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Using a sample of 88:810° BB events collected with thBABARdetector at the PEP-I storage rings at the
Stanford Linear Accelerator Center, we measure the branching fractions of seven color-supprerssh
decays: B(B°—D%7% =[2.9+0.2(stat)= 0.3(syst] x 104, B(B°—D*°7%) =[2.9+0.4(stat)- 0.5(syst)
x1074,  B(B°—D%y)=[2.5+0.2(staty=0.3(syst] x 104,  B(B°—D*%y)=[2.6+0.4(stat)= 0.4(syst]
x1074  B(B°-D%w)=[3.0+0.3(stat}= 0.4(syst] x 10 4, B(B°—D* w)=[4.2+0.7(stat)= 0.9(syst)

%1074, andB(B°—D%y’)=[ 1.7+ 0.4(staty- 0.2(syst) X 10 4. We set the 90% confidence-level upper limit:
B(B°—D*%5')<2.6x10 4. The channel8°—D*°%5;, D*%w, andD%%’ are seen with more than five-sigma
statistical significance. All of these branching fractions are significantly larger than theoretical expectations
based on the “naive” factorization model.

DOI: 10.1103/PhysRevD.69.032004 PACS nunf$erl3.25.Hw, 11.30.Er, 12.15.Hh
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d L (a) TABLE 1. Prior measurements of branching fractions Bt
3 - TP color-allowed and color-suppressed decays. When two uncertainties
W u are given, the first uncertainty is statistical and the second system-
- atic. We also quote the 90% confidence upper lirflitt) when the
]_5)0 b " ¢ D(*)+ statistical significance of the measurement is less than four standard
d < d deviations.
BO B (X104 UL (X107%
b , c
> © p™Mo (b) D7 26.8+1.2+2.7[5] .
. L u DO70 2.9+0.5[6] -
B W . . D* 7™ 27.6-2.1[6] -
d ) *0_0 ]
T,M, P, 01N D*%ar 2.5+0.7[6]
d < d D*p 78+14[6] -
DO%° 2.9+1.0=0.4[3] -
FIG. 1. The(a)i:olor-allowed andb) color-suppressed spectator p**+p- 73+15[6] -
tree diagrams foB°—Dh decays. D*0p0 - <5.1[3]
D% 1.4793+0.3[2]
D*%p 2.0°35+0.4[2] <2.6[6]
D% 1.8+0.5"%4[2] -
I. INTRODUCTION D*0, 31 Hs Ofg (2] <7.4[6]
Weak decays such & —D™)*h~ can proceed through DOZ' - <9.4[6]
the emission of a virtualV~, which then can materialize as D*" 7’ - <14[6]

a charged hadrofil]. Because th&V~ carries no color, no

exchange of gluons with the rest of the final state is required.

Such decays are called color allowed, though color favoreghe a; are effective QCD Wilson coefficients. As an example,

might be more apt. By contrast, decays such BY% using the naive factorization model, the decay amplitude for

—D®)%nP cannot occur in this fashion. The quark from the the B®~D*#~ mode corresponding to Fig.(d can be

decay of the virtuaW™ must be combined with some anti- written as[9]

quark other than its partner from th&~. However, other

antiquarks will have the right color to make a color singlet Gr

only one-third of the time. As a result, these decays ared;(B°—D "7~ )=i —V Vi (mig—m3)a,f, FE7P(m2),

“color suppressed.” The tree level diagrams for the color- V2

allowed and color-suppressed decays are shown in Fig. 1. @
The decays oB° into D*)%7% D%, D%, andD%°

have been observed by the Belle Collaborafi2y8] and the

BC decays intoD™*)°#0 have been measured by the CLEO

Collaboration[4]. We present in Table | the prior measure-

while the decay amplitude for thB°—D°#° mode corre-
sponding to Fig. (b) can be expressed &%0,11]

— — G
ments of branching fractions of th8° color-allowed and V2A(BY— DOm0 =i — V oy V¥ (mE—m2)a,fp
color-suppressed decays. The level of color suppression can V2
be estimated from the branching fractions for B 7 and Bom 2
XFgq "(mp), 2

D®)p decay modes.
Since QCD calculations of decay rates from first prin-
ciples are at present not possible, we must rely on models

describe the above processes. In an early mpdé], the the 7 and D mesons, and=8~(q?) are the longitudinal

‘naive” (or “generalized’) factorization model, which is (/e OO cv e ocon decays th mesons at momen-
very successful in describing charmed meson decays, the d{e—

2 . . .
cay amplitudes of exclusive two-body nonleptonic weak dem transferg”. The coefficientsa, anda, are real in the

cays of heavy flavor mesons are estimated by replacin haél_bsence of final-state interactiolsS) and are commonly
Y avy y rep 9! epostulated to be process independent in the limit of the naive
ronic matrix elements of four-quark operators in the effectiv

o . factorisation mode[7-10].
weak Hamiltonian by products of current matrix elements. =5 (e)hy o — - -
These current matrix elements are determined in terms of 1he color-allowed B"—D™ " (7 ,p",a;) and B
form factors describing the transition of tBemeson into the —D®*'D{*) decays, the color-suppress@i-(cc)(K*),
meson containing the spectator quark, and a factor propors) decays, and the mixeB~—D®)%(7~ p~,a;) decays
tional to a decay constant describing the creation of a singlean all be accommodated by universal constamts 1.1
meson from the remaining quark-antiquark pair. In this ap-+0.2 anda,=0.2—-0.3[6,9,12,13. This no longer holds for
proach, the decay amplitudes corresponding to Figg.alhd  color-suppressed decays with onec-quark only, like
1(b) are proportional tea; and a, [9], respectively, where D)z, where measurements listed in Table | are inconsis-

where G is the Fermi coupling constant., andV 4 are

KM matrix elementsf . andfp are the decay constants of
B—M
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tent with a universal value d, in the absence of F3ILO]. of 7.5%. Beyond the outer radius of the DCH is a detector of
The naive factorization mod€]9,10,13—-17 predicts too internally reflected Cherenkov radiatigiDIRC), which is
small values for the branching fractions of the color-used primarily for charged-hadron identification. The detec-
suppressed modes, in the range (0.3—2T) % and corre- tor consists of quartz bars in which Cherenkov light is pro-
sponding to a factorg,/a;)?=0.03—-0.09. duced when relativistic charged particles traverse the mate-
Final state interactions, however, may change this picturgial. The light is internally reflected along the length of the
significantly and, thus, may increase substantially these ratebar into a water-filled volume mounted on one end of the
as rescattering effects can connect the final states shown detector. The Cherenkov rings expand in the water volume
Fig. 1(a) and Fig. 1b) (see, for example, Ref16]). In the and are measured with an array of photomultiplier tubes
past, similar effects have completely changed the conclumounted on its outer surface. A CEl) crystal electromag-
sions of the models that describe nonleptobi¢ decays, netic calorimete(EMC) is used to detect photons and neu-
especially for decay modes such@8—K°#0° [18]. There-  tral hadrons, as well as to identify electrons. The resolution
fore, in the case of large FSI, a description in terms of iso°f the calorimeter can be expressedaas'E=2.3%/(E)"*
spin amplitudes is more appropriate and will be used in Sec?1.9%, whereE is measured in GeV. The EMC detects
IX B to discuss our results. photons with energies down to 20 MeV. The EMC is sur-
This situation is an impetus for higher precision resultsfounded by a superconducting solenoid, which produces at
and the investigation of additional channels that might pro-1.5-T magnetic field. The instrumented flux-retufirR)
vide clues to the underlying mechanisms. In this paper wéonsists of multiple layers of resistive plate chami&BQ
report on the branching fraction measurements of the sevefterleaved with the flux-return iron. The IFR is used in the
color-suppressed®®-meson decays td*)070, D*)0p identification of muons and long-lived neutral hadrons.

()0 0, | B Signal and generic background Monte Carlo events are
D™ w, andD"7’. We also report on a search for t generated using thBABARparticle decay simulation pack-

0, .
HD.* n deca}/. These results are based upon an integrat€the[ 20], the “EvtGen” package. The interactions of the gen-
luminosity equivalent to 88:810° BB events. This corre- erated particles traversing the detector are simulated using
sponds to about nine times thaEJsed for the earlier measurghe GEANT4 [21] program. Beam-induced backgrounds,
ment by CLEO[4] (9.7x10° BB event$ and about four which varied from one data-taking period to the next, are
times that used for the earlier measurements by Béle taken into account in the simulation of the detector response.
(23.1x10° BB events. Recently, with 31.%10° BB This is done by adding the signals generated by these beam-
events, the Belle Collaboration has reported branching fradhduced backgrounds to the simulation of the various physics

tion measurements faB°—D®)%z" 7~ decays, including events.
the D% mode, as already discussed, and the investigation
of the D*%p° channel[3]. We present the first measurement  Ill. PARTICLE RECONSTRUCTION AND COUNTING

of the B®—D*%7, D*%», andD°»’ modes with more than OF BB EVENTS

five-sigma statistical significance. Charged-particle tracks are reconstructed from measure-

ments in the SVT and/or the DCH. The tracks must have at
Il. THE BABAR DETECTOR AND DATA SAMPLE least 12 hits in the DCH an@>100 MeV/c [22]. In the
case of the tracks used to reconstipittmesons, we also use
The BABARdetector is located at the PEPdl e stor- tracks reconstructed with the SVT alofeee Sec. IVB1
age rings operating at the Stanford Linear Accelerator Centhe tracks must extrapolate to within 20 mm of taée™
ter. At PEP-II 9.0-GeV electrons collide with 3.1-GeV posi- interaction point in the plane transverse to the beam axis and
trons to produce a center-of-mass energy of 10.58 GeV, thg within 50 mm along the beam axis. Charged-kaon candi-
mass of théY' (4S). The data used in this analysis were col- dates are identified using a likelihood function that combines
lected with theBABARdetector and correspond to an inte- dE/dx and DIRC information. The likelihood function is
grated luminosity of 81.9 fb' recorded at tha'(4S) reso-  used to define tight and loose kaon criteria as pion vetos. To
nance. satisfy the tight kaon criterion, the track must also have
The BABARdetector is described in detail in R¢l9].  >250 MeV/c and make an angle with respect to the electron
Surrounding the interaction point is a 5-layer double-sidedheam direction, which is used as the reference axis for all the
silicon vertex tracker(SVT), which gives precision spatial polar angles, between 0.45 and 2.50 rad so that the candidate
information in three dimensions for charged particles ands within the fiducial region of the DIRC. Photons are iden-
measures their energy lossg/dx). The SVT is the primary tified by energy deposits in contiguous crystals in the EMC.
detection device for low-momentum charged particles. OutEach photon must have an energy greater than 30 MeV and a
side the SVT, a 40-layer drift chamb@CH) provides mea- |ateral shower shape consistent with that of an electromag-
surements of the polar angles and of the transverse momeRetic shower.
tum (pr) of charged particles with respect to the beam The measurement of branching fractions depends upon an
direction, together with the SVT. The resolution of the  accurate measurement of the numbeBd& meson pairs in
measurement for tracks with momenta above 1 @el  the data sample. We find the number BB pairs by com-
op, /pr=0.13%Xps+0.45%, wherepr is measured in paring the rate of spherical multihadron events in data re-
GeV/c. The drift chamber measure€/dx with a precision corded on theY (4S) resonance to that in data taken off-
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resonance. This latter data sample is collected 40 MeV belowas been assumed. In most cases we find Ghabes not

the Y (4S) resonance and corresponds to an integrated lumiehange significantly when selection criteria are varied near

nosity of about 10 fb. their optimal values. This allows us to choose selection cri-
The purity of the multi-hadrons events is enhanced byteria that are common to most final states.

requiring the events to pass selection criteria based on all

tracks (including those reconstructed in the SVT onlge- B. Selection ofh® and p* candidates

tected in the fiducial region 0.416<2.54 rad and on neutral

0 . . _
clusters with an energy greater than 30 MeV, in the fiduciald.t.The rlng?efiu? Oogth\?b ca%(]:i_ldate must satltsfy thle con
region 0.416< §<2.409 rad: ition 1.3<p .0 GeVk. is requirement is loose

enough that various sources of background populate the side-
There must be at least three tracks in the fiducial rePands of the signal region. These sidebands are used in the

gion. The total energy of the charged and neutral particles iackground estimate for the signal.
the fiducial region must be greater than 4.5 GeV.

The ratio of the second to the zeroth Fox-Wolfram mo-
ment[23] must be less than 0.5. All tracks and neutral clus- The #° meson is reconstructed from photon pairs. We
ters defined above are used. consider three sources af® with decreasing momentat®

The event vertex must be within 5 mm of the nominal originating fromBP° decays, fromD®, 7, andw decays, and
beam-spot position in the plane transverse to the beam a’%ﬂrectly from D*° decays. The latter two sources are dis-

within 60 mm along the beam direction. cussed below. The mass resolution®f candidates fronB°

. . — decays with momentp* near 2 GeVt is dominated by the
0
These requirements are about 95.4% efficient®8revents uncertainty in the opening angle between the two photons

as estimated from Monte Carlo simulation. The systematic

. — _ and is approximately 8 Me\¢?.
uncertainty on the number &B events is 1.1%. Thesen? s are also combined with charged pions to at-

tempt the reconstruction gi— mesons. The charged pions
IV. MESON CANDIDATE SELECTION are not required to satisfy our regular selection criteria for
tracks. Thus we retain also low momentum charged pions
that are reconstructed with the SVT alonezAw~ pair is
The color-suppresseEO meson decay modes are recon- selected if its mass is reconstructed within 250 MeA/bf
structed fromD® or D*° meson candidates that are com- the nominalp~™ meson mass. The™ candidates are used to
bined with light neutral-meson candidate®(7°, 7, o, and  reconstruct the color-allowe®™ —D®*)%~ decays that

7n'). Events are required to pass the selection criteria usefbrm a significant background f@°—D®*)°#°. The color-

for BB counting listed in Sec. Ill. Additional requirements allowed decays have branching fractions about fifty times

discussed below are applied to the signal sample. that for B—D™*)%7° and they mimic the latter through an
We combine tracks and/or neutral clusters to form candiasymmetricp~ decay in which ther® carries most of the

dates for the mesons produced in Bi@lecays. Vertex con- available energy. We veto events with a reconstru@ed

straints are applied to charged daughters before computing, p)°,- A discussion of the veto is deferred until Secs.
their invariant masses. At each step in the decay chain wg| A and VIB.

require that mesons have masses consistent with their as-

sumed particle type. If daughter particles are produced in the 2. i selection
decay of a parent meson with a natural width that is small
relative to the reconstructed width, we constrain the meson aecay modes. The branching fraction in e mode is al-

mass to its nominal value. This fitting technique improves - twice as large as that of the" = 7° decay channel

the resolution of the energy and the momentum of Ble  anq the efficiency for thery mode is greater since there are
candidates as they are calculated from improved energies apgyer particles to detect.
momenta of thed™)® andh®. In the yy decay mode we require that the photons have
We selectD*?, D° h° andB° candidates using only energies greater than 200 MeV. A photon is not used if it can
well-understood discriminating variables in order to reducebe paired with another photon with energy greater than 150
the systematic uncertainties for the branching fraction meaMeV to form a #° candidate with an invariant mass in the
surements. We choose selection criteria that maximize theange 120—150 Me\¢?. The mass resolution fop— yy is
quality factorQ=S//S+ B, whereSandB are the expected approximately 15 MeW?.
number of signal and background events. The value$ of In the "7 #° decay mode, they meson is recon-
and B are estimated from signal and background Montestructed employing a vertex constraint that requireg?a
Carlo simulation and data in the signal sidebands, but noprobability greater than 0.1%. To reduce combinatorial back-
from data in the signal regions. When optimizing the cutsground the charged-pion candidates must have momentum
the values ofS have been estimated using the previousgreater than 250 Me\/ and they must fail the tight kaon
branching fraction measurements obtained by the CL#O criterion, while thew® must have an energy greater than 300
and Belle[2] Collaborations. For th® )%’ analyses, a MeV and a mass in the range 115—150 Me¥//The mass
conservative value for the branching fractions equal t6*10 resolution forp— 7" 7~ #° is approximately 4 MeW?.

1. % and p* selection

A. General considerations

The 5 candidate is reconstructed in the and 7+ 7~ 7°
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3. w selection fall in the enhanced regions of the Dalitz plot as determined
The  meson is reconstructed in its* = 7 decay by experiment E691. Reconstructed mesons are required

mode, employing a vertex constraint that require€@rob- {0 have masses in the range 115-150 M#V/The mass
ability greater than 0.1%. To reduce combinatorial back-resolution is approximately 6.5 Me¥?. To increase the sig-
ground, the charged pion candidates must have momentufl purity only 7° mesons with energy greater than 300
greater than 200 Me\/ and they must fail the tight kaon MeV, as defined in the laboratory frame, are retained.
criterion, while them® must have an energy greater than 250 The D° mass resolutions are approximately 6.7, 10.7, and
MeV and a mass in the range 120—150 Me&//The mass 5.0 MeV/c? fortheK™ 7+, K~ 7" 7% andK 7" 7 * 7~ de-
resolution of thew is dominated by its natural width of ap- cay modes, respectively.

proximately 10 MeV£2. The use of additional angular prop-

erties in thew meson decays will be described in Sec. IVD 1. 2 D*9— D0 selection

4. n' selection The D*° mesons are reconstructed in tB7° decay
mode. TheD? candidates are selected as described above.

We reconstruct they’ meson in itsm ™7~ deca . ) .
7 ™ n(—yy) y he 70 candidates are required to have momenta that satisfy

mode. The product of the branching fractions of secondar i . )
decays in this channel is 17.5§6]. This limits the signal e condition 76p* <300 MeV/c and a mass in the range

efficiency, so a separate event selectiondét)°7’ is used.  119—150 _MEVbZ' The mass resolution for the sof”
We use ther™ 7 7 decay mode rather than the dominant daughter is apprquately §.5 MetsF/.. The resolution of the
p°y mode as it provides a much cleaner signal. D*°—D° mass difference is approximately 1 Me7/

The two photons used to reconstruct theandidate are
required to have energies greater than 100 MeV. A photon is
not used to reconstruct the meson if it can be paired with
another photon with energy greater than 100 MeV to form a 1. Event shape and angular distributions
7% candidate with mass in the range 120—150 Me?V/MWe _
select n candidates with a mass in the range BothBB events andi, d, s andc quark-antiquark events
495-600 MeV£2. To obtain the highest possible signal ef- contribute to the combinatorial background that does not
ficiency we rely on the high purity of the signal and imposepeak near the nomin@ mass. To reject, d, s andc com-
neither a momentum nor any particle-identification requireponents we use shape variables and angular distributions that
ment on the charged pions. For the same reason, a vertgystinguish these from the signBIB events.
constraint is applied to the* 7~ pair when comp_uting the Because thei, d, s andc continuum events are jetlike,
energy and the momentum of aji meson candidate, but \yhile B meson decays produce spherical events, we can sup-
there is no requirement on tb@i probability of the vertex.  raqq them by requiring that the ratio of the second to the
The mass resolution foy’ — " 7(—yy) is approxi-  ,erqth Fox-Wolfram momerj23] must be less than 0.5 as

2
mately 4 MeVie®. described in Sec. IlI. For each reconstrudB®candidate we
_ ) compute the thrust and sphericity axes of both the candidate
C. Selection ofD® and D*© candidates and the rest of the event, using only the tracks and neutral
The momentum of th® *)° mesons must satisfy the con- clusters as defined in Sec. lll. We define the anglgsand
dition p* >1.5 GeVk. As for the light neutral-hadron selec- 6spn between the axes of t2° candidate and the rest of the
tion, this requirement retains sidebands, which can be used ent. The distributions dicoséy,| and |cosés,| peak near
evaluate backgrounds. 1.0 foru, d, s andc background while they are nearly flat for
B decays. Thus we require at least one of the conditions
. . |cosfsp] <0.85 or |coséy|<0.85 to be true for the
_Th+e D _Mesons are [eci)nertruE:ted n t2hree decay modegy(x)0,0 p(x)0, andD*)%, modes. Since the two angles
Ko, Koo, andK @ ar . Thex” probability for -5 fspn are strongly but not completely correlated for

the vertex fit of the charged pions is required to be greategi nal events, the relative signal efficiency for this require-
than 0.1%. In th&~ 7" final state the kaon candidate must > 2 ' g y 9

. 0 e . )
satisfy the pion veto requirement, while in the 7 7r° and ment is close to 92%. This is larger than the relative signal

- o .
K™ 7" 7" 7~ final states the kaon candidate must satisfy theefﬂmency of about 85% if only the requiremeftosty

tight kaon criterion because of the increased backgroun§0'85 is applied, while the background rejection is about the

present in these combinations. All pion candidates must faf2Me- 6 0 o 0 .
the tight kaon criterion. For the D®*)07% D)%, and D*)% final states we

To reduce combinatorial background in tKe 7+ 7° fi- also take advantage of the %#iy« distribution of the polar
nal state we use the results of the Fermilab E691 experime@ngle g« . This quantity is the angle between tBenomen-
[24], which determined the distribution of events in the Dal-tum vector and the beam axis in thg4S) rest frame. We
itz plot. This distribution is dominated by the two possible only keep the candidates that sati$foség«|<0.8 as the
K* resonances*°—K~ 7" or K¥* " —K~ 79 and by the distribution is almost flat ificoségx| for combinatorial back-
p"(— 7" 7% resonance. We select only those events thatround.

D. Selection ofB candidates

1. D°=K~ @t K @t w0 and K- @t &+ &~ selection

032004-7



AUBERT et al. PHYSICAL REVIEW D 69, 032004 (2004

For theD®*)%;’ channels, we have seen that the eventl.01 and 1.19, depending on tB¢ decay mode. The aver-
yield is expected to be small. In order to keep the signahge multiplicity is slightly higher for thé®*°h® modes than
acceptance as high as possible, we use a more compléar the D°h® modes. With the exception of tHa*)%’ final
scheme. We requireosé,| <0.9 and then calculate a Fisher states we select th@ candidate with the lowest value of
discriminant(F) that combines eleven variablgzs]. Two of
these are the two polar anglég: and 61, where¢; is the , [ mp—mgm 2 [ m,—mpem 2
angle between thB candidate thrust axis and the beam axis XB= o ) +(
in the Y (4S) rest frame. The other nine are the scalar sums m
of the energies of all charged tracks and neutral showers
(except those used in tH&candidate reconstructipminned
in nine 10° polar angle intervals relative to tBecandidate
thrust axis. The separation between the means of the signal
andqq background distributions of th& variable is 1.2-1.3 whereamD and O, are the resolutions of the measur@d

times the width of either distribution. andh® masses. The last term in the equation is only present

~For theD?w channel where the is necessarily longitu-  for p*© decays andr,, , _ is the average resolution of the
dinally polarized, we use the properties of the distributions b°P

of two additional angles. The anglg, is the angle between measured>*°~D® mass difference. The mass resolutions
the normal to the plane of the three daughter pions indhe depend on the decay modes and are slightly different for data

center-of-mass frame and the line-of-flight of Beneson in and Monte Carlo simulation. Each of the three terms is found

- ) to be approximately Gaussian with mean value near zero and
the w rest frame. The angléy is the angle, in the rest frame Pb y

- ) . . standard deviation near one.
of one dipion, between the third pion and either of the other In order to reduce combinatorial backgrounds, we require

tV\;]QI'eTPheesé%r:zsevoenn;.snari d'Sg'nbdutcegfzﬁffgdt-iff%}e that each of the terms in E(7) is less than 2% This rep-
whi ponding cd p GIStrioutl resents a-2.5 o requirement for the masses of thé*)° and

nearly flat for combinatorial background. We select OnIyh0 mesons, when selecting the candidates. In the case of the

events in a region of the three-dlmen5|ona_1l pargmeter S.paccgmesons, the candidates must have a reconstructed invariant
of the angleség«, 6y, and 6p that has high signal effi-

) ) o . mass within 25 MeVé? (+ 2.5 times thew natural width of
ciency. This region is defined by the nominal value

Om

D h

)

nom \ 2
AmD*D—AmD*D>

UAmD* D

cosﬁ%+cos¢9é*<0.64, 3) . For theD®)%;" channels, the signal acceptance is rela-
tively lower than for other modes, but the background level
cosfp\? (|cosfy|—1.0\2 is also much smaller. Therefore we keep all the candidates in
( ) ) , (4)  the events and weight them byNLivhereN is the number of
0.8 0.5 B candidates in the event. Due to the relatively loose selec-
and tion cuts, the average value Nffor the data is equal to 1.16
(1.19 for the D*)%;’ decay mode. In order to reduce the
cosfg« |2 [|coshy|—1.0\2 combinatorial background for these two channels the invari-
( 0.8 ( 05 ) 1 5 ant mass of they’ candidate is required to be within 2¢50f

its nominal value. Thé®° candidates are required to have a

In the D*%» channel, thew polarization is not knowra  reconstructed mass within 2-@ (depending on the decay

priori and we apply only the requirement given by E8). mode of their nominal value. We rejedd*° candidates

For theD*°h®, h°=#°, 7, and»’ modes where thB*®  whose D*°~D° mass difference is not withina3 of its

is longitudinally polarized, we use the angular decay distri-nominal value.

bution to reject combinatorial background. The anglg is

defined as the angle between the line of flight of Bfeand 3. B candidates and background yields

the one of theB®, both evaluated in thB*° rest frame. The Two kinematic variables are used to isolate Breneson

distribution is almost flat in cog, for combinatorial back- signal for all modes. One isngg, the beam-energy-

ground, while signal events are distributed as’@Qg. For  substituted mass. The other A&, the difference between

the D* %70 andD*°7 channels we require the reconstructed energy of tli® candidate and the beam
energy in thee®e~ center-of-mass frame. Both quantities

6) use the strong constraint given by the precisely known beam
energy(the average value of the beam energy is known to

0 . ) within a fraction of an MeV. The beam-energy-substituted
For the D*°’ final state we only requir¢costhe|>0.4  mass is defined as

since the angl®g« is already included in the definition df.

2. Multiple B candidates Meee \/
ES™
After applying the above selection criteria, a small frac-

tion of events have more than oBecandidate. The average
multiplicity of B candidates for the data events is betweenand the energy difference is

COSHg« ) 2

|cospe| — 1.0\ 2
08 <1

0.6

®

sI2+ Py Pg 2_|$ 2
E, Psl%,
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AE=EX4+Ef - Js/2, (9) fitted normalization parameter, ards the fitted parameter
describing the shape of the function.

The ML fit is performed within the limits of the signal
region inAE, as defined above, and forzg between 5.2 and
€.3 GeVk2. For theD™*)%5’ modes, in addition to using the
Mg resolution obtained from the Monte Carlo simulation,
the mean of the Gaussian distribution is also constrained in

g
refer to. thee e syste.m and thf reconstruct&imeson, the ML fit to the nominaB mass. The value of th&param-
respectively. The energids; andEy are calculated from the eter in the ARGUS function is fixed to the value obtained

measure>)® and h® momenta. Signal events havees  from a ML fit to the mes data in theAE sideband: 200
=mgo and AE=0, within thelrlespecnve resolutions. <|AE|<350 MeV and 5.2 mge<5.3 GeVk?.

We limit the selection of th®° candidates to the “signal The ARGUS function accounts for random combinatorial
neighborhood,” defined byAE|[<350 MeV and 5.2mgs  background originating from, d, s andc continuum events,
<5.3 GeVk?. Themgg resolution is dominated by the beam _+

dand i imatelv 3 Me¥/ d di 7' 7~ events, two-photon processes, @B events but not
energy spread and is approximately e/ depending « . ) 050 o
slightly on theB decay mode. Thé\E resolution for the for “peaking background” fromB 8" and BB  decays,

(%)0.0 (%)0 i . _ which have distributions that peak in the same location as
;)ular:m;ré?grgy rzgsagtrgnrzof(iﬁz Ilgl\(j?:m'lrnfée?eglmﬁ)ﬁn signal events do. The number of nonpeaking-background
is approximately 37—44 MeV for th®®)9:° modes and events (V;,p is determined from the fit to the data in the full

) 5.2<mgs<5.3 GeVk? interval and theAE signal region by

28-35 MeV for theD*)%5(— yvy) modes, depending on the ; ES - -
' tegrating the ARGUS function over the much smalle -
D*? andD° decay mode. ThAE resolution is better for the integrating unetion over uen s Fsig

nal region.
Do(—wtam w0, D*), and D*)%;’ modes because g

g The number of peaking-background evemt§y) is small
the angular and the momentum resolution for charged trac'_‘r%lative to the nonpeaking background bur:t% is dangerous

is better than for photons. For these modes it is approXipgcase the peaking-background events lie in the signal re-

ma\s\‘i’éy dlef;;\iotrllvlee;/i. -l redion using the resolutiongi gion. Peaking background comes also from color-suppressed
9 g 9 STHS decays inB°B? events that are incorrectly reconstructed.

andAE obtained from the Monte Carlo simulation. The lim- This small contribution A7) is evaluated separately and
i f the signal i 27 0Mes<5.2 VE? . CF. X )
ts of the signal region are 5 es-5.290 GeVe thus does not contribute to the value/df;,, as discussed in

+ <30. .
(afbggt 3(;7)?%””(1 theB mas3 and|AE| 3Uhm the C,ase, Sec. V. Altogether we write the total number of background
of B*—D"™" 7" decay modes, we reduce the contribution, ants (Viygd in the signal region as

from the color-allowedB™—D®*)°~ background by re-
quiring AE to be in_ the regioq from-90 to 1000 MeV. We Nokga= Naptt Nop+ Nk (12)
change these requirements slightly for &)%7' channels

where we want to optimize the statistical significance. Hereg=inally, the number of signal events is calculated as

the signal region is defined AE|<2-30 depending on

the D° decay mode and 5.273ngs<5.286 GeVt?. The S=MNecanda= Npp— Ner- (12
number of signal candidates is computed in the signal region o

for eachB® decay mode and the signal Monte Carlo simula-T_he_V_alues ofNeand, _anb, Nobs Nee, S and the stat|st|c_al
tion is used to determine the acceptance. significance of the signals for tH&° decay channels studied

We perform an unbinned maximum likelihoodIL) fitto N this paper are listed in Table II.
the mgg distribution to extract the number of signal candi-
dates (Veand - A fit to the mgg distribution allows us to model V. BACKGROUND ESTIMATION
the signal and background shapes with a well known, simple
and universal function, independent of tBedecay mode
analyzed.

In the fit the signal component is modeled by a Gaussian To investigate backgrounds that peak at Bhmass in the
distribution whosec is constrained to the value obtained mgg distribution, we use two types of Monte Carlo samples:
from the signal Monte Carlo separately for ed@h decay ~a sample that contains on~—D®*)°~ (where the other
mode. The value al,,qis computed from the fit within the B™ in the event decays genericalland a generic Monte
Mg signal region defined earlier. The background compo<Larlo sample that contains all other chargeg and neutral
nent is modeled by an empirical phase-space distributiol-meson decays, except the color-suppres8dd decay

where /s is the ete™ center-of-mass energy. The small
variations of the beam energy over the duration of the run ar
taken into account when calculatimyzg. For the momen-
tum p; (i=0,B) and the energ¥,, the subscripts 0 anB

" A. Peaking backgrounds from BB decays other than color-
suppressed modes

[26] (henceforth referred to as the ARGUS distribujion modes reported in this paper. In the next section we describe
how we estimate the cross-feed from the color-suppreBSed
A(Mes; My, &, a) = amMgsV1—(Mgs/mp)? decay modes.

The peaking background is estimated with a ML fit to the
Xexp(é[1—(mes/mo)?]), (100 Monte Carlo samples, using a Gaussian distribution for sig-
nal and an ARGUS background distribution, just as for the
wherem, is set to a typical beam enerdy.29 GeV}, aisthe  data(see Sec. IVD B We constrain the ARGUS shape pa-
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TABLE II. The number of candidates\(aqd, the number of nonpeaking\(,,p) and peaking ./,
background events, the number of cross-fes@dd background events from other color-suppressed modes,
the number of signal event§) after peaking and cross-feed backgrounds are subtracted, and the statistical
significance of the signalsS(yS+ Nyeiqd . We obtainV,g, from a fit to the datangs distribution, while\,,
is estimated from the Monte Carlo simulation. The statistical uncertaint® imeludes the uncertainty on
Neang@s obtained from the Mimgs fit. The statistical uncertainty aiVy,, and the estimated uncertainties for
Ncr are accounted for in the systematic uncertainties of the branching fractions. fat*tle’ modes, the
number of candidates is small; therefore Poisson statistics rather than Gaussian statistics are used. The
statistical significance is defined a2 IN(Lmax/L(0)), Where L. is the likelihood at the nominal signal
yield and £(0) is the likelihood with the signal yield set to 0. In the table, the symbol “-” means that the
corresponding number can be neglected.

B° mode Statistical
(decay channgl Neand Nopb Noo Nce S significance
DO 556 = 34 603+ 22 51+ 9 18+ 4 487 + 34 14.3
D* 070 102+ 12 32+6 11+5 2+ 1 88+ 12 7.6
D%%(— yy) 200+ 20 181+ 12 17+ 3 10+ 2 173+ 20 8.9
Dop(—mtm a0 76+ 12 69+ 7 - 2+ 1 74%x 12 6.2
D*%9(— vy) 43 = 7 8 + 2 - 4+ 1 40+ 7 5.5
D% 207 + 18 136+ 10 4+ 3 5+ 1 198 + 18 10.7
D*%w 75 = 12 58 7 - 5+ 1 70=x 12 6.1
D%’ 27 + 6 10 + 1 - - 27 + 6 6.3
D*0y’ 4 + 2 - - - 4 + 2 3.0

rameteré to be the same as the one obtained for the correis found that the values gffor the two types of Monte Carlo
sponding datamgg distribution. The normalization of the mggdistributions are very clos@vithin the statistical uncer-
ARGUS function is a free parameter as are all parameters dhintieg to the corresponding data value.

the Gaussian. The values of the parameters of the Gaussian

distribution for the peaking-background events are expectedB. Peaking backgrounds from other color-suppressed modes
to be different than that for signal events. The mean value of _. .
Signal event yields must be corrected for cross-feed be-

the Gaussian distribution is possibly different from tBe | d d C feed h
mass and the resolution is expected to be larger than thtt(\_{_veen color-suppreéssed modes. Lross-feed occurs when a
rue decay chain of typk is erroneously reconstructed as a

nominal value for signal events, which is about 3 Me&// didate d hain of tvde Thi il bias the si |
The peaking background is taken to be the area under trginaidate decay chain of type 1his will bias the signa

Gaussian distribution in the signal region 5.270cs yield for events of typg if such events of typd enter the

<5.290 GeVE? (5.273<me<<5.286 GeVE2 for D)0, signal region. Cross-feed to each signal fréh—D*)%h°
channely normalized to the luminosity of the data. Table || decays is investigated using signal Monte Carlo samples for
gives the estimate of the number of peaking-backgroun(ﬂhese decay n_10des. In the end, we find that the contrll_)u.uon
events to be subtracted from the fitted candidate event yield& cross-feed is for the most part less than half the statistical
in the data for each of the various channels. For each chatincertainty in the signal. 0 _

nel, the number is the sum of the various contributions esti- FOr each light neutral hadron type;, the dominant con-

mated from theBB background Monte Carlo samples. As t”b“t'oon to BOOHDO(D*O)hO arises fromothoe associatel

this number is extracted from Monte Carlo simulations, we—D*"(D")h” mode. In the case O(f) ”013* h™ decay modes,

use the statistical uncertainty associated with this quantity a&nce we only consider thB*"—D"" channel, the contri-

a systematic uncertainty for the branching fraction measurd2ution from the final stateD*°—D°y is non negligible.

ments. These cross-feed contributions peak at the serpgas the
The systematic uncertainty due to the constraint applied t§ignal, but are shifted iAE.

the ARGUS parametet, which is fixed to the data value in ~ The numbem,_.; of events of typek entering the signal

the ML fit to the various Monte Carlmgs distributions used ~region for typej is given by

for the peaking-background computation, is small or negli- _

gible. This systematic uncertainty is estimated by recalculat- Ni—j=N(BB)BAw;, (13

ing the peaking background when using two other fixed val- — — _

ues for& These two values are computed from ML fits to Where N(BB) is the number ofBB pairs andB5y is the

two mgs distributions obtained with the Monte Carlo simu- branching fraction of the decay chakiincluding the B°

lation. One distribution corresponds to the sum of all thebranching fractionA,_.; denotes the probability for an event

normalized contributions from the various backgroundof type k to enter the signal region for decay mogdeThe

sourcesg(peaking or nonpeakingonly. The second one also probability A,_,; is estimated from the Monte Carlo simula-

includes the expected contribution from the signal events. Ition as
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TABLE llI. Total fractional cross-feedF) expressed in percent
N . (14 (see text for definition observed in the Monte Carlo simulation.
genk The dominant sources that contribute are shown in decreasing order
of importance.

Here,Syc «—.j is the number of events of tygeentering the
signal region for decay modeand Ny is the number of

generated Monte Carlo events. It is convenient to introducg mode For(%) Dominant sources
the fractional cross-feed quantity D040 3.6 D* 070
N BeA . D:)‘O(Doﬂ'o)'n'o 2.6 D*Z(Doygﬂ's, DOZTO0
kvj:ﬁ: B-A-H-]' (15) D°n(yy) ) 5.4 D*%y, D°#°, D*°x
i—i A= DOy(7* 7O 2.2 D*%, D°#°, D%
For a given candidate event of typehe probability that it is D;O(DOWO) 7(77) 8.8 D:Z(DOV) 7, D*°n®, D%
generated by one of the possible cross-feed contributions c&% @ 25 D™ w

D*(D°7% w 6.5 D*%(D%y)w, D,

be expressed by the fractioFc(j) given by and DO (7~ m0)

. Zpex Nk
Ferl)= R -+JE I\JI . (18 The correspondin ber of -feed ts is listed i
=it 24N p g number of cross-feed events is listed in
. Table Il for each mode. -
or, using Eq.(15), by The cross-feed contributions for tl¥— D)%%’ analy-
s ses are found to be negligible. This is due to both the good
= k# i Rk mass resolution of the modg — 7+ 7~ 5(— y7y) and to the
Feri) . (17 . | .
1+24R complexity of the signature used to reconstruct these signals.
In what follows, Fc(j) is simply written asFg for each V1. B° CANDIDATES IN THE VARIOUS
color-suppressed decay mogde . COLOR-SUPPRESSED DECAY MODES
In order to calculateN,_,;, we must know the branching _
fractions of the investigated decay modes. We use recently A. B*—-D%°
measured values for the branching fractions of e D°, Figures 2a) and 2b) show the distributions imgs with

indD*0 decays chainf5]. We consider 63 color-suppressed _go<AE<100MeV and in AE with 5.270<mgs
B~ D*)%h? decay chains. The light neutral hadrbfiis a <5 290 GeV? for candidateB®— D#° events. The solid

770(0—>77)+, an n(—yy or 7T+7T+77T_0), an C"(—>7'f+07777'f0)1 line in Fig. 2a) represents the ML fit to the sum of the
ap(—m 077 ), orann'(—m 7 n(—yy) orp-y) Me-  ARGUS and Gaussian functions. In Fig(bp the hatched
son. Ih%D mesclns+ar<i re_constructed LQ) the mob{e'_ew , histograms represent the simulated events for the signal and
K-a"a”, andK~ 7”77 @, and theD*" mesons |n.the separately for the various backgrounds fr&B andqq (q
channelsD°7° and D%y. For theB°—D®)°h® branching =y d,s,c) events.

fractions we use the values measured in this analigsim- Peaking backgrounds originate from color-allowBd

marized in Table VII). These final branching fractions are _,p%,~ decays where ther~ from the p~— =~ 7° decay

determined after several iterations because the cross-feed s very low momentum and is missed in the reconstruction
timate depends upon the branching fractions being measureg the D°#° final state. This type of background populates
Therefore, we iterate the calculation of the background frompe AE piot in the region that is at least one pion mass below
cross-feed until the values of the computed branching fracie signal region. It produces a peak in thes distribution
tions d% not changée gy more than 0 For the contributions i and slightly below the signal region. Resolution effects in
from D"p" andD*°p” channels we use the results obtainedz g will cause some events to migrate from below the signal

recently by Bellg[3]: [2.9+ 1.0(stat)=0.4(syst] X 10" * and  regjon into the signal region and thus contribute to the signal
the upper limit 5.5 10”4, respectively. In the latter case the peak in themgs distribution.

assumption of such a large value for the branching fractionis A veto on the color-allowe®~— D%~ decays is applied

H ; . (x)0 0 __ 2
likely to be an overestimate; yet tha™"p" decays do not ¢ part of the selection of tH&° candidates. B° candidate
generate any significant cross-feed contributions to any o;

e is rejected if it can be reconstruct a—D% "~ candi-
the modes studied in this paper. S rejected can be reconstructed a§a—D"p cand

Table Il shows the total contributions from cross-feed todate with the following properties:
each mode reported in this study. The dominant sources are |t yses the samB® and #° as theB° candidate and the
also shown in decreasing order of importance. The numbes- meson is selected as described in Sec. IVB 1.
of cross-feed events\cg, is calculated as the difference The mgs is within 9 MeV/c? of the nominalB~ mass
between the number of candidates in the data and the numbggq| A E| <100 MeV.
of other peaking-background events estimated from the _ _ _ )
Monte Carlo simulation, which includes no signal, multiplied According to the Monte Carlo simulation, this veto removes

by the fractional cross-feed: only a few percent of signal events, while it rejects about
70% of D%~ events and 60% db*°p~ events. This back-
Ner= (Neand= Npp) X Fce- (18)  ground reduction occurs nearly entirely in tiE region
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below approximately one pion mass and the veto is less ethe signal region when the soft™ from the p~ decay is
fective in the signal region, where only a few percent of themissed. In the case @°~ events an unrelated® is used

background events are rejected. to reconstruct th@*° meson. For this mode we veto both
The veto is nevertheless very useful because it decreasgs ., po,~ andD*%p~ decays. The criteria used to veB8

the AE distribution in the region just below the signal re- .o didates are the same as for the veto described D8
gion, thereby reducing the likelihood that the finite energy

resolution will shift events from the negativeE region into §ubsecF|0n excgpt trlat fd]?:)(;w? the B,O candidate is re-
the signal region. The precise determination of the resolutioffcted if there is @8~ —D™ p"~ candidate that uses the
here is related to the resolution of the EMC for relatively sameD®*)° and 7° mesons as thB° candidate.

energetic7® mesons. Removing a large fraction of these According to the Monte Carlo simulation this veto rejects
background events at and below the lower signal region limiabout 65% ofD% ~ events and 70% db*%p~ events and
reduces substantially this uncertainty. Even after the veto ithe signal efficiency is close to 80%. The veto is relatively
applied, as it can be seen in Figb® the shape of thaE less effective in the signal region of th&E distribution,
distribution for this background changes abruptly at aboutvhere 60% ofD% ~ events and 40% ob*°p~ events are
minus one pion mass and that below this limit the magnitudeejected. As in théD°#° case discussed above, the veto re-

of theB~—D®)%~ background can still not be neglected. duces the systematic uncertainty related to the background
The yield of the fitted candidat®®#° events and the estimate.

numbers for the various background contributions to this de- The vyield of the fitted candidat®*°#° events and the
cay mode are listed in Table II. numbers for the various background contributions to this de-
cay mode are listed in Table II.
B. EO—PD*O’ITO
. PO . . C.B%-D?°
Figures Zc) and 2d) show the distributions imgg with n
—90<AE<100MeV and in AE with 5.270<mgg Figures 3a) and 3b) show the distributions imgg with
<5.290 GeVE? for the candidat&®— D* 970 events. |AE|<89 MeV (3 times theAE resolution measured in the
TheD*°#° candidates are contaminated by color-allowedMonte Carlo simulation and in AE with 5.270<mgs
B~ —D®)% " decays. Events frolB~—D®)%~ can enter <5.290 GeVt? for candidateB°— D% events, where thg

032004-12



MEASUREMENT OF BRANCHING FRACTIONS OF . .. PHSICAL REVIEW D 69, 032004 (2004

wo 7T T ) ] — 1 — ,
- RO 0 L R0 0 0 RO *0
B ->D' n(—>vyy WrB" 5D n(—>nnmw) wl B =D n= B
a i ] [ e
75 - ( ) o (C) i S [ ( )
> =30 =t
[} [ o 15 |
= s 27
50 * e h¢!
Q Q] - QA F
= + H2 } Z10
2 9 15}
g } g g
©os 1 + + '~ °© ©
I 10 H + + . 5
0 L 1 L L L \ L ] 0 L | L | L L 0 L b
52 5.225 525 5.275 53 5.2 5225 525 5275 53 5.2 5.225 525 5275 53
2 2 2
m (GeV/cY) mg (GeV/c?) mg (GeV/c?)
T T T T T T T T T T T T N
signal MC | signal MC 20 L signal MC ]
(b) 44 (@=u.d5.€) | (d) a4 (@=u.ds.) | ) 94 (@=ud.s)]
100 DMy - P r DM
[ other B'B” | 40 other B'B” | t other B'B™ |
z ot $d+ other BB’ > other B'B" | 15 |- other BB |
! F - D | = W D nmn) | 2 D" (= D'
L | 4 B o F 0,
& *— ' 18 8 I Dnem
Q 1 % Z10
850 £ 4 8 LA
h=| P 1S90 «E T ]
g | & B ]
] . ]
0 R 1 0 =l 0 cali
-0 0 0.2 0.2 0 0.2 -0. 0 0.2
AE (GeV) AE (GeV) AE (GeV)

FIG. 3. Distributions ofmgs and of AE for (a), (b) candidateB°—~D%; (77— yy) events, (c), (d) candidateB°—D% (7
— a7 7% events, ande), (f) candidateB°—D*°y (— yy) events. The various contributions are shown as in Fig. 2.

meson is reconstructed in the decay channel. Figures@

(+10 MeV/c? around the nominal magsthe Monte Carlo
and 3d) show the same distributions when themeson is

simulation indicates that no events originating from such

reconstructed in the'* 7~ 7° decay channel. Here the selec- modes are selected within the signal region. We checked the
tion |AE|<54 MeV is applied(again 3 times the\E reso-

AL 1S app effect of widening the signal region td E| <110 MeV. Due
lution) in the mes distribution. , to resolution effects more background events inAfeside-
grolzr;[gefrz;n él’ ca;?;)tpe_cgre\tg:)ylgtl?sn ;%:L]i;ﬁtaklltngobr?gk_ band region migrate into the wideXE signal region; we
— . - . —
sponds to 80% of the geaking background. In this case ébserve that. in that latter c?)se abou+t 170(y8 ofﬁthe e
photon from the fastz® in the p— decay is combined with P°ackground is generated I/ 77_(_’770 m m)m decays.
another photon to form am candidate. This background is ~ 1he Yields of trg)e fitted candida@”» events for they
sufficiently suppressed by the® veto described in Sec. — Y and@ @ decay modes and the numbers for the
IV B 2 so that no additional requirements are imposed. various background contributions to these decay modes are
According to the Monte Carlo simulation, the peaking listed in Table II.
background is negligible in the— 7+ 7~ #° decay mode.

The genericBB Monte Carlo simulation includes processes D.B°-D*%y

such asD®) 77 andD™ 7w 7(® and D)7 7~ 7" ° Figures 3¢) and 3f) show the distributions imgs with
decays that may fake B’—D%y(— =" 7~ 7°) signal. In  |AE|<92 MeV (3 times theAE resolution measured in the
the latter case, one chargeds lost in the reconstruction of Monte Carlo simulation and in AE with 5.270<mgg
the B® meson. The branching fractions for these modes have-5. 290 GeVe?2 for candidateB®—D*%7 events in which
been measured recently by the CLEO Collaboral®f. In the » meson is reconstructed in they channel.

the Monte Carlo simulation the branching fractions for the  According to the Monte Carlo simulation, the peaking
non-resonanB®— D)7z 7~ 70 decays are assumed to be background is negligible. The yield of the fitted candidate
equal to 103. Because some of the backgrounds listedD*°7 events and the numbers for the various background
above are possibly shifted inE by more than the mass of contributions to this decay mode are listed in Table Il. The
one 7w and because the; mass selection is quite tight statistical significance of the signal is 5.5.
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mode, it should be noticed that the Monte Carlo simulation
includes processes such BS*) 77(® or D*) 77 7(®) with

Figures and 4b) show the distributions imgg with
g 4 4b) ES nonresonantr ™~ 7r° decays in the final state. Due to the

|AE|<61 MeV (3 times theAE resolution measured in the ' , A ,
Monte Carlo simulation and in AE with 5.270<mes tight ® mass selectlon:ﬁZS'MeV/c around the nqmmall
~5.290 GeVE? for the candidat®?— D% events. ma§3 and the angular selectlprjs, t.he Monte Carlo simulation
For the peaking-background determination, we have takeH1dlcaltes thaF no ev_ents orlg_matlng from .SUCh modes are
into account contributions frond™) 7~ 7" 7 decays. selec_ted within the S|_gnal region. Thus, it is found that the
CLEO [27] reports the observation of these processes, giveBaking background is small for tr;at decay mode.
branching fractions fob* 7~ 7~ =+ #° andD*)w=~, and The yield of the fitted candidat®” w eyenFs and the.num-
provides evidence fob™)p’~(—wm"). These measure- bers for th(_a various background contributions to this decay
ments have been performed for both charged and neBtral Mode are listed in Table II.
decays. If the additionatr™ from thep’™ decay is missed, .
these decays can fa&’— D% events. But Monte Carlo F.B*>D*%w
simulation indicates that thAE distribution for this back- Figures 4c) and 4d) show the distributions imgs with
ground is shifted by more than the mass of the missing pioma £| <61 MeV (3 times theAE resolution measured in the
and rarely falls in the signal region. We estimate frtln thenonte Carlo simulation and in AE with 5.270<mgs
Monte Carlo simulation that about 11% of the toBIB® 5 290 GeV£? for candidateB?— D*w events.
background in the signal region originates fr@*)* wa™ As for the D% analysis, when determining the peaking
modes; similarly, 13% of the tot&@* B~ background is from background, the effect @ *)7~ 7~ 7+ #° decays has been
D™~ decays. These fractions remain the same if thesyaluated. In this case the moBe —D%w =~ may contami-
AE signal range is extended {AE|<100 MeV, thus indi-  nate the signal when the~ is replaced by ar® to fake a
cating that theD™®) 7~ 7~ 7" % background is randomly p+*9 meson. However, the kinematics of the seft in the
distributed inAE over the Signal region. We alsg find that D*0 decay for thd:)*ow Signa| is very different from those
D™)p events contribute about 5% of the toBB back-  of the 7~ where the momentum can be large. In addition the
ground. Just as for the study of tB€7(— 7+ 7~ #°) decay relatively small branching fraction for thB°w=~ decays
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implies that the contribution from this background in the AE distribution with 5.273mgs<5.286 GeVt?. Accord-
signal region is not expected to be important. We estimatgq to the Monte Carlo simulation, the peaking background
from the Monte Carlo simulation that 16% of the toBalB in this channel is negligible. As reported in Table II, the fit
background in the signal region originates fran Cwar yields M., 26.6-6.0 candidateD%s’ events andNopp
modes. No contribution to thB°B® background from the =10.4+1.1 combinatorial-background events. The statistical
D®)* w7~ decays has been found. The fractions remain thesignificance of the signal, calculated from Poisson statistics,
same when thA E range of the signal region is extended to is 6.3.
|AE| <100 MeV. Again, this confirms that this type of back-
ground is uniformly distributed iA E over the signal region
and rules out any significant contribution to the peaking ) o o L
background from these decays. We also find tBét)p _Figure 5c) shows themes d|str|but|00n for D+_6K ™

. — with |AE|<60MeV and for D°-K n#"#° and
events contribute about 5% of the to&B background. It “mt a7 with |AE|<40 MeV. Figure %d) shows the
should also be noticed that the Monte Carlo simulation in- gyt : ' 2
cludes processes such BS)a©® or D®) gz © with _AE distribution with 5.2_7&mgs<5.286 Ge_Vt . Accord- _

o0y And for th ing to the Monte Carlo simulation the peaking background is
Poornt.(r?emDeosonr?g dg tTle Sg:zﬁl.g Bac(lzgr]:oﬁnsdarfr(])er :E%S%Zi:;negligible. As reported in Table I, the fit yieldSy,,;~4.0
w ) + i *0 1 — (0 5+
mode is _found to be _negligible._ goﬁzt)ingt%?gﬁg;ik%m?nd e(\a/\(/a?lrt];.sThaengtaj';@?i%alojg_n(i)f.iiance
The yield of the fitted candidat®*°w events and the

. o : of the signal, calculated from Poisson statistics, is only 3.0.
numbers for the various background contributions to this de- g y

cay mode are listed in Table Il. The statistical significance of

H. B°~D*%y’

the signal is 6.1. VII. BRANCHING FRACTIONS
The acceptancel for signal events is estimated from sig-
G.B°-D%’ nal Monte Carlo as
Figure Fa) shows themgg distribution for D°—K ™7+
with |AE|<60MeV and for D°—K 7#*#° and A= S (19
K- a7 7 with |AE|<40 MeV. Figure %b) shows the Ngen’
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TABLE V. Acceptance(A), corrected acceptancedf,,) ob- TABLE V. Values of A, B(D®) (the branching fraction of the
tained after differences between Monte Carlo simulation of detectovarious D° decay mode$6]), B (the product of the branching
response and data are taken into account, and overall effici€hcy fractions associated with the secondary decays ofrtheyy and
that includes branching fractions from secondary decays. The urthe D°), and€ for the B°—D%%(yy) decay mode. The branching
certainties associated with these numbers are discussed in Sec. Vliitaction for then— yv is taken to be 39.4%6]. The uncertainties
associated with these numbers are discussed in Sec. VIII.

B° mode

(decay channgl A (%) Acorr (%) £ (%) D? decay Acorr %) B(D°) (%) Boeo (%) € (%)
D0 9.1 7.9 1.87 K™t 19.5 3.8 1.5 0.29
D*0,0 2.7 23 0.34 K-t a0 6.0 13.1 5.1 0.31
DO%(—y7) 9.7 8.6 0.82 K ata o™ 7.4 75 2.9 0.22
Dop(— 77w w0 6.5 5.6 0.30 all 8.6 - 9.5 0.82
D*%9(—y7y) 3.3 2.8 0.17

D% 4.2 3.5 0.75

D*0% 17 14 0.19 Bse= B(D*°—D%7%) X B(7%— yy) X B(h°—Y)
D%’ 5.0 4.2 0.18

D*0y 1.6 1.4 0.035 x; B(D°—X) (22)

hereS. is th ber of in the sianal ion th is the product of the branching fractions associated with the
whereSyc is the number of events in the signal region t atsecondary decays of th®*%, h and D° (with X

pass the selection criteria amdje, is the number of gener- =K 7", K a'n% or K m'm'm). The B(D*°

ated signal Monte Carlo events. D970 X B( 70 ¢ . | for tha?
The selection efficiencies for each mode are obtained” D 7)*B(m — yy) factor is only present for the
from detailed Monte Carlo studies in which the detector re-*P” "N final states. Note that the overall efficiengyfor

sponse is simulated using the GEANT21] program. The the D®*)%y' decays is reduced with respect to the otB8r
efficiencies of tracking, detection and reconstruction in themodes by the relatively small values Bf..

EMC, vertex fitting, and particle identification have been InTable V we display, as an example, the contributions of
measured in control sets of data and compared with theithe threeD° final states in the decay mod&®— D%7(yy).
Monte Carlo simulation. We correct the acceptance for dif-There are variations between the acceptance and branching
ferences between data and Monte Carlo simulation of theskaction for the threeD® decay modes leading to similar
effects by using precise correction factors that are applied tgalues of€ for the three modes. A similar conclusion holds
each track(for track reconstruction efficiengyto each pho-  for otherB%— D*)°h° final states.

ton, 7%, n(yy) (for neutral cluster detection efficiency and  Tq gbtain branching fractions, the number of background

energy resolution to each kaon candidatéor particle iden- . o —=
tification efficiency, and to each vertex-fiffor vertex-fit ef- subtracted signal events, is divided by the number d8B

ficiency). Most of these corrections depend upon the polaVents in the data samplR(BB), and the overall efficiency,
angle and momenta of the tracks and neutral clusters arfd
some also depend on the running conditions.

Tracking efficiencies are determined by identifying tracks
in the SVT and measuring the fraction of tracks that are
reconstructed in the DCH. The and #° efficiencies are

measured by comparing the ratio of the number of event§pese pranching fraction calculations assume equal produc-
N(r*—wh"a%) and N(7"—v.h'7°n7) to the known tion of B°B® andB* B~ pairs at theY (4S) resonance
branching fraction§28]. The kaon identification efficiency is P '
estimated from a sample &* " —D%", DK™~ 7" de-

B(B°—D*)%h0) = (22)

N(BB)x &

cays that are identified kinematically. Based on a similar se- VIIl. SYSTEMATIC UNCERTAINTIES

lection, a sampl% of8°~D* 7", D*'—D°%", D° Systematic uncertainties are associated with the accep-
—K™7", K- 7%, or K™ 7" 7" 7~ decays is used to de- tance corrections discussed in Sec. VII. The uncertainties
termine the vertex-fit efficiency corrections. from the tracking-efficiency corrections are 0.8% per

The acceptancesl| obtained with Eq.(19) and the cor- charged track. To take into account uncertainties caused by
rected acceptanced,,, are listed in Table IV. The last col- the vertex reconstruction, we assign a systematic uncertainty
umn in Table 1V lists the values of the overall efficienfy equal to 1.1% per two-track vertex and 2.2% per four-track
defined as vertex. For particle identification the uncertainty is 2.5% per

K= track. The uncertainties from the requirement that all the
f= A XB (20) 7t daughters_ must_fail the tight kaon criterion are negl_i—
corr sea gible. Uncertainties in the acceptances for photon detection
account for imperfect simulation of photon-energy and posi-
where tion resolution, thus affecting-® and » reconstruction effi-
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TABLE VI. Systematic uncertainties of the measured branching fractions in percent. The symbol “-” indicates that the systematic
uncertainty is negligible.

Category DO70 D* 070 D%%(yy) DOy(mt 7™ 70 D*0y D% D*% D%’ D* 0y’
Tracking 2.1 2.1 2.0 3.6 2.0 3.6 3.6 3.6 3.6
Vertex-fit 1.4 14 1.4 25 1.4 25 25 14 14
Kaon identification 25 25 25 25 25 25 25 25 25
v, 7°, and » detection 5.2 8.1 3.7 6.0 6.8 5.9 9.1 3.5 6.5
Cross-feed 1.0 0.7 14 0.5 2.4 0.6 1.7 - -
AE resolution 1.7 1.9 3.0 4.4 35 5.7 3.3 - -
mgs fit 0.3 3.2 4.5 4.8 8.4 3.0 10.3 2.3 2.3
Peaking background 3.3 6.3 3.2 2.0 0.5 3.4 4.0 - -
Event selection 6.8 9.4 6.1 8.9 7.6 6.8 11.9 7.9 7.9
B(D™)% and B(h°) 4.6 6.6 4.4 4.6 6.3 4.3 6.4 5.6 7.3
Number ofBE pairs 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
Monte Carlo statistics 0.7 2.2 1.3 1.6 2.0 1.6 29 1.6 1.6
Total (%) 11.1 16.4 11.2 14.5 15.8 13.5 20.8 11.7 13.7

ciencies and thA E resolution. For the detection of isolated the peaking-background estimates that are caused by the sys-
% and 7(yy) mesons uncertainties of 5% and 2.5% are usedtematic uncertainty of the energy resolution that originates
These uncertainties are summed in quadrature, together withom the EMC.
other corrections that depend upon the energy of eacted To evaluate the systematic uncertainty associated with us-
to reconstruct the mesons. ing the mgg resolution taken from the Monte Carlo simula-
We consider systematic uncertainties from other sourcegion in the fit to data, we also let it vary freely in that fit and
For the cross-feed fractions an uncertainty equal to 25% ofialf of the variation in the yields is taken as the systematic
the estimated fraction accounts for uncertainties in theerror. We also investigate the uncertainties in the combinato-
branching fractions reported in this study and used in theial background due to setting the value of the ARGUS shape
cross-feed determination. This value is chosen conservgarametefé to the value obtained in the fit to the datgg
tively; it corresponds to the branching fraction measuremendlistribution in the upper AE sideband +60<AE
with the largest uncertainty reported in this pafeze Table <350 MeV. For theD*)%5;’" analyses, the value @fis ob-
VI, tained from theAE sidebandgsee Sec. IVD B We there-
The effect of the specifid E range used to define the fore vary the value off by one standard deviation of the
signal region and based on the resolution measured from thetatistical error. In each case we take half the variation ob-
Monte Carlo simulation has been estimated by varying th&erved as the systematic uncertainty. Finally, the sum of the
limits of the range by+0.5 0. The observed variations in the systematic errors from the ARGUS shape parameter and the
branching fraction are used to determine the systematic urfixed Gaussian width is taken as the systematic error for the
certainty from this source. In the case of b&)°7° modes, mgs fitting procedure.
we vary the lower limit on the signal region definition  Systematic uncertainties in the peaking background deter-
(—90<AE<100 MeV) between—110 and —60 MeV. mination arise from the limited knowledge of branching frac-
Therefore, this procedure also accounts for uncertainties itions and from statistical uncertainties in the number of

TABLE VII. Measured branching fractions f@°— D®*)%h%(x 10~4). The measurements are given for
each of the thre®° decay modeX =7+, K™ 7w #° andK~#*#* 7. The first uncertainty is statistical
and the second systematic.

B° mode

(decay channgl DK™ ot DK 7wt 70 DK 7w mt
DO7° 2.7+0.3+0.3 2.9-0.4+0.4 3.4:0.4+0.5
D*070 2.9+0.6-0.5 3.0:0.7+0.6 2.9-0.7+0.6
DO%(— vv) 2.4+0.4+0.2 2.1+0.4+0.3 2.70.5+0.3
Doy(— 77w a0 3.0-0.6+0.4 2.6r0.8+0.5 2.650.8+0.4
D*%p(—yy) 2.8+0.8+0.4 2.2£0.7+0.4 2.7+0.9+0.4
D% 2.9+0.4+0.3 2.7+0.5+0.4 3.1+0.5+0.5
D*% 3.0+1.0+0.7 5.0:1.1+1.1 5.3-1.5+0.8
D%’ 1.7+0.6+0.1 1.1+0.6+0.2 2.4-0.9+0.3
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TABLE VIII. Measured branching fractions foB®— D *)%h° ‘ BIRT ‘ ™ ‘

obtained by combining the thré@® decay modes. The first uncer- Belle i Belle +—eo—+
tainty is statistical and the second systematic. The last columnisthe| ... |l
statistical significance. The branching fraction for b7 mode is CLEO | CLEO "

obtained as the average of the branching fractions of each of the
two 7 decay modes, weighted by the statistical uncertainties of

. : . . . D’ (combined) e D’ (combined) _ g
these decays; the computation of the systematic uncertainty in-
cludes both the correlated and uncorrelated errors of these two
modes. For thé®*)%7’ modes, the number of candidates is small, | D’—K='nn* et D'-Kn'nn' ¢ 4
so Poisson statistics rather than Gaussian statistics are used, andthe | |
value for the statistical significance is defined\@In(£max/L(0)), DK DK

whereL, . is the likelihood at the nominal signal yield arid0) is
the likelihood with the signal yield set to 0. For tie %7’ decay . P
mode we also quote a 90% confidence level upper limit using Pois- | D =KK™ @+ @) DiSKR T (b)
son statistics. ‘ | el IR oo L - e

0 1 2 S 4 0 1 *02 0 34 4
— — B’ (10 B’ (10
B® mode Statistical
(decay channgl B (x107% significance FIG. 6. Measured branching fractions for each of the ttib8e
D00 2.9+0.2+0.3 ~65 decay modes and for the combination of the three (@r B°
D*0 70 20+04+05 ~6.5 —D%9 and (b) B®~D*%#°. The shaded bands represent the re-
DOp(—y7) 2.4+0.3+0.3 ~6.5 sults from the prefsent investigation. The I(_angth of the error bars is
Yo equal to the sum in quadrature of the statistical and the systematic
DO 0 2.8+0.4+0.4 6.2
p(—a" 7 mT) .8+0.4x0. . L S L )

o bi PN uncertainty; the statistical contribution is superimposed on the error
D" (combined 2.5+0.2£03 >6.5 bar. The CLE(Q4] and Belle[2] results are also shown.
D*%5(—yy) 2.6=0.4+0.4 55
D% 3.0£0.3x0.4 >6.5

*0 -

DO ‘f’ 4'2f0'7f0'9 6.1 The uncertainties from the counting BB pairs, from the
D7y 1.7+0.4+0.2 6.3 branching fractions 0D*)° and h® secondary decayfs],
D* %y’ 1.3-0.7£0.2 3.0

and from the statistics of the Monte Carlo samples used to
determine the signal acceptance, are also considered.

The systematic uncertainties described above are listed in
Table VI for all the modes reported in this paper. It is seen
peaking-background events obtained from the procedure dé¢hat the dominant systematic uncertainties are due to the
scribed in Sec. V A. The systematic uncertainty related to thevent selection, fromy, 7%, and » detection, from thengg
values of the branching fractions of ti& —D%~ and fitting procedure, and from the*)° andh® branching frac-
D*%~ decay mode§6] are included where appropriate. For tions.
the D*)°70 modes the systematic uncertainty associated
with the veto of theB~—D®)%~ background has been IX. RESULTS
studied and is part of the systematic uncertainty of the back-
ground estimate. For thed®@*)°70% decay modes, we re-
move the veto on th& —D®*)%~ background and we The branching fractions of the color-suppressed modes
include in the uncertainties half of the relative variation of reported in this paper and their statistical and systematic un-
the branching fraction. Finally, we have explained in SeccCertainties are listed in Table VII for the threé2° decay
VA how the systematic uncertainty related to the fittingmodesk ™ 7", K™ 7" #° andK™ " 7" 7~. The measure-
method used in the calculation of the number of peakingments obtained by combining the thrB8 decay modes are
background events is estimated. The variation of the branchpresented in Table VIII. Except for ti2* %%’ decay channel
ing fraction due to the latter effect is small or negligiidgo  all measurements have statistical significance in excess of
at mos} but is included in the systematic uncertainty from five-standard deviations. For ti2*%»’ decay channel we
peaking background. quote a 90% confidence level upper limit using Poisson sta-

We vary the selection criteria applied to several other unfistics. To aid in combining our result with future results for
correlated variables such as invariant masses, event shafg2*°7’ a central value with statistical and systematic uncer-
and helicity anglegsee Secs. IVB, IVC, and IVD We tainties is also given. For thB°» decay mode the most
conservatively assign a single systematic uncertainty due tprecise result is obtained by combining the-yy and 7
the efficiencies associated with these many selection criteriaz 7" 7~ 7° decay modes.
equal to the quadratic sum of the average of the absolute The results listed in Tables VIl and VIII are also presented
values of the observed changes in branching fraction for eadim the summary Figs. 6, 7, and 8 for comparison. It is seen
variable. None of the various observed changes contribute ithat, for a givenB decay, the three measurements using the
a dominant way to the total systematic uncertainty due tdhree D° decay modes are consistent among themselves.
event selection. Where available, previous results by the CLEfDand Belle

<2.6(90% C.L)

A. Branching fractions
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Belle o Belle, ¢+ Belle " Belle P
p’ (combined) 4+ e+ D’ (combined) | g 1 D’ (combined) o D’ (combined). °
0 -+ -+
oo D' =K o
D'—Kr'n — e+ Gk n4_._+, DKt ~ 'Kt °
0 -+ _0 0 -+ 0 0 -+ _0 0 -+ 0
D'-Knnt 4 o D'-Knn 4 o | D'>Kn't PY D'-Knrn _ o 4+
. D'—»Kn*
D'—Knt - DoK' 4 e 4 DK . TR S
@ (b) @ | (b)
1 Il L 1 Il Il Il 1 1 n Il
0 1 b2 3 0 1 2 3 4 0 1 2 3 40 2 4 6
0, 4 0, 0 4 0 4 0 4
BDOM(—yy) (107) B(DNn(— nnr)) (107) B(D ) (107) B(D ") (107)
T T . -
0 ;
Belle Belle o D" (combined)

+—o—t

D’ (combined)

M — vyyand nnn’ - P N
+—e—rt

(stat.comb.) | [T

D’—K 7'’

n—7yy(comb.) _ g °
DO—)K‘K*'TE“_'_._'_
'y HBEEEEEEEE $ $  B D'—>K7'
n— mre (comb.) _ o 4 DK
(© (d) (©)
0 ‘ 1 0 2 4 3 0‘ 1*0‘ 2“ 3‘4“ 4 0 ‘ ; ‘2 ;
B(D™) (10) B(D ™ (=) (107) B(D’) (10
FIG. 7. Measured branching fractions for each of the ttidée FIG. 8. Measured branching fractions for each of the ttb8e

decay modes and for the combination of the three @rB°  gecay modes and for the combination of the three (@r B°
—D%(—vv), () B* =D y(—m*m" 7%, () each of theB®  _p0, () B°—D*%, and(c) B"—D%’. The Belle[2] results,
—D% modes and their combination, arid) B~D*%». The  when existing, are also shown. The errors bars are as in Fig. 6.
branching fraction for thé®°7 channel is obtained as the average
of the branching fraction of each of the twp decay modes,
weighted by the statistical uncertainties of these decays. The com-
putation of the systematic uncertainty includes both the correlated
and uncorrelated uncertainties of these two modes. The R&lle Isospin symmetry relates the amplitudes for tBe
results are also shown. The error bars are as in Fig. 6. —D®)0z~ B—=D®)* 7~ and B°-D®*)%° decay

modes[14]. These amplitudes can be expresse{l1as$

B. Isospin symmetry and decay amplitudes

A(D(*)O’TI'_):\/:?.Ag/ZYD(*),
[2] experiments are also shown. The precision of the results
on the branching fractions presented in this paper can be
compared to the precision of existing measurements as listed AP 7)) = J1BAgzp00 + V213 A1 205,
in Table 1.
In some cases theoretical predictions are more precise for
ratios of branching fractions than for branching fractions

themselves[15,29. An example is the ratio of3(B°

V2A(D*)070) = WaA3/2D(*)_ \/73/41/2,0(*)- (23

(%)0 7 B0 (%)0 ; . where the amplitudesi;,;p) and Az;,p) correspond to
—D™7y’) to B(B'—D™"y) [15]. Systematic uncertain urel=3/2 andl =1/2 isospin eigenstates. This leads to the

ties partly cancel in the measurement of ratios so they arg. .
: . . fiangle relation:

also more precisely determined experimentally. We compare

measured ratios of branching ratios to theoretical predictions

in Table IX. AD* 07y = ADXF 77 ) +v2AD* 070, (24
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TABLE IX. Ratios of branching fractions B2 D™*)%W°. The TABLE X. Comparison of our measurements and theoretical
first uncertainty is statistical, the second is systematic. predictions of naive factorization for the branching fractions of the
color-suppresse&® decays reported in this paper. For the experi-
B ratio This experiment Theoretical prediction  mental results the statistical and systematic uncertainties are added
in quadrature.

= 0.0 1.20[16] or
B"—D"
= 1.0-0.1£0.2 1.0+0.2 o B(x10% B(x10%)
B"—D* [29] B® decay mode  This experiment  Theory (factorization
RO 0
B —D'n 0.8+0.240.1 0.78[16] D070 2.9+0.4 0.58[16] (0.7[9])
BO_,D*%y D* 070 2.9+0.6 0.65[16] (1.0[9))
— D% 2.5+0.4 0.34[16] (0.5[9))
B Do 0.7+ 01401 0.41[9] D*0y 2.6-0.6 0.37[16] (0.6 [9])
B D*%% D% 3.0+0.5 0.66[16] (0.7[9)])
_ D*% 42+1.1 1.7[9]
B°—D%’ 0, "
- 1.3+0.8+0.2 0.64-0.7915] D%, 1.7£0.4 0.30-0.3415]
B°—D*%’ D*%y' 1.3+0.7 0.41-0.4715]
RO 0,
B—Dw 0.7+0.2+0.1 0.64-0.6415]

0 0
B—D"y when computing the decay amplitudes, instead of using the
B°—D*0y’ parametrization witta; anda,, the alternative parametriza-
—_ 0.5£0.3+0.1 0.67-0.6415] tion in terms of isospin amplitudes may be more appropriate.

BOD* 077

Moreover, if we analyze th8 decays toD*) 7 final states
without FSI [10], we compute a valuga,|=0.57+=0.07

If the relative strong-interaction phase between the two{0.56+0.08). These values are quite different froay)|
isospin amplitudes dy+)) is equal to zero, the interference =0-2 to 0.3 from cha_rmom_um final states and |_nd|cate as
between these isospin eigenstates is maximally destructivell the necessity of including strong non factorizable and
for the color-suppressed®— D*)%h° decay, while it is re- Process-dependent FSI effects in the description BOf
—D™)%"°% modes.(See Table X.

Various theoretical approaches that relax the conditions of
naive factorization are being pursued in an effort to under-
stand the emerging pattern of color-suppressed decay rates

spectively maximally constructive for the color-allowed
—D®)*h~ decay. It follows from QCD factorizatiofil3],
in the heavy-quark limit, that

10,16,29,3

AlIZ,D(* ) /‘/2-’43/2,D(*): 1+ O(AQCD/mQ), (25) [ 1

wheremg representsn, or m, and where the correction to X. SUMMARY

“1” is also suppressed by a power ofN{, the number of

colors [10,30. The above relation also implies thap ) We present measurements of the branching fractions for

= O(Agcp/Mg). Final-state interaction@=S|) effects in the  the color-suppressed decayg’—D%#°, D*°z°, DO,

| =3/2 andl = 1/2 channels might be expected to be indepenD*°7, D%, D*%w», andD%%’. Our results are in agree-

dent, leading to a nonzero phase differengg«). If the  ment with previous measuremefn®s4] but are more precise.

value of 5p) is large enough it will substantially undgthe Branching fractions fOEO_,D*On, D*%, andD%’ are

destructive interference for the color-suppressed de@%y measured for the first time with more than five-sigma statis-

—D®™)%0 increasing the associated branching fraction. tical significance. We also set an upper limit on the branching

Using the various equations listed above, the values fronfraction for theD* %%’ decay.

Table VIII for B(B®—~D®*)°7%) the Particle Data Group All measured color-suppressed decays have similar
’ - . . . — 4

values[6] for B(B~—D*%x~) and B(B°—D* =), the branching fractions with central values betweenx\1D

recent measurements by the CLEO Collaboratjish for fand 4. 107‘.1' They are all significantly I_argt_er than theoret-

_ 0__ =0 . . ical expectations based on naive factorization and therefore
B(B —Dom 2 a”d%'(B —D" ™), and theB meson life- present a challenge for the theoretical interpretation. These
Sgﬁer?)tflclr:fst% ;(ngL: :eoci?fi?egééﬁ(s—] 3"(\;(3::2??5% i‘e results strongly suggest the presence of final-state rescatter-

ing effects.
final states anddp«|=33°+5° for D* 7 final states. The ¢
ratio of isospin amplitudelsd;, p) /V2Z Az pe)| is found to
be equal to 0.620.09 (0.76-0.08). ACKNOWLEDGMENTS
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