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1. Introduction

Masses and natural decay widths are among the most fundalinpeoperties of bound states
such as mesons. It is especially important to understandothest lying states of a particular
flavor combination, which are sensitive to both the constita and the binding mechanism. Here
we present a new preliminary measurement of the mass obthmeson, the ground state of
the ct quark system, along with measurements [1] of the naturathneéithe D*(2010 " meson,
the lowest vector state of thed system, and thé®**-D° mass difference. We use the decay
chain D** — DO, whererg denotes a “slow” pion, an®° — K~K*K~r* for the D® mass
measurement anB® — K7t or K~ rrt ittt for the D*t width and mass difference. Charge-
conjugate decay chains are included, and implied througihigiarticle.

Improved measurements of such quantities require not aglydtatistics, but also an excellent
understanding of the detector response. We focus on highlsigise, while selecting events with
a high resolution that can be constrained reliably from tht.d Two approaches to this are to
apply very stringent reconstruction and identificatioruiegments to the tracks, and to select high-
momentum candidates. At our center-of-mass (CM) energy0dd GeV, theD mesons fromB
meson decay are limited to low momenta where combinator&draunds are large. We select
only the much higher-momentuB mesons frontt events. To minimize experimental resolution,
we choose decay modes with a I@walue, i.e., modes in which the sum of the daughter particles
masses is close to the parent mass. These modes have laigticstdbut better systematics.

2. Charmed meson candidate selection

These measurements use a sample of 477 fiscorded by thé3aBar experiment [2] at CM
energies near 10.6 GeV. This corresponds to roughly 650omifiroducede™e™ — ¢t events
containing about 400 millio** — DO decays. For thé®® mass measurement, we use the
decay mode°® — K~K*TK~rrt, denoted B, with aQ value of 250 MeYc?. We consider each
set of four charged tracks with zero net charge, in whichwertegatively charged tracks are well
identified asKk ~, one positively charged track is identified a&a and the other as at. Then
we apply a D* tag”, requiring an additional identified™ in the event, denotett", such that the
“correct” mass differencedm = Mgk g, — Mk 7z < 150 Me\//c2 but the “wrong” mass difference
A = Mgy . — Mek i, > 150 MeV/c2.

To optimize the signal:noise and mass resolution, we reqtie X system momentum
to exceed 2.5Ge\¢ in theete CM frame; ther; momentum to exceed 150 Mg&Yin the labo-
ratory frame; and all tracks to have a polar angle with resfpethee™ beam direction satisfying
cosb < 0.89 in the laboratory frame, which excludes the very forwagion of the detector. We
then perform a kinematic fit to theK3tr system that constrains all vertices geometrically and
the D* vertex to the interaction region, and we retain candidatiés x# < 20. If more than one
candidate in an event satisfies all these criteria, we réft@one with the Iowes)“(2 value. The
selected sample contains roughly 4350 signal events widak pignal:noise of 150.

For theD*(2010* width and mass difference measurements,de — DO decay mode
provides the lowQ value of 145 Meyc?, and we use th®°® — K~mt andD® — K~ mtmrmrt
modes, which have relatively high branching fractions ard the best signal:noise. We consider
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combinations of one well identified ~ and two or four identifiedtt, and apply a D° tag”, re-
quiring 1860< My sy < 1870 MeV/¢? and, for theD® — K~ " it mode, both wrong mass
differencesmk g, — Mk e, > 1665 MeV/c2.

TheK~mt () system must have a momentum between 3.6 and 4.3 @e\the CM
frame, ther momentum must exceed 150 M@/in the laboratory frome, and all tracks must
have co® < 0.89. We perform a similar kinematic fit to the™ ™ (17~ ") 1 system and retain
the candidate in each event with the highe$tconfidence level if it exceeds 0.001. The selected
DO — K-t (K~ mrt i ) sample contains roughly 140 (175) thousand signal eveitiisaypeak
signal:noise of 2700 (1130).

3. Analysis and fits

All aspects of the detector performance that affect the reeede or resolution must be under-
stood, and are measured where possible in the data. Pariycishportant, especially forg" and
other soft particles, is the energy loss experienced by ticleass it traverses the detector mate-
rial. This is calculated in the track reconstruction, and ba studied using? decays. We select
K — " candidates with a decay vertex inside the beampipe andstensiwith the decay
chainD** — DO, D® — KO rr—; the decay pion tracks have an environment and momentum
spectrum similar to those of our signal tracks. Fitting tHetr invariant mass spectrum in bins of
the lower of the two pion momenta, we obtain the meas#i@dasses shown in Fig. 3a. There
is a deviation from the nomin&? mass [3] as the lower pion momentum decreases. We apply
empirical correction factors of: 1.003 to the value of thegmetic field; and 1.018 and 1.059 to the
energy losses returned by the Kalman filter in the beampifdevartex tracker, respectively. With
these corrections, all the data are consistent with the mmimg mass, as shown by the solid points
in Fig. 3a. A systematic uncertainty is estimated usingemtion factors that shift the data to the
+10 edges of th&k{ mass band in Fig. 3a.

The choice of fitting function is vital, since the width andsaaesults depend critically on the
signal and background shapes, respectively. High sigmaéns a key feature here, but we must
study the functions carefully and extensively, testingrthen both simulation and data in other
decay modes. The signal function is the convolution of the tineshape with a resolution func-
tion. Since theD® decays weakly, its lineshape is a delta function and we itestimneD°® — 3K 11
invariant mass resolution with a Voigtian functid®(m) = m ® e (M-M0)*/20% \yhich is
a convolution of Cauchy and Gaussian functions, wineyés the mass to be measured, andnd
y are free parameters describing the shape. For the backfjraienchoose a simple exponential
function, B(m) = A€"™, with A andC free parameters.

The measuredi3rrinvariant mass distribution is shown in Fig. 3b, along with fit result. The
fit has good quality and returns a total signal of 4329 D° — 3K 1T decays. The fitted resolution
parameter values are consistent with those from the siionlaThe fittedD® mass is insensitive
to choice of signal function. The small sensitivity to theek@und function is discussed below,
along with the other systematic uncertainties.

For theD*(2010 " width and mass difference, we fit the distribution of the nueed mass
differenceAm= Mk 77y, — Mk (- The lineshape is a relativistizwave Breit-Wigner function,
corrected for phase space. The resolution function is a $uhmee Gaussian functions and a term
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Figure 1: a) The average reconstructéfl — 7" 7~ mass vs. the lower of the™ and7r~ momenta. The
open (solid) points represent the results before (after)ctbrrection described in the text. b) ThKR3
invariant mass distribution for selected candidates. Trieerepresents the result of the fit described in the
text, with the dot-dashed (dotted) line showing the sighatkground) component.

Amu%e?, with u= (Am/my) — 1, to account fort” decays in flight. The parameteasq and those
of the Gaussian functions are fixed from simulation, excepah overall scale factor applied to the
Gaussian widths. The background functioB{&m) = Am,/ue™, with C the only free parameter.
TheAmdistributions are shown along with the fit results in Fig. ®ttBfits have good quality
and return signals of 138,539.09 and 174,28650 decays, respectively, with width scale factors
of 1.06+0.01 and 1.0&0.01. TheD*(2010 " width is measured from the Breit-Wigner tails, rather
than the central peak, of tlem distribution, which is made possible by the high signakeaiatio.
The twoD? decay modes give consistent results, which we average.

4. Results and conclusions

We estimate systematic uncertainties due to energy losssasided above, and by varying the
shapes and parameters of the signal and background fusictioaddition, we use disjoint subsets
in three variables chosen in advance to address specifiesisfudetector uniformity and resolu-
tion: the azimuthal angle of the D° or D* candidate momentum in the detector; the candidate
momentum itself; andm for the mpo measurement ar ;) for the others.

For theD® mass, our primary result is th@ value

Q = Mpo — 3mk+ — My = 244240+ 0.048(stat) + 0.041(syst) MeV/c?,

where the systematic uncertainty is dominated by the enlesgy/ (31 keVc¢?) andAm variation
(28 keV/c?). The correspondingipe = 1864841+ 0.063(exp.) & 0.046(mk- ) has a large contri-
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Figure 2: Distribution of the reconstructed mass difference for cteléD*" — D" candidates in the
(@) D° = K~ 7t and (b)D° — K~ mrt m it decay modes. The solid lines represent the results of the fits
described in the text, with the dashed (dotted) lines shgwie signal (background) components.

bution from current knowledge of the charged kaon mass [3 r@sult, with a total uncertainty
of 78 keV/c? is consistent with, and twice as precise as, the currenwawérage [3].
For theD*(2010* natural width and th®* (2010 *-D° mass difference, we measure

M5 =833+ 1.3(stat) £ 1.4(syst)keV and Am= 1454258+ 0.5(stat) 4 0.8(syst) keV/c?.

The systematic uncertainty énis dominated by the, momentum anan (. variations, while
that onAm is dominated by energy loss amavariation. OurAm result is consistent with the
current world average [3], and a factor of five more preciser. [Ovalue is consistent with the only
previous measurement, and a factor of twelve more precigecalv use this result, along with our
previous measurements of tBg(2420° and D;(2460° widths to test the prediction of Ref. [4]
that these mesons should respect a universal cougliag /R. UsingR values from [4] and our
measured widths, we calculagggio= 0.76+ 0.01, goa20 = 1.40+ 0.03 andgzse0= 1.15+0.01,
which enlarges the discrepancy seen previously in the latte states.
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