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B DECAYS TO OPEN AND HIDDEN CHARM AT BABAR
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A wealth of new measurements of hadronic Bdecays to open charm and charmonium have been
performed on the data sample collected by the BaBar experiment at the PEP-II ete~ B-factory.
We report the first measurement of the rates for inclusive charm production separately for charged
and neutral Bmesons. Combining measurements of the decay rate of B® — D}TD*~ obtained
with a partial reconstruction technique and the complete reconstruction of B — D*TD*~ with
D;r — ¢mt, we obtain the most precise measurement of ZS’(D;r — ¢mt). We present an update of
the measurements of the branching fractions of exclusive Bdecays to J/b , ¥(2S), Xc1, Xe2 and a
kaon or a K*. In addition, we show preliminary results on exclusive decay rates to final states with
baryons, or newly-discovered particles, such as D* ;(2317), D,7(2460)%, and the X(3872) .

1 Introduction

The successful performance of the B factories
enables the study of B meson decays with un-
precedented sensitivity. In the following, we
report the new results on the decay rates of
Bmesons to final states including a charmed
meson, a charmed baryon, or a charmonium
resonance. These studies are performed with
various reconstruction techniques to exploit
the potential of about 10® million BB pairs
collected with the BaBar detector at the
PEP-II eTe™ collider in the years 1999-2003.

2 Branching fraction of inclusive
B~ and B°decays to
flavour-tagged D, DI, and A,

We have measured for the first time the
branching fractions for inclusive decays of
Bmesons to D°, D°, Dt D~, DY, D7,
Af, and A7

T, -, separately for neutral and

charged B mesons. The measurements, based
on a sample of 88.9 million BB events are
reported in ref. 1.

Events are selected by completely recon-
structing one Band searching for a recon-
structed charmed particle in the rest of the
event. The numbers of charmed particles per
B~ decay (n.~ = 1.313+0.037+0.06210-053)
and per B%decay (n.° = 1.276 4+ 0.062 +
0.0581'8'_822) are consistent with previous

measurements and with theoretical expecta-
tions ®. The errors reflect the statistical, the
systematic, and the branching-fraction un-
certainties.

3 Partial Reconstruction of
BY — D!*D*~ and measurement
of D} — ¢rt

The aim of this analysis® is to measure the
branching fractions B (BY — D*TD*~) and
B(Df — o¢nt).
of the branching fraction for the D —

A precise measurement

¢mt mode is important because nearly all
D7 branching fractions are determined by
normalizing the measurements to B (D —
¢t ), and, therefore, its present uncertainty
of about 25% 2 affects many of the results
regarding D mesons.

The B — D:*D*~ — (Dt ~)(D%x~)
decay is reconstructed using two different
methods. The first method uses a par-
tial reconstruction technique, in which only
the D*~ is fully reconstructed, and then
combined with the soft photon from the
Dt — Dt~ decay, without requiring ex-
plicit D reconstruction. The missing mass
distribution is shown in Figure 1. Using this
technique, we measure B(B? — Dt D*~ )=

®The inclusion of charge conjugation modes is im-
plied throughout this report.
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Figure 1. Missing mass distribution in the inclusive
reconstruction of B® — DIt D*— |
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Figure 2. Exclusive reconstruction of B? —
D:+D*’ . Fit to the total data sample overlaid to
data.

(1.85 £ 0.09 +0.16)%.

In the second method the whole decay
chain of B® — D?*D*~ is reconstructed and
the product of branching fractions B (B? —
DT D* )xB(Df — ¢rt) is measured. We
use only D — ¢n™ decays where the ¢ me-
son is reconstructed in the K+ K~
The number of events is extracted from a fit
to the beam-energy substituted mass of the
B, mgs?, and is shown in Fig. 2. Comparing

channel.

these two measurements provides a model-
independent determination of the B(Df —
¢t ) branching fraction. We obtain the fol-
lowing preliminary results:

B(DY — ¢nt)= (4.71 £ 0.47 + 0.35)%.

bmps = /E;2,, —p}?, where E; s the beam
energy and p}; is the reconstructed B momentum in

the center of mass frame.

4 Branching fractions of
BY — D*gpﬁw"‘ , B — D pprt,
B~ D" pp, and B? — D pp.

B meson decays to final states which include
a charmed meson and a baryon anti-baryon
pairs are fully reconstructed in a sample of
124 million BB pairs. The decay of B® —
D~ pprT has been observed for the first time
with a measured branching fraction B(B® —
D~ pprt) = (3.80 £0.35£0.46) x 10~%. The
following branching fractions are also deter-
mined: B(B® — D*~pprt) = (5.61 £0.59 +
0.73) x 104, B(B® — D"'pp) = (0.67 +
0.21 + 0.09) x 104, and B(B® — D'pp) =
(1.2440.1440.12) x 10~*. Plots can be found
in ref. 6.

5 Exclusive decays to charmonium
and a kaon or K*

The dynamics of these color-suppressed de-
cays is expected to be highly influenced
by strong interactions effects. The mea-
surements of the branching fractions of
factorization-allowed two-body decays to
charmonium (J/i /9 (2S) /xc1) and a kaon
or K*have been updated with a sam-
ple of 124 million BB pairs. The re-
sults can be found in ref. 4.  Our re-
sults for J/ and 1¢(25)are in good agree-
ment with previous measurements and have
comparable or superior precision. Our
X1 results have much better precision and
the BT — x. K*' branching fraction was
Assuming
we find the ratio of

measured for the first time.
isospin invariance,
charged to neutral Bmeson production on
the 7°(4S) resonance to be compatible with
unity within two standard deviations. No di-
rect CP violation has been observed from the
measurements of charge asymmetries, as we
found them to be compatible with zero.

The factorization-suppressed decays to
X2 and a kaon or K*are also searched for
in the same data sample. No significant sig-



nal is found and improved upper limits on the
decay are set °.

6 Spectroscopy studies

6.1 Studies of the B— Dy; D™ decays

The recent discovery of two narrow res-
D ;(2317)and  D,;(2460)", at
mass values lower than the expected for

onances,

JP = 0% and 11 charmed-strange mesons,
poses several questions regarding their prop-
erties. To establish their nature, the
production of D*;(2317)and Dy;(2460)" in
Bdecay in conjunction with a D meson
or a D*is studied. Studies are based
on 122 million BB events, where one of
the Bmeson is fully reconstructed in the
D?,(2317) DW= (D*,(2317)Y  — DF a°)
or in the D,;(2460)" D™~ (D, ;(2460)" —
Df ~v,DF7%) decay channel. The deter-
mined branching fractions can be found in
ref. 7.

In addition, an angular analysis of
the decay B —  D,;(2460)T D with
D4 ;(2460)" — D7 ~ is performed. The result
excludes J¥ = 2% and supports the hypoth-
esis that the D;;(2460)" is a J& = 17 state.

6.2 The X(3872)

The observation of X(3872) — J/ip n 7~ by
Belle, CDF, and DO ® has been con-
firmed by BABAR °. The signal peak in
the mpg distribution shown in Fig. 3(b) is
due to selected candidates in a window of
+10 MeV/c? around the expected mass of the
X(3872) . We measure the branching fraction
product, B(B~ — X(3872) K~ )xB(B~ —
X (3872) K—) = (1.284:0.41)x 1075. Since the
measured X(3872) mass is very close to the
D*% D9 mass threshold, a molecular model 10
has been suggested among the numerous the-
oretical explanations on the nature of this
new particle. If a charm molecule exists,
then bound states of charged and neutral
charmed-meson or charged molecular states
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Figure 3. Distribution of mgs for

a) B— Jip KnT 7~ candidates, and b) events with
3862 < m(Jhp 7t w7 ) < 3882 MeV/c?.
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Figure 4. Fitted mpg distribution for B — X*EKTF
with the X+ signal region selection, |m(JAp m* m)-
3872MeV/c?| < 12MeV/c? | (a), and with the
sideband region selection, 48 < |m(JA wF 7)-
3872 MeV/c? | < 72MeV/c? , (b).



Table 1. The estimated number of signal events, 90% C.L. upper limit of signal events, the branching fraction
upper limits, and the branching fraction (B) for B decay to X (3872) *K.

Mode Ng + o4 Ngo 90% C.L. B

J/prEa® KT | —14.8+£13.9 | 156 | <58 x 1075 | (=5.5+£5.2) x 1076

J/prEa K 34+83 | 159 | <11x107% | (23£5.7) x 1076
are plausible. In particular, if the observed References

decay is J p°(— 7t 77 ), then a charged
partner, X (3872) * — J/) p* may exist with
favourable decay rate. We have searched for
the charged partner in B¥ — X (3872) *K?

where X* — Jhpntn0,
11

using 213 mil-
lion BB events Events are fully re-
constructed using standard criteria on track
quality and kinematic cuts. The combina-
torial background is estimated with a fit
to the mggdistribution of selected B and
BT events in a region of 412 MeV/c? around
the X(3872) nominal mass, and is shown in
Fig. 4(a) for BY candidates. A sideband re-
gion 48 < |m(Jhp 7t 1) — 3872MeV/c?| <
72MeV/c? is used to estimate the back-
ground component which peaks at the
B mass in the mgg distribution, and is shown
in Fig. 4(b). The results are summarized in
Table 1. We see no significant excess neither
for neutral, nor for charged B mesons. Hence,
our results do not support the existence of
charged molecular states or charged partners

of the X (3872).

7 Summary

We have presented several new measurements
of branching fractions of B meson decays to
open and hidden charm, which improve the
precision of previous measurements or pro-
vide new insights on the spectroscopy of
charm and charmonium systems. In addition,
from the study of B® — D**D*~  we have
obtained the most precise determination of
the D} branching fraction to ¢nt, B (D} —
ont )= (4.71 £ 0.47(stat.) + 0.35(syst.))%.
This measurement will have an impact on
many other results involving the D} meson.
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