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A measurement is presented of inclusive charged D*(2010) production from nonreso-
nant e e annihilation in the center-of-mass energy (8') range 10.2 QeV& W & 10.6 QeV.
Charged D* mesons are identified by the decays D*+-D ~+-K ~+7t. + and the charge
conjugate mode. It is found that 40+ 7+13k of the charm quarks from the process e+e—cc result inD" mesons withe &0.7 (z = 2F/S', where E is the D" energy).

PACS numbers: 13.65.+i, 13.25.+m, 14.40.Jz

Since the discovery of charmed hadrons, ' there
has been considerable interest in the mechanism
for their production. The extraction of production
cross sections has been difficult because of large
backgrounds and limited statistics. "We present
the first data on charged D* production far above
the charm threshold in e e annihilation. At

large D* energies, the observed signal is rela-
tively background free, providing direct informa-
tion on the charm-quark fragmentation function.

The data reported here were taken with the
CLEO detector at the Cornell Electron Storage
Ring (CESR). The total data. set consists of
87272 hadronic events from an integrated lumi-
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nosity of 23060 nb ' taken on and near the Y(4S).
A description of the detector may be found else-
where, ' but we note that for these data the spec-
trometer magnet was operated at 1.0 T.

Charged B*mesons are identified through the
cascade D*'-D'&'-K m'Tt' and the charge-con-
jugate mode. (For simplicity, we shall assume
throughout the paper that when one mode is speci-
fied the charge-conjugate mode is also implied. )

In this analysis, all Kv and Knm mass combina-
tions are formed; since pions and kaons are not
individually identified, each detected charged par-
ticle enters under both K and ~ mass hypotheses.
The geometrical acceptance. for charged particles
in the central detector is approximately 85/0 of
4~. Because of the small amount of energy avail-
able in the decay D*'-D'&' (5.7 MeV in the rest
frame of the D*'), ' the resolution in the Kvv-K~
mass difference is excellent. Our rms momen-
tum resolution measured from tLf. -pair and Bhabha
events is ap/p =(0.012/GeV)p. ' The rms resolu-
tion of the K v'm'-K v' mass difference (&) is
about 1 Me V/c'.

Figure 1(a) shows the observed K v' mass dis-
tribution when we require 143.8 MeV/c'(6
(146.8 MeV/c'. The number of background com-
binations decreases rapidly with increasing mo-
mentum of the K&& system, This is demonstrated
in Fig. 1(b) where we demand the fraction of en-
ergy carried by the Km~ to be z & 0.7 (z = 2F/W,
where F. is the D* energy). Figure 2 shows the
measured mass difference, 4, when the K& mass
is within +45 MeV/c' of the D' mass (see Fig. 1),
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FIG. l. Invariant mass of K~ combinations when the
K m'+7r+-K x+ or charge-conjugate mass difference,
4, satisifes 143.8 MeV/c2& 6& 146.8 MeV/c for {a) no
z rut, and {b)z &0.7.
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FIG. 2. Distribution of the measured K 7r+7r+-K 7r+

plus charge-conjugate mass difference for z & 0.7 when
the Km mass is within +45 MeV/c of the D mass. The
shaded histogram is the average of two + 45 MeV/c
intervals of Kvr mass centered 160 MeV/c2 above and
below the Do mass.
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and when the Ar mass is just above or below the
D mass (shaded). ' No signal is seen in the non-
exotic channel K'r &' and the observed 6 dis-
tribution is in agreement with the shaded back-
ground of Fig. 2.

About 18% of the hadronic events come from
T(4S) resonant decays. However, since the T(4S)
decays strongly into BIT mesons, ' it cannot con-
tribute any particles with z &0.6 and a negligi-
ble amount for 0.5 &z &0.6 and therefore does not
contaminate our measurement of continuum D*
production.

To identify a D*', we require that the K ~'
mass be within ~45 MeV/c' of the D' mass (see
Fig. 1), and that 6 be within +l. 5 Me V/c' of the
D*'-D' mass difference (see Fig. 2). The back-
ground is determined by using events where the
Er mass is just above or just below the D' mass
(see Fig. 2).' Figure 3 shows the charged D* dif-
ferential cross section W'dc/dz (circles). The
data are corrected for background from random
combinations, the branching ratios of D*+-D'~'
(44+10/o) and D'-K &' (3.0+0.6%%d),

' the D* re-
construction efficiency (18-30%) "and the hadron-
ic event selection efficiency (71+ 5'/c). The er-
rors shown in Fig. 3 are statistical only. There
is an additional systematic error of 30/c prima-
rily due to the lack of a precise measurement of
the branching ratios.

The charged D* cross section is 1.1+ 0.3+ 0.4
nb for z &0.5, and 0.6+0.1+0.2 nb for z&0.7,
where the errors are statistical and systematic,
respectively. At S'=10.4 GeV, the simple quark
model would imply that ~» of the continuum cross
section, 1.5 nb, "is due to the process e'e -cc
(or equivalently, the charm particle cross sec-
tion is 3.0 nb). If we assume that the neutral D*
cross section is the same as the charged D*
cross section (isospin invariance), then 40+ 7
+13@of the charm quarks from the process e'e
-cc result in D* mesons with z &0.7. The re-
maining charm particle cross section is 1.8+
0.2+0.4 nb. For the case where every charm
quark results in a D* meson, the charged D*
cross section is 0.9+0.1+0.2 nb for z &0.7. In
the other extreme where we have equal amounts
of direct D and D* meson production, the charged
D* cross section would be 0.15+0.1+0.2 nb for
z &0.7.

The cross section of Fig. 3 is a direct meas-
urement of the charm quark fragmentation func-
tion. Also shown in Fig. 3 are charged and neu-
tral D cross sections at W=7 GeV. ' Our data
are consistent with a flat z distribution except
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near z =1.0. Although details of the shape at low
z require further measurements, the observed
hard z distribution is in qualitative agreement
with the theoretical expectations for heavy-quark
fragmentation. "
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FIG. 3. Measured differential cross section W2do/dz
for charged D* mesons from this experiment for 10.2
GeV& W& 10.6 QeV (circles}, and for charged and neu-
tralD mesons from Ref. 2 for 6.0 GeV&W'& 7.8 GeV
(triangles and squares). The arrow denotes the mini-
mum possible value of z for this experiment, 0.39. For
Ref. 2, the minimum value ofz is 0.54.
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A new formulation of lattice gauge theory without explicit path integrals or sums is
obtained by using the microcanonical ensemble of statistical mechanics. Expectation
values in the new formalism are calculated by solving a large set of coupled, nonlinear,
ordinary differential equations. The average plaquette for compact electrodynamics cal-
culated in this fashion agrees with standard Monte Carlo results. Possible advantages
of the microcanonical method in applications to fermionic systems are discussed.

PACS numbers: 11.15.Ha, 05.30.Ch

The formulation of gauge theories on a lattice
has led to great progress in understanding rela-
tivistic quantum field theory. The use of the
lattice spacing as an ultraviolet cutoff allows the
calculation of relevant physical quantities with-
out resorting to perturbation theory, which by
itself is severely limited in computational possi-
bilities.

In the usual approach' to lattice gauge theory
the central assumption is that expectation values
of functionals 8 of fields {y) on a finite Euclid-
ean lattice can give physically meaningful re-
sults without having to go to the continuum limit.
With use of an action S(y), with a finite number
N of fields {y) and suitable boundary conditions,

such expectation values are defined by

(6)„„,„=Z 'fate~-V)e
Z-=Jr)ye s«),

fdic" t-dv. " fdic' .
The continuum limit is obtained as N increases
without bound and the lattice spacing approaches
zero. As discussed below, the standard lattice
path-integral formalism, Eqs. (1), is isomorphic
to a canonical ensemble, familiar from classical
statistical mechanics.

We propose an alternative formulation for lat-
tice gauge theory. In this new formalism (here-
after referred to as the mic~ocanonical ensemble)
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