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We have searched for the decBy-D;(2536)X and measured an upper limit for the inclusive branching
fraction of B(B—DJ;X)<0.96% at the 90% confidence level. This limit is small compared with the total
expectedB— D)DK X rate. Assuming factorization, tH27, decay constant is constrained toﬂy?1<1l4
MeV at the 90% confidence level, at least 2.5 times smaller than tha off S0556-282(198)01809-9

PACS numbd(s): 13.25.Hw, 14.40.Nd

I. INTRODUCTION be ~15% from the measured inclusive rates & DJ X
andB— ¢X.
One of the outstanding issues Bhmeson physics is the Recently, Buchallat al.[4] and Bloket al.[5] have sug-
semileptonic branching fraction puzzle. Experimentallygested that a significant fraction of the—ccs transition
B(B—XIv) is measured to be (10.430.24%)[1], whereas . 076 intB— DDKX. This is supported by CLEO’s

theoretical calculations have difficulties accommodating g6] observation of “wrong-sign”D mesons fronB decays
branching fraction below-12.5% [2]. One way to reduce B(B—DX) =(7.9+2.2)%, where th® comes from the vir,-

the th_eorhet'ca' eXp;_Ctath”_S IS tgroughr_' s_tWOfo_'d e”(:l“"‘”cefual W*—cs. The ALEPH[7] and DELPHI[8] Collabora-
ment in the assumebl— ccs rate[3], which is estimated to -, o L cieatBies DD )X decay

rates. ExclusiveB decays involving wrong-sigid mesons

can result from(1) resonanB—>[7(*)D§* decays, where the
* . . . . >
Tsermanentt addddress'BYO“EE' U“'Vsrst'_ty’ SlT_OlE)I 12?'74% Toreil'\}/v*ecs hadronizes to an exciteB. meson that decays
ermanent adaress:. brooknaven National Laboratory, on, —
11973 y. LP into DKX, and (2) non-resonanB—D®*)D®*)K decays.

*Permanent address: University of Texas, Austin, TX 78712 This paper explores one possibility in the first case, namely,

+ +
Spermanent address: Lawrence Livermore National Laboratoryt,hf decayﬁgDsé(ZSi%G)X whereDy is the narrow P_—wave
Livermore, CA 94551, Dy meson withJ"=1". The “upper-vertex” production of

'Permanent address: BINP, RU-630090 Novosibirsk, Russia. D¢; from W*—cs hadronization is shown in Fig.(d). In
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. U+ dates through the decay tgy by requiring candidates to
_ D, §<E have an invariant mass within 2.5 standard deviatioms (
_ s B Tp, ~5 MeV/c?) of the nominalm® mass.
b c s

The K- 7" and K~ 7" #° combinations are required to
have a kaon identification dR«>0.5 and 0.7, respectively,
and an invariant mass within 15 and 25 Me%{~20) of
(a) (b) the nominalD® mass, respectively. In addition, we select
regions of theD®— K~ 7+ #° Dalitz plot to take advantage
of the known resonant substructuf@2]. For the D
—D*%* mode, the Dalitz cut reduces the signal efficiency
by 40% and the background by 80%. We relax the Dalitz cut

* +10 ; ; ; ;
addition, D, mesons can be produced from “lower-vertex” for the D. Kg mode since the combinatoric background is
substantially lower.

decaysb—cud with the creation of arss quark pair, as TheD**—D%r* candidates are required to have a mass
shown in Fig. 1b). This produces right-sigp mesons; how- difference M(D%7*)—M(D®) within 1.5 MeV/c3(~20)
ever, the decay rate is expected to be small. Throughout thist \ha nominal value of 145.4 Mee?, WhereM(X) is the
paper c_harge canjugate s_tates are implied. . reconstructed invariant mass of. Similarly, the D*0

ContinuumDyg, production has been thoroughly studied _ o0 -andidates are required to have a mass difference
[1]. TheD is just above théd*K mass threshold and de- M (D%7% —M(D®) within 1.5 MeV/cX(~20) of the nomi-

cays dominantly intaD*°K * andE)*()*KO. Other possible 5] value of 142.1 MeW2. To form D, candidates charged
decay'chan?’ce)lf are negl|g|blg*) 7 due .to |§osp|n con- kgons are combined Wim*o cqndidates andg’s are com-
servation, D"’ (nw) due to Okubo-Zweig-lizuka(OZI)  pined withD** candidates. Since the primary kaons from
rule suppressiofi9], DK or D¢ #° due to angular momen- p* . p*OK* decays have low momentum, we can impose a
tum and parity conservation, ari{*)" y due to the small stringentR,>0.9 requirement on th&* with negligible
radiative decay rate. loss of efficiency. ThéJ; candidates are required to have a

scaled momentunx,=pp / [E2 g MZD;1<O.45, which

is the kinematic limit forB—DJ;X decays.(We ignore the
The data used in this analysis were selected from hadronigegligible contributions fromb—u decays. Upper-vertex
events collected by the CLEO I detector at the Cornell ElecD]; production results in a maximum, of 0.35, and this
tron Storage RiINgCESR. The CLEO Il detectof10] is @  requirement is imposed when determining B¢, decay
large solenoidal detector with 67 tracking layers and a Cstonstant. Thé®J; decay channels witt®'s in the final state
eIectr_omagnetlc calorlmet.er that prqwdes efﬂcmﬁtr_ecor.]— often have multipleD/; candidates per event. We select the
structlopi The data consist of an integrated Iu_mlnosny ofeandidate with the highesg? probability of being aD{; ,
3.11 b~ at the Y(4S) resonance, corresponding 0 3.3 \yhich is derived from the invariant masses of the recon-
x10° BB events. To evaluate ndBB backgrounds we also structedn®, D°, andD* mesons.
collected 1.61 fb! of “continuum” data 60 MeV below
the Y (4S) resonance.
The inclusiveB—DJ X decay is studied by reconstruct- ll. RAW YIELDS
ing the decay channeB/;—D*°K* andD* "K2 using the
decay mode®*°—D%#% andD* * —D%". TheD? is re- > ot >0
constructed using the decay moddd’—K 7" and ©NCE A+M 1= M(D 5 )—M(D*")=Mg+ and AM,
K~ 0. Hadronic events are required to satisfy the ratio of=M(D* "Kg) =M(D* ") —Mg, whereMy+ and Mg are
Fox-Wolfram moment$11] R,=H,/H;<0.3 to reduce the the known massed]. TheD*K mass difference signal has
background from continuum events. a resolution that is two to four times smaller than the corre-
Charged tracks, except pions frok2 decays, are re- sponding signal in the reconstructé@ K invariant mass
quired to be consistent with coming from the primary inter-distribution. TheAM, and AM, distributions are shown in
action point. Charged kaon and pion candidates are identifiedlig. 2, where theD°—K~ 7" and K~ 7" #° modes have
using specific ionizationdE/dx) and, when available, time- been added together. The data are fit with a Gaussian signal
of-flight (TOF) information. For kaon identification, we con- and a threshold background function. The Gaussian width is
sider the relative probability for a charged track to be a kaonfixed to that expected from a GEANT-based Monte Carlo
Ri="Px ! (P,+ P+ P,), whereP is thex? probability fora  simulation [13] (o=2.4-3.6 MeV/c?, depending on the
given particle hypothesis. The requirement Bp depends mode and the mean is fixed to the measu2g mass dif-
on the decay mode of interest. Pion candidates are identifiei@grence from continuum dataAM;~35 MeV/c? and
by requiring thedE/dx and, when available, TOF informa- AM,~27 MeV/c?.) We observe 42 14 signal events in
tion to be within 3 standard deviations’) of that expected theD*°K* mode and &6 events in theD* +Kg mode.
for pions. We selech candidates through the decay to  However, when th®*°K* candidates are further subdi-
« 7~ by requiring a decay vertex displaced from the pri-vided into theD°—K™ 7+ and K~ 7" #° decay channels
mary interaction point and ng invariant mass within there is a discrepancy in thi;; yields. As shown in Fig. 3,
10 MeV/c? of its nominal value. We reconstruet’ candi-  we observe 16 8 signal events in thd M distribution for

FIG. 1. Feynman diagrams f¢a) B—DZ X decays producing
DJ, at the upper vertex angh) B— DX decays producin®; at
the lower vertex.

Il. DATA SAMPLE AND EVENT SELECTION

The D, signal is identified using th®*K mass differ-
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FIG. 2. The mass difference distribution f@ D*°K* and(b)

D* K2 candidates fronB meson decays.

the D°—~K~#* channel and 3312 D}

the DK~ 7+ 7% channel. After accounting for branching
fractions and efficiencies, discussed below, this results in
2.20 discrepancy in thé®*°K™* rates between the twb°

0.25 0.50

FIG. 4. The efficiency corrected yield for o&— D}, X candi-
dates as a function of tHag; scaled momentums, . The kinematic
limit from upper-vertex and lower-verte®—DJ; X decays iSXp
<0.35 andx,<0.45, respectively.

with x,, and theD¢; momentum distribution fronB decays
is not known, we compute the inclusi@-— D ;X branching
fraction by dividing the data into four equal regions xf

0.10 from 0.05 to 0.45 and summing the efficiency corrected
yields. TheDS,—D*°K* and D* *K° branching fractions
are equal according to isospin, and their ratio has been mea-

sured to be within 30% of unity14]. We measure the

branching fractiorB—>D;'lX to be (0.770.22)% from the

signal events for

modes. We cannot rule out the fact that background sources

may be contributing a falseDg; sig

—K~ 7" 7% channel, but not in thd®°—K~#" channel.

nal in the D°

D*°K* mode and (0.280.37)% from theD* *K2 mode,
where the error is statistical only. The two measurements are
statistically consistent. The, distribution for ourD¢; can-
fidates is shown in Fig. 4.

IV. CROSS CHECKS

Several cross checks, shown in Fig. 5, were performed to

However, no such mechanism has been uncovered. To hgrroborate the validity of th®_; signal. The scaled con-
conservative, we choose to quote only an upper limit for theinuum background from data after satisfying all selection
cuts is negligible, and there is no excess in &d,; signal
Since theD¢,; reconstruction efficiency increases rapidly region (3+5 events. The uncertainty in the continuum;
contribution is included in the systematic error. There is also

decayB—DJ X.

30 —————

n
o

Events / (2 MeV / cz)
S

events.

AM_ (GeV/c?)

FIG. 3. TheAM, mass difference distribution fd*°K* can-
didates from the(@ D°—K~#* and (b) D°—K ™ 7' #° decay

channels.

~0.05

no evidence of peaking in th®M ; signal region for wrong-
sign D*°K~ combinations (&9 event$, D° mass side-
bands (5-5 eventy, and D*° mass sidebands—4+6

We have also searched for th° signal from DZ;
—D*% " candidates in theAM; signal region,|AM;
—35 MeV/c?|<10 MeV/c?, by relaxing theD® mass cut
] and histogramming the invariant mass of &I 7% and
.10 K~ o 7% combinations that satisfy the remaining selection

criteria. In events with multiple candidates pB decay
mode we select the candidate with the highgsprobability,

which is derived from the reconstructed andDJ; masses.
We observe 10815 D° events. However, there are also

realD%s in the randonD*°K* combinations under thB J;
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FIG. 5. The normalized*°K™ mass difference distributions
from (a) continuum events(b) D*°K~ “wrong-sign” combina-
tions, (c) D° mass sidebands, arid) D*° mass sidebands.

peak; after aAM; sideband subtraction thB® invariant
mass spectrum yields 4418 eventdsee Fig. 6a)]. This is
consistent with oub;—D*°K ™ yield in Fig. 2.

Similarly, we have studied th®*° signal from DJ;
—D*% " candidates in th&a M, signal region. We observe
59+ 15 D° events. As in theD? case there are also real
D*%s in the randomD*°K* combinations under th®
peak. After aAM, sideband subtraction th@*° mass dif-
ference spectrum yields 2518 eventgsee Fig. @)], con-
sistent with ouD S, —D*°K ™ yield.

Finally, we have studied th®Z; production from con-

tinuume® e~ —cc events. The selection criteria is similar to
that used to findDJ; from B decays, but since continuum
charm production has a hard fragmentation, we requjre

>0.5. In addition, we remove th&,<0.3 cut, relax the

charged kaon identification tB>0.1, and remove the Dal-
itz cut for D°—K ™~ 7" 7. The mass difference distribution
for D*°K* and D* K combinations are shown in Fig. 7,
where theD°—K~ 7% and K~ 7" 7° modes have been

% 30 7 30
~ B —

> 20 3 20
= - =

© 10 = 10
PR g 0
I.ﬁ P RS I.IJ_20

177  1.86 195  0.135 0145  0.155
M (D% (GeV / c?) AM (D*) (GeV / ¢?)

FIG. 6. (8 The invariant mass distribution fok 7+ and
K~ 7" #° combinations fronD*°K* candidates in thd M signal
region, after sideband subtractioth) The D*° mass difference
distribution fromD*°K * candidates in thA M, signal region, after
sideband subtraction.
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FIG. 7. The mass difference distribution f@ D*°K* and(b)
D* *K2 candidates from continuum’e”—cc events.

added together. We extract tBe; signal by fitting the data
with a Gaussian signal and a threshold background function.
The Gaussian width is fixed to the value predicted by Monte
Carlo (2.1 MeVE?), and the mean is allowed to float. We
observe 222 19 events in theD);—D*°K* mode with a
mass difference of 35:00.2 MeV/c? (statistical error only,

and 101 11 events in th®; —D* "KE mode with a mass
difference of 27.5:0.3 MeV/c2. The results are consistent
with the previous CLEO analys[d.4].

V. SYSTEMATIC ERRORS AND FINAL RESULTS

There are several sources of systematic error. We assign a
systematic error of 16% to account for the @.&iscrepancy
between thd*°K * rates for theD’— K~ 7" andK ™~ 7+ 7r°
modes. This accommodates different methods of computing
the weighted average of the—DJ X branching fraction
from the four separate decay chains. Uncertainties in\tkie
value of +0.3 MeV/c? from fits to the continuunD; pro-
duction were used to set a systematic error of 1% and 16% in
theD*°K™* andD* "K2 yields fromB decays, respectively.
Uncertainties due to reconstruction efficiencies include 1.5%
per charged track, 5% pet®, 5% for slow pions fronD*,
and 5% fork2. We also include systematic errors of 7% for
Monte Carlo statistics, 5% for kaon identification and the
Dalitz decay cut efficiency, 4% for uncertainties in the yield
for x,<0.05, and 8% for uncertainties in the continulgy
contribution that passes our selection criteria. The total sys-
tematic error is 25%.

Averaging theD*°K " and D* "K2 modes together, we
obtain B(B— D X)=(0.64+0.19+0.16)%. Since theD
signal is observed largely in only one decay maddg,
—D*% " with D°—K ™~ 7" 70, and since there is a discrep-
ancy between this mode and the corresponding mode involv-
ingD°—K ™~ 7", we instead prefer to quote an upper limit on
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the branching fraction to b8<0.96% at the 90% C.L[.15] B(B—DZX) I'(B—D}X)
This decay rate limit is small relative to the total rate ex- =

pected forB—D™*)D™*)KX of about (7.9:2.2)% from the

B(B—DX) TI'(B—DIX)+I'(B—D!*X)

wrong-signD meson yield inB decayg6]. This is not sur- for 2
prising considering thecs system has appreciable phase ~0.4 st
space beyond th®J; mass[4]. Also, CLEO’s[16] recent fD;

observation of exclusiv8—D®*)D®*)K decays shows that
the D*)K invariant mass distribution lies mostly above the Many systematic errors cancel in the ratio. From our upper
Dg, mass. limit on B—~D,X and CLEO’s[20] measurement oB(B
—DJX)=(12.11+0.39+0.88+1.38)%), we  derive
VI. D, DECAY CONSTANT fDS+1/fDS+<O.40 at the 90% C.L. The central value is

Measurement of thB— D/, X decay rate also provides an fD;l/fD:=O.29t 0.06+0.06, where the first error is due to

: : : + +
estimate of theDJ; decay constantf+, assuming that the the total error in the inclusiveB—Dg X and B—DgX
S.

. . branching fractions, and the second is the uncertainty in the
DJ; comes dominantly from upper-vertex decays. The inclu- g y

Ve d te foB it d stat iBd non-factorizable and lower-vertex contributions to tBe
sive decay rate Mesons Into ground state or exci —DJ X decay rate. Using the measured valuef gf =280
mesons can be calculated assuming factorizdtlofh s

+40 MeV [20] gives st+l=81i26 MeV which corre-
sponds to an upper limit des+l< 114 MeV. This limit ac-

Mﬁaff%sl(x,y) commodates the prediction 65;:8%: 19 MeV by Veseli
and Duniet721].

G|2:|Vcbvcs|2

[(B=DX)=—— ¢

wherea, is the Bauer-Stech-WirbéBSW) [18] parameter
for the effective charged current, ah¢k,y) is a kinematic VIl. CONCLUSIONS

N2 g2 — M2/ 2 )
factor withx=Mp /My, andy =Mg/Mj . For scalar or pseu In summary, we have searched fBrmesons decaying

doscalar D, mesons, 1Y) = V(1-X=y)*=4xy(1=X  jnto the P-waveD,(2536) meson. The upper limit d8(B

—2y—xy+y?), and2 for vector or ax2|al-vectoDS n;esons, —D$X)<0.96% at the 90% C.L. accounts for at most only

LX) = V(1 —x—y)?— 4xy(1+Xx—2x*= 2y +xy+y?). a fraction of the total wrong-sigB—DX rate. Assuming
We have tightened the, requirement tax,<0.35 since  ¢actorization, the decay constafy . is at least a factor of

. . . . . . + M~
this is the kmemapc limit for upper-verteB—>DilDX de- 2.5 times smaller than the decay constant for the pseudo-
cays. The production of ground state and excibgdmesons scalarD
s -

from lower-vertex decays such Bs-D KX is expected to
be suppressed. This is certainly true Br>DJ X decays
where the fraction oD; produced at the lower-vertex is
measured to be 0.1720.072+0.026[19]. Moreover, there We gratefully acknowledge the effort of the CESR staff in
is no evidence oiD;1 production in the regiorx,=0.35 providing us with excellent luminosity and running condi-
—0.45 where lower-vertex production is likely to ocqsee tions. J.P.A., J.R.P., and I.P.J.S. thank the NYI program of
Fig. 4. However, there is an excessBf-DZ X candidates the NSF, M.S. thanks the PFF program of the NSF, G.E.
observed at low,<0.15 (as seen in Fig. which cannot thanks the Heisenberg Foundation, K.K.G., M.S., H.N.N.,
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