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Using 3.1 fb'* of data accumulated at té(4S) by the CLEO-II detector, corresponding to .30f BB
pairs, we have searched for the color-suppregseddronic decay processB_§—> DO(D*%)XO, where Xis a
light neutral mesom®, p°, 7, " or w. TheD*° mesons are reconstructedirf °— D%#° and theD® mesons
in DK 7", K 7t 7% andK~ 7" #* 7~ decay modes. No obvious signal is observed. We set 90% C.L.
upper limits on these modes, varying from %.20# for B°—D%#° to 1.9x 102 for B®—~D*%’.
[S0556-282(198)05209-9

PACS numbgs): 13.25.Hw, 13.30.Eg, 14.40.Nd

[. INTRODUCTION Measurements of these color-suppressed decays allow tests
) _ ) of the factorization 1] hypothesis and provide useful infor-
The B hadronic decay8°—D%(D*°)X° where X is @  mation on the scale of strong final-state interactions ir&he
light neutral mesonr®, p° #, ' or w, have not yet been meson system.
observed. These decays proceed via the internal spectator Previous CLEO papeii@] reported upper limits on these
diagram shown in Fig. 1. color-suppresse® hadronic decays. Here we present new
The internal spectator decays are expected to be supesults using the full CLEO-II data set and an improved
pressed relative to the decays that proceed via external speanalysis method.
tator diagrams, since the color of the quarks from the virtual
W must match the color of the quark and the accompany-
ing spectator antiquark. Therefore these decays are referred Il. DATA SAMPLE AND EVENT SELECTION
to as color-suppressed decays, while decays via external

; The data used in this analysis were produceceire™
spectator diagrams are referred to as color-favored decays. .. . )
P g Y 3hnihilations at the Cornell Electron Storage RI@ESR

and collected with the CLEO-II detectp8]. The integrated
*Permanent address: Yonsei University, Seoul 120-749, Korea. luminosity is 3.1 b at theY(iS) _resonance, which corre-
"Permanent address: Brookhaven National Laboratory, UptorSPONds to (3.320.07)X 10° BB pairs, and 1.6 fb' at ener-
NY 11973. gies just belowBB threshold(henceforth referred to as the
*Permanent address: University of Texas, Austin TX 78712 continuurm).
$Permanent address: Lawrence Livermore National Laboratory, Hadronic events are selected by requiring at least three
Livermore, CA 94551. charged tracks, a total detected energy of at least®.15
IPermanent address: BINP, RU-630090 Novosibirsk, Russia. ~ and a primary vertex within 5.0 cm along the beazh éxis
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b g}DO(*) momenta greater than 250 MeV, to reject soft pions from
wo u D*% or D** decays. Thaw candidates are also required to
B° 0 be within 30 MeV of the nominal mass.
d o° All charged pion candidates used iff beconstruction are
3 ar?, required to have a measured dE/dx within & the expected
(’Z value for pions.

FIG. 1. Internal spectator diagram & hadronic decay@ C. Selection of theB candidates

—DO%D*9)X°. The D*)0 candidates are combined with a ligh? Xo

) _ _ . form aB meson. At CLEO the energy of tH2 meson is the
of the interaction point. To suppress the continuum backsame as the beam energy and the measured beam energy is
ground, we require that the ratio of second to zeroth FoXipore precise than the reconstructdmeson energy. Full
Wolfram moments R[4] determined using charged tracks reconstruction 0B mesons at CLEO makes use of this fact
and unmatched neutral showers be less than(0.3 for  y defining two variables. One is the beam-constrained mass,
clean decay modes involving or %’). To further reduce the Mg= \/Ez—_Pz— The other one is the difference be-
continuum background, we then require that the cosine of thg ° tr?eea;necor?giﬁjgtded energy and the beam enerfy
angle between the sphericity axis of tBemeson candidate —Epeeved—Ebeam TheAE variable is sensitive to missin’g

and the sphericity axis of the remainder of Fhe ev_ent SatiSﬁZr extra particles in th®& decay, as well as particle species.
|coS(@sphericity) | <0.8 (0.9 for decay modes involving or gor fully reconstructed® meson decays, the §Mistribution

n'). For ajgt-like continuum event, the two axes are almos eaks at 5.28 GeV with a resolution around 2.7 MeV, and
parallel, while they are almost uncorrelated foBB event, AE peaks at 0.0 GeV with a resolution ranging from 18 to 50
MeV, depending on th& andD° decay modes.
IIl. B RECONSTRUCTION Since signal and background are in general much better
A. Selection ofD° and D*°© candidates separated iME than in My, instead of cutting on th&aE

0 ) . variable and fitting M as in previous analyses, we cut on
The D* candidates are reconstructed in the decay mode,@lB and fit theAE distribution for the signal yield.

DK 7", K 7" 7% andK ™7 #* 7~ (charge-conjugate
modes are implied The #° candidates are formed by com-
bining two showers whose invariant mass is within&¢f
the 7° mass(where henceforthr denotes rms resolution In our search for the color-suppressBchadronic decay
Charged tracks are required to be consistent with comingnodesB?—D*)0(7#0 50 5, %', @), there are backgrounds
from the interaction region in both the ¢ andr-z planes.
The measured specific ionizatiqgdE/dx of charged kaon
and pion candidates is required to be consistent to within 2
for kaon candidates ando3for pion candidates. Charged
tracks are required to have a momentum greater than 2
MeV for D°—K~ 7% and D°—K~ 7" #° candidates and

0 R S ; 0
ZOg_M(iV J%r D'=K dTr ™ WI ctandlfjates.f tiorDthﬁ) | tsuppressed modes. No accumulation arodrt=0 is ob-
— K" 7" 7" decay mode, we select regions of the Dalitz plot . .o 4'in the continuum data.

with large amplitude to further suppress the combinatoric — i
The backgrounds fronBB events are dominated by

backgrounds. The invariant mass B candidates is re- ;
quired to be within 2.6 of the nominalD® mass. feedthrough from color-favored two-body hadronic decays

The D*© candidates are reconstructed using the decaf the type
modeD*°—D%#° We formD*° candidates byp° candi- L MO - - o -
dates using the above selection, then require thatDthe B =D p.ay), B =D¥mp ),

—D° mass difference be within 2s50f the measured value = N = e
[5]. B"—-D"(w ,p ,a;), B°—=D*"(w ,p",a;).

IV. BACKGROUND STUDY

to these decays from continuum aBdB events. The con-
tinuum backgrounds are suppressed using event-shape vari-
ables. They are not expected to show any structure it the
istributions. The 1.6 fb' continuum data set is used to
onitor the continuum background levels. We find the con-
tinuum background level to be very low for all color-

The branching ratios of these color-favorBdneson decay
modes were measured previously by CLEZ). In most

We reconstructz® candidates as described previously.cases the background arises when a real, energétior
The p° candidates are reconstructed in the mop® D*° from the two-body color-favored decays is combined
—ata. with a fake light meson.

Candidaten and »' mesons are reconstructed in their The backgrounds from these color-favored processes can
—yyandy'— pm* 7~ decay modes. The absolute value of have structure in the MandAE distributions, depending on
the cosine of thep decay angle is required to be less thanwhich color-suppressed mode is being analyzed. Particularly
0.85 to remove asymmetric candidates which are primarilymportant are color-favore@® meson decays that give ex-
background. The invariant mass of eagland ' candidate actly the same final state particles as our color-suppressed
must be within 30 MeV of their nominal mass. signals do. Neither misidentification nor additional particles

The @ mesons are reconstructed in the decay mede are needed for those color-favored decays to fake some sig-
— "7~ 7%, Charged and neutral pions are required to havenal modes. Therefore, thedistribution from these physics

B. Selection of the light neutral meson X
0
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TABLE I. Selection efficiencies and yields of all color-suppressed modes. The three efficiencies and
yields of eachB®—D%(D*%)X° correspond to the thréd@’—K 7+, K 7" 7% andK 7" #* 7~ modes.

Decay mode Selection Yields
efficiencies (3 D° submodes
(3 D° submodes

B°— D070 (26.1+2.2), (7.8£1.0), (12.5-1.3)% —0.3+6.4,—6.7+4.3,-3.3+7.0

B0 D*00 (14.1+1.8), (3.7£0.7), (5.450.9)% 2.5-2.6,5.0-34,—-1.2+34

BY— D00 (8.4+0.4), (2.6:0.3), (3.9:0.3)% 1.43.0,—3.0£4.3, 3.1x5.0

BY—.D*%)° (4.020.4), (1.0:0.2), (1.5:0.2)% —1.0+1.4, 1.4-1.6,0.8:1.3

B°-D% (24.5+3.0), (7.0:1.2), (11.4-1.6)% —1.4+20,-3.1+3.1,-6.0+4.0

B—D*0y (10.5+1.8), (3.4-0.8), (4.9-0.9)% 0,0,0

B—D%’ (13.4+1.9), (3.6:0.7), (5.9-1.0)% 0,0.8:2.2, 1.8:3.0

B D*%y/ (5.9+1.1), (1.7:0.4), (2.5:0.5)% 0,01

B D% (12.4+1.3), (2.8-0.4), (3.2:0.5)% —4.1+4.0, 6.2:3.8, 3.6:5.6

B D*%% (4.8+0.7), (1.0:0.2), (1.3:0.2)% 1.8:1.2,0.8:1.8, -0.2+1.2
background peaks at 5.28 GeV while ifsE distribution Another background that can show structure is color-

peaks at 0.0 GeV, exactly as the color-suppressed signdhvored decay in which one of the final state particles is lost.
While D%#° is not susceptible to this backgrounfp® and  Examples include:
D% are, as shown below: o o
color-suppressedB’—D%#°, B°—D%°—D%" 7,
color-suppressedB®— D% °— D% 7,
color-favored: B~ —D% ™ —D%#%(7"),
R0_. 1O 0_+,_— 0 _
B —)D (J)—)D a T T, BO*)D*-'—p_;)DO/]T-F']T_(ﬂ'O)_

D'—K xntn

color-favored: B°—D** 7~ —D%r* 7™, These background events can peak ip &tound 5.28 GeV
when the missingr~ or #° from thep~ decay is very soft
BOD**p~ D" 7 7O, and does not contribute much to the beam-constrained mass
Ej» D(“ﬂ'0 E’—» D* 071'0 Bo_> D0p0 B0_> D* OPO
20T IR e 8_"0'|"'_|'+"|"'_ 4_"""'1';_""'_
[ p0— k1t ] 6 p%—= Kk £t - D—K =« | DD~ K 7 ]
K 1 .0 (b) 7 ! (b)
10 1 T j N ]
i |
Pl [ T 01 TR ] | I i | -"' |
ORI 0 pHHHHU R - R
2 [p®=krn® {1 [ 0°—=Ka*x® ] 2 F DK wm ]
g 20p ()4 (d) - & 3 (d) ]
~ 1 4} - P [ ]
9 .o F . = . = o ]
PN S, B = < RN }::}:\m+:_ W ite S

(f)

20 2.5 N i _:
10 F | ] ]

0 H o'..|...|...\|4.~N' JINAA ]
-0.30 0 0.30 -0.30 0 0.30 -0.30 0 0.30 -0.30 0 0.30
Eobserved_ Ebeam (GeV) Eobserved_ Ebeam (GeV)

FIG. 2. AE distributions ofB°—D%#° andB°—D*°#° decay FIG. 3. AE distributions ofB°—D%° and B°—D*%° decay

modes. Solid histograms are tA€ distributions of the 3.1 fb! of modes. Solid histograms are tA€ distributions of the 3.1 f* of

data collected on th& (4S) resonance, which are fit using back- data collected on th& (4S) resonance, which are fit using back-
ground and signal functions. Dashed histograms are from thground and signal functions. Dashed histograms are from the
1.6 fb! continuum data sample. 1.6 b1 continuum data sample.
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g0— Don B°—>D*°n B0—> Donl BO*D*OTJ’
4-||6||||_||"|-|||||- 1.0_”b||”ll_l,_lllll— 3_|||||||||||||||_ 3_|||||||||||||||_
| DD—K =« ] - DK =« . Cp0— K 7t ] C p0— K &t ]
: tar (b) 2| (a)] 2f (b)
2" - 19%%F ] C 1 F ]
[ ] 1F A 1 1F g
0 0 B e ;I- IHi H : H .
= -"'|"'_|"'|"'— 0_|||||!|!|!|||||||_ 0'||| AT S
06 : D0_>K 7Ir+7ro : > IIIIIII_IIIIIIII -|||I|||_I |||I|||-
= 2 (d) 2 6Dk 72 ] 0Kt -
24 : ] 2.l ey ] | (d)
2 : ] @ 4l-m o5k h
s 2 F E 2 f i 17t .
" ] S 21 5 - [ ]
W 0_::(:)|:::,.::}::._ S TPy . i '
- — =+ _+ - n |||| |||||| L |||||||||||||||
2:_D K Trﬂﬂ _: o_l IOIII |_|||||||||- O_I |0|||||_| |||||||_
- () 3 [D"—K n'ntn ] L D"—+K n'ntn” ]
E- 3 mi (e) {1 2F f)
3 : 4 1. :
N A1 . C NLOO0 .1 1F ]
-0.30 0 0.30 [ | II A i H ]
- IIII !III 41l 13 1 -III 11 1 LAl 1 III-

Fobserved ~ Fpeam (%°V) —% 30 I cl)' 0.30 90 30 I cl) I 0.30
FIG. 4. AE distributions ofB°—D®%y and B°—~D*%» decay Eobserved_ Ebeam (GeV)

modes. Solid histograms are tA€& distributions of the 3.1 fb* of
data collected on th&'(4S) resonance, which are fit using back-
ground and signal functions. Dashed histograms are from th
1.6 fb* continuum data sample.

FIG. 5. AE distributions ofB°—D%;' andB°—D*%5’ decay
modes. Solid histograms are thé& distributions of the 3.1 b of
Bata collected on th& (4S) resonance, which are fit using back-
ground and signal functions. Dashed histograms are from the

calculation. However, thaE for these background events 1.6 o continuum data sample.

differs from zero by more than one pion mass, due to the

missing =~ or «° from the p~ decay. For these types of TO suppress these physics backgrounds, we requir®the

color-favored backgrounds, the color-suppressed signals ag@ndidate to be associated with a fast (slow 7 ) from the

much better separated from background\iB. p° candidate. There is still a contribution from color-favored
For decay modes involving or ', combinatoric back- Physics backgrounds even after this requirement, because a

ground is the dominating source. Therefore, backgrounds for

these color-suppressed processes have no accumulation in

the Mgz and AE distributions.

For B®—D*°X?, there is no corresponding color-favored
B meson decay that fakes our signalBfs—D* "7~ fakes

BY—D%°. Also the background level from color-favor&d

meson decays is very low f@°— D*°X° decay processes,
due to the good resolution on ti¥ °— D° mass difference.

Almost all the discrimination power against color-favored
physics backgrounds come from selection cuts &nh We
make full use of mass, momentum, decay angle and other
kinematic variables of X to suppress backgrounds while
keeping the signal efficiency as high as possible.

The X° candidates iB°— D*)9X° are very energetic due
to the hard spectrum of two-bod¥ meson decays. We re-
quire the momentum of the® candidate to range from 2.1
GeV to 2.5 GeV. Similar momentum requirements are im-
posed on the other light neutral mesofi ¢andidates.

For B®—~D%?° decays, there are color-favored physics
backgrounds fronB®—D* "7~ that give exactly the same
final state particles. ThB™— D%~ decay can also fake our
color-suppressed signal by substituting the sefttfrom p~ FIG. 6. AE distributions ofB°— D% and B®—D*°w decay
decay by a softr* from the othelB meson. In these physics modes. Solid histograms are th€ distributions of the 3.1 fbt of
backgrounds, ther~ is always much more energetic than the data collected on th& (4S) resonance, which are fit using back-
m" from D* " — D% " decay. There exists a correlation be- ground and signal functions. Dashed histograms are from the
tween theD? and the fastr~ (slow ") from the fakep®. 1.6 b1 continuum data sample.

BO_, DOw BO_> D* Ow
LIS N L L LB 3_|||||||||||||||

(b)

u D0—> K =t

Events / 30MeV

o

—_
—
-~

(=] /AN FEENE AN NE AENNE FEREE ANE N

o bl
-0.30 0
Eobserved_ Ebeam (GeV)
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TABLE Il. Particle Data Group branching ratios that are used in
the upper limit calculation for color-suppressBcadronic decays.

TABLE Ill. 90% C.L. upper limits in branching ratio8R’s) of
all color-suppressed modes, together with comparison with theoret-
ical predictions in6,7].

Decay mode PDG Decay mode PDG
branching branching Decay mode BR upper limit Predictions Predictions
ratio ratio (at 90% C.L) in [6] in [7]

DO K 7t (4.0120.14)% p°— 7t o~ 100% BY— D070 <12x107% 0.7x10°*  (4.1+x18)x107*

DO~ K™t a0 (13.8£1.0)%  p—yy (38.8:05)% BOD*0z0 <4.4x10°* 1.0x10* (3.3t1.4)x10*

D—K wm'm™ (8.1x05)% » —npm'm  (43.7:15%  BO'—-D%° <3.9x10°% 0.7x10°% (0.61+1.22)x10 4

D*%—D%° (63.6-2.8)% w—m' 7 7° (88.8:0.7)%  BO_.D*0,0 <5.6x10°% 1.7x10°% (2.2+1.4)x10°4
B°-D% <1.3x10% 0.5x10% (1.1+0.5)x10°4

DO decay has a certain chance of being misidentified B8 a EO_)D*O’] <2.6% 10_1 0.6x107*  (0.860.42)< 10"

decay. For theD®s from our signal process, together with EO—’DOW' <9.4x10

the dE/dx andD® mass requirements, this misidentification B°—D*%;' ~ <19x10°*

rate is determined to be less than 20%. After further suppre8°®— D% <51x10* 0.7x10°% (0.61x1.22)x10° 4

sion due to thep® mass and momentum requirements, thego_,p*o,, <7.4x10°%  1.7x10°%  (2.2+1.4)x10°4

contribution from color-favored physics backgrounds is neg-
ligible. Since thep® from BY—D%° decay is longitudinally

polarized, we also cut on the” decay angldthe angle be-
tween the direction of the pion in the® rest frame and the
direction of thep® in the laboratory framketo reduce combi-

color-suppressed mode is fit with a Gaussian and a back-
ground shape function. The mean value and width of the
Gaussian distribution are fixed with values determined from

natoric backgrounds. signal Monte Carlo simulation. We use various color-favored
Similarly for B~D% decays wherew— "7 7%, ~ decay mode8~ —D°%~, B"—D%", B"—D*%n", B~
there are color-favored physics backgrounds fr@i —D*°p~, B°~D"m, B~D"p" to check that theAE
—D**p~ wherep”— 7~ = that give exactly the same fi- resolutions in the data and Monte Carlo simulation agree
nal state particles. Because the momentum of the s6ft well. Possible differences between the data and Monte Carlo
from theD* *—D% " decay cannot exceed 250 MeV due simulation in theAE distributions are considered and in-
to the kinematics, we can get rid of these color-favored physcluded in the yield error as systematic errors.
ics backgrounds by requiring that each pion from the \_/arlousAE_ backg_round s_hape functions have been used
— a7 70 candidate have momentum greater than 2500 fit for the signal yield: a simple second-order polynomial
MeV. An additional track from the otheB meson is then or a background shape using Monte Carlo simulatiiB
needed to combine witB°—D**p~ or B~ —D%~ back-  €vents plus a continuum component represented by a second-

grounds to fake th&°— D% signal. With further suppres- order polynomial. For the latter shape, 88 contribution is
sion due to thew mass requirement, the contribution from Scaled to the known luminosity while the continuum compo-
these backgrounds is negligible. nent is allowed to float. Our results are found to be insensi-
Signal selection efficiencies for all the color-suppressedive to different background shapes, and both of them de-
decay modes are shown in Table I. The systematic error dugcribe theAE distributions reasonably well. Differences in
to the detection of charged and neutral tracks, together witie yield due to the choice oAE background shape are

the Monte Carlo statistical error, is included in the error onincluded in the yield error to account for the systematic un-
the efficiency for each decay mode. certainties. For each signal process with sev&aldecay

submodes, the yield for eadd® submode is obtained sepa-
rately, since the\E resolutions are different for the different
modes. The results are shown in Table I. The yields of the

The AE distributions for theY (4S) and continuum data D° submodes are added independently to get the total yield.
samples of all the color-suppressed signal processes after all The formulas used to calculate the branching fractions
cuts are shown in Figs. 2—6. TheE distribution of each are:

V. RESULTS

B(@_)DOXO)= Nobs (1)
NggX[22_ efficiency(i) X B(D?) X TIB(X°)
_ N
B(B%— D*%X0) = obs @)

NggX B(D*°—DO%#%) X[=?2_, efficiency(i) X B(D?) ] X IIB(X°)
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whereN,, is the total yield summed over the thrB€ sub-  no dramatic enhancement of color-suppres®dédronic de-

modes,Ngg is the number oBB pairs, efficiencyi) is the ~ cay branching ratios is observed, indicating that there is no
selection efficiency fo@HDO(D*O)XO decay in théth D° sign of a large scale final-state interaction in thBsseson

submodeB(Dio) is the branching ratio of thith D° decay decay modes.
mode, andIIB(X°) is the product over all the relevant

branching fractions of the %decay chain. Particle Data

Group values foD?, D*°, %, " andw branching ratio$5]

are Used in the upper I|m|t3 Calculation and are ||Sted in We gratefu”y acknow|edge the effort Of the CESR Staffin
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ticle Data Group[5]. 90% C.L. upper limits on branching thanks the Heisenberg Foundation, K.K.G., M.S., H.N.N.,
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