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Weak phasey from color-allowed B—DK rates
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The ratios of partial rates for charg@ddecays to the recently observBdK mode and to the tw® ¢pK
final states CP= =) are shown to constrain the weak phaseArg(V},). The smaller color-suppressed rate,
providing further information about the phase, can be determined from these rates alone. Present estimates
suggest that, while the first constraints can already be obtained in a high lumiabsityB factory, measuring
the color-suppressed rate would require dedicated hadBpioduction experiments.
[S0556-282(198)01715-9

PACS numbes): 12.15.Hh, 11.30.Er, 12.15.Ji, 13.25.Hw

The CLEO Collaboration has recently observed the decay

— G —
B~ —DPK™~ and its charge conjugatd]. This is the first He(b—ucs)= —FVubV’C‘S[cl(M)(sc)(ub)
observation of a decay mode described by the quark subpro- V2
cess b—cus involving the Cabibbo-Kobayashi-Maskawa +cz(,u)(Uc)(§b)], )

(CKM) factor V.pVis. The reported branching ratio, 0.055

+0.014+0.005, measured relative tB~—D%, is in ,
' ' respectively, wherec,(my)=1.13, c,(my)=-0.29 [5].
agreement with the standard model expectation. The ob-—p y 1(m) 2(My) [5]

; . b)=gy“(1— v5)b etc. are left-handed color-singlet quark
s_erved decay plays a cr.umal role na ”?eth"d proposed SOms:gurrents. The ratio of the corresponding CKM factors is
time ago[2,3] to determine theC P violating weak phase, IV,eVE VeV =0.4+0.1 [6]. The hadronic matrix ele-

H * * u C C usl LT b
the rglatn{e phase bgnNeM}qus a}ndV”.bVCS' The PUrROSE  ents of the four-fermion operators, depending on the scale
of this Brief Report is to reexamine this method in view of

N , W, are very difficult to calculate. The conventional descrip-
its importance, and to suggest some variants to overcome |€§)n of strangeness-conserving decays suctB%s D~ 7+

difficulties. A complementary variant was proposed in Ref.5ssumes that “color-allowed” operator matrix elements fac-
[4] ) ) torize [7]. Nonperturbative effects, arising from soft gluon
The other processes involved in the method &  exchangd8], require the use of a free parameter to describe
—DcpK ™, B"—D% ™ and their charge conjugates. Partial decay amplitudes. This parameter, fitted by data, determines
D decay rates int@ P eigenstateésuch ak *K ™) are about  the ratio of color-suppressed and color-allowed amplitudes,
an-order-of-magnitude smaller than into states of specific flad,/a,~0.26 [9]. This value depends on unmeasured form
vor (such aK ~ 7 ™). Thus, by combining a fewt P modes, factors of B mesons into light mesons for which a model
the decaysB~—DpK ™~ should be observed in near future Must be assumed. These form factors dominate color-

high statistics experiments. The third proceBs,—~DCK~,  Suppressed amplitudes of processes sud’asD . Us-
* ing flavor SU3) [10], this value ofa,/a; can also be used to

mediated b)b—>u?s and involving the CKM factoW Vs, e )
is harder to measure. It is usually assumed to have a “ColoétUdlB_)DK decays. An application to relations between

suppressed” branching ratio, about two orders of magnitud®— DK (given by aB—D form factop andB— DK (given

smaller than that oB~—D°K ~. Let us recall the arguments by aB—K form factor),.in which final states carry opposite
on which this estimate is based. charm, is more questionable. Nevertheless, one often as-

The effective Hamiltonians fdb— cus andb— ucs tran-  SUMes that

sitions are o
r= |A(Bi_>DOK7)| . |VubV:s| %N
|AB™—D %K) [VepVid a7

©)

— G _
Hen(b—cus)=—V ViJc su)(cb
et cus) va e ud Ca()(s)(cb) It is difficult to associate a theoretical uncertainty with this

. estimate, which is based largely on empirical observations in
+Ca(u)(cu)(sh)], (1)  the AS=0 sector, rather than on firm theoretical grounds.

We will usually assume that the ratio of amplitudesannot

be greater or smaller than 0.1 by a factor larger than two. We

and note, however, that larger values cannot be excluded. As we
will see, the precision of determining the weak phasen-

proves ag increases. One of the questions addressed in the

*Permanent address: Physics Department, Technion-Israel Instpresent report is how to determine this quantity experimen-

tute of Technology, 32000 Haifa, Israel. tally.
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An essential difficulty in measuring the rate & A(B+H5°K+)=Keix A(B*—DOK*)=Ad2e!? ()
—>D°K*_Was pointed out by Atwood, Dunietz and S¢Ai. . _ _
When aD® from B~ — DK~ is identified through its had- We find (disregarding common phase space fagtors

ronic decay modésuch ask "7 7), the decay amplitude in-
terferes with a comparable doubly Cabibbo suppressed decay
amplitude of aD® from B~ —D°K ™. [Here Eq.(3) is as-
sumed] This forbids a direct measurement df(B~

—DP ™). Using two different final states to identify a neu- 1 _ _
tral D meson(e.g.K* 7~ andK* 7~ #°), may allow a de- [(B*—D;K*)= §[A2+A2+ 2AA cog 6+ )], (7)
termination ofr and y from the branching ratios of these

processes and their charge conjugdtls The products of 1 _ o

correspondind andD decay branching ratios are expected [(B*—D,K*)= E[A2+A2—2AA cogs=xy)], (8
to b(()e about Bwo orde+rs of magnitude sr7naller tHafB ~
—DK)B(D"—K" 77), at alevel of 10°. The number o0 5 A X D, , are the two neutraD mesonCP
of events, expected in futue e~ colliders, is likely to be i b =

too small to allow a precise determination ofind y [11].  €igenstatesD, ,=(D = D7)/v2.

Such precision can potentially be achieved in dedicated had- ©One obtains the following sum rule:

I'(B*—=D%*)=I(B~—D% )=A2 (5)

['(B*—=D°%*)=I'(B"—D% ")=A2 (6)

ronic B production experimentgl2], which are expected to I'(B~—D,K )+T (B —=D,K")
yield an order of a few thousand events of this kjdg]. o
Let us study the information aboygtobtained from mea- =I'(B"—D%% ")+I'(B-—D% ). 9

suring only the more abundant proces&s—D°K~, B~ o _ .
—D¢pK ™ and their charge conjugates. We will derive aA similar sum rule is obeyed by the charge-conjugated pro-
simple sum rule from which the suppressed rateBof  cesses. In principle these sum rules allow a determination of

DK~ can, in principle, be determined from the abovel'(B”—D°K™)=I'(B*—D°K™) from measurements of
less suppressed rates, without involving an interference witfhe other larger rates. Using E() we note, however, that

B~ —DO%K . New constraints on the weak phagewill be  the second rate on the right-hand side is expected to be about
shown to be obtained by measuring only the two ratios ofwo orders of magnitude smaller than the first rate. There-
partial decay rates int€ P-even and -odd and into flavor fore, a useful determination 6f(B~— D°K ™) requires very
states, combining particles and antiparticles. We will lookprecise measurements df(B~—D°K~) and of I'(B~

into the prospects of carrying out these studies in a future-DcpK™).

very high luminositye*e™B factory. The ratio of amplitudesr can be obtained from the
Defining decay amplitudes by their magnitudes, strongcharge-averaged ratio for decays ifdlomesonCP and fla-
and weak phases, vor states:

o 'B*—=D;K")+I'(B"—=D;K")+I'(B"—=D,K")+I'(B~—=D,K")
I'(B*—D°%K*)+T(B~—D% ") '

S=1+r2. (10) o 2[T(B*=D,K")+T(B-=DK™)] -
= — ) 1= 149
The CP asymmetries of decays in®,K andD,K, normal- I rB*—=D°%K")+I'(B~—D% ")
ized by the rate into th® meson flavor state, (13
[(B*—DK")~T' (B —=D;K") for which we find
A= — , 1i=1,2,
| I'B*—=D°K")+I'(B~—D°K") Ry,=1+r2+2r cosd cosy. (14
(13)

The factor of 2 in the numerator &, , is used to normalize
are equal in magnitude and have opposite signs. They yield these ratios to values of approximately one. Rewriting
combined asymmetry

Ry ,=Sirfy+(r =cosé cos y)?+sirfs cogy, (15)
A=A,— A;=2r sin § sin y. (12
one obtains the two inequaliti€$4]
It is convenient to define two charge-averaged ratios for the
two CP eigenstates sify<Ry,, i=12. (16)
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The quantitiesS, A4 andR; hold information from which  central values were used and all experimental errors were
r, 6 andy can be determined up to discrete ambiguitres  neglected. This upper limit, increased somewhat by experi-

given by S, and vy is obtained fronR; and A: mental errors in branching ratios, is about the limit obtained
from S.
R=1+r?+ \4r?cosy— A%coty. (17) Assuming thar is too small to be measured frof(.e.

r<0.2), one may still obtain useful constraints on the weak

Plots of R; as function ofy for a few values of and.4, and  phasey from the asymmetrieg!; and the two ratioR; . The
the precision ir, R; and.4 required to measurgto a given information obtained from these pairs of quantities is
level, are given in Ref15]. The accuracy of this method of complementary to each other. While the asymmetries be-
determiningy depends on the actual value 1of The larger  come larger for large values of sétsin y, the deviation of
this ratio, the more precisely canbe determined. R; from 1+r?~1 increases with co8cosy. One thousand

If r is as small as estimated in E(B), then a useful identifiedD;K* events allow a 8 asymmetry measurement
determination of this quantity fror requires that the rates at a level of 10% or larger. For~0.1, such asymmetries are
in the numerator and denominator of EG0) are measured expected if5 is sizable, namelys>30°. It is needless to
to better than 1% which is unattainable in near future experiemphasize the importance of nonze€® asymmetry mea-
ments. This demonstrates the difficulty of looking for the surements, however one should foresee a possibility of small
color-suppressed process. final state phases. Upper limits on the corresponding final

Consider, for instance, a sample of 300 milli@ B~ g6 phase difference B— D decays are already at a

g‘ﬁ:ﬁ;ﬁ‘ol;gz:rg% bgtgrfdgcs%g:sggT%%?d%dsi\r/]erz(()lg‘Of tNRvel of 20°[18]. Assuming that the final state phase differ-
D% )=3x10"4 [l]gand B(D°—>K*w*.)=0 84 [17] ence betweelB—DK and B—DK is not larger, the only

one expects a total of about 7000 identifieK~ and mformatlgn aboupz WOUIQ be derived fronR, y .
—ou + A particularly interesting case R;<1, holding for either
DK™ events(Use of otheD decay modes compensates for i=1 ori=2. Using Eq.(16), this implies new bounds of.

suppression due to detection efficiengiégis would yield a 114 conditionR. < 1 (i=1 or 2, equivalent to|cosdcosy|
1.2% measurement of the sum of rates in the denominator O;rlz holds forlvalues ob and),/which are not too close to
Eq‘. (10). To estimate the precisipn of the numerator, in90 d’egrees. Taking ca®=1 andr~0.1, this condition is
wh|c0h the+D meson doecayf tﬁ_:P elgens_t%tes, we us[ejj fulfiled by all the currently allowed vallues ofy,
B(D"—m"a )+ B(D"—>K"K7)=6x10"" for two posi-  3no<,<150° [19], excluding a narrow band aroung
tive CP states. This implies a combined sample of about_ 90°. That isfor all values outside this narrow band one of

T sta ' i ! ot
1000 |den;cj|f|eleK ﬁ_nleKb events.(DHeEt:cUon efficien-  yhe two ratios of rates Ror R, must be smaller than ope
cies may decrease this number somewHait us assume @ "1 for y~90° andR,<1 for y<90°.

similar number ofD,K™ andD,K ™~ events, identified by Using r=0.1, 6=0 in Eq. (14, we find for y

bined decay branching ratio into these states and others aé?ees(the)follo%n)g; vaI%es)zﬂl(gz)')’O 85 o)és (?88) 0891

actually larger than into positivE€ P eigenstate$17], how- 0.94, 0.98, respectively. Measuring these valuesfoor R,

ever detection efficiencies are smaller due to the larger UMy ouid exclude by Eq.(16) the following ranges ofy:
ber of final particles. This determines the numerator 10 geo 1140 gg°_112° 70°—110° 73°—107°. 76°—104°

within 2.2%, so that the combined statistical error s g0 _ggo respectively. For another choice of parameters

2.5%. Systematic uncertainties are likely to increase this er- -
. . =0.2,6=20°, the m remen rr ndin h
ror, although some of them cancel in the ratio of rates. As- 0.2, 0%, the measurements Bf corresponding to the

) o >~ above values oy would be 0.71, 0.75, 0.80, 0.85, 0.91, 0.97,
su<r8|295thatI?%toteE)lte_rrordlé IS S(ﬁ’]’_a 90% C.L. up;zer limit respectively. These values exclude somewhat larger ranges
r A. thcou ? OI aine rorg IS mea.sur(ter:nent. fth of ythan in the case=0.1. Assuming the above number of

hother way for efrn_lng IS by measuring the rate otie o ats the statistical error of measuriRgandR, is 3.4%.
rare proces8™ — (K" 77 )pK™ combined with its charge

. L o Particularly interesting is the ratio of rat&. The system-

+
conjugate. 300. million8™ B pairs lead to a few tens o_f atic errors in this ratio, in which the numerator and denomi-
events, for which a large error in the combined branchin

o : . . ator involve similar three charged pion and kaon final
ratio Is expgcted. The amphtude (.)f this process ConsISts o tates, are expected to cancel. A few percent accuraBy in
two interfering contnbunonslcarrymg an unknown relative is sufficient for excluding a sizable range of valuesydir
phase. The two terms describe the color suppressed ProC&H% above two choices of parameters. The excluded range

B~ —D%K~ followed by Cabibbo-allowedd decay, and  grows with increasing values of for which smaller values
B~ —D°K™~ followed by a doubly Cabibbo suppressBd of R: are obtained.

decay. The magnitude of the second amplitude is expected to |, conclusion, we have shown that the ratios of r&es

be known to a few percent at the time of the experimentsor chargedB decays to the twd® K final states and to the
Comparison of this amplitude with the measured one COU'%Iready observe®°K mode, lead to new constraints on the

tudes are equal within experimental errors, destructive interyouid lend further information about this phase, can be de-

ference would be assumed to obtain an upper limiron  termined from a sum rule involving these rates. The estimate
<2{B(D°—K* 7 )IB(D°—K*7)=0.18. Here current of Eq.(3) suggests that this may be beyond the capability of

037301-3



BRIEF REPORTS PHYSICAL REVIEW D 58 037301

future e*e” B factories, and would have to await dedicatedmethod can be used to set new boundsyothrough mea-
hadronicB production experiments. This method is comple-surements of the more abundant proceges>DcpK™*.
mentary to the one suggested in Ref]. The two methods

seem to be comparable in their statistical power for deter- | wish to thank J. Rosner, A. Soffer, S. Stone, M. Wise
mining y from the color-suppressed rate Bf —DK ™, and F. Wuthwein for useful discussions. | am grateful to the
which requires in both cases very high statistics hadroniclyCaltech High Energy Theory Group for its kind hospitality.
producedB experiments. With less statistics, already avail-This work was supported by the United States Department of
able in high luminositye*e™ experiments, the present Energy under Grant No. DE-FG03-92-ER40701.
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