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The updated experimental data are used to analyze the final-state interaction phases of the two-body decay

amplitudes of theB mesonsB—Dm,Dp,D* v, andD* p. Combining the upper bounds on the branching
fractions of the color-suppressed neutral modes with those of the charged modes, we have set constraints on the
relative phases between the amplitudg8°— X~ Y*) andA(B*—X°Y") whereX=D or D* andY= or

p. The numbers that we have obtained point to small final-state interactions. When these relative phases are
expressed in those of the isospin amplitudes, the bounds become less tight, since the experimental errors
accumulate. In the decay where many multibody channels are open, however, there is little advantage in
breaking up the observed amplitudes into the isospin eigenchannels for analysis of the final-state interactions.
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PACS numbgs): 13.25.Hw, 14.40.Nd

[. INTRODUCTION into a hadron channdl (e.g.,D~ 7" or an isospin eigenstate
of D) can be expressed as
It is important to know in the nonleptonic decay of tBe
mesons how much phase is generated for the decay ampli- .
tudes by the final-state interaction. Many calculations were A(B—h)= > A(B—a)e'%0y,, 1)
. . a=1.2,--N
made on the short-distance effects assuming that the long-
distance effects be small or simply ignoring th¢i. Over
the years, various arguments have been presented in supp
of small to vanishing long-distance phases for the two-body
decay[2-4]. Since there is no method to compute the long-
distance effects accurately, some warned about the possibil- |h)=2 Ondla). 2
ity of large phaseg5]. Experimentally, persistence of the a
color suppression is one strong qualitative evidence for the
small phases. To learn about the final-state interaction phasésthe decay occurs through the interactions carrying a com-
of the B decay, we have analyzed here the recently updatethon CP-phasge.g., ~(d,y*u.)(c_v,b,) and the interac-
data[6] on the two-body decay modes. Specifically, we havetions arising from the QCD corrections td,ithe CP-phase

chosen the decay mod&—Dm, D*m, Dp, and D*p, factors out: A(B—a)*=A(B—a)e #°cr. Unfortunately,
which proceed through the nonpenguin interactions. With th&ve have no practical way to solve the multichannel problem
current experimental uncertainties, the data are consistefér §, andOy,,. If, for instance, theB°— D 7 amplitude of
with vanishing dynamical phases in all cases. Thanks to the=1/2 involvesN(>1) eigenchannels, ti8°—D~ 7+ am-
substantial improvement in the accuracy of measuremenplitude would also contain roughly as many eigenchannel
however, our analysis sets the meaningful upper bounds oamplitudes, only by a factor of two or so more. In neither
the relative phases of the decay amplitudes. The most stritase is the decay phase simply related to the strong-
gent bound has been set at the level of 10°. interaction eigenphases. That is to say, breaking up the two-
Before starting, we would like to point out significance body states into the isospin eigenchannels accomplishes very
and insignificance of the isospin amplitudes in the nonlepiittle in relating the decay phases to the strong-interaction
tonic decays. In the decays where only a small number o§-matrix when scattering is highly inelastic. Therefore there
decay channels are open, analyzing the isospin amplitudgs no intrinsic merit in studying the phases of the1/2 and
has a clear advantage. In the extreme case where only tt?qz amplitudes oB°— D instead of the phases of tI&?
stateAB and its isospin-related states are allowed, we shoul _ s 0 0.0 :
study their isospin eigenstates, since the decay amplitudes of © 7 andB"—D"z" amplitudes. It would not be sur-
definite isospin carry the strong interaction eigenphases rising if we h§ve+already encountereod this situation inRhe
elasticAB scattering8]. When another final sta@D exists ~ d€c@y- TheK ™ channel of theD™ decay couples to
and couples tAB, it still makes sense to analyze the2  K°7°,K%y, and severaK 7w channels, resonant and non-
S-matrix of AB andCD with definite isospin. However, the resonant with different internal quantum numbers. In the
advantage disappears when more than a few channels df@st, analysis was made for the isospin amplitude® of
open and a channel coupling occurs in the final state. In this> K7 and KK [7]. In the presence of many other decay
case, the strong interaction S-matrix is [diX N matrix (N channels open, we may equally well present the decay phases
>1). In terms of the eigenphase shif, defined by for the directly observed amplitudes instead of the isospin
(b|S|a)= 6,.e?%(a,b=1,2,3; - -N), the decay amplitude amplitudes, particularly in th& decay.

IJPereOha is the diagonalization matrix between the hadron
asis and the eigenchannels:
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Il. PARAMETRIZATION OF AMPLITUDES TABLE I. The decay amplitudes extracted from the d#tg, ,
AND EXPERIMENTAL DATA A_., and 22A,, denoteA(B*—D°n+), A(B°~D"="), and

Since our purpose is to learn about how large the final2“A(B°—D%7°), respectively, in the case &— D, and the
state interaction phases are in Belecay, we wish to sepa- correspondlng ampl!tudes in other casp,| is normalized to
rate out a CP-phase from the decay amplitudes. For this re4y Up to an experimental error,
son, we consider the decay modes in which the nonpengui

interactions dominate. Best measured are the two-body de= oY modes  |Ao-| A 24 Aod
cay modes which are caused by the quark probes&ﬁd. D 1+0.0487 0.774%0.0526 <0.2188-0.0028
We analyze four sets of the two-body decay modes: Sp 1+0.0682 0.79070.0708 <0.2481+0.0032
B—>5’7T, D* 1+0.0451 0.7976:0.0320 <0.4497:0.0058
o D*p 1+0.1007 0.676%0.1668 <0.2765-0.0035
B—Dp,
B—D* T,

_ (1+0.0128) in|A_,| and |Ay] comes from a common
B—D*p. 3 source, which is the lifetime oB°. However, this hardly
i ) affects our final numbers.
Each set consists of three decay modes, for fstaBée,
—D%*, B°~D 7", and B°~D%° for B—D=. All
four sets of decays have the same isospin structure. Since the
weak Hamiltonian transforms likAl=1, there are two in- The sum rule Eq(5) can be expressed as a triangular
dependent decay amplitudes in each set. ChodBingD 7  relation in the complex plane for each set of the decay
as an example, we can parametrize the observed amplitudesodes. A typical pattern of the triangular relation is depicted

IIl. RESULTS OF ANALYSIS

in terms of the isospin amplitudes as in Fig. 1, where the phase &, is chosen to be zero for
_ reference./2 Ay is confined inside the circle. The sign am-
Ay =A(BT =D ") =A,,, (4)  biguity or the phase ambiguity by of A__ /Ay, has been

fixed such that the three amplitudes be consistent with the
sum rule. The sum rule has the ambiguity of the reflection
with respect to the real axis. We have fixed this reflection
ambiguity or the complex conjugation ambiguity by choos-

1
A_.=AB°-D #")= 3 (Agt 2A1),

_ 2 ing 6_ . between 0° and 180°. Tha#y, is negative by the
Ag=A(B°— D7) = 3 (Azz=Aup)- sum rule. The bands shown by broken curves at the ends of
the arrows indicate the experimental errors. Note that for
Then the three amplitudes obey the sum rule, A__, the arrow is attached to the directionefA__ . In all
cases, the triangular relation can be satisfied with zero phases
Ao —A_, = \/EAOO. (5) if we take account of the experimental uncertainties. Here we
] pose the following question: Up to how large phases can be
We denote two relative phases as accommodated by the current data if we take the quoted
5. =argA_. IAg.), ©) experimental errors seriously?

We have tabulated the answer to the question in Table II.
Listed are the bounds on the relative phages anddyg. In
obtaining those bounds, the quoted experimental uncertain-
With the constraint of the sum rule E¢p), the two phases ties have been taken into account as uncorrelated errors. For
are dependent. We can use alternatively the phase differen€é@mparison, we have also listed the corresponding values for
of the isospin amplitudes,

si=argAqp/ Az (7)

for parametrization.

From the 1998 edition of the Particle Data Group book
[6], we have extracted the magnitudes of amplitude after
making the phase space correctionpdf ! on the assump- _ _ _ _
tion that theswave dominates iD= and D*p, and the FIG. 1. The sum rule holds in the triangular relation typically as

shown here, The phase @&, has been chosen to be zero for

p-wave inD* 7w andDp. The results are tabulated in Table | reference. 2?A, is confined inside the circle. The bands indicated
where|A_ | is normalized to unity up to experimental un- by broken lines at the ends #&f,, and—A_, represent their ex-
certainties. Only upper bounds have been measured faerimental uncertainties. The upper bound|8gy constrains the
|Agl. We treat the experimental errors for the three ampli-angles_ ., betweenA_ . andAo, to small values, while the phase
tudes as uncorrelated. Actually, a small portion of the error®f Aco is subject to larger uncertainties than thattof, .

S00= arg(Ago/ Ao+ ).
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FINAL-STATE INTERACTION PHASES OF THE TWeO. ..

TABLE Il. The bounds on the phases . =arg(A_, /Aq.),
Spo=ard(Aoo/Ag+), and &,=arg(A1»/Az). We have chosen as
0°<é_,<180°, which leads t&y;<0 and§,>0.

Decay modes 6_,(>0) S8po(<0) 8,(>0)
Dn <11° >—44° <19°
Dp <16° >—-60° <26°
D* o <29° >—59° <46°
5*p <21° >—54° <40°
DK 80°+7° —70°+8° 90°+7°

the deca;DHEw which has the identical isospin properties
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and get enhanced when expressed,in
It is a clear conclusion of our analysis that the final-state
interaction is indeed small and the phase must be fairly small

at least foB— D m,Dp, andD* p. The smallness of the final
state interaction phase for the two-body decay was advocated
by an intuitive argument based on QQR)J. It is actually
required by the phase-amplitude dispersion relation unless
the amplitude is abnormally enhanced or suppressed in mag-
nitude [4]. The possibility that the highly suppressed two-
body decay amplitudes such &g, can have large decay
phases has been predicted in the random S-matrix model of
the final-state interactiof#]. The smallness of the final-state
interaction is a phenomenon special to the two-body decay.
It does not imply the same in the multibody or inclusive
decays. In the decays where more than two hadrons is pro-

asB—D. Its decay interactions are also the same in strucyyced from a heavy particle, the phase of the decay ampli-

ture up to the replacement &if—c and c—s. The most

tude depends on the invariant subenergies in the final state. It

important, albeit anticipated, conclusion is that the phasgs almost obvious theoretically that if one or more of the

6_, betweenA_, andAy, must be small in all cases ex-
cept possibly forB—D* 7. As the measurement on the

subenergies is small, the phase of the decay amplitude can be
large.

branching fractions, particularly of the color-suppressed To summarize, we have quantified the smallness of the
modes, will improve in the future, either the upper boundsfinal-state interaction phases which is implied by the color

listed in Table Il will be tightened or actual values may
emerge foré_, . We are not far from seeing the actual val-
ues. In contrast té_ | , the phaseSy, betweenAyy andAg

suppression in th& decay. According to the latest world-
average data, the final-state interaction phases have already
been bounded fairly tightly. Our analysis shows that the cur-

is only loosely constrained. The reason is fairly obvious inrent bounds on the color-suppressed neutral modes should
Fig. 1: Though the triangle is very flat, i.e., the final-statenot be far from their actual values. Lowering the upper

interaction is small, the smallness [&,, leaves room for
the phase oA, to be large. Even iByq turns out to be large

bounds on the branching fractions of the color-suppressed
modes together with more accurate measurement of the

in the future, it should be interpreted as an accident due teolor-favored modes will set even severe limits on the final-

the smallness ofAqg, not as a consequence of large final-

state interactions.

state interaction phases or give their actual values. They will
have an important implication in the CP violation search

We can express the phases in terms of the isospin amplihrough the modes such &s— .

tude phase, = 81— 83,. In the last column of Table Il we
have listeds,.> Since it is 6_, and Jy, that experiment

measures directly, the experimental uncertainties accumulate

n the present phase convention, the bottom entr)DfesKw is
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