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FIG. 2: Dalitz plot for simulated D° — K~ n T events be-
fore (gray stars) and after (black crosses) the wpalit: > 0.02
requirement. Resonant decays are indicated.

quirement.

The D° and A candidates are constrained to their nom-
inal masses in the reconstruction of the B° candidates.
We apply a fit to the entire decay chain and require the
probability for the vertex fit to be larger than 0.001.

To reduce background from ete™ — G events with ¢ =
u,d, s, c, we apply a selection on a Fisher discriminant F
that combines the values of |cos frp,|, where Oy, is the
angle between the thrust axis of the B candidate and the
thrust axis formed from the remaining tracks and clusters
in the event; |cos#f,|, where 8, is the angle between the
B thrust axis and the beam axis; |cos ¢|, where ¢ is the
angle between the B momentum and the beam axis; and
the normalized second Fox Wolfram moment [22]. All
these quantities are defined in the center-of-mass frame.
All selection criteria are summarized in Table 1.

TABLE I: Summary of selection criteria.

Selection criterion
A/ A mass

Selected candidates
Mmpr € [1.112,1.120] GeV/c?
Flight significance Li/or, >4
D”— K~ mass mix € [1.846,1.882] GeV/c”
D' K nintn” mass|mgmr € [1.852,1.876] GeV/c’
Lateral parameter -1 0.05 < LAT(v1) < 0.55
Lateral parameter 2 LAT(y2) > 0.075
Calorimeter energy -1 E(v1) > 0.125 GeV
Calorimeter energy ~2 E(y2) > 0.04GeV
7 mass my~y € [0.116,0.145] GeV/c?
D% K~ 7T x” mass My rro € [1.81,1.80] GeV/c?

Dalitz weight Wpalitz > 0.02
B vertex probability p(B) > 0.001
Fisher discriminant F =01

IV. FIT STRATEGY

We determine the number of signal candidates with a
two-dimensional unbinned extended maximum likelihood
fit to the invariant mass m(D°AA) and the energy sub-
stituted mass mgg. The latter is defined as

mes =1/ (s/2+po-pp)/ B3~ oy, (2)

where /s is the center-of-mass energy, pg the B can-
didate’s momentum, and (Ep,py) the four-momentum
vector of the et e~ system, each given in the laboratory
frame. Both m(DYAA) and mgs are centered at the B
mass for well reconstructed B decays.

Due to the small mass difference of 76.9 MeV/c? [1]
between the A and X'° baryons, B” = DY °A decays,
where the X' © decays radiatively as X © — A~, are a source
of background. Such events peak at the B mass in mgg
and are slightly shifted in m(D®AA) with respect to B? —
DPAA (Fig. 3). We account for this decay by including
an explicit term in the likelihood function (see below),
whose yield is determined in the fit.

We divide the data sample into three subsamples cor-
responding to the D9 decay modes. Given their different
signal-to-background ratios, we determine the number of
signal candidates in a simultaneous fit to the three in-
dependent subsamples. We describe each B? — D9AA
signal sample with the product of a Novosibirsk func-
tion in mgrg and a sum of two Gaussian functions fgg
in m(D°AA) assuming that mgg and m(DYAA) are not
correlated. We study simulated samples of signal and
background events and find no significant correlation be-
tween mgs and m(D%AA). The Novosibirsk function is
defined as

1

£ (mes) = exp |~ (

A = sinh(aVIn4)/(cavin4),

1n[1 + Aa(mes — )] Q)] |

o

®3)

with u the mean value, o the width, and a the tail pa-
rameter. The decay B? — DX 04 is described by the

product of a Novosibirsk fNovel:¥ ° function in mgs and
a sum of another Novosibirsk function fN°v°%:¥ ° and a
Gaussian G=° in m(D°AA). All parameters are deter-
mined using Monte Carlo simulated events and are fixed
in the final fit. Background from ete™ — ¢ events and
other B meson decays is modeled by the product of an
ARGUS function [23] in mgg and a first order polynomial
in m(D°AA).
The full fit function is defined as
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FIG. 3: Distributions for B® — D°AA (left) and B — DX °A reconstructed as B® — D”AA (right) for the D° — K~ 7" mode

in simulated events.
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U= E 5

_ f;luvo,:‘l(mES) % f;}g (m(DoAZ)) + ffuvul,zo(mEs) % [fIrovozz.‘“ (m(DuAZ)) +gj5-0 (m(DuAZ))] (4)

+ [ROUS (mgs) x f7° (m(D°AA))

where the index j corresponds to the three D° decay

modes.
The branching fraction is determined from

J

and B(D®— X) the branching fractions for the daughter
decays of A and DY, respectively. An analogous expres-
sion holds for B(B? — D°X94). We perform a simulta-
neous fit of the three D° decay channels to obtain:

—o 0
B(B°— D°AZ) = N(B—>—1Mjl)
QNBOEO X & (5) . N(ED—)DOAZ)
o 1 AT TABDYSX) 6
B(A= pr)?B(D° = X) o N Dz ©)
_ yo = 0 -
where N (B° — D%AA) is the fitted signal yield, N gogo the e¥"B(D°—=X)
number of the B’BY pairs assuming B(Y(45)— B°B°) =
0.5, &? the total reconstruction efficiency, and B(A — pr) The likelihood function is given by
|
e_(E?BiNA"‘N?kg“‘EfuBfNE“) NG Bkg ;Bk
L= H N(J)‘ H [E?BJNAf;l (mESk, m(DOAH)k) + Nj gfj g (mESk,m(DOAZ)k) (7)
k

J
+e7 BNy off" (mesk, m(D°AA),)|

where B; is the branching fraction for the jth D° decay,
N f %€ the number of combinatorial background events in
the jth subsample, N4 and Ny o the yields of B — D°AA
and BY— DY 04, and 53:‘ and EJZ.: ° the efficiencies for the

jth D° decay.
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FIG. 4: Results of the combined fit. The mgs projection is shown for m(D°AA) € [5.15,5.31] GeV/c? and the m(DﬂAZ)

projection for mgs € [5.272, 5.286] GeV/c?

. The solid line shows the result of the fit, the dashed curve indicates the B°D°x%2

contribution, and the shaded histogram the combinatorial background. From top to bottom: D’ K-z, D° 5 K~ ntx", and

D' K—nt p— subsamples.

To investigate the threshold dependence, we perform
the fit in bins of m(AA) and examine the resulting distri-
bution after accounting for the reconstruction efficiency
and D° branching fractions. The results are shown in
Fig. 5. No enhancement in the B? = D?AA event rate is
observed at the baryon-antibaryon mass threshold within
the uncertainties, in contrast to B — D°pp decays, which
do exhibit such an enhancement [8].

We compare our results for the B — DY9AA and
BY% — DO¥0A branching fractions to theoretical pre-

dictions. The result we obtain for the B? — DY 94

branching fraction is consistent with the prediction of
B(B° - D°%°A + BY - DAX%) = (18 +5) x 1076
from Ref. [11]. However, the obtained result for the
B? - D°AA branching ﬁ'actlon is larger than the predic-
tion of B(B®— D°AA) = (2+1) x 1078 [11] by a factor
of

B(B°— D°AX)exp

2 =4.9+3.0. 11
B(BY'— DA )theo (1)

We further determine

B(B°- DS + B DOATO)
B(B°— DOAA)

=15+09, (12)

which is in agreement with our assumption that all four
modes B® — DAA, B® - D°X°A, B® » D°AY°, and
BY D037 0370 are produced at equal rates. For the ratio
of branching fractions we find

B(B°—D°AA) 1 (13)
B(B°—D%p) 10.6+3.7’
using B(B° — D%p) = (1.04 £ 0.04) x 10~ [1]. This

is in agreement with the expected suppression of 1/12
discussed in the introduction.
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FIG. 5: Distribution of the invariant baryon-antibaryon
mass for D%branching-fraction and efficiency-corrected B —
DPAA signal candidates. The data points represent the
BABAR data and the shaded histogram indicates phase-space-
distributed simulated events, scaled to match the area under
the data.

VII. SUMMARY

We find evidence for the baryonic B decay B® — D°AA.
We determine the branching fraction to be B(B° —
D°AA) = (9.8722 £ 1.9) x 1075 with a significance of
3.40 including systematic uncertainties. This is in agree-
ment with the Belle measurement [13]. We find no
evidence for an enhancement in the invariant baryon-
antibaryon mass distribution near threshold. Our re-

11

sult for the branching fraction deviates from theoreti-
cal predictions based on measurements of B® — D%p
but agrees with simple models of hadronization. We
find no evidence for the decay B® — D°XY %A and cal-
culate a Bayesian upper limit at 90% confidence level of
B(B° - D°2°A + B® - D°AX?) < 3.1 x 107°. This
result is in agreement with the theoretical expectation.
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