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We report results on the updated branching fraction () measurements of the color-suppressed
decays B® — D°z°, D*°7z° D%, D*%n, D%, D*°w, D%/, and D*°y’. We measure the branching
fractions B(B® — D7) = (2.69+0.0940.13) x 10™*, B(B® — D*%7z°) = (3.054£0.14+£0.28) x 10™*,
B(B® — D) = (2.53 4 0.09 & 0.11) x 107*, B(B® — D*%;) = (2.69 £ 0.14 + 0.23) x 1074,
B(B® — D) = (2.57+£0.11+0.14) x 107*, B(B° — D*%w) = (4.55+0.24+0.39) x 107*, B(B° —
D%) = (1.4840.1340.07) x 10™*, and B(B® — D*%%/) = (1.4940.2240.15) x 10~*. We also present
the first measurement of the longitudinal fraction of the channel D*%w, frL.=(66.5 4 4.7 &+ 1.5)%. In
the above, the first uncertainty is statistical and the second is systematic. The results are based
on a sample of (454 & 5) x 10° BB pairs collected at the Y(4S) resonance from 1999 to 2007, with
the BABAR detector at the PEP-II storage rings at SLAC. The measurements are the most precise
determinations of these quantities from a single experiment. They are compared to theoretical
predictions obtained by factorization, Soft Collinear Effective Theory (SCET) and perturbative
QCD (pQCD). We find that the presence of final state interactions is favored and the measurements
are in better agreement with SCET when compared to pQCD.

PACS numbers: 13.25.Hw, 12.15.Hh, 11.30.Er
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Weak decays of hadrons provide a direct access to the
parameters of the Cabibbo-Kobayashi-Maskawa (CKM)
matrix and thus to the study of CP violation. Strong
interaction scattering in the final state [1] (Final State
Interactions, or FSI) can modify the decay dynamics and
must be well understood. The two-body hadronic decays
with a charmed final state, B — D)k, where h is a light
meson, are of great help in studying strong-interaction
physics related to the confinement of quarks and gluons
into hadrons.

The decays B — D*)] can proceed through the emis-
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sion of a W boson following three possible diagrams:
external, internal (see Fig. 1), or by a W¥ boson ex-
change whose contribution is much smaller [2]. The neu-
tral B — D®Oh0 decays proceed through the internal
diagrams [3]. Since mesons are color singlet objects, in
internal diagrams B° — D®O910 the quarks from the
W#* decay are constrained to have the anti-color of the
spectator quark, which induces a suppression of inter-
nal diagrams in comparison with external ones. For this
reason, internal diagrams are called color-suppressed and
external ones are called color-favored.

d _ . (3@
w\%{ i P
EO > c D(*)"'
g « g
b > ¢ oo ()
50 w )
. ) ;‘ ™,n, 0% w N’

FIG. 1. External (a) and internal (b) tree diagrams for B® —
D™ h decays.

In the factorization model [3-6], the non-factorizable
interactions in the final state by soft gluons are neglected.
The matrix element in the effective weak Hamiltonian of
the decay B — Dh is then factorized into a product of
asymptotic states. Factorization appears to be successful
in the description of the color-favored decays [7].

The color-suppressed b — ¢ decays B? — D070
were first observed by the CLEO [8] and Belle [9] col-
laborations in 2001 with respectively 9.67 x 10° and
23.1x10% BB pairs. The Belle collaboration has also
observed the decays D% and D°w and put upper limits
on the branching fraction (B) of D*°n and D*%w [9].

The B of the color-suppressed decays B® — D070,
D)0 D&y and D were measured by BABAR [10]
in 2003 with 88x10% BB pairs and an upper limit was
set on B(B® — D*%y). The Belle collaboration updated
with 152x10° BB pairs the measurement of B(B° —
DEOROY 1O = 79 5w, and 7’ [11] in 2005 and [12]
in 2006 and studied in 2007 the decays B° — DO%pY
with 388 x10% BB pairs [13]. In an alternative approach,
BABAR [14] used the charmless neutral B to K*n¥x0
Dalitz plot analysis with 232x10% BB pairs, and found
B(B° — D°7%) to be in excellent agreement with earlier
experimental results.

Many of these branching fraction measurements are
significantly larger than predictions obtained within the
factorization approximation [15]. It is also well agreed
that non-factorizable contributions are mostly dominant
for color-suppressed charmed B decays and therefore can
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not be neglected [16].

While the initial various experimental results demon-
strated overall good consistency, the most recent mea-
surements performed by Belle [11, 12] have shown a ten-
dency to systematically lower B values for the color-
suppressed B® — D®OR0 decays. Such lower B mea-
surements are closer to factorization predictions [3, 15].

Stronger experimental constraints are therefore needed
to distinguish between the different models of the color-
suppressed dynamics like pQCD (perturbative QCD) [17,
18] or SCET (Soft Collinear Effective Theory) [19-21].
Finally we emphasize again the need of accurate measure-
ments for hadronic color-suppressed B® — D010 de-
cays for constraining the theoretical predictions on Bu,d,s
decays to D) P and D™ P decays, where P is a light
pseudoscalar meson such as a pion or a kaon (see for ex-
ample [22]). These decays are and will be employed to
extract the less accurately measured CKM-angle v and
other angles [23], especially at the dawn of the B-physics
program at the LHC.

This paper reports the improved branching fraction
measurements of eight color-suppressed decays B° —
D070 D0y - DGO, and D% with 454x10° BB
pairs and shows for the first time the measurement of
the longitudinal polarization for the decay mode into two
vector mesons B — D*0w.

II. THE BABAR DETECTOR AND DATA

SAMPLE

The data used in this analysis were collected with the
BABAR detector at the PEP-II asymmetric ete™ stor-
age rings operating at the SLAC National Accelerator
Laboratory. The BABAR detector is described in detail
in Ref. [24]. Charged particle tracks are reconstructed
using a five-layer silicon vertex tracker (SVT) and a 40-
layer drift chamber (DCH) immersed in a 1.5 T magnetic
field. Tracks are identified as pions or kaons (particle
identification or PID) based on likelihoods constructed
from energy loss measurements in the SVT and the DCH
and from Cherenkov radiation angles measured in the
detector of internally reflected Cherenkov light (DIRC).
Photons are reconstructed from showers measured in
the CsI(T1) crystal electromagnetic calorimeter (EMC).
Muon and neutral hadron identification are performed
with the instrumented flux return (IFR).

The results presented in this paper are based on a data
sample of an integrated luminosity of 413 fb~! recorded
at the 7°(45) resonance with a ete™ center-of-mass (CM)
energy of 10.58 GeV, corresponding to (454+5)x10° BB
pairs. As suggested in the Particle Data Group (PDG)
mini-review on production and decay of b — flavored
hadrons [25], we assume equal B°B° and Bt B~ produc-
tion rate at that resonance in this paper. A data sample
of 41.2 b~ with a CM energy of 10.54 GeV, below the
BB threshold, is used to study background contributions
from continuum events ete™ — qq (¢ = u, d, s, ¢). We
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call that latter data set off-peak events in what follows.

Samples of simulated Monte Carlo (MC) events were
used to determine signal and background characteristics,
to optimize selection criteria and to evaluate efficien-
cies. Simulated events e*e~™ — 7 (4S) — B*B~, B°B°,
ete™ = q7 (g = u, d, s) and eTe™ — ¢c are generated
with EvtGen [26], which interfaces to Pythia [27] and
Jetset [28].

Separate samples of exclusive B® — D®OR0 decays
were generated to study the signal features and to quan-
tify the signal selection efficiencies. We use high statis-
tics control samples of exclusive decays B~ — D) g~
and D™~ for the specific selections and background
studies. Those control samples have been generated in
the Monte Carlo simulation and similarly selected in the
data. All MC samples include simulation of the BABAR
detector response generated through Geant4 [29]. The
integrated luminosity of the MC samples is about three
times the data luminosity for BB, one times the data
luminosity for ete™ — ¢q (¢ = u, d, s) and two times
for ete™ — ce. The equivalent integrated luminosities of
the exclusive B decay mode simulations range from 50 to
2500 times the data luminosity.

IIT. ANALYSIS METHOD

A. General considerations

The color-suppressed B° meson decay modes are re-
constructed from D) meson candidates that are com-
bined with light neutral-meson candidates h° (7%, 7, w,
and 7). The D™ and h° mesons are detected in vari-
ous possible channels. In total, we consider 72 different
B% — D®OK0 decay modes.

We perform a blind analysis: the optimization of the
various event selections, the background characteriza-
tions and rejections, the efficiency calculations, and most
of the systematic uncertainties computations are based
on studies done with MC simulations, data sidebands,
or data control samples. The fits to data, including the
various signal regions, are only effected after all analysis
procedures are determined and systematic uncertainties
are studied.

Intermediate resonances of the decays B? — D®*)0p0
are reconstructed by combining tracks and/or photons
for the channels with the highest decay rate and detec-
tion efficiency. Vertex constraints are applied to charged
daughter particles of these resonances before computing
their invariant masses. At each step in the decay chain
we require that mesons have masses consistent with their
assumed particle type. If daughter particles are produced
in the decay of a parent meson with a natural width that
is small relative to the reconstructed width (except for
w and p° mesons), we constrain the meson’s mass to its
nominal value [25]. This fitting technique improves the
resolution of the energy and the momentum of the B°
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candidates as they are calculated from improved ener-
gies and momenta of the D)% and h°.

Charged particle tracks are reconstructed from mea-
surements in the SVT and/or the DCH, and an iden-
tification is assigned by the PID algorithm. Extrapo-
lated tracks must be in the vicinity of the ete™ inter-
action point, i.e. within 1.5 cm in the plane transverse
to the beam axis and 2.5 cm along the beam axis. The
tracks used for the reconstruction of n — 77~ 7° and
n — 7t7 n(— vy) must in addition have a transverse
momentum pr larger than 100 MeV/c and at least 12
hits in the DCH. When PID criterion is required for a
track, the track polar angle 8 must be in the DIRC fidu-
cial region 25.78° < 6 < 146.10°. Photons are defined as
single bumps in the EMC crystals not matched with any
track, and with a shower lateral shape consistent with a
photon. Because of high background levels in the very
forward part of the EMC caused by the beam asymmetry,
we reject photons detected in the region 6 < 21.19°.

The selections applied to each meson (7°, 0, w, 7/,
DY and D*9) are optimized by maximizing the figure of
merit S/+/S + B, where S is the number of signal and B
is the number of background events. The numbers S and
B are computed from simulations, the branching ratios
used to evaluate S are the present world average values
of color-suppressed decay mode provided by PDG [25].
Each resonance mass distribution is fitted with a set of
Gaussian functions or a so-called modified Novosibirsk
empirical function [30], which is composed of a Gaussian-
like peaking part with two tails at low and high values.
Resonance candidates are then required to have a mass
within +2.5¢0 around the fitted mass central value, where
o is the resolution of the mass distribution obtained by
the fit. For the resonances D° — K~n7° and D** —
Dy, the lower bound is extended to —3c because of
the photon energy losses in front and between the EMC
crystals, which makes the mass distribution asymmetric
with a tail at low values.

B. Selection of intermediate resonances

1. 7 selection

The 7% mesons are reconstructed from photon pairs.
Each photon energy E(7y) must be larger than 85 MeV
for ¥ produced directly from B° decays, and larger than
60 MeV for 7° from 7, w or D° meson decays. Soft
79’s originating from D*° — D979 decays must satisfy
E(v) > 30 MeV. The 7° reconstructed mass resolution is
about 6.5 — 7.0 MeV/c? for 7¥ from 7, w, and D° mesons
decays, and about 7.0 — 7.5 MeV/c? for 7° produced in
D*0 or BY decays.
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The 7 mesons are reconstructed in the vy and 7t7—7
s decay modes. These modes account for about 62% of
w5 the total decay rate [25], and may originate from B° —
16 DO or i/ — w11 decays.

s The n — v candidates are reconstructed by combin-
.8 ing two photons that satisfy E(y) > 200 MeV for B°
30 daughters and E(vy) > 180 MeV for ' daughters. As
w0 photons originating from high momentum 7° mesons may
o fake a 1 — 77y signal, a veto is applied against those 7°:
a2 for each n — v candidate, if any of the other photons
w3 in the events with F(y) > 200 MeV combined with ei-
s0s ther photon in 7 has an invariant mass between 115 and
ws 150 MeV/c?, the n candidate is rejected. Such a veto is
w6 highly efficient on signal (about 91—95%) while it reduces
the background of fake  mesons candidates by a factor
of two. The resolution of the  — v mass distribution is
approximately 15 MeV/c?, dominated by the resolution
on the photon energy measurement in the EMC.

For 7 candidates reconstructed in the channel 77 =70,
the 70 is required to satisfy the conditions described in
Sec. IIIB1. The mass resolution is about 3 MeV/c?,
which is smaller than for the mode n — 7, thanks to
the relatively better resolution of the tracking system and
the various vertex and mass constraints applied to the
and 7° candidates.
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409
410
411
412
413
414
415
416

417

418 8. w selection

as  The w mesons are reconstructed in the 777~ 7% decay
mode. These modes account for approximately 89% of
the total decay rate. The 7° is required to satisfy the
conditions described in Sec. IIIB1 and the transverse
momentum of the charged pions must be greater than
200 MeV/c. The natural width of the w mass distribution
I' ~ 8.49 MeV [25] is comparable to the experimental
resolution o ~ 7 MeV/c?, therefore the w mass is not
constrained to its nominal value. We define a total width
Ot = /02 +T2/c2 ~ 11 MeV/c? and require the w

candidates to satisfy |m(w) — m(w)mean| < 2.50¢0t-
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p° selection

430 4.
s The p® mesons originate from 1’ — p%y and are recon-
structed in the 77~ decay mode. The charged tracks
must satisfy pr(7*) > 100 MeV/c. We define the he-
licity angle 8, as the angle between the pion momen-
tum in the ,06) rest frame and the p° momentum in the
n' rest frame. Because the p’ meson is a vector me-
son and the charged pions are pseudo-scalar mesons, the
angular distribution is proportional to sin? (00) for sig-
nal, and is flat for background. The p° candidates with
| cos(f,0)] > 0.73 are rejected. Due to the large p° nat-
ural width ' ~ 149.1 MeV [25], no mass constraint is
applied to the p°. The mass of the p° candidate must be
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within 160 MeV/c? around the nominal mass value and
no mass constraint is applied.

5. 1 selection

The 7’ mesons are reconstructed in the 77~ n(— vv)
and p%y decay modes. These modes account for approx-
imately 46.3% of the total decay rate.

Only the n — v sub-mode is used in the 77777 re-
construction due to its higher efficiency. The selection is
described in Sec. IITB 2. For candidates reconstructed in
p°v, channel we select p¥ as described in Sec. IIIB 4, and
the photons must have an energy larger than 200 MeV.
As photons coming from 7% decays may fake signal, a
veto against 70 as described in Sec. IIIB 2 is applied.
The 7’ mass resolution is about 3 MeV/c? for mTmn
and 8 MeV/c? for p%.

6. K2 selection

The K mesons are reconstructed through their decay
to two charged pions (7~ 7T) which must originate from
a common vertex. These modes account for 69% of the
total decay rate. The x? probability of the vertex fit of
the pair of charged pions must be larger than 0.1%. We
define the flight significance as the ratio L/o,, where L is
the K9 flight length in the plane transverse to the beam
axis and oy, is the resolution on L determined from the
vertex fit constraint. The combinatorial background is
rejected by requiring a flight significance larger than 5.
The reconstructed K mass resolution is about 2 MeV/c?
for a core Gaussian part corresponding to about 70%
of the candidates and 5 MeV/c? for the remaining part,
depending on the transverse position of the decay of the
K? within the tracking system (SVT or DCH).

7. DO selection

The D° mesons are reconstructed in the K77,
K-nt7% K-ntz=7nt, and K%rTmn~ decay modes.
These modes account for about 29% of the total de-
cay rate. All D° candidates must satisfy p*(DY) >
1.1 GeV/e, where p* refers to the value of the momentum
computed in the 1°(4S5) rest frame. That requirement is
loose enough so that various sources of background can
populate the sidebands of the signal region.

For the decay modes reconstructed only with tracks,
we require that the charged pions originated from the D°
candidates must fulfill pr(7*) > 400 MeV/c for K77,
pr(7*) > 100 MeV/c for K~atn~7t, and pr(r®) >
120 MeV/c for K2r~n. Where pr is the transverse
component to the beam axis of the momentum computed
in the laboratory.

The charged tracks must originate from a common ver-
tex, therefore the x? probability of the vertex fit must
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be larger than 0.1% for the channel K~ 7% and larger
than 0.5% for the other modes with more abundant back-
ground. Because of the increasing level of background
present for the various decay modes, the kaon candidates
must satisfy from looser to tighter PID criteria for respec-
tively the modes K7, K~ rta~nt, and K7 t7". For
K97~ the KO candidates must satisfy the selection
criteria described in Sec. IIIB6.

For the decay D° to K~ mt7® the combinatorial
background can significantly be reduced by using the
parametrization of the K~ nTx? Dalitz distribution as
provided by the Fermilab E691 experiment [31]. This
distribution is dominated by the two K™ resonances
(K** - K—7t or K*~ — K~ 7°) and by the p* (7 7°)
resonance. Therefore we select only D° candidates that
fall in the enhanced region of the Dalitz plot as deter-
mined by the above parametrization. The 70 must satisfy
the selections described in Sec. III B 1.

The reconstructed D° mass resolution is about 5, 5.5,
6.5, and 11 MeV/c? for the decay mode K 7tr 7+,
Kortr=, K—n", and K~ 7n" 7" modes, respectively.

8. D*0 selection

The D** mesons are reconstructed in D%7% and D%y
decay modes. The 7° and D° candidates are requested to
satisfy the selections described in Sec. IIIB1 and IIIB7
respectively. The photons from D*® — D%y must fulfill
the additional condition E(vy) > 130 MeV and must pass
the veto against 7% mesons as described in Sec. IIIB 2.

The resolution of the mass difference Am = m(D*?) —
m(()DO) is about 1.3 MeV/c? for D%7% and 7 MeV/c? for
D%~.

C.

Selection of B-meson candidates

The B candidates are reconstructed by combining a
D™ with an h°, with the D™ and h° masses con-
strained to their nominal value except when h° is an w.
One needs to discriminate between real B signal can-
didates and fake B candidates. The fake B candidates
are originated from combinatorial backgrounds, or from
other specific B modes or from the cross feed in between
the similar studied color-suppressed signals.

1. B-mesons kinematic variables

Two kinematic variables are used in BABAR to select
B candidates: the energy-substituted mass mgg and the
energy difference AFE. These two variables use the con-
straints from the precise knowledge of the beam ener-
gies and from energy conservation in the two-body decay
T(4S) — BB. The quantity mgg is the invariant mass of
the B candidate where the B energy is set to the beam
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energy in the CM frame:

S N2
S$/2+po.p .
MEs = \/(/EOOB) - |PB|2’

and AFE is the energy difference between the recon-
structed B energy and the beam energy in the CM frame:

(1)

AE = Ej ., + B, —/s/2, (2)
where /s is the eTe™ center-of-mass energy. The small
variations of the beam energy over the duration of the
run are taken into account when calculating mgg. For
the momentum p; (i = 0,B) and the energy Ey, the
subscripts 0 and B refer to the eTe™ system and the
reconstructed B meson, respectively. The energies E7, .,
and Fj are calculated from the measured D™ and h°
momenta.

For the various channels of the B signal events, the
mgs distribution peaks at the B mass with a resolution
of 2.6 —3 MeV/c?, dominated by the beam energy spread,
whereas AF peaks near zero with a resolution of 15 —
50 MeV depending on the number of photons in the final
state.

2. Rejection of eTe™ — qq background

The continuum background ete™ — ¢g, where the
light quarks ¢ are u, d, s or ¢ quarks, creates high mo-
mentum mesons D)0, 70, 77('), w that can fake the
signal mesons originating from the two body decays
That background is dominated by c¢
processes and to a lesser extent by ss processes. Since
the B mesons are produced almost at rest in the 7°(45)
frame, the 7(4S) — BB event shape is spherical. By
comparison, the ¢g events have a back-to-back jet-like
shape. The ¢g background is therefore discriminated by
employing event shape variables. The following set of
variables was found to be optimal among various tested
configurations:

e The thrust angle fp defined as the angle between
the thrust axis of the B candidate and the thrust
axis of the rest of event. The distribution of
| cos(f7)] is flat for signal and peaks at 1 for con-
tinuum background.

e Event shape monomials Ly and Lo defined as:

Lo=Ypls Lo =Y pileosB))2,  (3)

with p; the CM momentum of the particle ¢ that
does not come from a B candidate, and 6] is the
angle between p; and the thrust axis of the B can-
didate.
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e The polar angle 8} between the B momentum in
the 1'(4S) frame and the beam axis. The 7°(45)
being vector and the B mesons being pseudoscalar,
the angular distribution is proportional to sin®(8%)
for signal and roughly flat for background.

These four discriminating variables are combined in
a Fisher discriminant built with the TMVA [32] toolkit
package. An alternate approach employing a multi-
layers perception artificial neural network with two hid-
den layer within the same framework was tested and
showed marginal relative gain, therefore the Fisher dis-
criminant is used.

The Fisher discriminant Fgpqpe is trained with signal
MC events and off-peak data events. In order to maxi-
mize the number of off-peak events all the B® — D*)0p0
modes are combined. We retain signal MC events with
mpgs in the signal region 5.27 —5.29 MeV/c? and off-peak
data events with mgg in the range 5.25 — 5.27 MeV/c?,
accounting for half of the 40 MeV CM energy shift be-
low the 7°(4S) resonance. The training and testing of
the multivariate classifier are performed with the non-
overlapping data samples of equal size obtained from a
cocktail of 20000 MC simulation signal events and from
20000 off-peak events. The obtained Fisher formula is:

Fshape = 2.36 — 1.18 x | cos(f7)| +

0.20 X Lo — 1.01 x Ly — 0.80 x | cos(6%)].  (4)

The ¢g background is reduced by applying a selection cut
on Fgpape- The selection is optimized for each of the 72
possible B signal modes by maximizing the statistical
significance with signal MC against generic MC ete™ —
qq, q # b. This requirement for the various decay modes
retains between about 30% and 97% of B signal events,
while rejecting between about 98% and 35% of the light
qq pairs background.

3. Rejection of other specific backgrounds

The w mesons in B® — D% decays are longitudinally
polarized. We define the normal angle 6y [10, 33] as the
the angle between the normal to the plane of the three
daughter pions in the w frame and the line-of-flight of
the B° meson in the w rest frame. That definition is the
equivalent of the two-body helicity angle for the three-
body decay. To describe the three-body decay distribu-
tion of w — 777~ 70, we define the Dalitz angle Op [10]
as the angle between the 7 momentum in the w frame
and the 7+ momentum in the frame of the pair of charged
pions.

The signal distribution is proportional to cos?(x) and
sin?(dp), while the combinatorial background distribu-
tion is roughly flat as a function of cos(6x) and cos(fp).
These two angles are combined in a Fisher discriminant
Fher built from signal MC events and generic ¢ and BB
MC events:
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We require B — D% candidates to satisfy Fpe; > —0.1,
to obtain an efficiency (rejection) on signal (background)
of about 85% (62%).

We also exploit the angular distribution properties in
the decay D*® — D% to reject combinatorial back-
ground. We define the helicity angle #p- as the an-
gle between the line-of-flight of the D° and that of the
D0 both evaluated in the D*0 rest frame. The an-
gular distribution is proportional to cos?(6p-) for sig-
nal and roughly flat for combinatorial background. Al-
though in principle such a behavior could be employed for

significantly improves the statistical significance for the

oas BY — D*970 mode only. Therefore D*® candidates com-
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ing from the decay B® — D*97% are required to satisfy
| cos(6p=)| > 0.4 with an efficiency (rejection) on signal
(background) of about 91% (33%).

A major BB background contribution in the analy-
sis of the B — D™070 channel comes from the color-
allowed decay B~ — D®%~. If the charged pion
(mostly slow) from the decay p~ — 7~ 70 is omitted in
the reconstruction of the B° candidate, B~ — D)0y~
events can mimic the D®%70 signal. Moreover, the
B(B~ — D®%) are 30 — 50 times larger than that
of the B — D®0%70 modes, and not precisely known
(6B/B = 13.4% — 17.3% [25]). A veto is applied to re-
duce this background. For each B® — D®)079 candidate,
we combine any remaining negatively charged track in
the event to reconstruct a B~ candidate in the decay
mode D)9y~ If the reconstructed B~ candidate sat-
isfies mps(B~) > 5.27 GeV/c?, |AE(B™)| < 100 MeV,
and |m(p~) — m(p~)ppc| < 250 MeV/c?, then the ini-
tial BY candidate is rejected. For the analysis of the
decay mode BY — D7° (B~ — D*97Y%), the veto re-
tains about 90% (82%) of signal and rejects about 67%
(56%) of B~ — D%~ and 44% (66%) of B~ — D*%p~
background.

4. Choice of the “best” B candidate in the event

The average number of B — D®Ox0 candidate per
event after all selections ranges between 1 and 1.6 de-
pending on the complexity of the sub-decays. We keep
one B candidate per mode per event. The chosen B is
the one with the smallest value of

m(D%) = m(D°
XQB < (D) (D )mean

Um(DO)

hO _ hO
+(m( ) —mf
Um(ho)

>2
>mcan>27

Fher = —1.41 —1.01 x | cos(0p)| + 3.03 x | cos(On)|- (5) e for DYA® modes and of



. (m(DO) - m<D0>mean)2

- m(h0>mean>2

(7)

ors for the D*°hY modes. The quantities o,, , and oy, ,
o7 (M(D?)mean and m(h°)mean) are the resolution (mean)
o7 of the mass distributions. The quantities AMmpean and
o8 OAm are respectively the mean and resolution of the Am
o0 (= m(D*0) —m(DP)) distributions. These quantities are
0 obtained from fits of the mass distribution of true simu-
e lated candidates selected from signal MC simulations.
sz  The probability of choosing the true B° candidate in
3 the event according to the above criteria ranges from 71
ess t0 100%. The cases with lower probabilities correspond
ss to the D)ORY modes with high neutral multiplicity.

686 5. Selection efficiencies

The branching fraction of the B — D)9k decays is
computed as:

687

68

©

BO _y p)0j0y —
B(B° — R

(8)
where B, is the product of the branching fractions as-
sociated with the secondary decays of the D)0 and h°
mesons for the each of the 72 decay channel considered
in this paper [25]. Ngpg is the number of BB pairs in
data and Ng is the number of signal events remaining
after all the selections. The quantity £ is the total signal
efficiency including reconstruction (detector and trigger
acceptance) and analysis selections. It is computed from
each of the 72 exclusive high statistics MC simulation
samples.

The selection efficiency from MC simulation is slightly
different from the efficiency in data. The MC efficiency
o and its systematic uncertainty therefore has to be ad-
72 justed according to control samples. For the reconstruc-
703 tion of 70/, the efficiency corrections are obtained from
4 detailed studies performed with a high statistics and
705 high purity control sample of 7° mesons produced in
w06 T — p(7m°)v, decays normalized to 7 — 7v,, to unfold
w7 tracking effects. Such corrections are validated against
08 studies performed on the relative ratio of the number of
70 detected DY mesons in the decays D° — K—7t7® and
70 D — K~7t, and produced in the decay of D** mesons
m from ete™ — cC events. The relative data/simulation
n2 efficiency measurements for charged tracks are simi-
73 larly based on studies of track mis-reconstruction using
me eTe” — 777~ events. On one side the events are tagged
75 from a lepton in the decay 7= — [~ v, and on the other
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side one reconstructs the 2 or 3 tracks from the decay
7t — 7tr~h*u, (the 77~ can be originated from a p°
resonance). The simulated efficiency of charged particle
identification is compared to the efficiency computed in
data with control samples of kaons selected with detector
independent considerations from D** — DO(K—7t)rt
produced in eTe™ — ¢ events. The simulation efficiency
on K candidates is modified using a data sample of K,
mainly arising from the continuum processes ete™ into
qq.

The efficiency corrections for the selection criteria ap-
plied to D™*)? candidates and on the Fisher discriminant
(Fhet) for the continuum ¢g rejection are obtained from
studies of a B~ — D®)%~ control sample. This abun-
dant control sample is chosen for its kinematic similarity
with BY — D®*)Oh0 The corrections are computed from
the ratios & (data)/Eel. (MC), where the relative effi-
ciencies &) are computed with the signal yields as ob-
tained from fits to mpgs distributions of B~ — D)0z~
candidates in data and MC simulation, before and af-
ter applying the various selections. The obtained re-
sults are checked with the color-allowed control sample
B~ — D™~ which has slightly different kinematics
due to the relatively higher mass of the p~, and therefore
validates those corrections for the modes such as D*)%.

The reconstruction efficiency of B® — D*%w depends
on the angular distribution, which is not yet known.
To evaluate this efficiency we combine a set of properly
weighted fully longitudinally and fully transversely po-
larized MC samples, according to the fraction of longitu-
dinal polarization (fr = 66.5 %) that we measure in this
paper (see Sec. VI).
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748 D. Fit procedure and data distributions

749

We present the fits used to extract the branching frac-
tions B. For each of the 72 possible B — D®Oh0 sub-
decay modes, using an iterative procedure, we fit the AFE
distribution in the range —280 < AF < 280 MeV for
mgs > 5.27 GeV/c? to get the signal (Ng) and back-
ground yields. The use of the AE distribution allows
us to model and adjust the complex non-combinatoric
B background structure without relying completely on
simulation.

The data samples corresponding to each BY decay
mode are disjoint and the fits are performed indepen-
dently for each mode. According to their physical ori-
gin, four categories of events with differently shaped AFE
distributions are separately considered: signal events,
cross-feed events, peaking background events, and com-
binatorial background events. The event (signal and
background) yields are obtained from unbinned extended
766 maximum likelihood (ML) fits. We write the extended
77 likelihood L as
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L= %nN [ F(AE;6.n), (9)
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FIG. 2. Fit of AE distributions in data for modes B — D°z° (a), B — D°w (b), B® — Dn(vv) (c), B® = Dn(rnn®) (d),
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the red dotted curve is the signal PDF, the black dotted-dashed curve is the cross-feed PDF, the brown double dotted-dashed

curve is the B~ — D(*)Op PDF, and the long blue dashed curve is the combinatorial background PDF.

s where 6 indicates the set of parameters which are fit-
w0 ted from the data. IV is the total number of signal and
mo background events, and n = ), N; is the expectation
= value for the total number of events. The sum runs over
72 the different signal and background categories ¢, which
7z PDF and characteristics will be detailed below. The total
77 probability density function (PDF) f(AE,|0,n) is writ-
s ten as the sum over the different signal and background
776 categories

_ 2 Nifi(AE,[6)

f(AE;l0,n) = =t———"—,

. (10)

m where f;(AF|0) is the PDF of the various i categories:
78 signal or background components. Some of the PDF
79 component parameters are fixed from the MC simulation
70 (see details in the following sections).

w  The individual corresponding branching ratios are
72 computed and then combined as explained in Sec. V.

783 1. Signal contribution

All of the 72 possible reconstructed B° channels con-
75 tain at least one photon. Due to the possible energy
786 losses of early showering ~’s in the detector material be-
7w fore the EMC, the AE shape for signal is modeled by
78 the so-called modified Novosibirsk PDF [30]. A Gaussian

784

0 PDF is added to the modes with a large AE resolution to
0 describe mis-reconstructed events. The signal shape pa-
rameters are estimated from a ML fit to the distributions
of simulated signal events in the high statistics exclusive
decay modes.
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793

794 2. Cross-feed contribution

We call “cross feed” the events from all of the D*)O,0
modes, except the one we reconstruct, that pass the com-
plete selection and that are reconstructed in the given
mode. The cross-feed events are a non-negligible part of
the AFE peak in some of the modes, and the signal event
yield must be corrected for these cross-feed events. As
the various channels are studied in parallel, we use an
iterative procedure to account for those contributions in
the synchronous measurements (see Sec. IIID 5).

The dominant cross-feed contribution to B® — DA
comes from the companion channel B® — D*Oh0, when
the 7%/~ from the D** decay is not reconstructed. Such
cross-feed events are shifted in AE by by approximately
the mass of 70 (=135 MeV), with a long tail from D*%(—
D%)h? leaking into the signal region. Similarly, the
s channel BY — D*%h0 receives a cross-feed contribution
su from the associated decay mode B® — D0 and there is
s12 @ cross-contamination in between the D** — DY7% and
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sz D*0 — D% channels.

814

s6 Lable I.

s10 samples.

The main cross-feed contributions from the other re-
as constructed B° color-suppressed modes are listed in
For each signal mode, different cross feeds
ai7 are summed and their contribution is estimated with a
s histogram-based PDF built from the various signal MC

824

82!

G

826

827

828

829

830

831

832

TABLE I. Main cross feeds between signal modes and for a for

a given D° decay mode. For a given D*°h® mode the cross
feed coming from the sub-decay D*° — D%z% into D** —

DP~ is relatively larger than in the mirror case.

B mode

Cross-feed modes

D°h°
D*O(Doﬂ'o)ho
D*O(DO’Y)hO

D*OhO
D*O (-DO,y)hO7 DOhO
D*O(Doﬂ'o)ho, DOhO

820

821

3. Peaking BB background contributions

The major background in the reconstruction of B® —
22 D070 comes from the decays B~ — D)0y~

833

834

83!

o

836

837

histogram-based PDF built from the high statistics exclu-
sive signal MC simulation samples. The individual distri-
butions of the two backgrounds B~ — D%~ and B~ —
D*0p~ that pass the B — D®)070 selections, including
the specific veto requirement as described in Sec. ITI C 3,
cannot be distinguished. As a consequence, given the
large uncertainty on their branching fractions, the over-
all normalization of B~ — D®)%~ PDF is left floating
but the relative ratio N(B~ — D*%p~)/N(B~ — D%™)
of the PDF normalization is fixed. The value of this ra-
tio is extracted directly from the data by reconstructing
exclusively each of the B~ — D)%~ modes rejected
by the veto requirements. Those fully reconstructed B~-
mesons differ from the B~ — D®)%p~ that pass all the

s BY — D®)070 gelections, by the additional selected soft

839
840
841
842

843

844
845
846
847
848
849
(see 850

s23 Sec. IIT C 3). Their contribution is modeled by a separate s

charged 7 originated from the p~ meson. The relative
correction on that ratio for events surviving the veto se-
lection is then computed using the MC simulation for
truly generated B~ — D®%)~ decays. A systematic
uncertainty on that assumption is assigned (see Sec. IV).

In the cases of B — D)% /n(— 7t7~7%) modes,
additional contributions come from the B decay modes
D®nrr® | where n = 1, 2,or 3, and through inter-
mediate resonances such as w and p'~(— wr ™). These
peaking backgrounds are modeled by a first-order poly-
nomial PDF plus a Gaussian PDF determined from the
generic BB MC simulation. The relative normalization
of that Gaussian PDF component is left floating in the



>350F "
[]

> ] = g > AARAE
2 @1 2 ﬁ (b) | (R ()
200! . 3300; { 7 3, 60F E
2 - 1 2250 E @ 50F 4
S0 ] S F 1 S E
g I ER s
100 ] 150; E 30 *
ok I B i3 :
: e so- 1 o N
o e O e T
AE (GeV) AE (GeV) AE (GeV)
> 4o IANE > F RNE >12007 77 N
2 (d) 1 2 8 (e) 2 l ® 1
5 ¥E E - E S 100f- } } l ]
= a0k E 2 E ° 1
P ] o 6 3 o 801l H l .
£ I ER R R ]
g ER- I PP 1L f
E ar E [ ]
158 E 3 ] a0 R HH Hm{
10 ¥ 2 B c i
E : 20 ]
SE 1 ) : 1 [ ]

o : % R K R R X R R K O
AE (GeV) AE (GeV) AE (GeV)
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es2 fit, since the B of the B decay modes D™ nzn(® are not
ss3 necessarily precisely known [25].

854 4.  Combinatorial background contribution

The shape parameters of the combinatorial back-
se ground PDFs are obtained from ML fits to the generic
s7 BB and continuum MC, where all signal, cross feeds
sss and above-discussed peaking BB background events have
sso been removed. The combinatorial background from BB

so and gg are summed and modeled by a second-order poly-
s nomial PDF.

855

862 5. Iterative fitting procedure

We fit the AE distribution using the PDFs for the
s« signal, for the cross feed, for the peaking background,
ss and for the combinatorial background as detailed in the
ss previous sections. The normalization for the signal, for
ser the peaking BB backgrounds, and for the combinatorial
ss background components are allowed to float in the fit.
so The mean of the signal PDF is left floating for the sum
g0 of D™O sub-decays. For each D° sub-mode, the signal
sn mean PDF is fixed to the value obtained from the fit to
&2 the sum of D sub-modes. Those free parameters are ex-
a3 tracted by maximizing the unbinned extended likelihood

863

sz to the AFE distribution defined in Egs. 9 and 10. Other
es PDF parameters are fixed from fit results obtained with
ss MC simulations, when studying separately each of the

sr7 signal and background categories.

In the global event yield extraction of all the various
s9 BY — D()OB0 color-suppressed signals studied in this pa-
per, a given mode can be signal and cross feed to other
modes at the same time. In order to use the B computed
in this analysis, the yield extraction is performed through
an iterative fit successively on D*%R® and DYh°. The
normalization of cross-feed contribution from D®*)0h0 is
then fixed to the B measured in the previous fit iteration.
For the cross-feed contributions, the PDG branching frac-
tion [25] values are used as starting points. This iterative
method converges quickly to a stable value of B’s, with
variation less than 10% of statistical uncertainty, in less
than 5 iterations.
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s We check the absence of bias in our fit procedure by
studying pseudo-experiments with a large number of dif-
ferent samples for the various signals. The extraction
procedure is applied to these samples where background
events are generated and added from the fitted PDFs.
The signal samples are assembled from non-overlapping
samples corresponding to the exclusive high statistics MC
signals, with yields corresponding to the MC-generated
value of the branching fraction Bge,. No significant bi-
ases are found.
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6. Data distributions and
event yields from summed sub-decay modes

The fitting procedure is applied to data at the very
last stage of the blind analysis. Though the event yields
and B measurements are performed separately for each
of the 72 considered sub-decay modes, we illustrate here,
in a compact manner, the magnitude of the signal and
background component yields and of the statistical sig-
nificances of the various channels B® — D®)°h0. To do
that, we sum together the D° sub-modes. The fitted AE
distributions, for the sum of DY sub-modes, are given
in Figs. 2, 3, and 4, for respectively the B® — D°h0,
D*0(— D°7%)h% and D*°(— D%y)h° modes.

The signal and background yields obtained from the
fit to the summed sub-mode data for the B® — D*)0p0
are presented in Table II, with the corresponding statisti-
cal significance. The statistical significance is calculated
in the signal region |AE| < 2.50, from the cumulative
Poisson probability p to have a background statistical
fluctuation reaching the observed data yield:

—+oo

p= > %I/"

k=Ncand

(1)

where N.4nq is the total number of selected candidates
in the signal region and v the mean value of the total
expected background, as extracted from the fit. This
probability is then converted into a number of equivalent
one-sided standard deviations:

N, = V/2 erfcInverse(p/2), (12)
The function erfcInverse is the inverse of the com-
plementary error function of erf (see statistics section
in [25]).

The signal and background yields are computed from
the fit parameters and integrated in a AE window of
+2.50 (where o is the signal resolution).

The majority of channels present a clear and signifi-
cant signal. In particular, the modes D%/ (r7n(vyv)) and
D%y (p%y) are observed for the first time.

Before performing the final unblinded fits on data,
among the various 72 initial possible decay channels, sev-
eral sub-decay modes have been discarded. The decisions
to remove those sub-modes has been taken according to
analyses performed on MC simulation, as no significant
signals are expected and confirmed in data (see for ex-
ample Fig. 4 (bottom right)). The discussed channels
are: BY — D®0% and D*O(D%)n(rnr?), where D° —
K%t n=, D*9(D%)n/(r7n), where D° — K- ntr—nt,
as well as the whole channel D*°(D%)n/(p%y). Those
are sub-modes with poor signal efficiency, caused by large
track multiplicity or modest D° secondary B’s, such that
the expected signal yields are very low. In addition, much
larger background contributions are expected. We con-
cluded that adding such channels in the global combina-
tions would degrade the B measurements.
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IV. SYSTEMATIC UNCERTAINTIES ON

BRANCHING FRACTIONS

There are several possible sources of systematic uncer-
tainties in this analysis, whose combinations are summa-
rized in Table III.

The categories “r°/y detection” and “Tracking” ac-
count respectively for the systematics on the reconstruc-
tion of 7%/ and for charged particle tracks, and are taken
as the uncertainty on the efficiency correction computed
in the studies of 7 decays from ete™ — 777~ events (see
Sec. ITTC5).

Similarly, the systematic uncertainties on kaon iden-
tification and on the reconstruction of K° mesons are
estimated from the uncertainties on MC efficiency cor-
rections computed in the study of pure samples of kaons
and K mesons compared to data (see Sec. IIIC5).

The uncertainty on the secondary B is a combination
of the uncertainties on each B of the D™ and h° sub-
mode (including secondary decays into detected stable
particles). Correlations between the different channels
were accounted for [25].

The uncertainty related to the number of BB pairs and
the binomial uncertainty related to the limited available
MC samples statistics when computing the efficiency of
various selection criteria are also included.

The systematics on the resonance mass selections are
computed as the relative difference of signal yield when
the values of the mass means and mass resolutions are
taken from a fit to the data. The uncertainties for the qg
rejection and the D™)0 selections are obtained from the
study performed on the control sample B~ — D)0z~
and are estimated as the uncertainty on the efficiency
correction ratio: & (data)/Ee (MC), including the cor-
relations between the samples before and after selections
(see Sec. IIIC5). The uncertainties for the cuts on p°
and D% helicities are obtained by varying the selection
cut values by £10% around the maximum of statistical
significance. All uncertainties on resonances selections
are combined in the category “Resonances selection”.

The uncertainty quoted for “AFE Fit” gathers the un-
certainties on the shapes of signal and background PDF,
and on the cross-feed B. For the modes D70 /n(yy),
with high momentum ~ in the final state, the shape
difference between data and MC simulation on en-
ergy scale and resolution for neutrals is estimated from
a study of the high statistics control sample B~ —
DY(K~=7")p~(n%~), which yields the difference be-
tween data and MC simulation: |AFEean| ~ 5.7 MeV,
for the mean and |A Eresolution| = 3.3 MéV, for the resolu-
tion. For those modes, the uncertainty on signal shape is
obtained by varying the signal PDF mean by +5.7 MeV
and the width by £3.3 MeV. For the other B signal
modes, each PDF parameter is varied within the +1o
MC simulation uncertainty , and the relative difference
on fitted event yield is taken as a systematic uncertainty.
The various parameters are varied one at a time. The rel-
ative differences while varying the AE PDF parameters
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TABLE II. Number of signal events (Ns), cross feed (Nef), and combinatorial background (Neombi) and B~ — D%y~ (Np,)
computed from the AFE fit to data, as well as the statistical significance in number of standard deviations (see text). The

quoted uncertainties are statistical only.

BY — Ng Necombi Net Np, Statistical
(decay channel) significance
DOx0 3429 + 123 2625 &£ 75 97 £3 700 & 14 41
DO(y7) 1022 + 55 532 £ 14 13 £ 1 - 36
DOn(mrm0) 411 +£29 191 + 6 2+0 - 23
DO 1374 + 120 886 £ 25 18 + 2 - 38
DO (mmn(vy)) 122 + 13 41 + 3 - - 14
DO (p%7) 234 + 40 1253 £ 17 1+ 0 - 7.4
D*O(DO70)70 883 £ 40 268 £ 21 394+ 2 175+ 5 34
D*0(DO)70 622 4+ 47 469 + 33 295 + 23 602 + 20 17
D*O(D270)n(vy) 338 £+ 25 201 + 9 17 +£ 1 - 19
D*°(D%y)n(vv) 187 + 24 254 +£ 12 85 + 11 - 8.7
D*O(DOr0)n(rwm0) 123 £ 15 90 + 4 5+ 1 - 11
D*O(DO~)n(rmwr®) 88 + 14 65 £4 16 + 3 - 7.6
D*0(DO70)w 806 4+ 48 1365 &+ 18 33 + 2 - 20
D*9(D%)w 414 + 44 1290 + 19 132 + 14 - 10
D*0(DO7O) ! (w7m) 45 + 8 18 + 2 240 - 8.5
D*O(DO)n! (nmn) 12+ 5 8 £+ 1 54+ 2 - 3.2
D*O(DO7O)n/ (pO) 115 &£ 25 487 £ 11 3 + 1 - 5.4

TABLE II1. Combined contributions to the B(B°

— D™OR0) relative systematic uncertainties (%).

Sources
DOn0 DOn(yy) DOn(mmn?)

AB/B(%) for the B® decay
D% DOn/(ﬂ.ﬂ.n) Don/(po,y) D*0.0 D*On D*0, D*On/

79/~ detection 3.5 3.5 3.6 3.6 3.7 2.3 6.2 5.5 5.7 5.8
Tracking 0.9 0.9 1.6 1.7 1.6 1.6 0.9 1.1 1.6 1.6
Kaon ID 1.0 1.1 1.1 1.1 1.2 1.1 1.1 1.1 1.1 1.2
Kg reconstruction 0.7 0.7 0.6 0.8 0.6 0.6 0.4 0.3 0.5 -

Secondary B 1.6 1.6 2.0 1.8 2.3 2.4 5.1 57 5.5 5.1
BB counting 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
MC statistics 0.1 0.2 0.3 0.2 0.4 0.4 0.2 0.2 0.3 0.3
Resonances selection 0.3 0.4 0.2 1.0 0.3 1.0 0.2 0.1 0.1 1.2
AFE fit 2.1 2.2 1.3 2.1 1.1 2.1 1.0 06 14 0.5
Continuum g¢q rejection 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
D)0~ background 1.8 - - - - - 5.6 - - -

D*%w polarization - - - - - - - - 1.4 -

Total 5.1 4.9 4.9 5.3 5.1 4.7 9.6 82 85 8.2

are then summed up in quadrature. This sum is taken
as a systematic uncertainty on AFE.

The uncertainty on the continuum background shape is
estimated from the difference of the PDF fitted on generic
MC simulation with that of the PDF fitted in the mpgg
sideband 5.24 < mps < 5.26 GeV/c? in data. When
a Gaussian is added to the combinatorial background
shape, to model additional peaking BB background con-
tributions (see Sec. IIID3), the related uncertainty is
computed by varying its means and resolution by +1o.

We account for possible differences in the PDF shape
of the B~ — D™y~ background that is modeled by a
non-parametric PDF. As above it is obtained by shifting

w2z and smearing the PDF mean and resolution by +5.7 MeV
w2 and £3.3 MeV respectively. The non-parametric PDF is
123 therefore convoluted with a Gaussian with the previously
1024 defined mean and width values. The quadratic sum of
w25 the various changes on the signal event yield is taken as
1026 & systematic uncertainty.

The relative ratio of the B~ — D*%p~ and B~ —
ws Dp~ backgrounds for the studies of the modes B® —
w20 D070 has been fixed to the data for rejected B~ events
1030 with the veto described in Sec. III C 3. The effect of such
w31 a veto on that ratio is then computed from MC simula-
102 tion. We assign as a conservative systematic uncertainty
w033 half of the difference between the nominal result and

1027



TABLE IV. Branching fractions of channels B® — D®°h® measured in the different secondary decay modes. The first
uncertainty is statistical and the second is systematic. The cells with “-” correspond to channels that have been discarded after
the analysis on simulation, and confirmed with data, as no significant signal is expected or seen for them.

DO — K3r

DY — Knn®

DO — K9ntn—

B(B° —) (x107%) DY — K

DO70 2.49 + 0.13 £ 0.16
DOn(vy) 2.46 + 0.18 £ 0.14
DOn(rrm®) 2.59 + 0.27 £ 0.12
DO 2.59 + 0.18 £ 0.20
DO/ (mmn (7)) 1.40 £ 0.25 4 0.07
DO/ (p%) 1.58 4 0.42 4 0.09
D*0(DO70)70 2.95 + 0.25 £ 0.30
D*0(DO)rO0 3.49 + 0.40 + 0.83

D*0 (D7) p(7rn0)

2.52 £ 0.32 £ 0.26
2.62 £ 0.45 £ 0.33
2.27 £ 0.50 £ 0.20

2.69 £ 0.15 £ 0.17
2.56 £ 0.19 £ 0.16
2.65 £ 0.30 £ 0.14
2.34 £ 0.19 £ 0.15
1.37 £ 0.26 £+ 0.08
1.79 &£ 0.57 £ 0.10
2.95 £ 0.29 £+ 0.33
2.25 £ 0.50 £ 0.63
2.57 £ 0.33 £ 0.29
2.81 £ 0.49 £ 0.35
2.60 £ 0.55 £ 0.24
2.55 £ 0.80 £+ 0.29
4.00 £ 0.49 £ 0.36
4.46 £ 0.80 £ 0.56
1.67 £ 0.44 £ 0.15

2.97 £ 0.15 £ 0.25
2.37 £ 0.20 £ 0.20
2.48 £ 0.29 £ 0.20
2.42 £ 0.20 £ 0.21
1.34 £ 0.27 £ 0.11
1.91 £ 0.54 £ 0.15
3.52 + 0.29 £+ 0.43
3.02 £ 0.50 £ 0.90
2.41 £ 0.32 £ 0.32
2.87 £ 0.55 £ 0.39
1.93 £ 0.46 £+ 0.22
1.94 £ 0.81 £ 0.24
4.38 £ 0.51 £ 0.51
4.59 £ 0.87 £ 0.57
1.34 £ 049 £ 0.15
1.19 £+ 0.69 £ 0.39

2.90 £+ 0.28 £ 0.23
2.62 £ 0.37 £ 0.21
2.28 + 0.54 £ 0.18
3.17 £ 0.39 £ 0.24
1.30 £ 0.50 £ 0.12
1.55 £ 0.89 + 0.16
2.32 £ 0.56 £ 0.24
3.53 £ 1.14 £ 0.99
4.09 £ 0.74 £ 0.49
2.75 £ 0.78 £ 0.36
1.21 £+ 0.87 £ 0.13

5.02 £+ 0.98 £ 0.53
4.28 £ 1.71 £ 0.57

(

(

(
D*0(DO%)n(nrr®) 2.93 + 0.71 + 0.32
D*O(DO7O)w 5.07 & 0.45 £ 0.47
D*0(D%y)w 3.66 + 0.64 + 0.41
D*O(DO7O)/ (mrm(y7y)) 1.09 + 0.38 £ 0.09
D*O(D%)n/ (rmn(yy))  0.75 4 0.49 + 0.24
D*O(DO70)n/ (p0) 2.10 + 0.82 + 0.23
D0 (D)’ (p°7) -

1.21 £0.90 £ 0.14

1.45 £ 0.95 £ 0.18 -

w1 the result from the MC simulation assuming the PDG ws Unbiased Estimate (BLUE) technique [34], that accounts
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branching ratios of B~ — D*)0p~ [25]).

to the result obtained when computing the expected
signal yield in the case where the above relative PDF
normalization ratio of the B~ — D™y~ backgrounds
is fully computed from the MC simulation (i.e. when
assuming the PDG branching fractions [25]).

The acceptance of B — D*Ow is estimated from the
sum of purely longitudinally (f; = 0) and transversally
(fr. = 1) polarized MC simulation signals, weighted by
our measurement of fr (see Sec. VI). The systematic
uncertainty in the fraction of D*Ow longitudinal polar-
ization is then estimated by varying f; by 4+1lc in the
estimation of the signal acceptance. This contribution
is small and slightly more than 1%, while it would be
estimated to be about 10.5% if the fraction f;, was un-
known. This is one of the motivations for measuring the
polarization of the channel B® — D*%w (see Sec. VI).

The most significant sources of systematic uncertain-
ties come from the 7°/4 reconstruction, from the AE
fits, and from the uncertainties on the known world av-
erage branching fractions of the secondary channels. In
the case of the modes B® — D079 the contributions
from B~ — D)%y~ backgrounds are also not negligible.

V. RESULTS FOR THE B MEASUREMENTS

The B measured in the different secondary decay chan-
nels reconstructed in this analysis are given in Table IV
(for missing entries in the Table; see the discussion on
discarded sub-modes in Sec. IIID 6).

These B are combined using the so-called Best Linear
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for the correlation between the various modes. In the
BLUFE method the average value is a linear combination
of the individual measurements:

B = Z(Ozi X BZ‘), (13)

where each coefficient «; is a constant weight, not nec-
essarily positive, for a given measurement 5;. The con-
dition ), o; = 1 ensures that the method is unbiased.
The set of coefficients o = (aq, as,...) (a vector with ¢
elements) is calculated so that the variance of B is mini-
mal

E-U

= UTET (14

@
where U is a t-component vector with elements all equal
tol: U =(1,1,...), U7 its transpose, and E is the (¢ x t)
error matrix. The variance of B is then given by:

o? =a’Ea. (15)
The error matrix F is evaluated for each source of sys-
tematics. Its matrix elements are, for two modes i and
VE

Eij = pijoioy, (16)
where 0; and o; are the uncertainties from the corre-
sponding systematics for the modes i and j, and p;; is
their correlation coefficient. We distinguish several types
of systematics according to their correlations between the
modes:



TABLE V. Branching fractions of channels B — D®°p0
where the B measured in each D° modes are combined. For
the modes with h® =5, 7', we give the combination (comb.)
of the B computed with each sub-modes of 77('). The first un-
certainty is statistical and the second is systematics. The
quality of the combination is given through the value of
x?/ndof, with the corresponding probability (p-value) given
in parenthesis in percents.

B° mode B(x107%) X /ndof
(p-value %)
D70 2.69 &+ 0.09 + 0.13 2.81/3 (42.2)
D () 2.50 + 0.11 + 0.12  0.45/3 (93.0)
Dy (rrr?) 2.56 & 0.16 £ 0.13  0.39/3 (94.2)
D°n (comb.) 2.53 4+ 0.09 + 0.11 0.95/7 (99.6)
D% 2.57 £ 0.11 £ 0.14 3.19/3 (36.3)

D% (mmn(yy))  1.37 £0.14 4 0.07 0.05/3 (99.7)

D% (p°v) 1.73 £ 0.28 £ 0.08 0.27/3 (96.6)
D%’ (comb.) 1.48 4+ 0.13 + 0.07 1.55/7 (98.1)
D*0x° 3.05 + 0.14 + 0.28 4.73/7 (69.3)
D*%n(y7) 2.77 + 0.16 £ 0.25 4.20/7 (75.6)
D*%n(mrr?) 2.40 & 0.25 £ 0.21 3.81/6 (70.2)

D*° (comb.) 2.69 + 0.14 + 0.23 10.48/14 (72.6)

D*%w 4.55 + 0.24 4+ 0.39 4.05/7 (77.4)

2.30/4 (68.1)
0.68/2 (71.2)
3.78/7 (80.5)

D9/ (rmn(yy))  1.37 £0.23 & 0.13
(p°v) 1.81 & 0.42 + 0.16
1.48 + 0.22 + 0.13

e full correlation, |p;j| ~ 1: neutrals (but uncertain-
ties for 7Y and single v are independent), PID,
tracking, number of BB, B(D*?), D*w polariza-
tion in that mode,

1085
1086
1087

1088

1089 e medium correlation: B(D°), B(h°), whose correla-
tions are taken from the PDG [25] and range from

2% to 100%, D™)°p~ background in B® — D070

1090

1091

e negligible correlation, |p;;| ~ 0: statistical uncer-
tainties, PDF systematics, selection on intermedi-
ate resonances, MC statistics.

1092
1093

1094

105 The total error matrix E is then the sum of the error
1006 matrix for each source of uncertainty. The systematic
wor (statistical) uncertainty on the combined value of B is
s computed by using Eq. (15) where the error matrix in-
wee cludes only the systematic (statistical) uncertainties.

no  The combined branching fractions in data are given in
uo Table V with the x? of the combinantion, the number
uee of degrees of freedom of the combination (ndof), and
uos the corresponding probability (p-value). The individual

nos branching fractions together with the combined value are
uos displayed in Figs. 5 and 6 and they are compared to the
uos previous measurements by CLEO [8], BABAR [10, 14], and
Belle [11, 12].

The results of this blind analysis, based on a data
sample of 454x10% BB pairs, are fully compatible with
our previous measurements [10, 14], and also with those
of CLEO [8]. They are compatible with the measure-
ments by Belle [11, 12] for most of the modes, except for
BY — D®Oy D*0y, and D*070, where our results are
larger.

As a cross check we also perform the B measurements
with a sub-data set of only 88x10% BB pairs that we
previously studied [10]. We found fully compatible B
values with both statistical and systematic uncertain-
ties lowered by significant amounts. In addition to a
5.1 times larger data set, with respect to 2004, we bene-
fit from improved procedures to reconstruct and analyze
the data collected by the BABAR detector . This updated
analysis incorporates new decay modes, higher signal ef-
ficiency, better background rejection and treatment. It
employs better fitting techniques and uses more sophisti-
cated methods to combine the results obtained with the
various sub-decay modes. We use additional control data
samples and measure directly in the data the relative ra-
tio of the B~ — D)%y~ backgrounds.

These measurements are the most precise determina-
tions of the B(B® — D™)h0) from a single experiment.
They represent significant improvements with respect to
the accuracy of the existing PDG averages [25].
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VI. POLARIZATION OF B’ —» D*%u

1134

The polarization of the vector-vector (VV) decay
s BY — D*Ow has never been measured. Until now, it was
admitted to be similar to that of the decay B~ — D*%p~,
based on Heavy Quark Effective Theory (HQET) and fac-
torization arguments [35]. The angular distributions for
the decay BY — D*%w is described by three helicity am-
plitudes: the longitudinal Hy amplitude and the trans-
verse Hy and H_ amplitudes. In the factorization de-
scription of B — V'V decays, the longitudinal amplitude
Hy is expected to be dominant, leading to the fraction of
longitudinal polarization, defined as:
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1143
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T _ |Hy|?
I [Hol* + [Hy|* + [H- >

Jr

(17)

and predicted to be close to one [3, 36-38].

Significant transverse polarizations were measured in
B — ¢K* (seereview in [25]) and investigated as possible
signs of new physics [39], but could also be the result of
non-factorizable QCD effects [40]. Similar effects were
studied in the context of SCET [21], and are expected
to arise in the B® — D*°w decay, in particular through
enhanced electromagnetic penguin decays [41], leading to
significative deviation of f; from one. It has also been
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the statistical and systematic uncertainties are summed in quadrature.

4) for the individual reconstructed D°, D*°, and h° channels together with the BLUE com-
The blue squares (triangles) are for measurements with the sub-decay
D*® — D7% (D). The previous experimental results from BABAR [10, 14], Belle [11, 12], and CLEO [8] are also shown (black
The uncertainty horizontal bars represent the statistical contribution alone and the quadratic sum of the statistical
and systematic contributions. The width of the vertical yellow band corresponds to +10 of the combined measurement, where



1155

1156

1157

1158

1159

1160

1161

1162

1163

1164

1165

1166

1175

1176

1177

1178

1179

1180

1181

1182

1183

1184

1185

1186

1187

1188

1189

1190

1191

1192

1193

1194

1195

1196

1197

1198

1199

1200

argued in SCET studies that non-trivial long distance
contributions to the B — D*°w amplitude may allow
a significant amount of transverse polarization of similar
size to the longitudinal polarization, leading to a value
fr ~0.5.

Apart from the motivation of these phenomenological
questions, the uncertainty on the angular polarization
of B® — D*%w (fr, ~ 0.5 — 1) affects the kinematic
acceptance of this channel and therefore would be the
dominant contribution to the systematic effects for its B
measurement. Hence we measure the fraction of longi-
tudinal polarization for this decay mode. The analysis

J

d°r
dcos(0p+)dcos(f,)dx

o 4|Hpl|? cos?(0p~) cos?(6,,)+

[|Hi|? + [H-|> +2(Re(HH*) cos(x) — Im(Hy H* ) sin(2x))] sin® (0 p-) sin®(6,,)+
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1170

171
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is performed with B® — D*%w candidates selected with
the same requirements as for the B analysis described
in the previous sections. We consider the sub-decays
D*0 -5 D% and D° - K7t K—nta®, K—ntn—n™,
and Kontn—.

A. Description of the method

The differential decay rate of B — D*Ow for the sub-
decay D*® — D970 is [42]

(18)

(Re(HyHy + H_H{) cos(x) — Im(HLHf — H_H{) sin(x)) sin(20p~ ) sin(26,,),

where 0p~ (6,,) is the helicity angle of the D* (w) meson
(see Sec. IIIC3 for definitions; for simpler notation we
have replaced here 6y by 6,,). The angle y, called the az-
imuthal angle, is the angle between the D*? and w decay
planes in the B? frame. Since the acceptance is nearly
independent of y, one can integrate over x to obtain a
simplified expression:
dds—r o 4|Hg|? cos?(0p+) cos?(6,,)+
cos(0px)dcos(f,,) w
(|Hy|? + |H_|?)sin?(0p-) sin?(6,,).
(19)

This differential decay width is proportional to

4f1, cos?(Op~) cos?(0,)+(1—f1) sin®(0p-) sin?(6,,), (20)

which is the weighted sum of purely longitudinal (f;, = 1)
and purely transverse (fz, = 0) contributions.

We employ high statistics MC simulations of exclusive
signal samples of B — D*0w decays with the two ex-
treme configurations f;, = 0 and 1 to estimate the ratio
of signal acceptance, €g/e1, of fr, = 0 events to fr, = 1
events. The longitudinal fraction f;, , can be expressed
in terms of the fraction of background events, v, and the
fraction of fr, = 1 events in the observed data sample, a:

«

fL:a+(1—a—’y)~

= (21)

€1

The fraction ~ is taken from the fit of AF for a sig-
nal region |AE| < 2.50ar and mps > 5.27 GeV/c?,
where oap is the fitted AE width of the signal distri-
bution, ranging from 20.8 to 23.3 MeV depending on the
mode. The fraction « is determined from a simultane-
ous 2-dimensional fit to the distributions of the helicity
angles cos(f,,) and cos(0p-), for B® — D*%w candidates
selected in the same signal region. The correlation be-
tween cos(f,,) and cos(6p-) is found to be negligible.
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The signal shapes are described with parabolas (see
Eq. 20), except for the cos(6,,) distribution of f;, = 0 sig-
nal events, which is described by an MC simulation-based
non-parametric PDF. It is for the following reason: the
signal distribution of cos(6,,) is distorted around zero be-
cause of the selection cut on pion momentum and on the
w boost (see Sec. ITI B 3). The signal PDF parameters are
fixed to those fitted on the D*%w simulations. The shape
of the cos(f,) and cos(6p-) background distributions is
taken from the data sideband —280 < AE < 280 MeV
and 5.235 < mgs < 5.27 GeV/c?. The consistency of the
background shape was checked and validated for various
regions of the sidebands in data and generic MC simula-
tions. Possible biases on f, from the fit are investigated
with pseudo-experiment studies for various values of fr .
No significant biases are observed. An additional study
is performed with embedded signal MC simulation, i.e.
with signal events modeled from various different fully
simulated signal samples. A small bias accounting for
the description of the signal shape is observed and is cor-
rected later on.

B. Statistical and systematic uncertainties

The statistical uncertainty on f7 is estimated with a
conservative approach by varying independently the two
fitted parameters a and 7y by varying their values by +1o
in Eq. (21). An extended study based on MC pseudo-
experiments accounting correlations between a and
gave slightly smaller uncertainty.

The uncertainty on the signal shape in the simulta-
neous 2-dimensional fit to cos(f,,) and cos(6p+) is mea-
sured using the control sample BT — D*Ox*, with
D — D% and D° — K—nt. This mode was cho-
sen for its high purity and for its longitudinal fraction
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FIG. 7. Fitted distributions of the helicity cos(p+) (a) and cos(f,,) (b) in the channel B® — D*°w for the D° decay modes
K—nt (Fig. 1), K- atn~n" (Fig. 2), K~ 7" n° (Fig. 3) and Kor "7~ (Fig. 4). The dots with error bars are data, the solid
blue curve is the fitted total PDF, the dash-dot grey curve is the background contribution, the blue curve with long dash is
the signal part with fr = 1 and signal with fr, = 0 is the red curve with dots.

fr = 1, which enables us to directly compare its shape
to our signal f;, = 1. The distribution of the helicity an-
gle of the D*? is found to be wider in the data than in the
MC, this difference being parameterized by a parabola.
The uncertainty on the signal shape is then measured by
refitting «, with the signal PDF being multiplied by the
correction parabola. The relative difference is then taken
as the uncertainty.

1234
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1240

1241

The uncertainty on the background shape is mea-
sured by refitting a with the background shape fitted
in a lower data sideband —280 < AE < 280 MeV and
5.20 < mps < 5.235 GeV/c?. The relative difference is
then taken as the uncertainty.

1242
1243
1244
1245

1246

An uncertainty is assigned to the assumption of the
acceptance being independent of y. The acceptance of
1220 the MC signal is measured in bins of x and fitted with a
1250 Fourier series to account for any deviation from flatness.
The fitted function is then used as a parametrization of
1252 the acceptance dependency to x in a study with pseudo-
1253 MC experiments and multiplied to the decay rate (see
wss Eq. 18). Events are generated from this new decay rate
and their cos(6,,) X cos(fp+) distributions are fitted with

1247

1248

1251

1255

1256 the procedure described above. The small bias observed
1257 1S assigned as a systematic uncertainty.

s The uncertainty on the efficiency ratio €¢/e1, from the
limited amount of MC statistics available, is calculated
assuming £¢ and 1 to be uncorrelated, while the uncer-
e tainties on go/e; are calculated from the binomial distri-

1262 bution.

1259

1260

123  The various relative uncertainties are displayed in Ta-
1264 ble VI for the data and are found to be compatible with
1265 the ones calculated in MC simulations. The dominant
uncertainty is statistical. Among the various systematics
sources, the largest contribution comes from the signal

parametrization.

1266
1267

1268

19 As a check, the f; measurement is applied in data
1270 first on the high purity and high statistics control sample
wn BT — D*Oﬂ'_, with D*0 — D70 and D° — K—nT.
w2 This channel is longitudinally polarized, i.e. fr, = 1. The
v fit of cos(6p+) in data yields a value of f;, compatible with

1274 one, reinforcing the validity of the analysis procedure.



TABLE VI. Total relative uncertainties computed in data on
the measurement of fr in the channel B° — D*Ow, with
D*® - D% and D° - K~ nt, K~ nt#n®, K~nTx~ 7%, and
Kirtn—.

Sources

Afr/fu (%)
Krn K3rm Knn® K9nn

Signal PDFs 25 29 24 2.3
Bias 1.0 1.3 2.0 2.3
Background PDF 0.3 42 3.6 4.0
Limited MC statistics 0.1 0.2 0.3 0.3
Flat acceptance vs. x 1.5 1.8 0.5 6.9
Total syst. 3.1 56 4.8 8.6
Statistical uncert. 9.6 16.3 16.3 25.6
Total uncert. 10.0 17.2 17.0 27.0

C. Results for the fraction of longitudinal
polarization fr,

1275
1276

The fitted data distributions of the cosine of the helic-
s ity angles are given in Fig. 7. The measurements for each
1o D° channel are then combined with the BLUE statistical
method [34] (see Sec. V) with x?/ndof = 1.01/3 (i.e.: a
probability of 79.9%), where ndof is number of degrees
of freedom. The measured values of fr,, a, v and egp/e11
are given with the details of the combination in Table VII
and in Fig. 8. The final result is f, = (66.5+4.7+1.5)%,
where the first uncertainty is statistical and the second
systematics. This is the first measurement of the longi-
tudinal fraction of B® — D*Ow, with a relative precision
of 7.4%.

1277

1280
1281
1282
1283
1284
1285
1286
1287

1288

TABLE VII. Values of « fitted in data, of the background
fraction v and of the acceptance ratio £o/e1, with the corre-
sponding values of the longitudinal fraction fr, after the bias
correction. The first quoted uncertainty is statistical and the
second systematic.

D® mode o« (%) ~¥ (%) fr (%)

33.4+2.7 52.0£1.9 1.093+£0.012 64.846.5+2.1

80/51

K

K3  18.842.3 71.242.5 1.06840.017 60.8+:10.3+3.6
Krr®  19.642.1 76.0+£2.3 1.10940.021 76.9+13.0+3.8
Korr  24.944.2 66.0+£4.9 1.0924+0.016 66.7-18.3+6.2
Combi. fo = (66.5+4.7+1.5)%

s This value differs significantly from the HQET pre-
oo diction fr = (89.5 = 1.9)% [35, 43]. This significant
ra transverse amplitude in the B® — D*%w channel may

HH‘\H\‘HH‘HH‘\H\‘\H\‘HH‘HH‘HH‘HH
Combination e

D Kirrmr) H——o—
D°(~ K't?) —e—i
D°(- KT'remt)  +—e—

D(= KT e
HH‘\H\‘\H\‘H\\‘\H\‘HH‘HH‘HH‘HH‘HH

0O 10 20 30 40 50 60 70 80 90 100
—0 *
f_ (%) for B - D%

FIG. 8. Measurements of f;, with the four D° modes in data.
The yellow band represents the BLUE combination.

1o arise from the same mechanism as the one responsible
o3 for the transverse polarization observed in B — ¢K*. It
120¢ however supports the existence of effects from non triv-
1205 ial long distance contributions to the decay amplitude of
1o B® — D*0w as predicted by SCET studies [21].

VII. DISCUSSION

1297

A.

1208 Isospin analysis

1290 The isospin symmetry relates the amplitudes of the de-
1300 cays BT — D(*)Oﬂ'i, B — D™+ 7~ and BY — D(*)Oﬂ'o,
1o which can be written as linear combinations of the isospin
12 eigenstates A; pe, [ =1/2,3/2 [5, 44]:

A(D(*)Oﬂ'f) = \/§A3/27D(*)7 (22)
A(D(*)""ﬂ'_) = 1/\/§A3/2’D(*) + \/%Al/Z,D(*)’
A(D(*)OT(O) = \/2/73A3/2,D(*) - \/mAl/ZD(*)’

1303 leading to:
ADM7™) = ADWFa7) + V2AD %) (23)

The relative strong phase between the eigenstates
s Ay j5 peo) and Agz o pe») is denoted as 6 for the D system
1s and 0* for D*m system. Final state interactions between
o the states D®)079 and D™+ 7~ may lead to a value of
1os 6*) different from zero and, through constructive inter-
100 ference, to a larger value of B for D970 than prediction
1310 obtained within the factorization approximation. One
1su can also define the amplitude ratio R*):

1304
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R(*) o |A1/2,D<*)

= 24
V2| A39 po | @9
In the heavy-quark limit, the factorization model pre-

dicts [45, 46] 6*) = O(Aqcp/mp) and R = 1 +

O(Aqcp/my), where my, represents the b quark mass and

where the correction to “1” is also suppressed by a power

of 1/N,, with N, the number of colors. While SCET [19-

21] predicts that the strong phases §*) (R®*)) have the

same value in the D7 and D*7 systems and significantly

differ from 0 (1).

The strong phase 6(*) can be computed with an isospin
analysis of the D)7 system. We use the world average
values provided by the PDG [25] for B(B~ — D®)07~),
B(B° — D™*7~) values and for the B lifetime ratio
7(B*)/7(B°). The values of B(B® — D™*)°7%) are taken
from this analysis. We calculate the values of 6¢*) and
R™) using a frequentist approach [47]:

§=(29.0134)°, R=(69.2735) %, (25)
for D7 final states, and
5 =(20.5%%2)°, R* = (67.0513) %, (26)

for D*r final states.

In both Dm and D*m cases, the amplitude ratio is
significantly different from the factorization prediction
R™) = 1. The strong phases are also significantly dif-
ferent from zero and are equal in the two systems Dm
and D*m (0° is respectively excluded at 99.998% and
99.750% of confidence level), which points out that non-
factorizable FSI are indeed not negligible. Those results
confirm the SCET predictions.

B. Comparison to theoretical predictions on
B(B® — D™°h0)

Table VIIT compares the B(B° — D®O%h0) mea-
sured with this analysis to the predictions by factoriza-
tion [3, 15, 48, 49] and pQCD [17, 18]. We confirm the
conclusion by the previous BABAR analysis [10]: the val-
ues measured are higher by a factor of about three to five
than the values predicted by factorization. The pQCD
predictions are closer to experimental values but globally
higher, except for the D®)979 modes.

The ratios of the B are given in Table IX. It should be
noted that the values of those ratios are not computed
directly from those quoted in Table V, as we take advan-

tage of the fact that common systematic uncertainties sz

HOH

n (w) e

n (')

—0—

n (combined) H@H

w H— @ —H
n’ (rre'n) ——
ey  ———fe——

n’ (combined)
—o—i

0 0.240.)4 0608 1 12 10.4 1618 2
BE(B - D°h% BF(B - D°hY%

FIG. 9. Combined ratios B(B° — D*°h%)/B(B° — D°h°)
measured in this paper compared to theoretical prediction by
SCET [21] (vertical solid line). The vertical band represent
the estimated theoretical uncertainty from SCET.

DO

—e—i

D°

—e——i

\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0.2 03 43).4 0.5 0.6 8.7 0.8 0.9
BF(B - Xn)/BF(B - Xn)

FIG. 10. Combined ratios B(B° — D*°y')/B(B° — D*%n)
and B(B° — D%/)/B(B° — D%;) measured in this paper
compared to theoretical prediction by SCET [21] (vertical
line) and from factorization [48] (vertical bands).

Factorization predicts the ratio B(B°  —

cancel between D°hY and D*°h® modes. Therefore the s D)%) /B(B° — D)%) to have a value between
ratios of the B are first calculated for each sub-decays 10 0.64 and 0.68 [48], related to the  — n’ mixing. Those
of D° and hY, and then after combined with the BLUE 10 ratios are also given in Table IX and Fig. 10 compares
method. The ratios B(B® — D*°h%)/B(B® — D°hP) for ue the theoretical predictions with our experimental mea-
s h® = 7%, n, and 1’ are compatible with 1. Both are dis- 12 surements. The measured ratios are smaller than the
156 played in Fig. 9 together with the theoretical predictions. e predictions and are compatible at the level of less than



TABLE VIII. Comparison of the measured branching fraction B, with the predictions by factorization [3, 15, 48, 49] and
pQCD [17, 18]. The first quoted uncertainty is statistical and the second is systematic.

1364 tWO 0.

B(B® —) (x10™%) This measurement Factorization pQCD
DOr0 2.69 & 0.09 £ 0.13 0.58 [15]; 0.70 [3] 2.3-2.6
D*070 3.05 + 0.14 + 0.28 0.65 [15]; 1.00 [3] 2.7-2.9
DO 2.53 £ 0.09 £ 0.11 0.34 [15]; 0.50 [3] 2.4-3.2
D*Oy 2.69 + 0.14 + 0.23 0.60 [3] 2.8-3.8
DO 2.57 £ 0.11 £ 0.14 0.66 [15]; 0.70 [3] 5.0-5.6
D*0u 4.55 4+ 0.24 £ 0.39 1.70 [3] 4.9-5.8
DOy 1.48 4+ 0.13 4+ 0.07 0.30-0.32 [49]; 1.70-3.30 [48] 1.7-2.6
D*Oy/ 1.48 + 0.22 4+ 0.13 0.41-0.47 [48] 2.0-3.2
1379 VIII. CONCLUSIONS

us  The SCET [19-21] does not predict the absolute

1es value of the B but it predicts that the ratios B(B° —
e D*OhY)/B(B® — DYh°) are about equal to one for
e h® = 79 1 and 1. For h® = w that prediction holds
10 only for the longitudinal component of B® — D*w, as
130 non trivial long-distance QCD interactions may increase
111 the transverse amplitude.

1380

1381

1382

1383

1384

We measure the fraction of iz

12 longitudinal polarization to be fr, = (66.5 & 4.7(stat.) & 13
153 1.5(syst.))% in the decay mode B° — D*%w, and find w

15 that the ratio B(BY — D*0w)/B(B° — Dw) is signifi-
wrs cantly higher than one, as expected by SCET [21]. The
15 SCET gives also a prediction about the ratio B(B° —
157 DO /B(B® — D™)0%) =~ 0.67, which is similar to the

1378 prediction by factorization.

TABLE IX. Ratios of branching fractions B(B® — D*°h°)/
B(B® — D°h°) and B(B° — D™°/)/B(B® — D™)%). The
first uncertainty is statistical, the second is systematic.

B ratio

This measurement

D*Oﬂ.O/DOﬂ.O
D*n(y)/DOn(yy)
D*On(n7rr®)/ DOn(mnn0)
D*%9/D%) (Combined)
D*0w/DO%

D*On/ (wmn) / DO’ (m7em)
DO’ (p)/ D’ (p°)

D*%y/ /D% (Combined)

1.14 £ 0.07 £ 0.08

1.09 £ 0.09 + 0.08

0.87 + 0.12 £+ 0.05

1.03 £ 0.07 £ 0.07

1.80 £ 0.13 £ 0.13

1.03 £ 0.22 £+ 0.07

1.06 £+ 0.38 £+ 0.09

1.04 £ 0.19 £ 0.07

D%’ /D%

l)*On//l)*On

0.54 £ 0.07 £ 0.01

0.61 £ 0.14 £ 0.02
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We measure the branching fractions of the color-
suppressed decays B® — D®)Or0 where h® = 7°, n,
w, and 7’ with 454x109BB pairs. All the measurements
are mostly in agreement with the previous results [8, 10—
12, 14] and are the most precise determinations of the
B(B® — D™Oh0) from a single experiment. They repre-
sent significant improvements with respect to the accu-
racy of the existing PDG averages [25].

For the first time we also measure the fraction of
longitudinal polarization f; in the decay mode B° —
D*% to be significantly smaller than 1, and equal to
(66.5 +4.7(stat.) & 1.5(syst.))%. This reinforces the con-
clusion drawn from the B measurements on the validity
of factorisation in color-suppressed decays and supports
expectations from SCET.

We confirm the significant differences from theoreti-
cal predictions by factorization and provide strong con-
straints on the models of color-suppressed decays. In
particular our results support most of the predictions of
SCET on B° — D®*)0h0 [19-21].
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