in the K �0 decay [47].

IV . M EA SU R EM EN T S O F sin(2� + 
)

A B 0 m eson can decay into D �(�)�+ �nalstateeither

directly through a Cabibbo-favoured transition (propor-

tionalto Vcb)orcan �rstoscillateinto a �B 0 and then de-

cay via a doubly Cabibbo-suppressed transition (propor-

tionalto Vub).The interferenceofthe two contributions

generatesthe observablesS� in the tim e-dependentCP

asym m etriesthatareequalto2r(�)sin(2�+ 
� �)[51,52],

where rei� = A(�B 0 ! D � �+ )=A(B 0 ! D � �+ ). Unfor-

tunately this ratio is very sm all,O (0:02),and one fur-

therm oreneedsto haveknowledgeofthe relativestrong

phase� in ordertobeabletoextracttheweakphases.To
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TABLE I:Resultsofthe com bination ofB
+
! D K

+
,B

+
! D

�
K

+
,and B

+
! D K

�+
m odesforBaBarand Belle analyses.

The �rsterrorisstatistical,the second issystem atic and the third one isthe m odelerror.In the case ofBaBar,one standard

deviation constraintisgiven forthe rB values.

Param eter BaBar Belle


 (92� 41� 11� 12)
�

(53
+ 15

�18
� 3� 9)

�

r
D K

B < 0:140 0:159
+ 0:054

�0:050
� 0:012� 0:049

�
D K

B (118� 63� 19� 36)
�

(146
+ 19

�20
� 3� 23)

�

r
D

�
K

B 0:017� 0:203 0:175
+ 0:108

�0:099
� 0:013� 0:049

�
D

�
K

B (� 62� 59� 18� 10)� (302
+ 34

�35
� 6� 23)�

r
D K

�

B 0:564
+ 0:216

�0:155
� 0:041� 0:084

�
D K

�

B (243
+ 20

�23
� 3� 49)�

do so one either needs to m easure the observableswith

O (r2)precision oruse externalinputon r.

BaBarand Bellehaveperform ed tim e-dependentanal-

yseswith fulland partialreconstruction techniques(for

the D �� �+ channel,see Fig.5)[53,54],giving

a
D

�
� = 2r� sin2� + 
 cos� = � 0:037� 0:011; (8)

with an error that is stilldom inated by the statistical

com ponent.
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FIG .5: �tdistributions for the partialreconstruction sam -

ple from Belle experim ent. Curvesare the �tresults for the

signal,background,and theirsum .

Estim ate ofr in B 0 ! D � �+ from the B 0 ! D �

s �
+

decay using SU (3)sym m etry waspresented by M .Baak

[55]. The potentialbreaking ofunderlying assum ptions

can com e from severalsources: non-factorizable contri-

butions,�nalstate interactions,or m issing diagram sin

calculation -e.g. W -exchange. Neverthelessa global�t

to severalobservables can constrain such e�ects,which

leaveshopesthatsuch m easurem entcan be included in

the Unitarity Triangleglobal�ts [55].

Interesting ideas on how to extract sin(2� + 
) from

m ulti-body decayshave been discussed. In particular,a

tim e-dependent Dalitz analysis ofthe B 0 ! D � K 0�+

decay can separate Vcb and Vub contributions (visible

through K � and D �� resonancesrespectively)and there-

forebesensitiveto theweak phase.Unfortunately,given

the levelofbackground only with 10 ab�1 ofintegrated

lum inosity onecan aim ata 10% error[56].

V . � A N D 
 A T H A D R O N C O LLID ER S.

An overview ofvarious
 determ inationsusing Bs de-

caysinto charm ed �nalstateswasgiven by R.Fleischer

[57]. For the decays that have both tree and penguin

am plitudes,the U -spin sym m etry is used to obtain the

inform ation on the penguin-to-tree ratio. In the U -spin

based m ethodsonly theSU (3)
avoursym m etry isused,

while in other uses ofSU (3),for instance in diagram -

m atic approaches,further dynam icalassum ptions such

asneglecting annihilation-likeam plitudesarecom m only

used. The U -spin sym m etry o�ers also a powerfultool

forthe analysisofthe B d ! D (�)� �� ,B s ! D
(�)�
s K �

system [52].

The hadronic m atrix elem ents of the B s ! J= K S

and B d ! J= K S decays are related through the U -

spin sym m etry [11]. The penguin and tree am plitudes

in B s ! J= K S are m ultiplied by the com binations of

CK M elem entsofsim ilarsize,V �

cb
Vcd and V

�

ub
Vud respec-

tively. In B d ! J= K S, on the other hand, the tree

isrelatively � 1=�2 enhanced com pared to the penguin.

This hierarchy allows for the determ ination ofpenguin

pollution on sin2� determ ination forboth decayssim ul-

taneously,up totheSU (3)-breakinge�ects,therebycom -

plem enting the discussion given in Section II.Thistype

ofanalysis can also be used to determ ine the hadronic

penguin e�ects in the extraction ofthe B 0
s{

�B 0
s m ixing
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phase �s
SM
� � 2� from the B s ! J= � channel[58]by

relating itto the B d ! J= �0 decay [59].

Anotherinteresting U -spin-related system isgiven by

theB s ! D +
s D

�

s and B d ! D + D � decays[11,24].Here

wem aytakethepenguin e�ectsintoaccountin thedeter-

m ination oftheB 0
d
{�B 0

d
and B 0

s{
�B 0
s m ixingphases�d and

�s,respectively. Aswasnoted in Ref.[60],the analysis

ofthe B d(s) ! D
+

d(s)
D

�

d(s)
decays can also straightfor-

wardly beapplied to theB d(s) ! K 0 �K 0 system .Follow-

ing these lines,the penguin e�ectsin the determ ination

ofsin�s from the b ! s penguin decay B 0
s ! K 0 �K 0

can be included through its B 0
d ! K 0 �K 0 partner [61]

(here B 0
s ! K 0 �K 0 and B 0

d
! K 0 �K 0 take the r̂oles of

B 0
s ! D +

s D
�

s and B 0
d ! D + D � ,respectively);this is

also the caseforthe corresponding B d(s) ! K �0 �K �0 de-

cays[59,62].

The theoretically cleanestdeterm inations ofthe m ix-

ing phases�s and � are o�ered by the pure tree decays

B s ! D � K S(L) and B d ! D � �
0;D � �

0;:::,respectively

[63]. The weak phase 
,on the otherhand,can be ob-

tained from pure tree colour-allowed �S = 1 decays

B s ! D �

s K
� [64] and/or from the pure tree colour-

suppressed �S = 1 B s ! D �(
0
), B s ! D �, ... and

B d ! D K S(L) decays. Since these are tree decaysthere

is no penguin pollution. There is enough experim ental

inform ation to extract allthe hadronic param eters be-

causem any di�erentD decayscan be used forthe sam e

B decay process. Each additionalD decay m ode brings

in oneadditionalparam eter,thestrongphasebetween D

and �D decay,while also bringing in two additionalob-

servables,thecorresponding branching ratio and theCP

asym m etry.

The study of B � ! D 0K � decay by CDF,

where the D 0 is reconstructed in 
avor (K � �+ )

or CP-even (K � K + ;�� �+ ) eigenstates was reported

[65], with the m easurem ent of the ratio R =

B R(B � ! D 0
flav

K � )=B R(B � ! D 0
flav

�� ), which is

oneoftheinputsin theG LW m ethod for
 determ ination

[34],quoting the value0:065� 0:007� 0:004 [66].

CDF observed for the �rst tim e the B 0
s ! D +

s D
�

s

channel and reported the m easurem ent of the ra-

tio R = B R(B s ! D +
s D

�

s )=B R(B
0 ! D +

s D
� )= 1:67 �

0:41(stat)� 0:12(syst)� 0:24(fs=fd)� 0:39(B r��) [67].

Perform ing a run on the�(5S)resonance,also theBelle

collaboration has recently obtained an upper bound of

6:7% (90% C.L.)forthisbranching ratio [68].M oreover,

theD0 collaboration hasperform ed a �rstanalysisofthe

com bined B s ! D
(�)
s D

(�)
s branching ratio,with the re-

sult ofBR(B s ! D
(�)
s D

(�)
s ) = (3:9+ 1:9+ 1:6

�1:7�1:5 )% [69]. For

a recentanalysisusing these Tevatron resultsto control

the penguin e�ectsin B 0
d ! D + D � seeRef.[24].

TheLHCb sensitivity forthe extraction of
 wassim -

ulated forB � ! D K � tree-leveldecays[70]. A com bi-

nation ofthe G LW and ADS m ethods with the 
avour

D ! K � and D ! K ��� decays leads to a statistical

erroron 
 in the range 5{12� forrB � 0:08 with 2 fb�1

data.The use ofB � ! D �0K � thatarem ore challeng-

ingatLHCb isalsounderstudy.Thestatisticalprecision

on 
 from neutralB decayshasbeen estim ated to be in

therange7{10� for2 fb�1 ofLHCb data,whilea Dalitz

analysis in B � ! (K S�
+ �� )D K

� is estim ated to lead

to a statisticalerror on 
 ofabout 8�. An im pact of

the four-body D decay,B � ! (K + K � �+ �� )D K
� was

also sim ulated,with estim ated accuracy 
 � 14�.Allin

allthe estim ated precision on 
 from a com bination of

these m odesisexpected to be at� 5� for2 fb�1 ,which

is com parable to the indirect determ ination of
 using

CK M �ts.

V I. C O N C LU SIO N S

In thenexttwoyears,thee+ e� B -factorieswillreach a

totalintegrated lum inosity ofabout2ab�1 and CDF/D0

ofseveralfb�1 .The m easurem entofthe angle� willbe

perform ed in severalchannelswith no lim itation due to

system atics uncertainty and with a theory error under

control.The currentworld averageerroron 
 isaround

20� [71,72]. A m ore precise m easurem entwillbe chal-

lenging,especially sincethesensitivity dependscritically

on therealvalueofrB forthevariouschannelsthatneed

tobecom bined.Thankstothequickly approachingstart

oftheLHC and itsdedicated B -decayexperim entLHCb,

we willsoon getfullaccessto the rich physicspotential

ofthe B s-m eson system ,and willalso enter a new era

fortheprecision m easurem entsof
.In them oredistant

future,an upgradeofLHCb and a superB -factory (ora

super 
avourfactory)could bring the m easurem entsto

theirultim ate precisions.
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