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The final-state phases B—Dm, D*7, and Dp decays appear to follow a pattern similar to thoséin
—K, K¥a, and Kp decays. Each set of processes is characterized by three charge states but only two
independent amplitudes, so the amplitudes form triangles in the complex plane. For the first two sets the
triangles appear to have nonzero area, while forQipeor Ep decays the areas of the triangles are consistent
with zero. Following an earlier discussion of this behaviorBodecays, a similar analysis is performed Br
decays, and the relative phases and magnitudes of contributing amplitudes are determined. The significance of
recent results oB°— D*)9K(*)0 js noted. Open theoretical and experimental questions are indicated.
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. INTRODUCTION final-state interactions. These are the ones suchBs
o —D®)* 7~ to which thefactorizationhypothesig4,5] ap-
The decays oB mesons(those containing thé quark  pjies: The decay amplitude can be regarded as the product of
are potentially rich sources of information @P violation. WO color-singlet currents. one associated with (B8
One such manifestation of this phenomenon involves af DO+ ¢ gt' dth ' h tina the f th
asymmetryA(f) between the rate for a decay oBameson 'Itﬁnsll 1on anl e other crea mg? h ro? Ie
to a final statd and the correspondir@P-conjugate process; Yacuum. The large relative momentum of the two final-state
particles leaves little time for them to interact with one an-

I(B—f)-T(B—T) other before they are safely out of each other’s range. This
A(f)= — (1)  expectation is confirmed in recent analyses of the factoriza-
I'(B—f)+I'(B—f) tion hypothesis based on QQB], though the role of final-

state interactions in other nonleptonic heavy quark decays is
Such an asymmetry requires there be at least two contribuingre open to questiosee, e.9.[7]).
ing amplitudesA; ,, each characterized by distinct weak  Some processes involeelor-suppressedeak decays, in
phasess; , and strong phases; ,. Under CP conjugation,  which the weak current produces a pair of quarks each of
the weak phases change sign but the strong phases do notyhich ends up in a different meson. Other processes involve
interactions in which the quark and antiquark in the initial

A(B—f)=|A|e'?1e!1+|A,| €' P26, (2 meson annihilate with one another or exchang& Aoson.
o o o While these last processes are expected to be suppressed by a
A(B—Tf)=|A;|e P91+ |A, e 42!, (3)  factor of (decay constaifheavy meson masén the ampli-

tude relative to those to which factorization should apply,
so thatA(f) «sin(¢;— ¢,)sin(5,— &). In these decays the ob- they have been found not to exhibit such suppression in
servation of a so-called “directCP asymmetry thus requires charmed meson decaj®]. As a result, charmed particle de-
both the weak and the strong phases of the two contributingays exhibit an interesting pattern of final-state phases, in
amplitudes to differ from one another. Thus it is of greatwhich there are large relative phases between the amplitudes
importance to understand the patterns of strong final-statgyr the various charge states Bv—K= andD—K* 7, but

phases in as V\.'ide as possible a set of decays. . the amplitudes fOfD—)Ep seem to be relatively real with
The strong final-state phases in decays of strange part'd?éspect to one anothE@—16]

are appreciable. For example, the final-state — .
bb ple, K, — mm The decayB— D, D* 7, Dp now have been studied

phases in thé ..=0 andl ,,=2 channels differ from one . . .
another by many tens of degrees. Furthermore, they can lyg,lth sufficient accuracy that a similar pattern appears to be

measured directly in elastier scattering, and then applied emerging. The rates fpr the three charge states in the first two
to the decay¥ s — 7 using Watson's t’heorerﬁl] How processes favor relative phases between contributing ampli-
SL . -

ever, in the decays of charmed and heavier mesons to twéudes(e.g., those of definite isospiri19,20, while the B
body final states, these states constitute only a small fractiorr Dp rates favor amplitudes which are relatively réai].
of the available decays, and elastic phase shifts are no long#t the present paper we perform an analysis parallel to that
relevant[2,3]. for charmed particles in Ref8], finding that the source of

In the limit of a very heavy decaying quark, certain non-the final-state phases in th& decays under discussion is
leptonic decays are expected to be characterized by smalkry similar to that in charm decays, but that the effects are
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diminishing as expected with increasing heavy quark mass. , 3 - - o 0 1
We point out open theoretical and experimental problems Ayl :E[F(D+7T_)+F(D )=S0, (1)
and indicate what further data would be useful in resolving

them. _ _ and the relative phasé,=Arg(As,/A1,) between isospin
Now that the color-suppressed decaB8—D°K® and amplitudes satisfies

B°—D%K*° have been observel®?], one can perform a e oo
similar analysis foB— DK decays. However, in contrast to 0SS _ 3T 7 )+I' (D7) —-6I'(D ) %)
a recent clain{23], we find that the experimental errors on ' 4| A1Az0]
these Cabibbo-suppressed decay modes are still too large to _
permit any firm conclusion about relative strong phases. We The search for relative phasesBa-D, D* 7, andDp
shall discuss the importance of such modes in reducing anflecays goes back at least as far as the unpublished work of
biguities in the Cabibbo-favored amplitudes. Yamamoto[24], in which only upper limits existed at the
We review the experimental situation foB—Dm, time for the color-suppressed decag8—D%7°, D*°r°
D*, Dp in Sec. I, performing a standard isospin analysisandD°°. Belle and CLEO reported observation of the first
and confirming that the isospin amplitudes have a nonzertwvo final states about a year and a half ago. The rate for
relative phase for the first two processes but not for the thirdg®— D%4° was found to be large enough that the triangle of
We then introduce a description of the decays in terms Of:omplex amplitudes foB°—D%7°, B®~D*7~, andB~
topological amplitudes in Sec. Ill. The implications of the _ o - appeared to have nonzero area. More recently,
data for these amplitudes are discussed in Sec. IV, while We £ reported an analysis of a larger data sample of the last
dlscus's missing pieces of th_e pl_JzzIe and experimental progg,q modes[19,20, which strengthens the argument for a
pects in Sec. V. We summarize in Sec. V1. nonzero final state phase difference betweenl thé/2 and
I =3/2 amplitudes. With the new branching ratid¥B°
Il. EVIDENCE FOR RELATIVE PHASES —D*77)=(26.8£2.9)x10 %, ~ B(B-—D°%r")=(49.7
IN (SOME) B DECAYS +3.8)x107* as well as the Belle-CLEO averag8(B°
—D%%=(2.92+0.45)x10 4, one finds |Az,=(7.70
+0.29)x10 7 GeV, |A;)=(5.30+0.58)x 10"’ GeV, and
€0s9,=0.86=0.05 or coxy<1 at 2.8.
The same formulaé&t)—(8) can be readily applied to both
7 andD p decays by replacing the final state mesons with

We review the isospin decomposition for the dec&s
— D, following closely the corresponding discussion for
D— K [13]. Similar decompositions then follow when one
of the final-state particles is a vector meson, since in all casg§«

there is a single partial wave in the decay. - :
The decays of interest are governed by the subprdeess f;i/jg??ggitg 10 :)is'ltl)t- I7s fOTzizrie?ztgéog Odzeg)a;(yiorﬁve

—cdu, which hasAl=1, Als=—1. Since the initialB  and cosy=0.86+0.06 or cosy<1 at 2.4s. Similar conclu-
state hag = 1/2, the processes are characterized by two amg; s were drawn for isospin amplitudes B—D®) 7 in

plitudesA,,, andA,, labeled by the total isospin of the final

D state. Th litud iven b Ref. [25]
m state. The amplitudes are given by D* 7 decays thus have a phase structure very similar to
0_—\_ that of theD 7 decays. However, with the newly reported
A(D 7™ )=Aga,

branching ratio B(B°—D%°)=(2.9+1.0+0.4)x 10 *

5 1 [21], the Dp decays give |Agy=(5.74+0.39)x10 7,
AD 7m7)= 3A12t 3 A%, | Ajdl = (4.00+0.76)x 10"/, and cos%=0.99+0.08, consis-
tent with a vanishing strong phase.
N N The decay8—D*)K™) are governed by the quark sub-
A(D%7%) = — 3 Azt 5 Ase, (4)  processb—cus, which hasAl=—Al;=1/2. Combining

this interaction with the isospih=21/2 of the initial B, one

H DK DK . .
where we omit the initial particle. They thus satisfy a triangle@s o amplitudeg\,™ and A;™ labeled by total isospin.
relation For example, forB—DK, using the phase convention of

Ref.[23],
AD%7 )= A(D* 7 ) +2A(D70). (5)

_ 1 1
0 +1—y— — aADK_ T ADK
A nonzero area of the triangle would signify nontrivial final- AB=D7K™) 2Al - 2AO '
state phases between the two isospin amplitudes.

Letting ®; denote kinematic factors which we shall

RO 010\ _ DK DK
specify shortly, where the subscript denotes the final state, A(B"—DK")= EAl N §A0 '
we can define reduced partial widths with the kinematic fac-
tors removed, e.g., A(B~—D%% ")=APX, (9)
|A3,2=T (D% )=I'(D% ")/ ®po,, (6)  One thus has the sum rule
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A(B°-D*K ™)+ A(B°—~D%°%=A(B~—D% "),
(10)

with similar sum rules when one final pseudoscalar is re-

placed by a vector mesoitWhen both final mesons have

spin 1, there are three helicity amplitudes or partial waves
the sum rule holds for each. We shall not consider such d

cays further here. B
Xing [23] has argued that the observed amplitude<rkr
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spectator antiquark to form the other meson. We de(fate
vored, suppressedmplitudes by(unprimed, primegl quan-
tities, respectively.

Color-suppressed amplitudes The transition is the same
as in the tree amplitudes, namdly-cdu or b—csu, while

the charmed quark and the combine into one meson and

Ghe light quark and the spectator antiquark combine into the

other meson.
Exchange amplitudes:EThe b and spectator antiquark

andDK* decays favor non-zero relative phases between th@xchange aN to become a&u pair, which then hadronizes
isospin amplitudes. We shall see that these amplitudes affrough the creation of a light quark-antiquark pair.

consistent with being relatively real at better thas, land

will identify the improvements in measurements that ar
likely to be needed in order to establish a nonzero relative

phase.

IIl. TOPOLOGICAL AMPLITUDES

Meson wave functions are assumed to have the following
quark content, with phases chosen so that isospin multiplets

contain no relative signgl7,18:

b-flavored mesonB°=bd, B~ = —bu, Bs=bs.

charmed mesons: B=—cu, D*=cd, DS =cs, with
corresponding phases for vector mesons.

pseudoscalar mesons: Pr*=ud, 7%= (dd—uu)/y2,
—du, K" =us, K°=ds, K°=sd, K"=—su, =(ss
—uu—dd)/\/3, 7’ =(uu+dd+2s9)/\6, assuming a spe-
cific octet-singlet mixind26,18 in the » and ' wave func-
tions.

vector mesons Vp*=ud, p°=(dd—uu)/\2, p =
—du, w=(uu+dd)/\2, K**=us, K*°=ds, K*°=sd,
K*~=—su, ¢=ss

The partial widthl" for a specific two-body decay @P is
expressed in terms of an invariant amplitudeas

7T_: =

p*
wM?

['(B—PP)= . |A|2, (1)

wherep* is the center-of-mas&.m,) 3-momentum of each
final particle, andM is the mass of the decaying particle.
The kinematic factor ofp* is appropriate for theSwave
final state. The amplituded will thus have dimensions of
(energy 1.

For PV decays aP-wave kinematic factor is appropriate
instead, and

*)3
F(B—>PV)=ép—)|A’|2.

M2 (12

We neglect a fourth type oqfannihila_tior) transition in

Swhich ab and au annihilate to form arsc or d?pair. Such

transitions do not contribute in any case Be-~D + X de-
cays.

For reference, the relation between isospin amplitudes and
topological ones for Cabibbo-favored decays is

Azp=AD%7")=—(T+C),
3 1
A= EA(D*TF) - EA(D%-’)

3
—E,

5 (13

= 1C T

=5C-T-
with similar relations forD* = and Dp decays. The corre-
sponding relation for Cabibbo-suppressed decays is

ADK= A(D°K™)=—(T"+C"),

AN =A(D*K )= A(DK®)=C'-T, (14)

with similar relations folD* K andDK* decays.

IV. TOPOLOGICAL AMPLITUDES: MAGNITUDES
AND PHASES

In Tables I-Ill we summarize the rates, invariant ampli-
tudes, and their flavor-SB3) representations for decaysf
mesons td , D* 7r, andDp, respectively. Also shown are
decays to other final states related by flavorf@UBranch-
ing ratios and lifetimes are taken from the compilation of
Ref.[27] except where indicated otherwise. In particular, we
take 7(B7)=(1.674:0.018)x10 s, 7(B%)=(1.542
+0.016)x 10 *? s. For theD 7 decays we use the updated
values quoted in Ref§19,20. The branching ratio foB°
—DJ K™ is based on our average of new values from Belle
[28]: B=(4.6"12+1.3)x10"° and BaBar[29]: 5=(3.2

Here A’ is dimensionless. These conventions agree witht1.0+1.0)x 10 °. The branching ratios and limits fa3°

those of Chatet al. [26].

The amplitudesd are then expressed in terms of topologi-

cal amplitudes of three types.

Tree amplitudes TThese are associated with the transi-

tion b—cdu (favored or b—csu (suppressedn which the
light (color-singlej quark-antiquark pair is incorporated into

—D®)OK*)0 gre based on a recent report by the Belle Col-
laboration[22].

In Table | the amplituded, C, and E were described
above; in Tables Il and Ill the amplitudes are labeled with
subscripts which denote the meson containing the spectator
quark:P for pseudoscalal/ for vector[30]. We omit contri-

one meson, while the charmed quark combines with thdutions of disconnected diagraf®l,32 in which » and »’
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TABLE |. Rates and invariant amplitudes for decaysg)fmesons toD 7 and related modes. Primed
amplitudes are related to unprimed amplitudes by a factox fef/[ f .(1—\2/2)]=0.275. Except where
noted, the branching ratios are quoted from the Particle Data G&x}p

M Branching ratio p* | Al
Decay (GeV) (units of 10°%) (GeV) (107 GeV) Representation
B~ —D% 5.2790 49,7382 2.308 7.7660.29 —(T+C)
—DO%K "~ 3.7£0.6 2.281 2.1+0.17 —(T'+C")
7.7+0.6° |T+C|
B D7 5.2794 26.8-2.92 2.306 5.8%0.32 —(T+E)
—D¥K" 2.0£0.6 2.279 1.620.24 -7’
5.9+0.9° IT|
—D%° 2.92+0.452 2.308 1.94-0.15 (E-C)/\2
—D% 1.4°92 2.274 1.36:0.27 (C+E)/\3
—D%’ <9.4 2.198 <3.6 —(C+E)/ 6
— D% 0.50" 913+ 0.06° 2.280 0.81-0.11 —-C’
2.94+0.41° IC|
—DJK"~ 0.38+0.10¢ 2.242 0.71-0.10 -E

%Reference$19,20.

byValue implied by(broken flavor SU3).
‘Referencd22].

daverage of[28,29.

exchange no quark lines with the rest of the diagram, andVhen one corrects for this factor, the derived valuegTof
couple through their S(3)-singlet components. +C| are equal within errors. Similar results hold for the
Tables I-lll contain several tests of flavor @ The ratio AB™—=D*%K ")/ AB™—=D*7 ") =(fc /f,)(\/
breaking of this symmetry is incorporated via ratios of decayl 1—\?%/2]) =0.275 and A(B™—D°K* ")/ A(B~
constantsfy /f,=1.22, f« /f,=1.04. For example, the de- —D°p")=(f, /f,)(\/[1—\?/2])=0.235.
cay B-—D°K~ is related to B-—D%r~ by the The amplitudes foB°—~D* 7~ and B°-~D*K~ (and
U-spin  substitution d—s, and so one expects similar modes with one final-state pseudoscalar replaced by a
A(B™—D%K")/ A(B™—=D% ) = (f/f,)(M[1—\%/2]) vector mesonwould be related to one another by U-spin if
=0.275, where\ =0.22 describes the hierarchy of Cabibbo- one neglected the presence of the spectator quark. The spec-
Kobayashi-MaskawdCKM) matrix elementd33] and the tator quark contributes an additional exchange amplitude,
small form factor difference is ignored throughout the paperwhose magnitude is seen to be small from the deBfy

TABLE II. Rates and invariant amplitudes for decaysBmesons tdD* 7 and related modes. Primed
amplitudes are related to unprimed amplitudes by a factoxfgf/[ f,.(1—\?/2)]=0.275. The branching
ratios are quoted from the Particle Data Grda].

M Branching ratio p* | Al
Decay (GeV) (units of 10°%) (GeV) (1077 Representation
B~ —D*%7" 5.2790 46- 4 2.256 3.32:0.14 —(Ty+Cp)
—D*OK~ 3.6+1.0 2.227 0.950.13 —(T,+Ch)
3.4+0.52 [Ty+Cpl
BOD* o 5.2794 27.62.1 2.255 2.680.10 —(Ty+Ep)
—D* K™ 2.0+0.5 2.226 0.740.09 -Ty
2.7+0.32 Tyl
—D*070 2.5+0.7 2.256 0.8%0.11 (Ep—Cp)/\2
—D*%% <2.6 2.220 <0.84 (Cp+Ep)/\3
—D*%’ <14 2.141 <21 —(Cp+Ep)/\6
_,D*OKDO <0.66"° 2.227 <0.42 —Cp
<1.542 |Cpl
—DXTK™ <0.25 2.185 <0.27 —Ep

&/alue implied by(broken flavor SU3).
bReferencd22].
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TABLE Ill. Rates and invariant amplitudes for decays@fmesons tdDp and related modes. Primed
amplitudes are related to unprimed amplitudes by a factox f@f, /[fp(l—)\2/2)]=0.235. Except where
noted, the branching ratios are quoted from the Particle Data G&x}p

M Branching ratio p* [A|

Decay (GeV) (units of 10°%) (GeV) (1077 Representation

B-—D%" 5.2790 13418 2.238 5.740.39 —(Tp+Cy)

—DOK* "~ 6.1-2.3 2.213 1.250.23 —(Tp+Cl)
5.3+1.02 [Te+Cyl

B'—~D*p- 5.2794 7814 2.236 45%0.41 —(Tp+Ey)

—DTK*~ 3.7£1.8 2.211 1.0£0.25 -T5
4.3+1.02 I To|

—D%? 2.9+1.0+0.4° 2.238 0.88-0.16 (Eyv—Cy)/\2

—D% 1.8+0.6 2.235 0.690.12 —(Cy+EY/\2

—,DOK*0 0.48"314+0.05° 2.212 0.36:0.04 -Cy,

1.55+0.192 |Cy|

—DIK*~ <9.9 2.172 <17 ~Ey

avalue implied by(broken flavor SU3).

bReferencg21].

‘Referencd22].

—DJK™ in Table | and the upper limit oB°—~D% "K™ in  the sideC— E. The intersection® andO’ of the two circles
Table II. Thus, for example, one cannot tell the differencethen denote the allowed phasesEbfOne can now identify
between|T+E| extracted fromB°—~D" 7~ and |T| ex- the amplitude§ andC corresponding to each of these solu-

tracted fromB°—D*K ™. A similar conclusion applies to tons. _

|Ty+Ep| versugT,| in Table Il and|Tp+Ey| versug Tp| in In principle the value of/ T|, provided through broken

Table III. flavor SU3) by the decayB’—D K, could help to resolve
We now discuss the amplitude triangles for each set ofhe discrete ambiguity. In the solution shown in Fig. 1, we

processes. It is interesting to determine the individual maghave|T|=5.6 (here and in the following analysis, we express

nitudes and phases of the contributing topological amplitudetopological amplitudes in units of 10 GeV for PP modes

T, C, andE, as was done for charmed particle dech§s  and 10’ for PV mode$, while in the solution in whichT

This can be important for understanding the systemati& of points toO’, one hagT|=6.6. The error ofT|=5.9+0.9

decays involving two amplitudes with different weakd  from B>~D*K~ is at least a factor of three too large to

strong phases, for which dire€P violation can be observed. permit any distinction between the two solutions.

In the present case, of course, it is only the strong phases gjmjlarly, the valuelC|=2.94+0.41, obtained via flavor

which may differ from one another. The decdys-Dm and  g(3) from the recently reported decgg?] B°—D9K?, can
those related to it by flavor §8) permit one to map out the pe compared with that implied by Fig. 1, which is the same
amplitudes(up to a discrete ambiguitywhile those involv- oy the two discrete solutions. The measurements in Table |
ing one vector meson in the final state are missing key '”for‘provide |IC+E| and |E|. One can then solve to fintC|
mation which one hopes will be provided by BaBar, Belle, or— 46+ (.25, consistent with the above value.

hadron colliders. The solution shown has some similarity to that fr
_ — K [8]. In that solution, the amplitudes, C, andE all
A. B—Dm and related decays had distinctly different phases. Denotidgg as the angle of

The amplitudes A(B~—D%r )=—(T+C), A(B°
—D" 7 )=—(T+E), and y2A(B’>-~D°#%=E~C form
a triangle in the complex plane, as shown in Fig. 1. Here we
have arbitrarily takerT + C to be real and positive. The fa-
vored area of the triangle is non-zero, as our earlier discus-
sion of isospin amplitudes also implies.

The decayB°—DJ K™~ [29] provides a value of E|,
whose central value is used to draw a circle of radigs
around the_olnter?)ectlon _Of the two sidés-E and _C_ E. FIG. 1. Amplitude triangle foB— D and related decays. The
The .deca)B —D"7 provides a value ofC+E|. US'UQ the  amplitudeE points from eithetO or O’ to the center of the small
relation C—E)/2+E=(C+E)/2 for complex amplitudes, circle. The amplitude§ andC are shown only for the first of these
we draw a circle of radiu$C+ E|/2 about the midpoint of two solutions.
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Ty N

'ITP+CV
Tw+€‘? Q ICy+Eyl|/2
~
‘g FIG. 3. Amplitude triangle foB—Dp and related decays.
T +>C any value of|Ty| between 2.2 and 3.1. We also have no
v P

information on|Cp+Ep|, only a poor upper bound from

FIG. 2. Amplitude triangle forB—D* = and related decays. B°—D*%» and a much worse one froB’—D*%7’. If the
The amplitudeE, points from anywhere inside the small circle to pattern in Fig. 2 is anything like that for the corresponding
the intersection of the line$y+Ep and Ty+Cp. charm decay® —K* 7, it should resemble that for the so-
lution displayed in Fig. 1. Improved information di€p|,
obtainable via flavor S(3) from the decayB’— D*°K° for
which only an upper limit is quoted22], would also be
helpful. This process also would be useful in implementing
the suggestion of Xing23] to search for relative final-state

rotation from the amplitudeB to A, then we have as the
central valuesSct=—38° andsgzt=69°. The other solution
(not shown hasT and E relatively real, both with a large
phase relative taC. Explicitly, we obtain ct=—73° and
Sg1=180°. In comparison, the phases in the correspondin . . . =
D decays aréSer=— 151° andde1=115°[8]. The sign flip %hases between isospin amplitudeBirD* K.
in Re(C/T) (negative for charm, positive fdr-flavored also _
occurs in a simplified analysis in whidB/T is taken to be C. B—Dp and related decays
real and the effects of the amplitude are not taken into The triangle formed by the amplitudégB~— D% )=
account. In Slfr a case thg sign flip is merely a coglsequenc:_e(.l.P+ Cy), A(§0—>D+p_) = —(Tp+Ey), and \/EA(§°
of T(D'—K°7")<I'(D°—K w"), T(B"—=D°") _,pOy0=E,—C,, shown in Fig. 3, has a much smaller
>I'(B°—D*7"). area than either of the previous two, and is consistent with
It is interesting to compare the ratig€/T| and |[E/T|  the same phase for each of the three amplitudes. Here we
with those found foD — K 7r, where our favored solutiof8] ~ have takerTp+Cy, to be real and positive. o
had|C/T|=0.8 and|E/T|=0.6. Here, the solution shown in  Additional information is available from the deca’
Fig. 1 has|C/T|=0.4 and|E/T|=0.1. The amplitudeE is = — D%, which provides a value diCy+E,|. As in Fig. 1,
indeed vanishing faster than the others as the heavy quatke draw a circle of radiufCy,+ Ey|/2 from the midpoint of
massmg, increases, in accord with expectations for heavy-the line Cy—E,,. The solution point© andO’ would cor-
quark systems, but as some power betw&’éjjr and m52. respond to the intersection of this circle with one of radius
We comment briefly on the claim by Xin23] that the  |E,| whose center is the intersection of the lifgst+ E,, and
pattern of branching ratios iB—DK decays implies non- Cy—E,. We would need an improved upper bound B%
zero final-state phases between isospin amplitudes. This is:DJK*~ in order to draw a useful version of this last
certainly true for central values. However, the sum 1@ circle.
when written for amplitudes which are relatively real reads  As in the two previous cases, an estimate of the tree am-

(2.4350.27)x 10" GeV= (2114017 %107 Gev plitude (Te| in this casg would also be helpful. From the
' ' ' ' (15) decayB®—D%K* ~ we find|Tp|=4.3+1.0, to be compared
with | Tp+ Ey|=4.57+0.41. Obviously no conclusion can be
using the amplitudes in Table I. This is satisfied at the 1 drawn at present about the relative phasd pfandE,, .
level. The errors are dominated by those for the color- Flavor SU3) can be applied to the dec&8P— D°K*?,
favored processes; reduction by a factor of 2 would helpyielding the magnitud¢éC,/|=1.55+ 0.19 quoted in Table III.

considerably. An independent upper limit on this quantity can be obtained
B by combining information ofCy+ Ey| from B®—D%° and
B. B—D* and related decays |Cy—Ey| from B°—D% to obtain (Cy|2+]|Ey|?)Y2
The triangle formed by the amplitudégB~—D*%7~)  =21.12¢0.15. There is clearly not very much room iy |

at the upper limit quoted in Table lll, and even the hint
- 0 0 ) N (<20) of an inconsistency. The most incisive test would
J2A(B°—D*°7% =E,—Cp is shown in Fig. 2. We have

. , e T B
takenT,+ Cp to be real and positive. Nonzero area again jgProbably be direct observation of the ded@y—D K* ",
favored. providing a value of Ey|.

_ H 2 o _* H Ta M
Here the situation is much less satisfactory than Bor . il the case OB.HDK' the -decaysBHI.DK In prin
_.Dr. We have only an upper bound ¢Bp| based on the ciple provide information on relative strong final-state phases

al = 23]. Here the sum rul€10), if written for relatively real
non-observation oB°—~D?% *K~. The decayB’—D* "K~ 23] €10 y

s amplitudes, would read
tells us that|Ty|=2.7+0.3, whereas on the basis [&p|
<0.27 and|Ty+ Ep|=2.68+0.10 (Table 1)) we could have (1.38£0.25x 10 ’=(1.25+0.23 X107 (16

=—(Ty+Cp), A(B°=D**m )=—(Ty+Ep), and
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using the amplitudes in Table IIl. This is satisfied at consid- TABLE IV. B decays which would provide useful information
erably better than &. Again, the error is dominated by that on topological amplitudes foB— D, D* 7, andDp.
in the color-favored processes.

If the pattern ofB—Dp decays is similar to that for the Present Desirable
correspondingd —Kp decays, the triangle in Fig. 3 would Amplitude Decay error i3 10°
assume its squashed shape as a result of a negative Iargﬁ-)( B DK 6 13
imaginary contribution of,,, so that the relative phase of IT+C| B~ D% 38 26

Tp and Cy would be nontrivial. In the case B—D* = IT+C| B~ DK~ 6 2

decaysFig. 2), by contrast, the contribution &p would be c| BY_. DOKO 14 0.7
largely imaginary and positive, leading to a triangle with —
) — ) ) ) |C+E| B°—~D% 6 2
greater area as in the case®f D 7 (Fig. 1). This pattern is | —o ni 5 15
what occurs in charm decaf8]. We now discuss what mea- 'V _HD 5 :
. L . . = |Cpl BY_.D*OKO <6.62 0.7
surements might determine if a similar picture applieBto > .
decays. |Ce+ El °—D*% =26
|Epl B°—D} K~ <252 1
V. MISSING PIECES OF THE PUZZLE ITel B~ D*K*~ 18
_ _ |Tp+Cyl B —D%" 180 45
We began by asking the question of whether the pattern gfr_. ¢, | B~ DOK*~ 23 2
T, C, andE amplitudes in the decay—D, D*, andDp  |E| B D K*~ <992 1

bore any relation to that iD— K, K* 7, andKp. We see — - -

that there is some resemblance of the two cases in that thBresent 90% C.L. upper limit on branching ratio.

decay amplitudes for the first two processes appear to have

nontrivial relative phases which could well be absent forand|C| as obtained via flavor S@) from B~ — DK~ and

each of the third processes. However, we are frustrated in 0@0_, pok?, respectively, and ifC+E| obtained fromB®

quest for the topological amplitudes by the fragmentary na-,p0, pemanding thatA|T+C|=A|C|=A|C+E|<0.2

ture of the data. We believe this situation could well improveye find that the corresponding branching ratios should be

in the near future. _ _ specified to an error of- (2, 0.7, 2)< 10 °. The proposed
One key element responsible for the pattern in charm deg o on|T|, | T+C|, and|C| also would allow one to draw

cays is the flip of the sign of the exchange amplitude when, ,sefy| conclusion about the relative strong phases of isos-
one interchanges which particle in the final state is a pseu-. . L= —
in amplitudes inBB— DK.

doscalar and which is a vector. Thus, for charm, we found’ = et )
that the relationEy=—Ep, which could be justified if the  |f B"—=D* K™ is to provide a useful value dfTy| to
exchange amplitude really proceeded through a quarkeompare with|Ty+Ep| from B®=D* 7, we needA|Ty|
antiquark statd34], was responsible for the very different to be no more than 1/3 dEp|, or at most 0.1. This, again,
pattern of amplitudes ilD—K* 7 andD—Kp. We do not epresents a threefold improvement in the error on the
yet have enough information to draw such a conclusion fobranching ratio. The color-suppressed ded@fy—D*°K°
B—D* = andB—Dp decays. would provide a useful value ofCp| via flavor SU3) if

In Table IV we summarize some useful decays that wouldneasured with an error similar to that desired ®P
help to sort out the question of the topological amplitudes..p°K°, or AB=0.7x10°.
We quote in each case the present error and a desirable error 4 decayB®—D*% is very poorly measured, corre-

. . . 5 .

in B, in units of 10°°. We see that improvements by factors g,4nding only to a rather weak upper bound. An error on its
of three in branching ratios or roughly a tenfold increase mbranch'n ratio comparable to that f8P— D% would be
the data sample would permit a fairly clear pattern to Ing rati P — by wol

: ighly desirable.
emerge. There may be some shortcuts to this proceduﬁ: . . .
which would be less demanding in data. We now briefly Ewdegpe ft?]r tgel exclhang% imphtu(;[qi fat ?r(])methmg ¢
justify each of the entries in Table IV. approaching the @ 1evel would be USelLL for e presen
It would be helpful to have the error off| from the Program. Thus, if the branching ratio f@°— D% "K™ is

— . . i
decayB®—D*K~ small enough that one could tell the dif- close to its present upper limit of 2810 >, an error of no

ference betweefT + E| and|T| at least for the case of maxi- M€ than 110 > would be desirable.

mal constructive or destructivE—E interference. Thus, we 1 he likelihood thatEy = —Ep sets the scale of useful er-
ask for the error ofiT| to be less than 1/3 the value [&|,  rors in decays related tB—Dp. One would like errors in

or A|T|<0.2. (Our convention for units was mentioned in |Tp| (from B°—~D*K* ") and|Ey| (from B°~DJK*~) no
Sec. IVA) This is a factor of 4.5 increase in present accu-larger than 0.1, leading to the rather stringent demands in
racy, both in.4 and in branching ratio. We also require Table IV. A similar error requirement ofif o+ C,| as ob-
A|T+C|=<0.2 as obtained froB~— D%z~ and, therefore, tained directly fromB~—D% ~ means only a fourfold im-
the error on the branching ratio should be reduced byrovement in the branching ratio. It may be worth searching
roughly a factor of 1.5. We ask for similar errors|ifi+ C| for alternative strategies to constrain these amplitudes. The

074013-7



C.-W. CHIANG AND J. L. ROSNER PHYSICAL REVIEW D67, 074013 (2003

proposed error oB~ — D°K* ~, when combined with other tion of nontrivial final-state phases among the tré®,(
proposed measurements, will be more than sufficient teolor-suppressed), and exchangdE) amplitudes. Our

checﬁ the relative phases of isospin amplitudes Bn analysis ofB decays suggests that while the exchange am-
—DK*. plitude is diminishing in importance, witfe/T|=0.1 for B
Effects of the exchange amplitud&s Ep, andEy (in- D7 as compared with about 0.6 f@— K, it still can

deed, also ofC, Cp, andCy) may be generated by rescat- play a significant role in contributing to the observed final-
tering effectd8,25,35,36, as has been emphasized in reports

= : state phases, at least BrD . We have identified a num-
of the decayB"—D¢ K™ [28,29. In this case we may not be per of measurements which could determine whether the ap-
able to justify the assumptidi34] E,,= — Ep. However, this

. _ _ parently different shapes of the amplitude triangles Bor
relation does appear consistent with charm de¢8ysand D* 7 (Fig. 2) andB— Do (Fia. 3 due t imple si
for the moment withb-flavored decays as well. —D* 7 (Fig. 2 andB— Dy (Fig. 3 are due to a simple sign
flip of the exchange amplitude, as occurs for charm. We have

also indicated improvements in accuracy likely to be needed
to identify nonzero final-state phases between amplitudes in

B—DK and related decays.

VI. SUMMARY AND DISCUSSION

We have compared the decaBs-D, D* 7, andDp
with the corresponding charmed particle decay®
— K K* 7, andKp. In the first two of each set, there ap- ACKNOWLEDGMENTS
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