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Using the CLEO-II data set we have searched for the de®dys> D®*D®~. We observe one
candidate signal event for the dec&} — D**D*~ with an expected background 6f022 + 0.011
events. This yield corresponds to a branching fraction BfB® — D**D*~) = [5.37}}(stap =
1.0(sysh] X 107* and an upper limit of B(B® — D**D*") < 2.2 X 107 at the 90% C.L. We
see no significant excess of signal above the expected background level in the other modes, and we
calculate the 90% C.L. upper limits on the branching fractions t®B8° — D**D*) < 1.8 X 1073
andB(B° — D*D7) < 1.2 X 1073, [S0031-9007(97)03774-5]

PACS numbers: 13.25.Hw

The decays3’ — D™ D™~ are favorable modes for 3.09 fb~! was taken at th&'(4S) resonance, correspond-
studyingCP violation in B decays. In the standard model, ing to approximatel3.3 X 10° BB pairs produced.
time-dependent asymmetries in the decays can be related toAt the Y (4S), the BB pairs are produced nearly at rest,
the angles of the unitarity triangle [1]. This angle can also resulting in a spherical event topology. In contrast, non-
be measured witB® — K¢ decays; any difference be- BB, continuum events have a more jetlike topology. To
tween the values obtained 8 — D™* D™~ decaysand select spherical events we required that the r&tioof
B° — ¢ K¢ would indicate non—standard model mecha-the second and zeroth Fox-Wolfram moments [6] be less
nisms for CP violation [2,3]. AlthoughB® — D**D*~  than 0.25.
andB’ — D**D™ are not pureCP eigenstates, estimates We required charged tracks to be of good quality and
indicate that a dilution of th€ P asymmetry of only a few consistent with coming from the interaction point in both
percent would be incurred by treating these modes as putbe r — ¢ andr — z planes. We defined photon candi-
CP eigenstates [1]. dates as isolated clusters in the Csl calorimeter with en-

The modesB? — D®+*D®~ have never been ob- ergy greater than 30 MeV in the central regidndgsd| =
served, and no published limits on their branching0.71, whered is measured from the beam line) and greater
fractions exist. The decay amplitude is dominatedthan 50 MeV elsewhere. Pairs of photons with measured
by a spectator diagram with — ¢W ™ followed by the invariant masses within 2.5 standard deviations of the
Cabibbo-suppressed procdés — cd. One can estimate nominal 7° mass were used to form® candidates. Se-
the branching fractions foB® — D®*D®~ by relating lected7® candidates were then kinematically fitted to the

them to the Cabibbo-favored decafs— pi’ pt*-: ~  nominalz’ mass. o
2 A particle identification system consisting@®f /dx and
B(B" —» DWW D) = foo tartfc time of flight was used to distinguish charged kaons from
p charged pions. For charged pion candidates, we required

X B(B® — DWtp™~) (1) the likelihood of the pion hypothesis; to be greater than
. ) 0.05. Since all signal modes require two charged kaons,
where thefy are decay constants amd is the Cabibbo ¢ a6n candidates were required to have a joint kaon

— D&+ p- AT
angle. . Table I. shows the expecte’! — D™D I];lypothe5|s likelihood_k, Lk, greater than 0.10.
branching fractions, where the CLEO measurements o We reconstructed allD** candidates in the mode
() + %) — . . . .
B(B® — Ds’ D) have been used [4]. ~ D*" — 7*D" (charge-conjugate modes are implied).
The data used in this analysis were recorded with thgy0 candidates were reconstructed in the modds—
CLEO-II detector [5] located at the Cornell Electron x—7+ pO0 — Kk~ 777° and D°—> K o7 7 #".

Storage Ring (CESR). An integrated luminosity of p+ candidates were reconstructed v# — K~ 7+ .

TABLE I. Estimated branching fractions f&@° — p®*p®~  TABLE Il. Branching fractions of D" modes used in
based on the measured branching fractions of the Cabibbgeconstruction.
favored decay$’ — D+ D™~

Decay mode Branching fraction (%)
B of Related Estimate® for t 0
Mode )+ 1y () — 0 )+ 1y (0)— —4 D" — 77D 683 = 14
D" D mode (%) DT DT (107 D’ — K 7™ 3.83 = 0.12
B — D**D*~ 2.4 9.7 D’ — K 7t7m0 13.9 = 0.9
B — D**D~ 2.0 8.1 D' K nmtm wt 7.5 €04
B— D™D~ 11 45 DY - K wtm* 9.1 =06
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Table Il summarizes the branching fractions of &)  the D** decay. The resulting rms resolution on the

modes used [7]. reconstructed mass differend®mp:—p = mp+ — mpo
For the decay mod®°® — K~ 7+ 7°, we make a cut was approximately 0.69 MeV.

on the weight in the Dalitz plot in order to take advantage Because B’ — D**D* is a pseudoscalar —

of the resonant substructure present in the decay. Theector + pseudoscalar decay, the cosine of the decay

cut chosen was 76% efficient for go@® — K~ 7" #°  angle co9, of the slowz* from theD** has a cosf

decays while rejecting 69% of the background. distribution, while background events have a uniform dis-
We performed a vertex-constrained fit on all thetribution in this variable. FoB® — D**D* candidates

charged tracks in th&® candidate for modes that con- we required cosf | > 0.5.

tained aD**. The x2 from the vertex fit was required  To select8? candidates that contain well-identifi&d*'s

to be less than 100. The fit improved the determinatiorwe Comblned the reconstructélf masses into a single

of the angular track parameters for the slew from  quantityy%. The definition ofy% for each mode is given

>
s perpeny = ((Bm = Am T (@Am = Am)\* oy = )\ (s = Gmo) )y
XM TAm TAm T mpo T mpo ,
- Am — (Amy\ mpo — (mpo)\ mp- — (mp+)
X@(D*—D+)=( %i >> +< Dam[i D>> +< D ami D>>’ @)
2 2
Xﬁzd(D+D):(<mD+>;—<mD+>> . <<mD+>;—<mD+>) ’ @

where the values in angle brackets represent the nomthe expected background level would fluctuate up to or
nal values and the sigmas are the rms resolutions obeyond the expected signal level. For calculating the
the given quantity. We require(M(D*+D* ) < 8.0, expected number of signal events during this optimization
x5 (D**D¥) <40, and y4(D*D”)<20. From We assumed a branching fraction of 0.1% for &fl —
studies of Monte Carlo and regions in the data outside® ™" D™~ modes.
of the signal areas in other variables, we find that the Using the cuts defined above, we determined the sig-
backgrounds are uniform ig;. nal reconstruction efficiency using Monte Carlo. The re-
Since the energy of th&° is equal to the beam en- construction efficiency and single event sensitivity [SES
ergy at CESR, we used the beam energy instead of the BN5) !, wheree is the detection efficiencyB is the
measured energy of th8° candidate to calculate the product of the daughter branching fractions, avg is
beam-constrained mass = ‘/Egeam _ PB- The rms the number o8B pairs produced in the data set] for each
resolution inmp for signal events, as determined from
Monte Carlo, is 2.8 MeV. In addition, the energy dif-

ference AE = Eg — Epeam, Where E is the measured T T T T ]
BY energy, was used to distinguish signal from back- 03:_ E
ground. The resolution iAE is 12 MeV after performing “t ]
a mass-constrained fit that included the masses of all sec- b E
ondary particles®* and #°). The signal region in all “F ]
modes was defined $8E| < 2oar and|mp — (mpo)| < 3 E
20-"”8' e~ E ]
We used a Monte Carlo simulation of the CLEO- & ,f . ] 4
Il detector to optimize all cuts. Since the number of 4 -
observed signal events was expected to be small, all o4 °* & .
cuts were optimized to minimize the probability that -
-02f * ]
TABLE Ill. Summary of reconstruction efficiencies and a
single event sensitivities for the thr@8 — D™ D®~ modes. B E
Efficiency, e SES= (eBNy5)"! 04l 11 e 1]
Mode (%) (1074 5.20 5.22 5.2:1" (G ‘;5).26 5.28 5.30
BY — D**D*~ 1.86 5.45 = 0.99 _ .
B — D**p~ 507 3.79 + 0.53 FIG. 1. AE vs mp for data in theB® — D**D*~ analysis.
B — D*D- 14.41 252 + 0.40 The signal region is indicated by a solid box. The sideband

region lies above the top and below the bottom dotted lines.
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b T T T ] TABLE IV. Summary of events found in the data, both in
N o . . ¢ ] the AE sidebands and in the signal region, for each of the
0.3 —. Lt - : ": . , three modes.
[ . . °a . ] Events in Predicted Events found
0.2~ * * i 7 AE background in in signal
E * . ] Mode sidebands the signal region region
01| e e J
Rl S e R SR H [
o 5 . d ¢ ] — D**D* . + 0.
S °F . L1 A B"— D*D" 539 2.64 + 034 3
4 B P o 3
-01 ® . . ]
[ o [} 'Y * N
_ozlg S e o et S° ] mp < 527 GeV. To estimate the background in the
S *o. i o 1 signal region, we count the events in a sideband in
oal e . ety e o ] the AE-mp plane (50 = |AE| = 400 MeV;5.2 GeV =
“Vor . L] -] . . . o .
A ) N 1 mp = Epeam) and multiply by the relative efficiencies of
o4l o, 2 % 18 o0 e | ] the signal and sideband regions determined from back-
5.20 5.22 5.24 5.26 5.28 5.30 ground Monte Carlo.
mB(GeV)

Figures 1, 2, and 3 show the resulting plotsXf vs
FIG. 2. AE vs mg for data in theB® — D**D™ analysis. mgp for the three modes. The signal region is indicated
The signal region is indicated by a solid box. The sidebandyith a solid line, and the sideband region is indicated with
region lies above the top and below the bottom dotted lines. 5 gotted line.

Table IV lists the event yields in the sideband and sig-
mode are summarized in Table Ill. The systematic uncernal regions. The expected number of background events
tainty on the SES is dominated largely by uncertainties irin the signal region is also given. The uncertainty on the
the D and D* branching fractions and, due to the large €xpected number of background events is a combination
mean multiplicity of the final states, the uncertainty in theof statistical error on the number of events in the side-
tracking efficiency. band regions and the uncertainty in the background shape

The dominant background is due to random combinathrough the signal region.
tions from BB and continuum events. The Monte Carlo The probability that the expected background of
predicts that this background varies smoothlyAif and ~ 0.022 = 0.011 events in B — D**D*~ fluctuates up
mg, and this is verified in the data. Thep distribu- to one or more events is 2.2%. If we interpret the one
tion for data inAE sidebandg50 < |AE| < 400 MeV) observed event as evidence for a signal, the resulting
varies smoothly with no peaking in the signal region.branching fraction would be
The same is true for thAE distribution for data with B(B"— D** D) = [5.37]}(stap = 1.0(sysh] X 107,

(5)

0.4 T

[ e |.. T e T 1 "e® e ' | LI X .
i .s|‘° °« 2 ¢ PN 1 where the systematic uncertainty comes from the uncer-
o3, oL & tainty in the SES.
B (J [ ] T . e . .
A Y S Y I ] No significant excess of events is seen in the other
02}, .'..' Fa . .c"' o, - two modes. We calculate upper limits on the branching
T I L A fractions for all three modes, and these results are
0AF © o oo '..': . et . summarized in Table V. The systematic uncertainty in
N LA T i S : the SES and the uncertainty in the background level have
% 0 E e R RS MU D E been incorporated into the upper limits [8].
4 -.-v..‘-'"-%.-..'t-.'""‘:""’;;";"""'e """ Y TR We have performed a search for the decadfs—
Bl T o L e el e, ] DW*DM=_ In the modeB® — D**D*~, one event is
» '. .. :. '..'. d '. .~ ® 1
(3 * © ®eo o L] R
-0.2 .o.;::° ° .;' ; . e %o o 4
. o'o. 0% ol % ] o
o -.8"-' '.'o,-g et ..'-':.. . 1 TABLE V. Summary of upper limits on th8° — D™+ D)~
T031% o sesdee g ;‘ Y e~ . 7 branching fractions. All upper limits are quoted at the 90%
o 1
X :‘ f.<.:d\ s?. :I.. — ] cL
5.20 5.22 5.24 5.26 5.28 5.30 imi
mg (GeV) Mode Upper limit (90% C.L.)
_ _ B’ — D**D*~ 22 X 1073
FIG. 3. AE vsm; for dataintheB” — D*D™ analysis. The pgo _, p+=p= 1.8 X 1073
signal region is indicated by a solid box. The sideband regiorgo _, p+p- 12 X 1073

lies above the top and below the bottom dotted lines.
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seen in the signal region where the expected background 'Permanent address: BINP, RU-630090 Novosibirsk,
is 0.022 = 0.011. The one event iB? — D**D*" is Russia.
seen at a rate that is consistent with predictions, and in all *Permanent address: Lawrence Livermore National Labo-
three modes the upper limits are within about a factor of __ ratory, Livermore, CA 94551.
2 from the predicted branching fractions. [1] R. Aleksanet al., Phys. Lett. B317, 173 (1993).
We gratefully acknowledge the effort of the CESR [2] Lhe S'Ezgaé ggoﬂggogg" Technical Design Report
staff in providing us with excellent luminosity and 3] KOLingel e_t 6'“ l-?epc;rt No. CLNS 91-1043. 1991
running conditions. This work was supported by the [4] CLEO CoIIab(;ration, D. éibauet al., Physi Rev.'D53,
National Science Foundation, the U.S. Department of = 4734 (1996).
Energy, the Heisenberg Foundation, the Alexander von[s] CLEO Collaboration, Y. Kubotaet al., Nucl. Instrum.
Humboldt Stiftung, Research Corporation, the Natural Methods Phys. Res., Sect.320, 66 (1992).
Sciences and Engineering Research Council of Canadag] G. Fox and S. Wolfram, Phys. Rev. Le#tl, 1581 (1978).
and the A. P. Sloan Foundation. [7] Particle Data Group, R. M. Barnett al., Phys. Rev. D64,
1 (1996).
[8] R.D. Cousins and V. Highland, Nucl. Instrum. Methods
*Permanent address: University of Texas, Austin, TX Phys. Res., Sect. 820, 331 (1992).
78712.

803



