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Determination of the weak phasey from color-allowed B —DK®* decays
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We show that it is possible to determine the weak phasearg(—V},Vyq4/VepVea) Of the Cabibbo-
Kobayashi-Maskawa flavor mixing matrix only from the measurement of the color-all@yed DK* decay
rates. The uncertainty of this method, arising mainly from the factorization approximation for two tree-level
spectator quark transitions, may be well controllgg0556-282(98)04019-3

PACS numbgs): 12.15.Hh, 12.15.3i, 13.25.Hw, 14.40.Nd

The first observation of the Cabibbo-suppressed but color- The purpose of this paper is to show thatan indeed be
allowed transitions8 —D°K* andB, — DK, which in-  determinedrom R; andR; through the formula

volve the quark subprocessbs»cus andb—-cus, respec- « R.—R
tively, has been reported by the CLEO Collaborat[dn. 1 2
These two decay modes, together wi —D°K™, B/
—Dy K" and their charge-conjugate counterpartsan in
principle be used to determine the weak phasearg
(—=ViuVud/VesVea) of the Cabibbo-Kobayashi-Maskawa

COSy= 2 W, 2

where k~0.077 is a coefficient related to the ratio of the
color-suppressed and color-allowed decay amplitudes

(CKM) matrix [2,3].2 .In practice, h(_)v_vever such a methoq A(B; —DK*) ‘ B’—>5°K*)‘
may have an essential problem, arising from the difficulty in r= = 3
measuring the color-suppressed transitiBgjs— DK * and A(Bj —D%K* ‘ A(B, —D°K"~ )‘

BJ—>5°K*. To get around this problem, Atwood, Dunietz

and Soni have proposed the measuremenBpf-DOK * The value ofx is obtained by means of the isospin symmetry

. o . . . . and the factorization approximation. Since the factorization
— (K77 )poK™, By =D K" —=(K"7m")5K", and their  anproximation made here involves only tree-level spectator
charge-conjugate channels for the extractionydf5]. Fur-  quark diagrams, the uncertainty associated witimay be
thermore Soffer has shown how to remove some uncertainye|| controlled. In fact, the reported branching rats¢B,’
ties from the methods mentioned above and increase their, DK *)=(0.257+0.065+0.032)x 103 [1] is in good

sensitivity by measuring P-conserving phases atracharm agreement with the prediction from the factorization scheme

fac:’?lrggr?}erestin uestion remains of whether it is ossibl<£8] Therefore the measurement of the color-allowizg
g4 b DK™ decay rates should allow a determination of the

to constrainy only from the observation of the color-allowed
B, — DK™ decay rates. Gronau has recently discussed thlweak phasey from Eq. (2) to an acceptable degree of accu-
?acy in the near future.

posblly by roposg s e pramng measuables, ol e n ol n 2 o cle e para
CP and flav%r stategg]- y eter x, we begin with the effective weak Hamiltonians re-
; sponsible forb—cus, b—ucs, and their charge-conjugate

I'(B;y—DK")+I'(B; —~DiK") transitions

Ri=2 — (1)
" I(Bf —=D%K*)+T(B; »D°K")

Ge — _
HE=—V Vi ci(su)y_a(cb)y_
with i =1 or 2[the factor 2 on the right-hand side of E4) o V2 TS PV ATV A

is just taken to normaliz®; to a value close to]L It is easy _ _

to show that there exist two inequalities gi=R, ,, and one tCa(cU)y_a(sb)y_al+H.c.,
of the two ratiosR; andR, must be smaller than one except

that the value ofy happens to lie in a narrow band around 2y GF . — —

m/2. Thus the measurement Bf , may in most cases pro- H eff :Evubvcs[cl(sc)V—A(Ub)V—A
vide a useful constraint ofy.

+Co(uC)y_a(Sh)y_a]l+H.C., (4
*Electronic address: xing@hep.physik.uni-muenchen.de ,  Wherec, andc, are QCD correction coefficients. To calcu-
‘whereD; andD, denote theC P-even andCP-odd states oD late the hadronic matrix element®K|H.4|B), one has to
andD? mesons, respectively. make some approximations. Here we use the factorization

2possible new physics iB°-D° mixing could affect those meth- approximation, which factorizes each four-quark operator
ods proposed in Ref§2,3]. See Ref[4] for some detailed discus- matrix element into a product of two current matrix ele-
sions. ments. Wherever there is a color mismatch between the
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quark operator and the external state in this approach, a phaeitude but different phases. The result Rf , obtained by
nomenological parametér is introduced and the factorized Gronau[7] can be reproduced as follows:
matrix element becomes related to one of the following two

Coefficients[g]: R1,2: 1+ I’Zi 2r cosd COS’)/. (9)
a,=C;+£Cy,  Ay=Co+&C. (5) By use ofr=«coss, we arrive at
Ry =1+ kcog8(k=2cosgy). (10

The color-suppression factdris naively expected to be 1/3,
corresponding to exact vacuum saturation. Bathand a,
have been determined from experimental datd. The ex-
plicit knowledge ofé¢, ¢, andc, will be irrelevant in our
subsequent analysis.
When applying the effective Hamiltonians and the factor-

ization approximation t@,; —DK™ decays, one has to take
possible final-state interactions into account. Since loth

It is easy to obtain two inequalities $ip<R; , from either
Eqg. (9) or Eq. (10). Note that there exists a narrow band
around y= 7/2, which makes botliR; and R, equal to or
larger than 1. With the help of Eq10), we find that the
necessary condition fdR; ;=1 is

K K
andK are isospin 1/2 particles, the stdd can be either 5 Scosys+3. (13)
=0 or I=1. An isospin analysis made by Deshpande and
Dib [11] gives’ Beyond this band o, one of the two ratiof®; andR, must
be smaller than 1, thus one may get the constraintysin

e Ge X g X <R;<1 or sirfy<R,<1.
0K )=— * V[ Zaldoy _gi¢ 1 Y=ho
A(B, —DK™) \/E(V“bvcs)(ze r2e l)’ Note that the weak phasg can indeed be determined
from R; andR,, provided the value ok is known. From Eq.

G (10), we straightforwardly obtain

A(B; DK )= —= (Vu VA (X+Y)e' 41, 6
( u—’ ) \/E( cb us)( ) ( ) _K Rl_RZ "
where ¢ and ¢, are the strong phase paramete¢tsand Y
are the factorized hadronic matrix elements This instructive result has been listed in EB). To evaluate
o . K, we express the hadronic matrix elemextandY in terms
X=ay(D°|(uc)y_Al0(K~|(sh)y_AlBy), of relevant decay constants and formfactors. The r&fié
turns out to be
Y=ay(K|(su)y_l0)(D%(ch)y_ABy)- (7)
1< | \Y A| >< | \% Al u> X_ a, sz_mﬁ fD FgK(sz) (13)

Clearly the weak phase difference betwe¥(B, —D°K ™) Y armi-m3 fk FEP(m2)
and A(B, —DPK ™) amounts to— vy to an excellent degree
of accuracy in the standard moddl. The strong phase dif- The main error bar oK/Y comes from the unknown decay
ference between these two amplitudes, denoted g the ~ constantp . Here we typically takép =220 MeV. We also
notation in Ref[7], is equal to ¢bo— ¢,)/2. By convention, inputf,=160 MeV, a,/a;=0.25[10], F5“(0)=0.38, and
we take @, — ¢o) e[ — ,+ 7]. Then co$=0 holds. FEP(0)=0.69[9]. The uncertainties of the chosen values for
In Ref. [7] the ratior and the strong phase differende  F5¥(0) andF5P(0) are expected to be within 15¢44]. By
are formally taken as two independent parameters. In ouwise of a simple monopole model for form factded, we
factorization approach, howeverdepends o through the  obtainF2X(m3)~0.43 andFE°(m3)~0.70. Then we arrive
relationshipr = xcoss with at X/Y~0.24. With the input|(V pVi)/(Ve,VE)|=0.4
[15], we finally getk~0.077. This implies that the value of
r=«cosd is smaller than the naive expectatios0.1, ob-
' ®  tained in Ref[7] with the assumptio®=0 andX/(X+Y)
~a,la,. Since the error associated with the CKM factor is
only 25% or so[15] and those associated with the form
factors can be partly cancelled in the raxoy, it should be
a conceivable argument that the realistic valuecatannot
be greater or smaller than our present result by a factor of 2.
That is, 0.04 «=<0.15 should be a sufficiently generous
range ofx. Even if the uncertainty associated with the fac-
et - torization approximation itself is taken into acount, the pos-
(DPK™|(sC)y_al0){0l(ub)y,_ B, ), sibility of k=0.2 would remain extremely small.
A significant deviation of the strong phase differente
corresponding to an annihilation process, is expected to be forfrom zero, implying significant rescattering effects DK
factor suppressed 2,13 and has been neglected here. states, may reduce the magnituderafurther. Considering

X
X+Y

Vu szs
Vcbvas

derived from Eqgs(3) and (6). The point is simply that the

amplitude ofB, —D°K ", after its CKM coefficient is fac-
tored out, contains two isospin components with equal mag

3The factorized matrix element
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DK scattering via &-channel exchange of Regge trajecto- LS 7T T T

ries, Deshpande and Dib have made an estimation of the a
strong phase difference¢f— ¢o) [11]. They obtained R Lir ]
tan(¢,— ¢g)~ — 0.14, equivalent td~4°. This value leads 1.05 L /T\ i
to coss~1 as an excellent approximation. Nevertheless, one c
should take such a result more qualitative rather than quan- 1.0 s

titative, as the method of Regge scattering itself involves

large uncertainties. It has been argued that rescattering ef- 0.95 - W 7
fects in decays of 8 meson into lighter hadrons might not ? 0.9 L \/ 4
be as small as commonly imagingth]. ’ a

Taking k~0.077, we obtain the narrow band gffrom 0.85 S O S S R
Eq. (11): 87.8°<y=<92.2°. In comparison, analyses of cur- -50° -30° -10° +10°  430°  +50°
rent data show thay~65° with a generous range 38°% )
<150°[17]. For illustration we ploR; andR, as functions
of §in Fig. 1, where three different values gfhave been
typically taken. One can see tha{>1 andR,<1 for cases
(@ and(b); but bothR;>1 andR,>1 for case(c), asvy is
within the narrow band mentioned above. It remains uncleatary to that proposed recently] and those suggested previ-
that to what extent the constraint $jn<R;<1 or sirfy  ously[2,3,5. It may also confront the nearest data Bf
<R,<1 will work. —DK™* and give a ballpark number to be expected for

The idea of extracting the weak phasge from R;, before the delicate determination gfbecomes available in
through Eq.(2) or Eq.(12), however, is valid for all allowed experiments.
values of y. The feasibility of this method depends on a In conclusion, we have shown that it is possible to deter-
reliable determination of the coefficiert This should be mine the weak angles only from the measurement of the
available in the near future, aftép, is measured from ex- color-allowedB; —DK™* decay rates. Such measurements
periments(or calculated from lattice QCDand the CKM  are expected to be carried out at bethe™ B-meson facto-
factor|Vu/Vp| is more accurately extracted from charmlessries and high-luminosity hadron machines in the coming
B decays. At least, our present approach can be complemepears.

FIG. 1. lllustrative plot for R;,, where k=0.077 andy
=(a) 30°,(b) 60°, and(c) 90°.

[1] CLEO Collaboration, M. Athanast al., Phys. Rev. Lett80, 29, 637(1985.
5493(1998. [10] T.E. Browder, K. Honscheid, and D. Pedrini, Annu. Rev. Nucl.
[2] M. Gronau and D. Wyler, Phys. Lett. B65 172 (199J. Part. Sci.46, 395(1997.
[3] M. Gronau and D. London, Phys. Lett. 3 483(199); I. [11] N.G. Deshpande and C.O. Dib, Phys. Lett3B9, 313(1993.
Dunietz, ibid. 370, 75 (1991); D. Atwood, G. Eilam, M. [12] z.z. Xing, Phys. Rev. 63, 2847(1996.
Gronau, and A. Sonibid. 341, 372(1995. [13] B. Blok, M. Gronau, and J.L. Rosner, Phys. Rev. L&8,
[4] Z.Z. Xing, Nucl. Phys. B(Proc. Supp). 50, 24 (1996; Phys. 3999(1997.
Lett. B 371, 310(1996. [14] See, e.g., P. Ball, hep-ph/9802394; H.Y. Cheng, C.Y. Cheung,
[5] D. Atwood, I. Dunietz, and A. Soni, Phys. Rev. LetB, 257 and C.W. Hwang, Phys. Rev. Bb, 1559(1997.
(1997. [15] P. Drell, hep-ex/9711020.
[6] A. Soffer, Report No. CLNS 97/153@&inpublished [16] J.F. Donoghue, E. Golowich, A.A. Petrov, and J.M. Joares,
[7] M. Gronau, Phys. Rev. B8, 037301(1998. Phys. Rev. Lett77, 2178(1996.
[8] M. Neubert and B. Stech, hep-ph/9705292. [17] F. Parodi, P. Roudeau, and A. Stocchi, hep-ph/9802289; Y.
[9] M. Bauer, B. Stech, and M. Wirbel, Z. Phys.33@, 103(1987); Nir, hep-ph/9709301.

093005-3



