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CP violation in By—D*D~, D**D~, D*D*~, and D**D*~ decays
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CP asymmetries iB4—D"D~, D**D~, D"D*~ andD* *D* ™ decays are investigated with the help of
the factorization approximation and isospin relations. We find that d@&cviolation is governed only by the
short-distance penguin mechanism, while the indi@&t asymmetries irBq—D*D** transitions may be
modified due to the final-state rescattering effect. An updated numerical analysis shows that th€ Blirect
asymmetry ing S EgHD*D’ decays can be as large as 3%. Te-even andC P-odd contributions to the
indirect CP asymmetry int S §3HD* *D*~ decays are found to have the rates 89% and 11 %, respec-
tively. Some comments on the possibilities to determine the weak pBased to test the factorization
hypothesis are also given.

PACS numbgs): 13.25.Hw, 11.30.Er, 12.15.Ff, 14.40.Nd

I. INTRODUCTION [7]; and the angular analysis &;—D**D*~ decays to
determineC P-even andC P-odd amplitudes were presented
A direct measurement of th€ P-violating parameter in Ref.[8]. In addition to those works, numerical estimates
sin28 in B} vs BY—-J/yKs decays, where 8 of branching ratios an€CP asymmetries irB—D*)D®*)
=ard — (V5 Vi) (Vi Veq)] is known as an inner angle of decays have been given in Rg®], in which neither elec-

the Cabibbo-Kobayashi-Maskaw&KM) unitarity triangle ~ troweak penguin contributions nor final-state rescattering ef-
fects were taken into account.

VAV A VEV VAV, =0, (1) The present paper, different in several aspects from those
ubTud T TebTed T Teb Trd previous studies, aims at analyzing final-state rescattering ef-
fects on direct and indirectCP asymmetries inB
has recently been reported by the Collider Detector at Fer- ~.DHIDW) g W lcul He-1 andl=0 i .
milab (CDF) Collaboration [1]. The preliminary result litud ftchays € calcu att()at & atﬂ f tls_os$|n
sn25=07911 (st sy s conssten very ol win 7PALES 9 USRS Proceses b L e ez o
the standard-model prediction for sig,2obtained indirectly P . ) ; ’
count for long-distance interactions at the hadron level by

from a global analysis of current data P/ Ve, Bg-Bj introducing elastic rescattering phases for two isospin chan-
mixing, andCP violation in K°-K° mixing [3]. If the CDF  nels of the final-state mesons. In this approach we find that
measurement is confirmed@,P violation of the magnitude direct CP asymmetries in both charged and neuBalecay
sin 28 should also be seen in the decay moﬁsvs §g modes are governed only by the short-distance penguin
—D'D", D*'D", D'D*", and D*'D*~, whose mechanism, but indired€ P asymmetries irBy—D“D**
branching ratios are all anticipated to be@f10™“). Indeed transitions may be modified due to the final-state rescattering
the channeBJ—D* *D* ~ has been observed by the CLEO €ffect. An updated numerical analysis of dir€d® violation
CoIIaboration [2], and the measured branching ratioin B—DD, D*D, DD*, andD*D* decays is made without
B(D**D* ") =[6.2"59 (stat)*+ 1.0 (syst}x10™* is in  neglect of the electroweak penguin effects. We obtain the
agreement with the standard-model expectation. Furtheaisymmetry as large as 3%B) —D*D°vsB, —~D D%or
measurements of neutral and chargéd decays into  B9ysB}—D*D~ decays. In the absence of angular analysis
D®)D™) states will soon be available in the first-round ex- we f|nd that the indirecCP asymmetry inBy—D* "D* ~
periments of KEK and SLA®-meson factories as well as at decays is diluted by a factor 0.89, i.e., 11% of the asymmetry
other high-luminosity hadron machinesee, e.g., Ref4]for  arising from theP-wave (CP-odd) contribution. We also
a review with extensive referenges give some comments on the possibilities to determine the
In the literature some special attention has been paid teak phases and to test the factorization hypothesis in the
B—D®)D™) transitions andC P violation. For example, the presence of final-state interactions.
CP properties oBy—D®*)*D®*)~ decays were analyzed in
the heavy quark limit in Ref[5]; the isospin relations and II. ISOSPIN AMPLITUDES
penguin effects ilB—D®)D®*) decays were explored in
Ref. [6]; the possibility of extracting the weak phageand
testing the factorization hypothesis Bﬂ VS Eg decays into
the nonCP eigenstateD “D* ~ were investigated in Ref.

The effective weak Hamiltonian responsible fd
—D®)D™) decays can explicitly be written 440]
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whereV,, andVyq (for g=u,c) are the CKM matrix ele- scheme-independent transition amplitudes consisting of the

ments,c; (fori=1,...,10) are th&Vilson coefficients, and CKM factors, the effective Wilson coefficients, the penguin
- o loop-integral functions, and the factorized hadronic matrix
Ql= (dadpg)v-aldsba)va elements. Under isospin symmetry, we are only left with two

different hadronic matrix elements:
Q3=(da)yv.a(qb)y.a, _ _ o
Z=(D®)*[(cd)y.a|0)(D*)~|(bCc)y.a|Bg)

Qe (@DhvalCOvas = (D)% |(Gl)y.4|0)(D™ 0| (Be)v.AlBY ),

=(dba)v.a(CaCalvon s _ _ _
Qa=(CubavalCaCalva Z=(D™)|(dc)y.a|0)(D™)*|(cb)y.a|BY)

Qe (BhealCOven = (D) |(o)val0)(D W0l (CDvalEy). (B

Q6= (dubglv-a(Calalvia, ® Note that|Z|=|Z| holds for the final states with two pseu-
as well asQ;=Qs, Qs=Qg, Q9=Q3, andQ,;=Q,. Here  doscalar mesons or those with one pseudoscalar and one vec-
Qs, . ..,Qg denote the QCD-induced penguin operators, andor mesons. Only for the final states with two vector mesons
Q7. ... .Qjp stand for the electroweak penguin operators. |Z| and|Z| are different, as thé-wave contributions t@

It is clear that theAB=+1 andAB=—1 parts of Het  andZ have the opposite signsee Sec. IV for the detail
have the isospin structuréd/2,+1/2) and|1/2,-1/2), re-  Eyrthermore, we account for final-state interactions at the
spectively. They govern the transitio —D®)*D®*)°  hadron level by introducing the elastic rescattering phases
BJ—D®) DX~ Bg_,D(*)OS(*)O and theirCP-conjugate and &, for =1 andl =0 isospin channelga similar treat-
processes. The final state of each decay mode can be in eiti@ent can be found, e.g., in Refd3,14). We then arrive at
I =1 orl =0 isospin configuration. For simplicity we denote the factorized isospin amplitudes as follows:
the amplitudes of six relevant transitions by use of the elec-

tric charges of their final- and initial-state mesons, e'?, %

= A= —=(VuaViSu+ VeaVi,Se) Z€ 1,
A", A% (for B} andBj decay$ andA~°, AT, A% (for ! \/E( uadVupSu VeoVenSe)
B, and§8 decay$. These amplitudes can be expressed in
terms of thel=1 and|=0 isospin amplitudes, which in- F . . s
clude both weak and strong phases. For exahiie Ao= E(Vudvubsu"_vcdvcbsc)ze 0, (6)

A+0:A ,
! in which S, and S, are composed of the effective Wilson

1 coefficients and the penguin loop-integral functigsse Sec.
+-= , = e .
AT =5 (At Ag), lI1). The expressions ok, andA, can be obtained, respec-
tively, from those ofA; and A, in Eq. (6) through the re-
oo L placementsZ=2 and V,qVq,=VqqVqp (for g=u andc).
A :E(Al_Ao) (4) Note that all parameters in the isospin amplitudes, except the
CKM factors, are dependent upon the specific final states of

and the relations betweeA(°, A*~, A% and (A;, A,) B decays. -

hold in the same form. In the complex plane two sets of One can see thd|=|A;| and |Ag|=|A4| hold in the

isospin relations form two triangleA™°=A""+A% and  context of our simple factorization scheme. This implies that

A O=AT"+AY the B4— D*)°D*)? transitions would be forbidden, if there
To calculate the magnitudes ¢f=1 and =0 isospin  were no final-state rescattering effeits., if 5,=6;). Sub-

amplitudes, we make use of the effective Hamiltontdy;  stituting Eq.(6) into Eq. (4), one obtains

and the factorization approximation. We neglect the contri-

butions of the annihilation-type channels, which are expected =~ Gg . . 01— g (6514 50)12

to have significant form-factor suppressidr]. It should be A :T(Vudvubsu+vcdvcbsc)z cos——en T,

noted that in this approach the Wilson coefficients and the

relevant hadronic matrix elements of four-quark operators G 53

need be evaluated in the same renormalization scheme and at ,go_ . °F * " . 01700 (51502

the same energy scale. Following the procedure described in A _I_Z(V“dV“bS“+V°dV°bS°)ZS' 2 gl o0,

o

Ref. [12] one can obtain the scale- and renormalization- (7)

Similarly A*~ and A% can be read off fromA*~ and A%

IAs for B—D*D* decays, the isospin relations hold separatelythrough the replacemenﬁﬁz and quvébzvadvqb (for
for the transition amplitudes with helicity=—1, 0 or+1. g=u andc). It is easy to find
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4

Bl—D®)*D®*)~ or D*)OD*)0 decays. All theseCP
asymmetries are independent of the rescattering phases and
the hadronic matrix elements:
B |K—0|2_ |A+0|2 B |K+—|2_ |A+—|2 - |K00|2_ |A00|2
|K—O|2+|A+O|2 |K+—|2+|A+—|2 |K00|2+|A00|2

_ 2r siny Im(£ug?)
g2+ 22— 2r cosyRe(£ud)

(10

wherer and y are defined bye'’=—(V qV¥)/(VeaVE).
The phasey corresponds to another inner angle of the uni-
tarity triangle defined in Eq.1). Equation(10) indicates that
direct CP violation arises only from final-state interactions
FIG. 1. Behaviors of andR changing withé under the condi- Of the quark level(through the penguin mechanigriim B

tion [A*7[=[A"9. —D®)D™) decays. This result, as a straightforward conse-
quence of the factorization approximation, can directly be
|AT |2+ ]A%2=|A10)2, confronted with the upcoming experimentsBatmeson fac-
tories.
|A*TT|2+|A%2=|A702, (8) Let us evaluate the dire@P asymmetriesA for different

final states. As mentioned abov®, andS; in Eq. (10) de-

Le., the two isospin triangles are right-angled trianglespend on the effective Wilson coefficientsand the penguin
Whether the relations in Eq8) are practically valid or not loop-integral functionsF,. The latter can be given, for a
can be checked,_once the experimental data on bramhir}ﬂomentum-squared tra%sfk? at theO(my) scale, as fol-
ratios of B—D™*)D™*) decays are available. lows [15]:

If |AT~|=|A"? held, |A%=0 would result within the
factorization approach described above. Namely, observation 1 mﬁ— k?x(1—x)
of the (approximate equality between the decay rates of Fq:4f dxx(1=x)In| ————|. (13)
BI—D®)*D®)~ and B —=D®)*D*) would imply that ° Mo

the decay modesBq—D®*)°D™*)® were forbidden or The absorptive part &, which is a necessary condition for
strongly suppressed. This conclusion is in general not truggirect CP violation, emerges ik?=4mj. The concrete ex-
however. Without any special assumption or approximationpressions ofs, and S, are found to be

we denoteAy/A;=z€? |A%YA*%2=R and obtain conse-

quences of the equalifda™ ~|=|A*°| as follows: 1+£(10
Su:C1+C3+C4W ?"_Fu ,
z= 3+ cos 0—cosh,
1+£&(10
R=1+cos 66— cosf/3+cos 6. 9 S.=C,+ Cs+C49—j(§+Fc)a (12)
The behaviors ok and R changing withé is illustrated in
Fig. 1. It is clear that in generdh%) =0 (i.e., R=0) is not ~Where
necessary to hold even|iA™ ~|= |A*0| holds. Therefore the _ _
detection ofBy—D™)°D™)° transitions is very useful in C :E+a+ﬁ+ao,
experiments, in order to demonstrate whether final-state res- 3 3
cattering effects are significant and to test whether the fac- -
torization approximation works well. c, —
C2:§+C2+ Cl!
Ill. DIRECT CP ASYMMETRIES
We proceed with the factorization scheme to calculate Coz Cs it C7 vy
directC P asymmetries in the decay modes under discussion. T3 6T g3 v

As for the final states with two vector mesons, we sum over
their polarizations and arrive dZ|%>=|z|?, a relationship

which apparently holds fo_r cher types of final states. With 2, time-integratecdB, decays the direcCP asymmetries are
the help of Eqs(6) and(7) it is easy to show that the decay gijyted by a well-known factor 1/(x2), wherex,~0.7 is the

rate asymmetry betweenB; —D®*)*D®*)® and B, BY-BY mixing parameter. In this paper we do not take such mixing
—D®) D)0 decays is identical to that betwed) and effects into account.
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5
Cit—o
173

0.035 T T T T T T T T T

Cy=Coagt Q. (13

A(DD)

In these -equationsc; (for i=1,...,10) are the
renormalization-scheme-independent Wilson coefficiemis, 003 ]
and «, stand, respectively, for the strong and electroweak
coupling constants, anflis a factorization parameter arising
from the transformation ofV—A)(V+A) currents into(V—
A)(V-A) ones for the penguin operatd@s, . . . ,Qg. Note

that £ depends on properties of the final-state mega6$ 0.025

( 2
2m — _
+ b (DD) A(DD*) x 10
(Me+mg) (Mp—m;)

0 (D*S) 002 - -1
§: 2m2D _ (14)
T mermg(myrmy 0P

0 (D*D*), 0.015

\

where the order of twd*) mesons corresponds to that in A(D*D) = A(D*D*)

the factorized hadronic matrix elementor Z, as given in

Eq (5) 0.01 1 1 1 1 1 1 1 1 1
With the help of Eqs(11)—(14) we are able to calculate 0 0.2 0.4 0.6 0.8 1

the CP asymmetriesd numerically. Note thatS,|<|S,|, as k2 fm}

the former consists only of the penguin contribution and the

latter is dominated by the much larger tree-level contribu- FiG. 2. DirectCP asymmetries 08— D®)D®) in the factor-

tion. This, together witHr|<1, allows an instructive ana- ization approximation.

lytical approximation ofA:

s, approximation, the asymmetried(D*D) and A(D*D*)
A~2r sinylm(—). (15) are identical anq of magnitude 1%. _ -
Se (3) Observation of theCP asymmetriesA(DD) and

A(D*D*) to three standard deviations needs aboltB
a . - events, if the composite detection efficiency is at the 10%
got.?)lisnGi\éhgggtsiscit:\?(/énandTt0_2117i1t(ir?;/0. (rTnh(; Ssé;cl’gg level. More events are required to measure the s@Re

ping ) as= Tt b — " asymmetries ilB4 decays, due to the cost for flavor tagging.
Values of the effective coefficients; read [17] c; It is therefore worthwhile to search for such direct
=-0.313,¢,=1.150,¢3=0.017, ¢,= —0.037,¢5=0.010,  CP-violating signals in the first-round experiments of
ce= —0.046, Cr=— 0.001a,, cg=0.04%,, Co B-meson factories.
= —1.321,, andc;p=0.267a,, With ag=1/128. The CKM
factors are taken to be=0.38 andy=60°, consistent with IV. INDIRECT CP VIOLATION
the lastest data on quark mixing aﬁlg_wolatmn [3]. The Although the final-state rescattering phases have no effect
unknown penguin momentum transietis treated as afree o girect CP asymmetries4 in our factorization scheme,
parameter changing from 0.0f to M. Our numerical re-  they are possible to influence the indir€P violation aris-
Suni Eg\ﬁ SC?SW” in Fig. 2. Shome C;]'SC“SS'O”S, are 'r(‘j ordder. ing from the interference between direBy transition and
a c(h;n e of majymtrfglkees_ jr‘:;;Oegﬁmiﬁfgsa%sgtrerg%g-ﬁg mixing in the decay modes under consideration. The

_g. 9 T e b y Y characteristic measurable of this sourceCdt violation is in
A(DD) is most sensitive to the uncertain penguin momenyeneral a difference between two rephasing-invariant quan-
tum transfek?, but its magnitude increases only about 0.3%4jties defined a$18]
from k?=0.01mZ to k?=mZ.. It is found that the stron¢glu-

For illustration, we typically choosem,=5 MeV, m.

onic) penguin effect is dominant over the electroweak pen- q A(§g_>f)
guin effect, thus the latter is safely negligible. A(f)=Im b ABLn |
(2) The CP asymmetryA(DD) can be as large as 3%, - (Ba—1).
while A(DD*) is only about 2< 10 3. The smallness of the L [ D A(B°—>f_)_
latter comes from the cancellation effect, induced by the fac- A(f)=Im|—- + , (16)
tor (1+ &) with é¢~—0.8, inS, andS,. In our factorization 19 A(Bg— 1))
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where g/p=(V;{,Via)/ (Vi Viy) denotes the weak phase of
BY-BY mixing, andf is theC P-conjugate state df If fis a

CP eigenstate(i.e., |[f)=CP|f)==|f)) and the decay is where
dominated by the tree-level channel, the(f) = — A(f) is a

good approximation. In general only the differen&éf_)
—A(f), which will vanish if all the CKM factors are real,
measures th&€€ P asymmetry. Note that th€ P-even and
CP-odd components of =D* *D*~ state orf=D*°D*°

state may cause some dilution in the measurahig9 and

A(f). A proper treatment of indiredE P violation in such
modes is to make use of the angular analy8is Alterna-

tively one may evaluate theP-wave contribution to
A(D**D*~) and A(D*°D*°) by use of the factorization and
approximation and the heavy quark symmd@g].

As penguin contributions to the transition amplitudes of
B—D®)D®™) decays have been estimated to be at the per-
cent level, we expect that their effects Alf) andK(f_) are
unimportant and negligible. It is obvious, as shown in Eq.
(7), that for B and B} decays into theCP eigenstates
D*D~ and D°D° the amplitude ratiosA* /A"~ and
A% A% are independent of the rescattering effects. Neglect-
ing small penguin contributions t§, and S; (i.e., taking

PHYSICAL REVIEW D61 014010

A(D°D*%) = ¢Rgosin(6—2), (19

_Zppx_fp AG""(md)

Zpsp  for FEP(M2,)

¢

D* D* * *
s+ 85 ST P+ P

. _ (20
 cog (670" - 6207 /2]
 cog (87 P67 ®)/2)’
Sinf(8°P* — 52°%)/2]
00= = : (21

sin{ (82" °— o3 ®)i2]

S,=0 andS.=c,+c,/3), we arrive at

A(D*D7)=A(D°D%) = +sin 28,

In obtaining these results we have neglected the small pen-
guin effects. The decay constants and form factors in the
expression o, coming from decomposition of the hadronic
matrix element&Zpp» andZp«p given in Eq.(5), are self-

A(DTD7)=A(D°D?%=—sin28, 17

where 3 is just the inner angle of the unitarity triangle de-
fined in Eq.(1). Therefore the measurement of indir€P
asymmetries inB;—D D~ and B;—D°D? decays may
serve as a cross-check of sj@ 2xtracted from theCP
asymmetry inBy— J/ /K g decays.

The channels B4—~D**D~, D'D*~, and By
—D*%D° D°D*° whose final states are n@P eigen-
states, are also useful for extraction of the weak agjle
Since the pseudoscalar and vector mesons B§rand those
from By have different quark-diagram configurations, the
hadronic matrix elements and final-state rescattering phas
in these two processes should in general be diffgféntAs
a result,

A(D**D")=¢R, _sin(5+28),

explanatory. Note tha®, =1 ands= 622" — 52" hold, if
one takes the limis} = 5 (for each final statd), in which

the decay modeB — D™*)°D*)? hecome forbidden. In the
presence of rescattering effects, iR.,_# 1, the extraction

of B8 from A(D**D~) and A(D"D*~) seems difficult.
However, it is possible to determine the isospin phase differ-
ences! — &) from the triangle relation in Eq4), if the rel-
evant rates of thre@ne charge® and two neutraB) decay
modes are measured in experiments. The observati@y of

—D*%D% andD°D*? transitions turns out to be crucidh)

if their branching ratios in comparison with those Bf
—D**D~ andD*D* "~ decays are too small to be detected,
then the final-state rescattering effects should be negligible
@hd the naive factorization approach wi, _=1 might
work well. (b) If their branching ratios are more or less com-
parable with those oBy4—D**D~ and D*D*~ decays,
then a quantitative isospin analysis should be available, al-
lowing us to extract the isospin phase differences and deter-

mine the magnitudes d®, = andRy,. In both cases{ can

A(DD* ")={R, _ sin(6—2p) (18)

experimentally be determined and the result can be con-

fronted with the theoretical value gfcalculated by inputting
and relevant decay constants and form factors.

For B4—D**D*~ andBy—D*°D*° decay modes the

A(D*°DP) = {Rgosin(6+28),

indirect CP asymmetries need a more careful analysis. Note

that the transition amplitude &5— D* *D* ~ (or D*°D*©)
is a sum of three different components, i.e., §&eD-, and

3The CP violation induced solely byB3-BS mixing (i.e., |q/p|

P-wave amplitude$21]. Without loss of generality the had-

#1) is expected to be negligibly smalyf order 102 or smaller ~ ronic matrix elementsZ and Z for By—D**D*~ can be

[19)) in the standard model.

014010-5
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B =0.753. Accordinglyb/a=—0.160 andc/a= —0.167. The
Z=a(e € )+ —5(Po-€:)(Po-€-) relationshipb/a~c/a is indeed guaranteed by the heavy

b* quark symmetry, which makes the form factors appearing in
T Eqg. (23) related to one another. In this symmetry limit we
+i—— (P, ye_ 4P Pos), obtain[20]
My
o B b ¢ 2m3.
Z=a(e, €. )+ ——(Po €:)(Po€-) 25 ma(mat2mon)’ (26)

D*

c amounting to—0.164. Then we get (% x)/(1+ x)~0.89, a
—i—— ("%, ,e_ gD ,Pos), (22)  value deviating only about 11% from unity. Note that this
Mp« dilution factor can also be determined from measuring the
ratio A(D* "D* 7)/A(D D). From this estimation we find

i At * *
gg?]{jeer:ésdeenc?it\?jl th?(ﬁ%'}ae”rznit:ggn? aagg‘r‘fjgﬂﬁorﬁgggﬁs that theP-wave dilution effect is not very significant, there-
resp Y, ' fore extracting theCP-violating parameter sin@ from By

and {@,b,c) are real scalars without the penguin effects. In_, g« +px - decays remains possible even if a delicate an-
terms of the decay constants and form factarsh, andc  gular analysis is not made.
explicitly read

V. SUMMARY

asz*fD*(mBJr mD*)A?D*(mZD*), We have analyzed direct and indiré€P asymmetries in
B vs B—~D*D~, D**D~, D*D*~, andD* "D* " de-
BD*, 2 cays. The isospin amplitudes of these transitions are calcu-
Az~ (Mpy) lated with the help of the effective weak Hamiltonian and the
Mg+ Mps ' factorization approximation, and the long-distance interac-
tions at the hadron level are taken in to account by introduc-
« o ing elastic rescattering phases for two isospin channels of the
VEP (Mp«) final-state mesons. We have shown that in this factorization
I (23 approach the direc€P violation is irrelevant to the final-
state rescattering effects, i.e., it is governed only by the

In the absence of angular analysis one may first calculate thehort-distance penguin mechanism. The magnitude of direct

ratio Z/Z by summing over the polarizations of two final- CP violation is estimated to b‘.a 30/.0 'Bd_>D+D. de_cay
state vector mesorj&1], and then calculate theP-violating .motdhes. Thhe se;r;e e;mount@Pt VSLaggn czn[;niaglofestt |:self
- * k- A/D* % - in the chargedB, decays into an states,
quantitiesA(D* D* ) andA(D* "D” ) in the neglect of which are easier to be measuredBaimeson factories. We
have demonstrated that the penguin effects on indigdet
asymmetries inB;—D®)*D™*)~ decays are insignificant
1— and even negligible. While the long-distance rescattering has
1ty no effect on indirectCP violation in By4—~D D~ and
X D**D*~ transitions, it may affect that iB;—D*D*~*
modes, whose final states are MoR- eigenstates. We have
calculated thd-wave contribution to the indirec@ P asym-
1__X metry inBy—D* *D*~ decays. The corresponding dilution
1+x' effect is found to be insignificant, therefore observation of
(24) large CP violation remains under expectation even without
the delicate angular analysis.
where It is certainly necessary to test the validity of our factor-
ization hypothesis, on which most of the aforementioned re-

(x— 112 sults depend. To do so a measuremenBgf->D *)°D(*)0
(x*—=1)c . . . .

_ — (25) transitions will be particularly helpful. On the one hand, if
(2+x%)a%+ (x?~1)%?+ 2x(x?— 1)ab the branching ratios of these decay modes are too small com-
. , , ) o paried with those 0By—D®)"D®)~ transitions, then the
with x=(mg—2mg,)/(2my.)=2.45. Clearly the dilution final-state rescattering effects should be negligible and the
parametery results from theP-wave contribution to the naive factorization approximation might work well. On the
overall decay amplitudes. If we adopt the simple monopolether hand, if the branching ratios d8y decays into
model for relevant form factorg22], it turns out that p*)0p*)0 gndD™)+D*)— states are found to be more or

VB (m2,)=0.784, ABP"(m2,)=0.715, andASP"(m2,)  less comparable in magnitude, then a quantitative isospin

B: —2mg*fD*

~C: - ng* fD*
Mg+ Mpx*

small penguin effects. We finally arrive at

A(D**D*)=A(D*°D*%) = +sin 28

A(D**D*")=A(D*°D*% = —sin28

X=

014010-6
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analysis should become available, allowing us to extract the In conclusion, the observation of direct and indir€®
isospin phase differences and control the final-state rescattessymmetries inB4—D™*)"D*)~ decays is promising at
ing effects. In any case much can be learned about the faB-meson factories. They are expected to provide us some
torization hypothesis and its applicability B decays into  valuable information about the weak phageas well as the
two heavy charmed mesons. penguin and rescattering effects in nonleptddidecays.
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