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We note that it is possible to determine the weak phadeom the time dependent measurements of the
decayng(t)(Eg(t))Haoqs without any hadronic uncertainties. These decays are described by the color
suppressed tree diagrams and hence are free from the penguin pollutions. We further demonstyatarthat
also be extracted with no hadronic uncertainties from an angular analysis of corresponding vector vector
modes, BQ(t)((Q(t)))—>5*°¢. Although the branching ratios for these decay modes are quite small
O(10 5-10 9), the strategies presented here appear to be particularly interesting for the “second generation”
experiments at hadroni8 factories.
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I. INTRODUCTION The anglea=Arg(—V;,Viq/V,Vug) can be measured
using theCP asymmetries in the decaﬁﬁe a7, how-
Despite many attempt& P violation still remains one of  ever there are theoretical hadronic uncertainties due to the

the most outstanding problems in particle phy$lcs3]. The  existence of penguin diagrarfis1,12. A theoretical cleaner
standard model(SM) with three generations provides a way of resolving the penguin correction will require the
simple description of this phenomenon through the complexombination of the asymmetry iﬁ;g_> 7 7~ with other
Cabibbo-Kabayashi-Maskaw&KM) matrix [4]. Decays of ~measurements. A very early suggestids] was that one
B mesons provide a rich ground for investigati@g viola-  also has to measure the isospin related proce&ses
tion [5,6]. They allow stringent tests both for the SM and for _, -+ 9 and BY/B°— 7°#° and can thereby extract the
studies of new sources of this effect. Within the SBIP angle« with reasonable accuracy.
violation is often characterized by the so-called unitarity tri-  The most difficult to measure is the angle

angle[7]. Detection of CP violation and the accurate deter'EArg(—ijqud/V’échd)[=Arg(V’Jb), in the standard con-

mination of the unitarity triangle are the major goals of &X-yentior], the relative weak phase between a Cabibbo-
perimental B physics[8]. Decisive information about the Kobayashi-MaskawalCKM-) favored p—c) and a CKM-
origin of CP violation in the flavor sector can be obtained if suppressedi—u) decay amplitude. This angle should be
the three angles(= ¢5), B(= ¢1) and y(=¢s) can be in-  eaqired in a variety of ways so as to check whether one
dependently measurel@]. Within the standard model the ¢qngjstently finds the same result. There have been a lot of
sum of these three angles is equal to 180°. Thus one tests Wfgqestions and discussions about how to measure this quan-
standard model by testing whether independent determmqny at B factories[16,17). In Ref.[16] the authors proposed
tion of the three angles give consistent results. Over the pagt’ oxiract y using the independent measurements Bof
decade or so many methods have been proposed for obtain- =~ 0
ing the three interior angles of the unitarity triangle. In the_>DOK’|‘D’_)DOK and B_)BCPK' _HOW?VG“ the charged
near future thes€ P phases will be measured in a variety of Meson decay modes( —D°K ™) is difficult to measure ex-
experiments aB factories, DESY HERA-B and hadron col- perimentally. The reason is that the fifzi meson should be
liders. identified usingD®—K ™7~ but it is difficult to distinguish
The CP angles are typically extracted fro@P violating it from the doubly Cabibbo suppressef— K "« ~. There
rate asymmetries inB decays [10]. The phase 8 are various methods to overcome these difficulties. In Ref.
=Arg(—VepVea/ Vi Vig) [=Arg(Vyy), in the standard phase [18] Atwood et al. used different final states into which the
conventiorj is measured by the time depend@® asymme-  neutralD meson decays, to extract information gnin Ref.
try in BS(t)—>J/¢KS. Theoretically, this measurement pro- [19] Gronau proposed that the anglecan be determined by
vides a very clean determination of si,2since the single using the color allowed decay mode8™ —D°K™,B~
phase approximation holds in this cak,12. Recently, —DZ2,K~ and their charge conjugation modes. In H&0]
large CP violation in BY— /K g has been observed by the a new method, using the isospin relations, is suggested to
Babar and Belle Collaborations and a clean measurement ektracty by exploiting the decay modds— DK *) that are
B has been madgl3,14. This is the first step towards a not Cabibbo suppressed. Falk and Pef@¥] recently pro-
serious test of the standard model@P violation. posed a new method for measuriggusing the partial rates
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for CP-taggedB; decays. It has been discussed in R2g] phase is very small, and studies Bf decays involve very
that it is possible to extracy cleanly fromB.—D°Dg de-  rapid B-BY oscillations due to large mass differentd
cays. Sometime ago it was pointed out[28] that a clean =M$,—M? between the mass eigenstates. Fuighysics
extraction of the angley is possible by studying the time experiments performed at hadron machines should be in a

dependence of the color allowed decB&BY) ~D K™. position to resolve the oscillations.
The angley can also be measured using ®&(3) rela- The paper is organized as follows. We present the method

tions betweerB— 7K, 7 decay amplitudef24,25. These for the determination of the angle from the decay mode
analyses require additional theoretical input, sucisag3)  B2(t)(B2(t))—D% in Sec. Il and from B(t)(BY(t))
flavor symmetry and arguments for the dynamical suppres--D*%¢ in Sec. IIl. Section IV contains our conclusion.
sion of rescattering processes. While the validity of some

assumptions can be checked in the data itself, these ap- .

proaches leave theoretical uncertainties, which are hard to IIl. ¥ FROM Bs(Bs)—D"¢

quantify reliably. This limits the precision with which they

can be used to extraat by themselves. Nevertheless, they = . .
will provide important cross-checks on other techniques aémd Bs can decay. Both the amplitudes proceed via the color

well as help us to address the discrete ambiguities whicl’?quress.ed tree dlagrams only a:)nd there V‘_”” be no penguin
theoretically cleaner methods leave unresolved. contributions. The amplitude fdB;—D°¢ arises from the

It has been known for many years now that it is possiblequark transitionb—cus and has no weak phase in the
to cleanly extract weak phase information usi@@ violat-  Wolfenstein parametrization, while the amplituﬁ&% D%
ing rate asymmetries in thig system. The earliest studies of grises fromb—ucs and carries the weak phase'”. The
such rate asymmetries concentrated on the final states whigfinpjitudes also have the strong phagésande'®2. Thus, in
are CP eigenstates. However, it soon became clear that cegeneral, one can write the decay amplitudes as
tain nonCP eigenstates can also be used. It has been shown
by Aleksan, Dunietz, Kayser and Le Diberd&DKL ) [26]
that the CKM phase can be cleanly determined inBhae-
cays to almost any final state which is accessible to Bﬁth

and BY. In this paper we will emphasize that the decay A(f)=Amp (BJ—D%¢p)=A,e "7e'’2. 1)
modesB?—f (where f=D%p) andBY—f can be used to

probe the weak phasg. In this case sizabl€P violating ~ The amplitudes for correspondif@P conjugate processes
effect can occur because the two interfering amplitugigs are given as

—f and§2—>f are of comparable size. Another nice feature L _
of the above decay modes is that unique weak phases are A(f)=Amp (B2—D%p)=A,e'’r,
involved which arise from tree diagram alone. No contami-
nation from other weak phases are possible. Neither penguin
diagrams nor rescattering with different weak phases exist.
Hence the extracted weak phase is trughit has been dis-
cussed by Gronau and Londd@7] that it is possible to Due toBS—ES mixing, a state which is created as3§ or
determiney considering the time dependent decay rates of BY will evolve in time into a mixture of both statdg9].
the three process@—D%¢,D°p andDJ¢ (whereDY isa  The weak phase d2-BY mixing is decribed by the param-
neutralD mesonCP eigenstate eterg/p. Within the standard modety/p=(V{,Vis/VipVie)
Here, we consider the final std@d; and the correspond- is an excellent approximation. In the usual Wolfenstein pa-
ing vector vector modeB* 94 to which botth and§2 can rametrization it has zero phase dudp|~ 1. Since the final

decay. For theD®¢(PV) final state we follow the ADKL state f=D°¢ can be fed from bottBg and B, the time
method[26] and for the vector-vector(V) final state we dependent rates can be written|as]

use the approach of Ref28]. Since currently running

e’ e B factories operating at th¥ (4S) resonance will not 0 e It 2 2 AT't

be in a position to explor8, decays, a strong emphasis has | Bs()—=H=—5— | [JA(H|*+[A(f)|*]cosh——
been given to nonstrand® mesons in the recent literature.

Here we consider the final staR°¢ to which both B

A(f)=Amp (B2—D%p)=A,e'’1,

A(f)=Amp (B2—D%p)=A,e'7e’, 2

However, theB, system also provides interesting strategies +[|A(f)|2—|A(f)|?]cosAmt
to determiney and can prove to be useful system to under-
standCP violation. So in order to make use of these meth- +2Re{A(f)*K(f)]simAFt

ods and explore th€P violation in Bg system, dedicateB 2
physics experiments at hadron machines, such as CERN
Large Hadron ColliderLHC), BTeV, etc., are the natural —2Im[A(F)*A(f)]sinAmt| ,

place. Within the standard model, the weB&B® mixing
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o _ eIt ATt decay amplitudes, defined earlier in E@b. and(2), in Eq.
IBs(t)—fH=—— [IACF)[2+] AT |2]C03h— (3) then we get the decay rates as
e It ATt
—[IA(F)[2=|A(f)|?]cosAmt r@n—h=—; [(|A1|2+|A2|2)cosh2—
—— ATt
+2Re{A(f)*A(f)]sth +(|A1]2=|A,|?) cosAmt+2A,A,co8 5— )
AT't

+2Im[K(f_)*A(f_)]sinAmt , XsinhT—ZAlAzsin((S— y)sinAmt,

-TIt

- e*Ft ATt 0 —_e AT't
@YD~ =5 {[JATP+|AD[2Icosh - PE(O=D="5 | (A IAl ) coshz= (A"
_ 2
T [|A) 2= AT 2]cosAmt |As|?)cosAmt+ 2A;A,co08 5+ y)
ATt hAﬂ 2A. Asin( S
+2REA(D* A(T)Isinh-—~ XS+ 2A1ApSIN( 6+ )
e A T XsinAmt;,

—2IM[A(f)*A(f)]sinAmt;,

e - ATt F(§°(t)—>f_)—e_n (|AL]2+]A |2)coshAﬂ
rB%t)—f)= 5 [|A(f)|2+|A(f)|2]cosh7 s T2 ! 2 2

N +(|A4]2—|A,|?) cosAmt+2A,A,coq 5+
—[|A(H)|2—A(f)|?]cosAmt (IAdl*~ Aol 1A,C08 5+ )

ATt )
X sinh—— —2AA,sin( 6+ y)

— ATt
+2Re[A(f)*A(f)]sth 2
_ ] ><sinAmt],
+2Im[A(F)*A(f)]sinAmt;, (3

-TIt

wherel’, Am andAT" denote the average width, the differ- INCR (t)ﬁf)_e
ences in mass and widths of the heavy and Ighimesons

respectively. If we denote the masses and widths of the two —(IAI2= | A,|2)cosAmt+ 2A- A-cog S—
mass eigenstates by, , andI'| j then we have ([Axl*=1A21 1420085 )

L. AT
(IA]*+[Al®) cosh——

ATt
1 TI'y+T X sinh——+ 2A;A,sin(6— vy)
r—=—=--"""L Am=M,-M, and 2 A Y
TBS 2
Al'=Ty—-T". (4) xsinAmt], (6)

Thus the time dependent measure_merﬁgﬂt)—d decay  \heres=5,— 8, is the strong phase difference between the
rates allows one to obtain the following observables: two amplitudesB?— f and B’— f. Thus through the mea-
S S )

2 N2 2 A2 surements of the time dependent rates, it is possible to mea-
IADIEHIADIE AN AN, sure the amplituded; andA, and theCP violating quanti-

ties S=sin(6+7y) and S=sin(6—1y). In turn these quantities
will determine siky up to a fourfold ambiguity via the ex-

If AT=0, then only the observableRA(f)|2+|A(f)|?, pression

RAH*A(f)] and InfA(H)*A(f)]. (5)

|A(f)|2—|A(f)|? and IM{A(f)* A(f)) can be extracted from _ 1 _ _

the time dependent study. However,Afl" is significantly Sify= S[1-Sst V(1-89)(1-9°). (7)
different from zero then all the four observables can be ex-

tracted. Here one of the signs on the right-hand side gives the true

Similarly, the time dependent measurementsB3{t)  sir?y, while the other gives cd8. Thus sify can be ex-
—f decay rates will give another four observables. Fromtracted cleanly with no hadronic uncertainties but with four
these observables, the weak phasecan be determined, fold discrete ambiguity. If the two mass eigenstates have
which will be explained below. Now if we substitute the widths which differ enough to result in measurable effect, it
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becomes possible to experimentally resolve some of the am- Br(goH 5°¢)=2.64>< 10°6. (14)
biguities in the determination of Sip. S
Alternatively, one can also determine sip@p to fourfold

ambiguity using the relation The predicted branching ratios for these decay modes, which

T == are of the order of- (10 °—10°) imply that they can eas-
$in2y=(SV(1=8) = SV(1=5). ® ily be accessible in the second generation hadr@niacto-
Thus the measurements allow one to determine botﬁysin ries. In hadron machines such as run Il of Tevatron, LHC,
and sin % and hence to extragt unambiguously. etc., one anticipates a very large data samplBofmesons.
Now let us compute the magnitudes of the amplitudes We now make a crude estimate of the number of events
A(f) and A(f) and the corresponding branching ratios forreduired to measure by this method. An estimate of the
such modes. Using the factorization assumption the amplisensitivity of the method can be obtained by comparing it for

tudes for these modes are given as example toBgﬂ D, K" decay. The BTeV experiment with
. - luminosity 2x10%? cm™2s* will produce 5x 10'° number
_ 0
A(f)=Amp(Bs(P)—D"(q) #(e,p)) of BJBY pairs per 10 sec of running time. The expected

G number ofB2— DK events produced per year is 131a2].

F . . — . . .

:Evgb\/us a, fp 2myAo(md)(e*-q). (9)  The branching ratio fongDs K™ is 2x10 4, while the
branching ratio for BS—>D°¢ is one order magnitude

It should be noted here that the nonfactorizable contributionsmaller. If we take the branching ratios B:R(Bg—>5°¢)
play a significant role in color suppressBddecays. How- 105 BR(D°—K*#~ and K*# «*7") to be 0.12

ever, since we are interested in finding out the order of magzq BR(¢—K*K~)=0.5, the reconstruction efficiency to

nitudes of the decay amplitudes, here we consider only thge 05 and the trigger effeciency level as 0.9, we expect
factorizable contributions. So in general, one can expect that d 1350 ber of IE@—»EO
the estimated branching ratios may be either enhanced groun X num e_r 0 reconst.ruc 5 ¢ evgnts per
reduced due to the nonfactorizable effects. year. An important issue of using this method is that the
The decay amplitude for the proce§§—>5°¢ can be Eagg!ng m;gh.e 'n't'ilBSbm%S?EB'z‘? required. ltf we ass_umfta The
found by substituting the appropriate CKM matrix elements agging etniciency to be ©. We expect approximately
945 tagged events per year. For the LHC experiments also

in EQ. (9). Hence, one can write . . .
a-©) several tagging strategies have already been studied success-

|K(f)/A(f)|:|Amp(§g—>5°¢)/Amp(Bg—>5°¢)| fully [33]. It is expected that a complete description of the
tagging studies will be available by the time the second gen-
=|VpVidVeVus ~0.4. (100 eration hadron machines are in operation. Thus the question

] o ) ] of whether this analysis is possible rests on whether the time
Thus the advantage of using this final state is that since thgyso|ution is sufficient to separate the three different time-
two interfering amplitudes are of comparable size @B dependent terms.

violating asymmetry will be large. The decay rates are given
as

_ G2 . y FROM B2(BY)—D*%¢
T'(Bg—D %) =7—|VEVud 2515 Ag(mp) | pl°. (12) , , _ .
Now we consider the final state=D"* ¢, consisting of
The value of the form factor at zero momentum transfer, i.e.lWo vector mesons to which bo andB{ can decay. Be-
A,(0) can be found from Bauer-Stech-Wirki@SW) model ~ cause the final state does not have a well defined angular
[30] with value Ay(0)=0.272[31]. The momentum depen- momentum, the final sta@* ¢ cannot be &P eigenstate.
dence oon can be found out assuming nearest pole doml-By examining the decay products DF 04, one can measure
nance given as the various helicity components of the final state. Since each
Ao(0) helicity state corresponds to a well defin€dP, an angular
%, (12 analysis 0B2—> D*%¢, allows one to extract the CKM phase
1-g/mj cleanly. Here we will follow similar approach to that of Lon-

B . donet al.[28] for the extraction ofy. Due to the interference
where the value of the pole maa;lsp—_5.38 _Ge_V. USiNg  petween different helicity states, there are enough indepen-
fp=300 MeV anda,=0.3, the branching ratio is found to —
be dent observables for the decaysB¥andB? to the common

final stateD*°¢, from which the angley can be extracted
Br(Bgﬂﬁ%):l_esx 1075, (13 cleanly. If both the final state mesons subsequently decay
o _ _ _ into two J°=0" mesons, ie,D*°—K*7~ and ¢
Similarly using Eqs.(10) and (13), the branching ratio for _,K*K~, the amplitude can be expressed in the linear po-
BY—D% is found to be larization basis Aj,A, and Ag) [34] as

Ao(g?) =
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A=Amp(B¢—f)=Agxo+ Ax+iA, X, , described by the color suppressed tree diagrams, only a
single CKM weak phase will be involved in these amplitudes
A’ :Amp(ggaf):A(’)XO_FAﬁX”_ iA'X, and are given as
(15

AA=Amp(Bg—>f)x=aAe“si,
wherex, (A=0/,L) are the coefficients of the helicity am-
plitudes in the linear polarization basis, depend only on the A)’\:Amp(ggg)f))\:b)\e_iyem)z\,
angles describing the kinematig24].

Using CPT invariance one can also write the amplitudes n 0 _ iy i 62
for the corresponding P conjugate processes as Ay=Amp(Bs—T),=b,e7en,

_ _ _ _ — - = S
A=Amp(§2—>f)=A0X0+A”XH—iALXL , A)\:Amp(Bs*}f))\:a)\els)" (20

where y=Arg(VZ,) represents the weak phase afid, 52

(16) are the strong phases. With these above expressions for the
various amplitudes, we now show how to extract the weak

With the above Eqs(15) and(16) the time dependent decay Phasey using the decay rate measurements. It is now very

rate B(t)— f can be written as easy to see that the observables can be written in terms of the
helicity amplitudes as

Z’ =Amp( Bg—>f_) :K(I)XO'FKliX”'F iKiXL .

F(Bg(t)—>f)=e’“; (Xyxo+ YrsCOSAML = la?+[by|? v RENGLNG

—Z,,SINAM)X, X, . 17 (22)

Thus, by performing a time dependent study and angu|a',l'hus_, one can2 determige the magnitudes of variou; helicity
analysis of the decaB(t)— f, one can measure the obsery- amplitudeda, | and|b,|* from Eq.(21). Next we obtain the
ablesX,,, Y\, andZ,, . In terms of the helicity amplitudes €XPressions for the observableX i, Y.;, Xjo and ¥,
these observables can be expressed as follows: — _ _
XJ_i: —Xli=blbiSIn(5J_+Ai—5i)—alaiSInAi y
CIAPHIA? A=A _

)‘)‘_T’ )‘)‘_T’ YJ_i:YJ_i:_blbisim5L+Ai_5i)_alaisinAi,

(22)

= *_ATA*
Xui= —ImALAT=A AT, whereA;= 8 — 6 and 8, = 62— 6+ . Using Eq.(22) one can
X‘|0=Re(AHA’5 +A”’A6* ’ solve fora, a;sinA;. Similarly, one can write
Xi0=X{o=bboCOK 8+ A — 5y) + ajagCosA,
Y= — Im(A, A +AL A, lo=Xjo= bjboCOK S| o)+ a3

a Yio=— Yjo=—bybocod &+ A — 8y) + aja,cosA,
Yjo=Re(AJA; —A[Ag%) lo lo 1PoCOS o)+ aag

(23
Z,i=—ReATAT+AFAL), Z,,=—Im(ATA]),  whereA=5!—6}. Thus one can solve fara,cosA using
Zjo=Im(A[Ag+ATA[™),  Zi=Im(AFA/), Eq:rfs)éoefficients of sin{mf) term, which can be obtained
(18 in a time dependent study, can be written as
wherei={0/}. Similarly, the decay rate foB—f can be Zi=absind —y), Z;=-—absins+7y),
given as

L Z ,=—ab;sin(s —y), ZL:aLbLSir‘(‘SL+7)-
FBYAt)—f)=e > (X,,+Y,,cosAmt (24
A=o

—Z,,SINAMY)X, X, . (199  Thus we can find

The expressions for the observabks, .Y, , andZ, , are 2b;coss = — Zit Zi . 2bisin 5i:Z“ ] ,
similar to those given in Eq.18) with the replacement8, a;siny a;cosy
—A, andA;—A, . _
For the purpose of the exctraction gflet us first write IRANR AN
2b,cosd, = ——F,

the helicity amplitudes for each processes. Since they are a siny
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Z,-2,, = Zoo— Zoo Z u—zu I
2b,sind=— —. 25) Zio— Zjo=apaCOSA +
Siné, a,cosy ( lo~Zjo= 03 22 o
Similarly, the terms involving interference of different helici- ) Zoot Zoo Z H+2|| I
ties are given as +ajaeSinA coty >~ 5 .
dg a”
Z,i=—[a bjcog 5 —Aj—y)+ab,cogs, +Ai—v)], (31

— In the above two Eq9:30) and (31) we know all the quan-
Z,i=—[a bicod §—Ai+y)+aib cos s, +Ai+7y)] tities except two, i.e.aja,cosA and coty. Thus these two
(26) unknowns can easily be determined from these two equa-
tions. Thus one can solve for tay or equivalently sify
without any hadronic uncertainties.
To calculate the number of events necessary to determine
v using this method we have to know the branching ratios

for the decay modeB?(BY)—D*°¢. The decay widthgin
units of 132 s 1) for these decay modes are calculated in
Ref.[35] as

and

ZH0: [aHbosin( o9— A—vy)+ aob”sin( 5H+ A—v)],

Zjo=—[aybosin( 8,— A+ ¥) +aghysin( 8+ A+ )].

2 _
@ I'(B2—D*%¢)=2xa3V V4?2,

Considering all the above information together, we are now

S —
in a position to extract the weak phageMaking use of Eq. I'(BS—D*¢)=1.905|VpVid?. (32)
25) we can rewrite Eq(26) in the following two useful . . .

f(orr)ns: a(26) g Thus the branching ratios are given as

Zi+2; L +Z,,

a a

BR(B?—D*%¢$)=2.09x10"°,

Z,i+Z,;=a;a, cosAcoty

BR(BY—D*%¢$)=3.61x10"°. (33

Zii—Z; N z,-72,, 28 Thus if we assume the same selection method as we have
2 2 ’ done fong—>D°¢> case, here we get approximately 2700

a a; G

reconstructeng—>D*°¢ events per year of running at
BTeV. Assuming the tagging efficiency to be 0.70, one ex-
pects approximately 1890 tagged events per year.

—a;a, SinA;

Zi~Zi Z,,-2,,

a a

Z,—Z,;=—a;a,cosAtany

IV. CONCLUSION

Zi+Zyi Z,,+Z,,
2 T 2
q; ay

—a;a,; SinA; (29

In this paper we have discussed the determination of the
CKM phasey from time dependent measurement of the pure
Now let us closely look into the terms involved in the abovetree nonleptonicd] decay modesB(t)(B2(t))— D% and
two Eqs.(_28) and(29). We already know most of the terms: Bg(t)@g(t)))aﬁ*%_ For the former case we have used
(i) Zyn, Z\, are measurable quantitiegi) a2 are known the formalism similar to that of ADKL methof26] and for
quantities and can be determined from E@1). (i) the latter case we have followed the approach of London
a;a, sinA; is obtained from Eq(22). Thus, these two equa- et al.[28]. The advantage of these decay modes is that they
tions involve only two unknown quantities tan and are described by pure tree diagrams and hence free from
a;a, cosA; and hence can be easily solved upto a sign ambitheoretical hadronic uncertainties. Within the standard model
guity in each of these quantities. Thus4aror equivalently ~—these modes are expected to exhibit branching ratios at the

sirfy can be obtained from the angular analysis. 10"°-10° level. So they are expected to be easily acces-
Similarly, if we put all the informations in Eg27) we sible in the second generation hadroBidactories.
obtain the following relations: The accurate determination of phasgeof the unitarity

triangle is really challenging. Therefore, one should study as
many decay modes as possible to cross check other findings
and also explore various strategies for the clean determina-
tion of it.

For the case of RV) final states i.eBg(gg)eDOqS we

, (300 have obtained four observables;(A,,S andS), from the
corresponding time dependent decay rates. From these ob-

ZootZoo Zi 1+2Zi
00 00+ Il [

2

ZH0+ZHO: 2, CosA coty >
ag aH

ZOO—Z)O_ Z) -2}

2 2
ag a”

- aHaosinA
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servablesy can be extracted using E@7) or (8). Further-  dent measurement of the nonleptonic decay md®8°)

more, one can also find the information about strong phase o ; =0
' . . . D"¢ and the corresponding vector vector modg$B
[Eqg. (7)] from this analysis. Next, we have considered the ¢ P 9 &$ s)

) 0,50\  =%0 . i —»5*°¢. The strategies presented in this paper appear to be
(V\./) fmal Sta.teSBS(B.S)HD ¢. We havg used linear po particularly interesting for second generation experiments at
larization basis to write the decay rates in terms of the Obhadron machines such as LHC and BTeV. where also the

servables X,Y,Z). From these observables, one can exctracb ful Dhvsi tial of )
v solving Egs.(28), (29) or Egs.(30), (31). It should be pleori)t/e[()jower ul physics potential of thig; meson can be ex
¢ .

emphasized here that using our analysis, the extraction o
can be done cleanly without any hadronic uncertainties in
both the cases dPV and VYV final states ofB; meson, but
with some amout of discrete ambiguities. Furthermore, these We are grateful to Professor S. Stone for useful comments
modes may possibly guide us to know physics beyond starend for providing us valuable information concerning the
dard model and/or valuable informations regarding the naexperimental feasibility of such modes at BTeV experiment.
ture of CP violation. A.K.G. and M.P.K. would like to thank Council of Scientific
To summarize, we point out here that it is indeed possibleand Industrial Research, Government of India, for financial

ACKNOWLEDGMENTS

to determine the weak phagecleanly from the time depen-

support.

[1] CP Violation edited by C. JarlskogWorld Scientific, Sin-
gapore, 198p

[2] I.I. Bigi and A.l. SandaCP Violation Cambridge Monographs
on Particle Physics, Nuclear Physics and Cosmol@@sm-
bridge University Press, Cambridge, England, 2000

[3] G.C. Branco, L. Lavoura, and J.P. Sil@P Violation Inter-
national Series of Monographs on Physics, Number (3
ford University Press, New York, 1999

[4] N. Cabibbo, Phys. Rev. Letl0, 531 (1963; M. Kobayashi
and T. Maskawa, Prog. Theor. Phyi®, 652 (1973.

[5] A.J. Buras and R. Fleischer, eavy Flavours || edited A.J.
Buras and M. LindnefWorld Scientific, Singapore, 1998p.
65.

[6] The BaBar Physics Booledited by P.F. Harrison and H.R.

Quinn (SLAC Report 504, Stanford, 1988

[7] L.L. Chau and W.-Y. Keung, Phys. Rev. LeBB, 1802(1984);
C. Jarlskog and R. Stora, Phys. Lett2B8 268 (1988.

[8] For a review, se® Decays edited by S. Stoné\orld Scien-
tific, Singapore, 1994

[9] I.I. Bigi and A.l. Sanda, Nucl. Phy$3193 85 (1981).

[10] For reviews, see, for examples, Y. Nir and H.R. QuinnBin
Decays edited by S. StongWorld Scientific, Singapore,
1994).

[11] M. Gronau, Phys. Rev. Let63, 1451(1989.

[12] D. London and R.D. Peccei, Phys. Lett.2B3 257 (1989.

[13] BABAR Collaboration, B. Auberet al, Phys. Rev. Lett86,
2515(2001); BABAR Collaboration, B. Auberet al, ibid. 87,
091801(2001).

[14] Belle Collaboration, A. Abashiaet al., Phys. Rev. Lett86,
2509 (2001); Belle Collaboration, K. Abeet al, ibid. 87,
091802(2001.

[15] M. Gronau and D. London, Phys. Rev. Ledb, 3381(1990.

[16] M. Gronau and D. London, Phys. Lett. 253 481(1991); M.
Gronau and D. Wyleribid. 265 172 (1991).

[17] I. Dunietz, Phys. Lett. BR70, 75(1991).

[18] D. Atwood, I. Dunietz, and A. Soni, Phys. Rev. Let8, 3257
(1997; Phys. Rev. D63, 036005(2001).

[19] M. Gronau, Phys. Rev. B8, 037301(1998.

[20] J.-H. Jang and P. Ko, Phys. Rev.38, 111302R) (1998.

[21] A.F. Falk and A.A. Petrov, Phys. Rev. Le&5, 252 (2000.

[22] M. Masetti, Phys. Lett. 286, 160(1992; R. Fleischer and D.
Wyler, Phys. Rev. D62, 057503(2000; A.K. Giri, R. Mo-
hanta, and M.P. Khann@o be publisheg hep-ph/0104009.

[23] R. Aleksan, I. Dunietz, and B. Kayser, Z. Phys.58, 653
(1992.

[24] M. Gronau, J.L. Rosner, and D. London, Phys. Rev. L#3t.
21 (1994; R. Fleischer, Phys. Lett. B65 399 (1996; M.
Neubert and J.L. Rosner, Phys. Rev. L&tt, 5076(1998.

[25] Gronau and Londori16]; Gronau and Wyle{16]; Dunietz
[17].

[26] R. Aleksan, I. Dunietz, B. Kayser, and F. Le Diberder, Nucl.
Phys.B361, 141(1991).

[27] M. Gronau and D. London, Phys. Lett. 23 483 (1991J).

[28] D. London, N. Sinha, and R. Sinha, Phys. Rev. L&%.1807
(2000.

[29] I.I. Bigi, V.A. Khoze, N.G. Uraltsev, and A.l. Sanda, i@P
Violation, edited by C. JarlskogWorld Scientific, Singapore,
1989, p. 175.

[30] M. Wirbel, B. Stech, and M. Bauer, Z. Phys.29, 637(1985.

[31] D.S. Du and Z.Z. Xing, Phys. Rev. 8, 3400(1993; D.S. Du
and M.Z. Yang, Phys. Lett. B58 123(1995.

[32] P. Kasper, CP Violation Working Group Report, Workshop on
B Physics at Tevatron Run Il and Beyond, 1999.

[33] Y. Coadou et al, ATLAS Note ATL-PHYS-99-022; V.
Lemoigne and V. Roinishvili, CMS Note CMS-NOTE-2000-
018; The LHCb Collaboration LHCB Technical Proposal,
CERN/LHCC/98-4; P. Balkt al, hep-ph/0003238.

[34] A.S. Dighe, I. Dunietz, H.J. Lipkin, and J.L. Rosner, Phys.
Lett. B 369, 144(1996.

[35] A. Deandrea, N. Di Bartolomeo, R. Gatto, and G. Nardulli,
Phys. Lett. B318 549(1993.

056015-7



