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1. Introduction

Recent measurements of rare decays involving-a c transition at theB-factories have
demonstrated the inadequacy of spectator descriptions of these dadape aeed to account for
final state interaction (FSI) effects. In particular, the recent obtiervafB® — Dg3(2317) 7K™ [1]
at a rate comparable to thatBf — DJ K™ [2]is in contrast to the corresponding rate for the decay
B — D%;(2317 "D~ which occurs at a rate an order of magnitude lower Ban D;D*. These
observations have stimulated experimental interest in improving the determmafitimese rates
and investigating decays that are expected to be described by similar nspehamd have also
caused theoretical interest in improving the descriptions of these pescessgN* exchange or
FSI approaches.

The decay 0B’ — D¢ Ds atthe quark level can be described by annihilation mechabism
Ct, leading to the expectation of a vanishing amplitude. However non-fadideizantributions to
the amplitude have led to a measurable branching fraction prediction as Hdivas04[3]. The
ratio of the rate of the Cabbibo allowed proceﬁaos—> D; D with that of B8 D; rr" can be
related to the ratio of the CKM matrix element&ub| /|V cb|[4] with a model dependent factor[5].
However, the world average uncertainty@(@0 — D D) is 38% [6], slightly worse than that of
%(EO — Dg ™) [2], motivating improvements on the precision of these rates.

This paper reports on improved measurement®of- D; D' decays and on a searches for
B - DIDg ! decays with the Belle detector [8] at the KEKB asymmetric energy collider
[9]. The results are based on a data sample, collected at the centes®ft@M) energy of the
Y(4S) resonance, which contains 2750° producedBB pairs.

2. Improved measurement of B° — D;D*

The D mesons were reconstructed using the mddles— @, K*°K~, andK2K~ andD*
mesons were reconstructed using the ma@fes- KK -, K- ™, andK2mr™. Combinations
of oppositely charged kaons witWMy, — Mgk | < 20 MeV/& were regarded ag candidates and
combinations of oppositely charged kaons and pions Wiho — Mg+ | < 85 MeV/& were re-
tained ak*? candidates. Neutral kaonlsg) were reconstructed using pairs of oppositely charged
tracks that have an invariant mass within 30 l\/}e?c/of the nominalk® mass, and have a dis-
placed vertex from the interaction point. Charged tracked were identsikda@n(pion) candidates
based on combined information from the CDC, TOF and ACC counters with dieduddficien-
cies of 92(96)%. Combinations of i andD* decay products with invariant masses within a
4 0(4.5 o) of the nominal masses were selected as candidatesons @ ~ 3.6 — 4.2 MeV/c&)
and pairs oD; andD* meson candidates are combined to f@fmeson candidates.

Events withB meson candidates are identified by their CM energy differeff\Ee+ EC'\’I —

EcM . and beam constrained masy. = \/ ECM )2 — 2, whereESM = \/s/2 is the CM

beam bea
beam energy anElg'V' and ng are the reconstructed energy and momentum oBtheeson can-

didate, respectively. We select events with, > 5.2 GeV/c? and|AE| < 0.2 GeV.
The continuum background was suppressed by a selection basedratidgtef the second to
zeroth Fox-Wolfram moments [1®, < 0.3 and the thrust valugé < 0.8. This retains more than

1See reference [7] hep-ex/0508040 for a more detailed description.
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95% of BB events while rejecting about 55% of and 65% ofuds events. The signal region is
defined as 272 GeV/c? < My < 5.285 GeV/c? and|AE| < 0.025 GeV.

A binned likelihood fit to theAE distribution for events within théy,. signal region gives
a signal yield 0fNgata= 1372+ 42 events. This however includes non-resorant— KK~
decays that result in the same final state, the fraction of this backgroas@stimated from sim-
ulation to be(3.464 0.74)%? The AE and My, distributions within theD andDs mass sidebands
are consistent with the backgrounds observed in the signal region.edldong behaviour is ob-
served in theD sideband but a clear signal is seen in Ehesideband for th®; — K*9K~ decay
mode, arising due to the three-body de&gy—> DTK*0K~[12]. As theK*°K ~ invariant mass also
populates the region under thg peak the fraction of this contribution to the signal is estimated
by extrapolation from the sideband to (&74+ 0.57)%°. After accounting for these backgrounds
the number of signaEO — Dy D" in the sample is estimated to be 12840, where the error is
statistical only.

The overall selection efficiency including subdecay branching fragtwars estimated from
simulation to be :£(DsD) = ¥; ;13 %(Dsi)%(Dj) = (6.31+0.88) x 10~* wheres; j repre-
sents the efficiency of reconstructing the event ifilReD) meson decays through thg)-th mode.
This accounts for the cross efficiencies between the reconstructag cleennels. The uncertainty
is dominated £13.9%) by uncertainties on the intermediate branching fractions [6, 11]. Alter-
natively, the efficiency can be expressed in terms of the subdecaghimgrfractionse(DsD) =
(3.18+0.25) x 1072- B(DS — @) B (@ — KTK™).

The measured branching fraction is tfius

#([B° — DgD") = (7.42+0.23(stat) + 1.36(syst)) x 103,

where the total relative systematic uncertainty4e8.3% includes+13.9% from intermediate
branching fractionst7.1(6.4)% from kaon(pion) identificatiord-6.0% from track reconstruction
as well as the background uncertainties already discussed. The ssulteces be expressed in
terms of two of the subdecay branching fractions%(sEO — DgD1) - #(Dg — o ) B(p —
KTK™) = [1.47+0.05(stat) +0.21(syst)] x 10~4, reducing the total uncertainty t614% (7.7%
from intermediate#’s ). This determination represents almost a factor of two improvement in
accuracy with respect to existing measurements[6].

The obtained branching fraction can be used to improve the value ¢¥#jeCKM element

within the prediction of [5]. Usinng(E0 — Dg ") from [2] we obtain% = (7.44+1.2) x 1072

3. Search for B — Dd Dg decays

The sameDs selection outlined in the previous section was used to seardh for DDy
decays. In this mode a cross-feed frem— D; D' decays, where thB™ decays into & ~ " rr*
or K7™ final state and one of the pions is misidentified as a kaon occurs. Altholftgdsinom
zero in theAE distribution, this background makes observation of a small possible sidfielit

2(3.46+ 1.70)% including the uncertainty on the non-reson@igt — KK~ 7~ branching fraction[6].
3(2.7441.24)% including the uncertainty from assumption of equal contributiomstsideband and signal regions.
4assuming equal production BPBO andB+B~ pairs
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This background is reduced by applying a veto agdijstandidates decaying into™ K~ = or
KZK* which are within 20 MeYc? of the D* mass after substituting thg= mass with thek*
mass.

A binned likelihood fit to theAE(Mp) distribution givedNp p, = 3.2+ 2.3 (4.7+2.6 ) signal
events , where the errors are statistical only. We observe no statisticallficgigt signal in the
[ DJ D decay mode. The selection efficiency is estimated from simulation &§DgDs) =
Yij-138,]%(Dsi)%(Dsj) = (1.63+0.39) x 10~4, using the same approach usedBgrD ™.

We deriv&%’(Eo — D{Dg) = (7.1£5.1) x 10-°, with a statistical error only. The total rela-
tive systematic uncertainty af28.4% includest23.1% from intermediate branching fractions of
Ds, £8.5(5.2)% from kaon(pion) identification an#t6.0% from track reconstruction. An uncer-
tainty of +9.5% from the fitting model was estimated by comparing the fitted and true number of
simulated signal events. Using the Feldman-Cousins [13] upper limit estimatiomanethfind
#([B° — DD7) < 1.6 x 104 at 90% C.L. . We inflate this upper limit by the overall systematic

error to derive:
#([B° - DIDg) <2.0x 10 at 90% CL.

This value represents the first existing limit on this decay mode and reahssrthitivity to test
the prediction of [3].
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