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First Observation of the Cabibbo Suppressed Decaggt — Dk
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We have observed the dec& — D°K™*, using3.3 X 10° BB pairs collected with the CLEO Il
detector at the Cornell Electron Storage Ring. We find the ratio of branching fradtieasB(B* —
D°K*)/B(BY — D%7*) = 0.055 = 0.014 = 0.005. [S0031-9007(98)06422-9]

PACS numbers: 13.25.Hw, 11.30.Er, 12.15.Hh

Several authors [1] have devised methods for measumass for signal, with a resolution of;, = 2.6 MeV, de-
ing the phasey =~ argV,;,) of the Cabibbo-Kobayashi- termined mostly by the beam energy spread. We accept
Maskawa (CKM) [2] unitarity triangle, using decays of candidates withM,. > 5.230 GeV. We define the en-
the typeB — DK. Comparison between these measureergy difference AE = Ep + /p% + M% — Ey,, Where
ments and results from othé? and K decays may be Ej is the measured energy of thi2’ candidate,pg is
used to test the CKM model a@fP violation. CP viola- the momentum of the hard kaon candidate, afidis the
tion could be manifested i® — DK in the interference nominal kaon mass. Signal events peak arotfd= 0,
between & — ¢ and ab — u amplitude, detected when with a resolution of 24 MeV in th& * 7~ mode, 27 MeV
the D meson is observed in a final state accessible to botim the K ™7~ 7% mode, and 20 MeV in th& "7~ 7 "7~
DY andD°. mode. We require-100 < AE < 200 MeV.

The data used in this analysis were produced ‘ia~ The largest source of background is the Cabibbo al-
annihilations at the Cornell Electron Storage Ring (CESR)lowed decayB* — D°#*, distributed aroundAE =
and collected with the CLEO Il detector [3]. The data48 MeV. Taking into account correlations between
consist of3.1 fo~! taken at theY(4S) resonance, con- AE and M (D), the AE separation between signal and
taining approximately.3 X 10° BB pairs. To study the B* — D%z is about2.3¢ in all three modes. The only
continuume™ e~ — gg background, we usé.6 fo~! of  additional variable which provides significat — 7
off-resonance data, taken 60 MeV below fi¢4S) peak. separation isdE/dx of the hard kaon candidate. The

We reconstructD? candidates in the decay modes dE/dx separation between kaons and pions in the rele-
Ktm~, K'om~#° or K"n#~ 7wt~ (reference to the vant momentum range af.1-2.5 GeV is approximately
charge-conjugate state is implied). Pion and kaon candit.5¢. Our dE/dx variable is chosen such that pions
date tracks are required to originate from the interactiorare distributed approximately as a zero-centered, unit-rms
point and satisfy criteria designed to reject spurious track€Gaussian, and kaons are centered arouti4, with a
Muons are rejected by requiring that the tracks stop irwidth of about 0.9.
the first five interaction lengths of the magnet return Other sources ofBB background areB — D*7™,
iron. Electrons are rejected using their specific ionizatiolB* — D% ™, and events with a misreconstructeaf’
in the drift chamber {E/dx) and the ratio of the track which pass the selection criteria. SuBi® events tend
momentum to the associated calorimeter shower energyo have lowAE and broadV,,. distributions. Continuum
The D° daughter tracks are required to hai€/dx con- e"e” — gg events also contribute to the background.
sistent with their particle hypothesis to within 3 standardWe reject 69% of the continuum and retain 87% of the
deviations ¢). Neutral pion candidates are reconstructedsignal by requiring cosé,| < 0.9, whered; is the angle
from pairs of isolated calorimeter showers with invariantbetween the sphericity axis of th&" candidate and that
mass within 15 MeV (approximateB/5¢) of the nominal of the rest of the event. The sphericity axis, of a
7% mass. The lateral shapes of the showers are requirest of momentum vectordp,}, is the axis for which
to be consistent with those of photons. We require @, |p; X s|* is minimized.
minimum energy of 30 MeV for showers in the barrel part In addition to the above variables, discrimination be-
of the calorimeter, and 50 MeV for end cap showers. Attween signal and continuum background is obtained from
least one of the twar® showers is required to be in the cosfp, cosine of the angle between ti" candidate
barrel. The#? candidates are kinematically fitted with momentum and the beam axis, and by using a Fisher dis-
the invariant mass constrained to be th¢mass. criminant [4]. The Fisher discriminant is a linear com-

The invariant mass of the? candidate,M (D), is bination, F = Z}il a;y;, where the coefficients; are
required to be within 60 MeV of the nomind@°® mass. chosen so as to maximize the separation betwimnd
The M(D) resolution, oy ), is 9 MeV in the K" o~ continuum Monte Carlo samples. The eleven variables,
mode, 13 MeV in th&k " 7~ 7% mode, and 7 MeV in the y;, are | cosfy,| (cosine of the angle between ti&"
K*7~ 7 7~ mode. The loos#/ (D) requirement leaves candidate thrust axis and the beam axis), the ratio of the
a broad sideband to assess the background. Fox-Wolfram moments{,/H, [5], and the total momen-

B* candidates are formed by combining4 candidate tum of tracks and showers from the rest of the event in
with a “hard” kaon candidate track. For ea#ti can- each of nine 0° angular bins centered around the candi-
didate, we calculate the beam-constrained mags, = date’s thrust axis. Signal events peak arodfd= 0.4,
\/E%, — pZB, where pp is the B* candidate momentum while continuum events peak df = 2, both with ap-
andEy is the beam energyM,,. peaks at the nominat™* proximately unit-rms.
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Of the events, 18.8% have more than d@ecandidate, D° — K~ #'. The parametrization in the other variables
reconstructed in any of the three modes, which satisfieis obtained from the off-resonance data for the continuum
the selection criteria. In such events we select the bef®®DF’s and from Monte Carlo for thBB PDF'’s.
candidate, defined to have the smallgst= [(M,. — The distribution of B — D°K* and B™ — D%#*
Mp)/om, P + {IM(D) — Mpl/ouw)}*, whereMp and  events in AE,M(D), M,. space is parametrized using
Mp are the nominaB and D masses, respectively. We the sum of two three-dimensional Gaussians, which are
verify that the distribution of the number of candidates perotated to account for correlations whose magnitudes
event in the Monte Carlo agrees well with the data. are obtained from Monte Carlo. Such correlations are

The efficiency of signal events to pass all the require-essentially absent from the distribution Bf— D*7* +
ments i90.4412 + 0.0029 for the K" 7~ mode,0.1688 + D% events, due to the requiremehE > —100 MeV.
0.0016 for the K "7~ 7° mode, and).2186 + 0.0024 for  In turn, this requirement introduces a small asymmetry
theK* 7~ 7t#~ mode. The efficiencies are determinedin the M (D) distribution of these events, which we
using a detailedseanT-based Monte Carlo simulation [6], parametrize using a Gaussian plus a bifurcated Gaussian.
and the errors quoted are due to Monte Carlo statistics. The sum of two Gaussians is used to parametrizé\ihe

The number of events observed to satisfy the selectioand AE distributions of such events.
criteria, N,, is 1221 in theK" 7~ mode, 5249 in the For BB events with a misreconstructefl® we use
K*7 7% mode , and 7353 in th& "7~ 7"7#~ mode. a third-order polynomial to parametrize th&E dis-
The fraction of signal events in the data sample is foundribution, and a first-order polynomial plus a Gaussian
mode-by-mode using an unbinned maximum likelihoodfor the M(D) distribution. The Gaussian models

fit. We define the likelihood function the peaking which arises due to the selection of the
N, [ 7 best candidate in the event. Th¥,. distribution is
L = l_[[z fP,(e)ft:|, (1) parametrized using the ARGUS functiory,(M,.) =
e=1Lr=1 MpeJ1 = (Mye/Ep)? exp{—a[l — (Myc/Ep)*]}, plus

where,(e) is the normalized probability density function a Gaussian, which reflects mostig — D™+ or

(PDF) for events of type, evaluated on evert, andf, is B" — D%p* events in which we misreconstruct.

the fraction of such events in the data sample. The seven We use a first-order polynomial to parametrize the

event types in the sum are (1) signal, @ — D°#",  AE distribution of continuum events, and a first-order

(3)B— D*n™ + D% ™, (4) a hard kaon or (5) pion in polynomial plus a Gaussian for thel (D) distribution.

combinatoricBB events with a misreconstructdd’, and The Gaussian peaking is due both to réaf’s and

(6) a hard kaon or (7) pion in continuum events. The fitto the selection of the best candidate in the event.

maximizesL by varying the seven fractiong,, subject The M, distribution is parametrized using an ARGUS

to the constrainy, f, = 1. function whose sharp edge is smeared to account for the
The PDF's are analytic, six-dimensional functions ofbeam energy spread, by adding a bifurcated Gaussian.

the variablesAE, dE/dx of the hard kaon candidate, We use the functionl — £ cos fp to parametrize the

M (D), My., F, and co®z. The PDF’s are mostly prod- cosép distributions, and bifurcated Gaussians for te

ucts of six one-dimensional functions, except for correla-distributions.

tions between\E, M (D), and M. in the Bt — DK™ The results of the maximum likelihood fits are sum-
and Bt — D%z PDF's. The PDF parametrization of marized in Table I. Averaging over the three modes,
the different event types is described below. we find R = B(B"— D°K")/B(BT — D’z*) =

The dE/dx distributions of K=, 7= are parametrized 0.055 = 0.014 (statistical). This is consistent with the
using a Gaussian distribution, whose parameters depenalue (fx/f.)>tar? 6. =~ 0.07, expected from factor-
linearly on the track momentum. The parametrizationization, with a; < a; [7]. The x? of the average is
is determined by studying pure samples of kaons and.2 for 2 degrees of freedom, indicating the consistency
pions in data, tagged in the decay ch@i* — D%°7",  among the results obtained with the three decay modes.

TABLE I. Results of the maximum likelihood fits.Npx and Np, are the numbers of
Bt — D°K* and Bt — D°#* events found in the fit, respectively. Errors are statistical
only. The statistical significance of the signal yield is determined frobin £ by fixing the
number of signal events at zero and refitting the data.

Mode: Ktm™ K7 a0 Ktm atm™
Npxg 16.5 =59 13.5 = 8.7 215 = 7.8
Np, 240 = 15 379 = 22 326 = 20
Npx significance 420 1.80 3.80
Npx/Npx 0.069 *= 0.026 0.035 = 0.023 0.066 *= 0.025
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To illustrate the significance of the signal yield, contour F < 1.6, |M;,. — 5280 MeV| < 5 MeV, |[M(D) —
plots of —2In £ vs the number ofB* — D°K* and 1864.5 MeV| < 20 MeV, —50 < AE < 10 MeV,
BT — D%z " events are shown in Fig. 1. The curvesdE/dx < —0.75 (the cut is not applied to the vari-
representio contours, corresponding to the increase inable plotted). Requiring that events fall within this
—2In L by n? over the minimum value. B* — DYK™ region reduces the signal efficiency by
The quality of the fit is illustrated in Fig. 2a, show- about 50%, but strongly suppresses the background.
ing projections of the data ontalE/dx and AE  Overlaid on the data are projections of the fit function.
for events in the B* — DK™ region, defined by The fit function is the sum of the PDF'’s, each weighted
by the number of corresponding events found in the fit
and multiplied by the efficiency of the corresponding

3590198-001 event type to be in th&" — DK™ region. In Fig. 2b
280 T T ARRRRE we show projection plots for events in tle — D7 "
270 k (a) K 3 region, defined by) < AE < 100 MeV, |dE/dx| < 2.5,

and with the same requirements ¢, M,., and M (D)

260 asintheB™ — DK™ region. These projections demon-
250 strate that the fit function agrees well with the data in

the regions most highly populated by signal and the most
240 pernicious background, and provides confidence in our
230 | modeling of the tails of th&™ — D7 distributions.

: Projections ontoM,. for events in the signal region
220 F (Fig. 3) illustrate the relative contributions and distri-
k butions of signal and background events. Ow#Bly —
210 A D°K* andB* — D7 events peak significantly around

-+ M,. = Mg, despite the selection of the best candidate in
440 the event.
[ We conduct several tests to verify the consistency of
420 : our result. The fit is run on off-resonance data and on
Monte Carlo samples containing the expected distribution
400 . .
X of background events with no signal. In both cases the
E 380 | signal yield is consistent with zero. We also fit the data
=z o without making use off or dE/dx, and obtain results
360 - consistent with those of Table I, with increased errors.
340 |
3205 60 — T B
| (a) B — DK Region |
380 |
360 | .
[ g 2
340 | S e
320 g g
u [ ]
300 toor ]
280 | ] sol -
10 20 30 40 50 60 0 -4 ;2 0 ‘ 2 —o.‘1‘ M(T)N ‘ 0‘1 T 02
Npk dE / dx AE (GeV)

FIG. 1. Contour plots of-2In £ as a function ofNpx and FIG. 2. Projections onto théE/dx and AE axes of the data
Np, the number ofB* — D°K* and B* — D%zt events (points) and fit function (solid curves), summed over the three
found in the fit, respectively. The dashed line marks 3se  modes. The dashed and dotted curves ar&the- D°K™ and
contour. (@)D’ — K*#~; (b) D° - K*7w 7% (c) D°—>  BY — D%* contributions to the fit functions, respectively.
K*w~ @7~ . Note that theV,, axis has a suppressed zero. (a) Bt — D°K" region; (b)B* — D%z region.
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3590198-006
T T T T

In summary, we have observed the deddy— D°K*
and determined the ratio of branching fractions

— Fit Function

30 All Backgrounds - + o, Port
---------- Continuum + Combinatoric BB g R = B(B l_) K ) = 0.055 = 0.014 * 0.005.
JE— Continuum B(B+ - D07T+)

()

BB — D7) = (4.67 = 0.22 = 0.40) X 107°, we
obtain B(B* — D°K™) = (0.257 = 0.065 + 0.032) X
] 1073.
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FIG. 3. Projections onto th&f,. axis of the data (points) and

fit function (solid curve) in theB* — DK™ region, summed
over the three modes. Also shown are separate background
contributions to the fit function: Continuum, continuum plus
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(4.82 = 0.19) X 1073 (statistical error only), in agree-
ment with previous CLEO measurements [8]. The ratio
between theB — D*zw* + D% " and Bt — DOz*
yields obtained from the fit is consistent with the mea-  78712.
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Co . Rev. Lett.78, 3257 (1997).
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