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ABSTRACT
/

We present a study of the decay properties of charmed D
mesons produced near the peak of the ¢'"'(3770) resonance in e+e—
anmihilation. Branching fractions for nine Cabibbo-favored and
three Cabibbo-suppressed decay modes are presented along with upper
limits on one additional Cabibbo-favored and four additional
Cabibbo-suppressed decay modes. A study of Knm decay mode Dalitz
plotsreveals a large quasi-two-body pseudoscalar-vector component
for the D° decays and an apparent nommiform population on the Dalitz
plot for the D" decay into KortaT, Using tagged events, we measure
the charged particle multiplicity and strange particle content of D
decays. A measurement of the D and D° semileptonic decay- fractions

indicates that the D+ has a significantly longer lifetime than the p°,



I. TINTRODUCTION

~The charmed D mesons were discovered in ete” a]:mihilation1
several years ago and have subsequently been detected in neutrino, 2-4
hadron,5 and photc:nf-)-8 induced reactions. Detailed information on their
decay properties has come predominantly from ee” experiments near the
threshold for D meson production, where the cross section is large compared
to background processes. 9-23

We present a study of the properties of D meson final states,
obtained from a sample of about 900 reconstructed decays. The data were
obtained with the Mark II magnetic detector at the Stanford Linear Accele-
rator Center e+e- storage ring SPEAR. The center-of-mass energy (Ec.m.)
was 3.771 + .00 GeV, which is near the peak of the ¥'(3770) resomance.»2%2
The proximity of this resonance to the DD threshold results in low momentum
two-body D production, which permits a reduction of backgrdLmd through kine-
matic constraints andimproved particle identification. The data sample
contained 50,000 hadronic events and had an integrated luminosity of 2850 nb_l.

In Section II we present some of the initial theoretical expectations
for charmed meson decay. Section III contains a description of the detector.
In Section IV we summarize the measurements of D production cross sections
at the V' resonance. Section V contains measurements on exclusive final states
including measurements of branching fractions for Cabibbo-favored and suppressed
hadronic decay modes, studies of Knn decay mode Dalitz plots,-and measurements

of the D° and D" mass. In Section VI we present a study of inclusive pro-

perties of D meson decays including the charged particle multiplicities and



strange particle content. Also included is a measurement of semileptonic
branching fractions of neutral and charged D's, which allows a determination
of their relative lifetimes. Finally, Section VII contains a comparison

of the experimental results with early theoretical models and a discussion
of the later modifications to these models that have been proposed to

account for the discrepancies.



II. INITIAL THEORETICAL EXPECTATIONS
_The existence of the charmed quark was postulated theoretically
by Glashow, Iliopoulos, and Maiani to explain the absence of strangeness

changing neutral currents and to achieve lepton-hadron syrrmetry.26’27

A
manifestation of the charmed quark would be the existence of three new
mesons stable against strong and electromagnetic decay. There would be an
isodoublet of D mesons, the D° with cu quark content and the D with cd

quark content, and an isosinglet F+ meson with cs quark content.27’28

Early discussions’o 32

of the properties of weak hadronic decays
of charmed particles were based on the light quark spectator model. In this model
the Cabibbo allowed decay process is envisioned to arise from a ¢ quark to s
‘quark transition via the omission of a virtual W boson, which then decays to a ud
quark pair, as illustrated in Fig. 1. The accompanying light quark is not
directly involved in the decay, hence the term "spectator.” An immediate
consequence of this picture is that the lifetimes of the three charmed mesons
should be about the same.32
A second tenet of the models first proposed to explain charmed

particle decays is that hard gluon renormalization effects can be accounted
for in leading log approximation by renormalization group techniques.30
Thus the renormalized weak Hamiltonian governing these decays can be
written as

Hoge™ =2 08 o (6, + £ @, - v9s) @ A-v9u)

FE - E) @A) @A) O

where a and b are sumed color indicies. In the absence of strong inter-

actions f+ = f_ =1,



The short distance renormalization effects are incorporated in the
coefficients £ , whose values depend largely on the assumed magnitude of the
strong coupling constant a . For values of o in the range 0.2 to 0.7, £_
varies from 1.4 to 2.3 and £, = £ -/ varies from 0.85 to 0.66. The £_
coefficient is an enhancement factor for the part of the amplitude which
transforms as a sextet under SU(3) and the £ o\ coefficient is a suppression
factor for the part of the amplitude which transforms as a 15-plet.

The fraction of semileptonic decays of charmed mesons should be

identical and given by32

+
r(D > e v hadrons) _ 1 . ;=012 to 0.185 . (2
r(D - all) 2+ 2£°+ £

This value is 0.20 in a free quark model (f+ =f =1.
These ideas and the assumption that gluon interactions do not

change the color structure of final states lead to predictibns among the

nonleptonic decay modes. A particularly dramatic example is30
r@® - RO 1y2f, - £\?
Y (e < 1 3)
re® - Krh 2\2f, + £/ 27

This prediction of a large difference in the relative decay fractions for these
two modes results mainly from a suppression due to a mismatch of colors in
the dominant diagram for p° - R°:°.

First order Cabibbo-suppressed decays occur by either the ¢ quark
decaying to a d quark, as illustrated in Fig. 2(a), or by the virtual W boson
decaying to a us quark pair, as illustrated in Fig. 2(). In a four quark

model each process occurs at a level of tan2 e (

a

.05) of the dominant



Cabibbo-allowed process, shown in Fig. 1. In a six quark model, using the

usual Kobayashi-Maskawa notation,33 the tan2 6. is replaced by

. 2 2
sin” 6; cos © 8,

. . is|2
cos 8 cOs 6, cOs 65 - sin 6, sin 84 e

in the process depicted by Fig. 2(a), and by tan2 61 c052 63 in the
process depicted by Fig. 2(b).

In general, specific predictions for final states carmot be
made solely from a knowledge of these mixing angles; however, in the
limit of four quarks and exact SU(3) syrrmetry,29

PP » 7r ) = r@° - KKD = tanzec r@® > K. (&)



III. DETECTOR

~Figures 3 and 4 show expanded three-dimensional and cross-
sectional views of the Mark II detector. Starting at the interaction
region a particle will first traverse a corrugated stainless steel vacuum pipe
and a set of trigger scintillation counters, which together comprise about
.05 radiation lengths (r.l.) of material. It will then encounter a 16
layer drift chamber, one of 48 time-of-flight (TOF) counters, and a 1.4 r.l.
alumimm solenoidal coil, which produces a 0.42 Tesla axial magnetic field.
Beyond the coil are eight lead-liquid argon electromagnetic shower counter
modules and two or three layers of muon identifiers, each layer consisting
of 23 to 30 cm of iron and a set of proportional tubes.

Charged tracks are reconstructed from hits in the 16 cylindrical
drift chanber layers which, for this analysis, provide solid angle coverage
over 76% of 4n sr. The azimuthal coordinates of charged tracks are measured
to an rms accuracy of approximately 220 ym at each layer. The polar coordinates

are determined from the 10 stereo layers oriented. at +3° to the beam axis,

When a vertex constrained fit can be made, the charged particle rms momentum

resolution can be expressed as

1/2

sp/p = [(0.015)2 + (0.005p)2] , (5)

where p is the momentum in GeV/c. Without this constraint the momentum-
dependent term is doubled. |

The TOF scintillation counters which surround the drift chanber
provide timing information over 757 of 4n sr. Each TOF counter is 2.54 cm
thick Pilot F scintillator, 3.44 m long, and is viewed on each end by Amperex

XP 2230 photomultiplier tubes through Lucite light guides. The system is

-8-



calibrated using isochronous light pulses from an N2 flashtube, brought to
the éenté; of each counter through 10 m long quartz optical fibers. Signals
from the tubes are fed to 12-bit TDCs and ADCs, the latter allowing a pulse
height correction to be made. These slewing corrections are calculated
offline from Bhabha scattered electrons and allow us to obtain a system
resolution of 315 ps for hadrons for this data sample.

The lead-liquid argon shower counter modules which surround
the solenoid are used to detect photons and identify high-energy electrons.
The modules are approximately 14 r.l. in depth and cover 647 of 4n s.r.

The rms energy resolution for photons above 500 MeV in the calorimeter is
approximately 12%//E (GeV), deviating somewhat at lower energies. The angular
resolution for low energy photons is approximately 8 mrads.

The detector trigger employs a track-finding hardware processor
requiring at least one track to traverse the entire drift chamber and an
additional track to cross at least 3 of the 5 immer layers. Since all D
decays that we investigate have at least two charged tracks which satisfy
these requirements, the trigger efficiency does not depend on how the other
D in the event decays.

The luminosity of the sample is monitored by a pair of small angle
scintillator and shower counter telescopes. These counters are positioned
at 22 nrad from the beam axis, and identify Bhabha-scattered electrons.

The counters are calibrated against larger angle Bhabha events measured in
the fiducial volume of the drift chamber and lead-liquid argon calorimeter.

Additional details of the drift chamber, trigger electronics,

and calorimeters are presented elsewhere.34_37

-9~



IV. THE ' (3770) RESONANCE

“The data were collected near the peak of the y'(3770) rescnance.18"24’25
Because it lies only 80 MeV above the y'(3684) but has a total width about
two orders of magnitude greater, we attribute its width solely to the strong
decay of the resonance to the newly opened DD chammel. If the y'" has a
unique isospin then it couples equally within phase space factors to pairs
of charged and neutral D mesons. Thus, a measurement of the y'' resonance
and background permits an evaluation of the inclusive charmed meson production
cross section.

A fine scan over the y'' was made to remeasure the resonance para-

25

meters. The inclusive cross sections for D production at E, = = 3.771 GeV

were found to be

GDO + 050 =80+10 1.2 nb
o.+-+ o _=560+07 1.0 nb (6)
D D

The values given here are observed cross sections uncorrected for radiative
effects, which allows their direct use in branching ratio determinations.

The first error is statistical, the second is our estimate of the systematic
uncertainty in the overall scale, the assumptions that go into the fit of

the resonance and background shape, and the divisionof phase space between the

°F° and DD final states.

-10-



V. EXCLUSIVE FINAL STATES OF D MESONS

A. -Cabibbo-favored Decays

We present in this section measurements of the cross section
times branching ratio (o-B) at Ec.m. = 3.771 GeV for final states con-
taining either one charged or one neutral kaon. In addition, from
the inclusive D meson production cross sections given in Sec. IV,
estimates of absolute branching ratios are obtained. For clarity, D° and D"
will be used to refer both to the meson state and its charge conjugate.

For the reconstruction of final states all charged tracks are
required to come within 4 cm radially and + 15 cm longitudinally of the
measured beam crossing point. To improve momentum resolution multiprong
events are constrained to pass through the primary interaction point, after
secondary vertices (K:, A) have been removed. Measuremen?:s of charged
particle momenta are corrected for dE/dx losses in material traversed before
entering the drift chamber.

The reconstruction techniques used for neutral kaons and pions are
described in Ref. 34. Briefly, neutral kaons are identified through their ntn
decay and selected by cuts in both dipion mass and direction. To reduce
combinatorial background, the decay distance projected into the plane normal
to the incident beams is required to be greater than 2 mm. The resulting
m n mass spectrum is shown in Fig.5(a). The observed rms x° resolution is
6 MeV/ cz, and we employ a mass cut of +18 MeV/c2 as indicated.

Neutral pions are reconstructed from pairs of photons, each with an
energy greater than 100 MeV. The resulting yy mass spectrum (Fig. 5b) has
an rms 7° peak resolution of about 25 MeV/ c2 and background comparable to
the signal. The mass cut indicated is chosen to reduce the loss of signal

-11-



in the tails of the peak. Both K and 1° candidates must satisfy a
one-constraint fit in which the momenta and angles of the tracks are
adjusted to obtain the correct masses. For the n®, the good angular
resolution for photons is an important constraint in the fit.

Charged particles are identified with the time-of-flight (TOF)
system. For each track having a recorded TOF, a normalized weight is
calculated for the w, K, and p mass hypotheses.38 These weights are based
on measured momentum, path length, TOF, and TOF resolution. Tracks are
assigned a particle type corresponding to the hypothesis with the highest
weight. Tracks lacking TOF information or having TOF inconsistent with
that expected for a m, K, or p assignment are called pions. Because D mesons are
produced with momenta below 300 MeV/c, only the most energetic (2-body) decay
products have momenta exceeding 1 GeV/c. Since the average flight path is
about 1.75 m, =-K separation exceeds 2.0 standard deviations for the decay
products of the D meson in any charmel.

Since the production of D mesons at the y''3770) occurs only through
DD final states, the mass resolution in most chammels can be further
improved by constraining the sum of the measured energies to that of the
beam (Eb). Thus for particle combinations with measured total energy close

to E. (within 40-60 MeV), we plot the quantity:
2 21 %
M =B -97] " @
The improvement in resolution is obtained because of the small spread in E‘b
(-1.3 MeV) and the small size of the D momenta (p) and errors relative

to Mc' The D+ and D° have momenta of =255 and 288 MeV/c, respectively, with

typical momentum uncertainties less than 15 MeV/c. For decays involving a

-12-



single no, the constraints of +° mass, photon direction, and beam energy
can be imposed simultaneously to evaluate p and compute M as in Eq. (7).

In Figures 6 and 7, mass plots in the variable M, are shown for
final states with no 7°'s. Figure 8 shows chammels containing single P,
These plots provide evidence for the previously urmeasured decays of the p°
into R°° and the D' into I'(Ow+n+n', as well as for a mumber of previously
measured charmels. With less significance there is an indication of the
decay D+ Ro4t® in Fig. 8.

To determine the detection efficiencies for these final states
an extensive Monte Carlo simulation of the detector is employed. DD pairs
are generated using the production angular distribution for a pair of pseudo-
scalar mesons and are allowed to decay to the mode under study. The decay
products are tracked in the detector and are themselves allowed to decay,
generating raw data which is then passed through thé standard tracking,
vertex finding and event identification algorithms used .to generate actual
data summary tapes. These Monte Carlo tapes are then analyzed as data in order to
determine efficiencies. The Monte Carlo is designed to represent as
closely as possible the response of the detector. As an example, the
generation of drift chamber data from charged particles incorporates multiple
Coulomb scattering, dE/dx and radiative energy loss, nuclear absorption
and scattering, nonlinearities in the drift chamber distance-to-time
relation, and delta rays, as well as observed correlations be&een adjacent
ecells. The primary vertex distribution is determined from Bhabha scattering
events. Photons are assigned detection efficiencies and position and

39

energy resolutions previously found with the EGS Monte Carlo.
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The results were found to agree with measured values obtained by performing
kinematic fits to multipion decays of the y(3095) containing a single n°.37
In the Mogte Carlo calculation all decays were assumed to follow a uniform
phase space distribution, except the chammels R and K-w+1r°, where the

measured resonant substructure (see next subsection) was employed.

Table I sumarizes the results for the D and D' chamels shown.
An upper limit on the five-body D+ decay to K—Tr+ﬂ+ﬂ+1r— is also included.
The quoted errors include all systematic sources taken in quadrature with the
statistical errors obtained from fits to the spectra.

A comparison of ¢-B for all previously reportedls’]'6

decay modes

is given in Table II and indicates general agreement. In particular, it

is only for the K_ﬂ+ﬂ+'n— mode that we observe a deviation greater than

two standard deviations in the combined errors. The absolute branching

ratios of Table I differ from Refs.l5 and 16 predominantly in the normalization
of o o and o ,. The values we obtain from Eqg. (6) aie apprdizimately 30%

D D
smaller than those employed in Refs. 15 and 16.

B. ' D o+ Knr Dalitz plots

We describe next the measurement of the Dalitz plot dis-
tributions for K 7 n° and Rontn™ decays of the D° and the K rn'nt decay
of the D'. We find that the three-body decays of the D° show significant con-
tributions from the quasi-two-body decay modes containing a vector particle
(p or K*) and a pseudoscalar (K or 7), while the D+ shows very little
structure of this kind. These decays are of particular theorétical interest,
for as two-body modes they provide simple probes of the I=1/2 and I=3/2
couplings of the weak-hadronic current in charm decays.

To determine the resonant substructure of each decay, we

performed a maximm-likelihood fit to the data in the Dalitz plot using

~14—



a density function representing the allowed final state chammels and back-
ground. Corrections for detector acceptance are made at each point.

In the fit, the p and K* amplitudes have been represented
as p-wave~Breit-Wigner line shapes, with energy dependent widths and the
appropriate decay angular distribution. The general fitting tectmique
that we employed is described in Ref. 40.

We treated the nanresonant components (either pure three-body
decays or background events in the D meson sample) separately in the D~ fits.
The pure three-l_)ody component of the D° decays was assumed to be
produced uniformly over the Dalitz plot, while the shape used to represent
background events was derived by smoothing the low mass sideband
(1800-1850 MeV/cz) . For the D+, we found excellent agreement between
efficiency corrected uniform phase space and the low mass sideband, and
used this representation for both signal and background. 1In each case
we examined events in the sideband for evidence of _K7‘< and Ps and found no
indication of significant resonant production there. In the fit we allow
the pure three-body component of the decay to vary, while the back-
ground contribution is constrained to its measured magnitude and error.

The amplitudes of all indistinguishable final states that are
accessible in each decay are allowed to interfere, with the independent
relative phases being varied only when statistically significant
improvements in the fit are observed. In general the fits are not sensitive
to the effects of interference, both because of low statistics and because
the decays appear dominated by single chammels.

1. RO and Kontn®

Figure 9(a) shows the Dalitz plot for the K0ﬂ+1r. decay mode.

This plot contains 52 events of which 33% are estimated to be

~15-



backgrommd.M There are significant populations in the K* bands

centered -around 0.79 (GeV/cz)z. Conservation of angular momentum
requires that the vector particle decay products have a cos2 6 angular
distribution, where & is the angle between the direction of a decay
product and the direction of the pseudoscalar particle in the vector’
particle's center of mass frame. This leads to the clustering

of events at the ends of the K bands, which is observed in Fig. 9(a).
There is no significant indication of a R%° signal. Fig. 9(d) shows
the lower mass ROy projection of the Dalitz plot with a smooth

curve representing the fitted solution. The results of the fit are
sumarized in Table ITI.

Figure 9(b) shows the Dalitz plot for the K nTnC decay
mode. Here there are 56 events of which 437 are estimated to bhe
backg_g;rom'xd.41 There is a large enhancement in the- p+ band
centered near 0.58 (GeV/CZ)Z. The concentration of events on the
right side of the plot is caused by the rapidly changing °
acceptance. This changing ° acceptance partially obscures the
expected angular distribution in the o+ band, as well as the neutral
and charged K* signals that may be present. Fig. 9(e) shows the
%1 mass squared projection of the Dalitz plot and a curve representing
the fitted solution. The results of the fit are summarized in Table III.

The results given in Table III are recast as brancHing

fractions in Table IV. Table IV was constructed by multiplying the

resonant fractions from Table III by the branching fractions given

-16~



in Table I and by dividing, when necessary, by the appropriate K*
branching fractions. The D° - Kt branching fraction has been measured
in“both zhe Ror™r™ and K n'n° modes. A best fit to both measurements
yields a branching fraction of (34 * 1.4)%.

2. Kfn+ﬁ+

Figure 9(c) shows the Dalitz plot for D' > K,
There are 292 events including an estimated background of 12%.41
Detection efficiency for the D+ is quite uniform across the plot,
dropping only near the three corners where m and K momenta fall
below about 100 MeV/c. These data, which have more events and substantially
less background than previous samples of this decay mode, show the first evidence

42 A simple test of uni-

for a nonumniform population on the Dalitz plot.
formity was made by dividing the plot into eleven well populated regions
and by comparing the observed muber of events in each region with the
number expected from the hypothesis of a uniform decay distribution. The
hypothesis fails sﬁatistically with a x2 of 83 for 10 degrees of
freedom.

Figure 9(f) shows the K'n T mass squared projection. The
solid curve indicates the shape expected for a uniform phase space decay,
and the dashed curve indicates the shape for a decay containing 15% K*O
in addition to a uniform component. The K*O curve includes the effect
of the constructive interference of the two possible Kont combinations.
There are large deviations from uniform phase space but no significant

oo

K © signal.
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Because we are unable to fit the distribution on the
Dalitz plot, we present only a conservative upper limit on the K*°n+
charmel by assuming that all the events in the K*O mass squared
region, 0.685 to 0.905 (GeV/cz)z, are due to this chamnel. At the

- %,
907, confidence level the fraction of the K Tr+1r+ mode in the K °n+

4 - » 1 21 N AN TT_* . 17 + : *
charmnel is less than 0.39. Using the K = n+ branching fractions from
\
+ %o +
B (D —>Kon)<3.7°/° ¢))
at the 90% confidence level.

0 +
3. Kop

The only pseudoscalar-vector D decay involving K, K*, T,
or o that we have not discussed is D~ I_<Op+. In principle
this decay can be measured in the Ksn+n° charmel, but this is not
practical since we have a total of only 9.5 * 5.5 Ksﬂ+1ro events.
We can, however, obtain a lower bound on the branching fraction for
this decay mode by using measurements of other modes and the isospin

structure of D decays. The amplitudes, A, for the decays D° > R%°,

D° - K-p+, and DT + f(op+ are related by the triangle relation

A@ KN+ /7A@ 8% -a @+ =0. 9

-18-



This yields an inequality for the branching fractions, B,

‘} T+ % 5 2
B »R%h 2 2 [B @° - K‘p+)] - [2 B (D -~ 1‘<°o°>] ] (10)

DO

where the 1's are the lifetimes of the D mesons. Using the branching fractions

from Table IVand the likelihood functions for = +/ T o to be discussed in
D D

Sec. VI C, we obtain
B (@ -~ > 1.6% ey

at the 90% confidence level using this experiment's determination of t +/ T o OF
B M -K%D > 5.0 e

at the 90% confidence level using the world data far 1/t o
D D

C. Cabibbo-suppressed Decays

In this section we present measurements on Cabibbo-suppressed
D decays. Branching fractions are presented for the KSK+ mode and the

21

previously published 71T and KK modes. We obtain upper limits for the

+ﬁo, W_ﬂ+ﬂ+, KfK*ﬁ+; and ﬂ-n_ﬂ+ﬁ+'modes.

Great care must be exercised in the detection of Cabibbo-suppressed
decays to insure that Cabibbo-favored decays with misidentified pions or
kaons do not contaminate the sample. We generally use a technique which allows
the misidentified favored decays to be displayed explicitly. Combinations of
particles which are candidates for D decays are required to have momenta within
30 MeV/c of the momentum expected for a D, py. All charged particles are
required to have good time-of-flight identification. (For the measurement of
favored decays, particles which had inconsistent or no time-of-flight measure-

ments were assigned to be pions.) The invariant mass is then computed.

These spectra are shown in Fig. 10 for modes with two charged

-19-
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Correctly identified D's appear near the D mass, 1864 MeV/c™ for D°'s and
1868 MeV/c for D 's, while D's in which one particle has been misidentified
appear shifted by approximately 120 MeV/c2 from the D mass. In Fig. 10(b),
the dominant K 7 mode is clear; peaks due to misidentified Kn decays are

present near 1744 and 1984 MeV/c2 in Figs. 10(a) and 10(c), respectively.

A clear I° + K ;\+ signal is present in Fig. 10(c) and there is an excess
- + . . . . .
-of m 7' events over background in the p° region of Fig. 10(a). Similarly,

Fig. 11(a) shows the dominant K nt mode, while Fig. 11(b) has an excess of

K K events at the D mass and a peak ft0ﬂlnus1dent1f1ed.K nr events
near 1988 MeV/c .

To determine the number of signal events, the data of Figs. 10
and 11 are fitted by a maximm-likelihood technique with use of Poisson
statistics. The shapes of the background functions used in these fits are
derived from control regions with diparticle momenta between 50 and 110 MeV/c
higher or lower than Pp- The magnitude of the background is».determined both
by fits to the data in Figs. 10(a) and 11 and by the number of events in the
control regions. These backgrounds are displayed as smooth curves in these
figures.

The nurber of events determined by these fits and the ratios of
detection efficiencies and branching fractions between the suppressed and

favored modes are given in Table V. The statistical probabilities that the

S and KSK+ signals are purely fluctuations in the background are about
7 x 1073 and 5 x 10—3, respectively.

The remaining two-body D+ mode n+no cammot be confused with any
misidentified favored mode; the K mode has AC = -4S and is doubly

Cabibbo-suppressed. For this reason, it is analyzed using the same beam

-20-



energy constraint technicues discussed in section V.A. The mass plot
for this mode is shown in Fig. 12. Although there appears to be a small
excess of events at the D mass, the significance of the signal is even less
than it appears at first glance. A maximm-likelihood fit performed in
1 I\bV/c2 bins using the expected Gaussian resolution function with rms width
of 2.2 MeV/c2 indicates that there is no significant signal. Accordingly,
we give only an upper limit in Table V.

Three and four-body Cabibbo-suppressed decays are more difficult
to observe because of larger combinatorial backgrounds. We have searched for

three modes, Tr-'rr+1r+, KK, and rTr e, The analysis technique is the

same as for the 'rr-ﬂ+ and K-K+ modes excent that it was necessary to require
that no T combination have a mass within 40 MeV/c2 of the K, mass to
eliminate contamination from the favored Ksn+ and szr—n_'~ modes. The mass plots
are shown in Fig. 13. There is no evidence of any signal so we give upper
limits in Table V. The upper limit on the Pt mode is comparable to the
upper limit which was previously measured at higher energy.14

D. Mass of the D Mesbns

In all modes where D signals exist, the mass values agree well

with the previously reported values15

for the neutral and charged states.
The observed rms width of about 2.0 MeV/ c2 for each chammel is consistent
with contributions from the spread in Eb and from momentum resolution. From
fits to the signal and background regions in the K 7t and Knlntn decays
for the D° and the K it decay for the D" we cbtain the values for the
masses and mass difference shown in Table VI. Table.VI also lists the

15 The errors in Table VI contain the uncertainties from

previous measurements.
the statistics, the momentum calibration, dE/dx corrections, vertex fitting,

and beam-energy monitoring. An additional error of 2.5 I"IeV/c2 common to
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both experiments is associated with the SPEAR storage ring energy cali-
bratiog. The mass difference is measured more precisely than either mass
. because many systematic uncertainties cancel. There is also negligible

uncertainty due to the storage ring energy calibration.

-22-



VI. INCLUSIVE PROPERTIES OF D-MESON DECAYS

In this section we present inclusive measurements of the charged
particle multiplicity and strangeness associated with D+ and D°. We also
report a new measurement of the individual semileptonic decay fractions of
the D+ and D°. This latter measurement is used to determine the ratio of total
widths of the charged and neutral D's.

The uniqueness of the DD final state at the y'" allows us to
study "'tagged" events. If one Dis identified in the Kon+, K-TT+,

Kfﬂ+f+

, or Kontnin channel, then the recoiling system is a D meson of
known type and momentum. We choose these modes for their excellent signal
to background ratio and good detection efficiency.

The tagged samples are selected by geometric and TOF cuts similar
to those employed in the analysis of Section V. Small variations among the
tagged sample sizes come from differences in the TOF, = fiducial cuts, and
energy constraints required in each of the followiixg analyses. In general
we have used a %6 MeV/c2 cut around the constrained D mass, but a tighter
cut ( £ 4 MeV/ c2) is employed for the K . tags in order to improve
the signal to background ratio. The data sample includes approximately
300 D" and 480 D° tags over a background of about 127 of the signal.

A. Multiplicity

The charged particle miltiplicity of D mesons is the simplest
measurement that can be made with the tagged sample. For each tagged
event, the multiplicity observed in the recoiling system is plotted with no
attempt at particle identification. These observed multiplicity distribu-
tions are shown in Fig. 14. The cross-hatched area represents an estimate of
the background multiplicity distribution obtained from events in the mass
band just below the D mass (1800 - 1855 MeV/cZ) normalized to the expected
mmber of background events contaminating the tagged sample. The produced
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multiplicity distribution (where Kg's are counted as two tracks in their
wtn decay) can be obtained by a nmumerical unfolding procedux_‘e.34 A solution

is sought for the overconstrained system of linear equations

Eij Pj + Bi =

J
where Pj and Di are vectors containing the produced and detected multip-

D, , (13)

licities, Eij

are the probabilities of detecting i particles when j are produced, and

is a Monte Carlo generated efficiency matrix whose elements

Bi is a vector which represents the multiplicity of background events.
Equation (13) is solved by a maximum-likelihood technique that employs
Poisson statistics. The unfolded distributions are shown in Fig. 14, where
the errors reflect only the statistics of the unfolding procedure. The
systematic errors are comparable. The mean charged particle multiplicity
is given for the three tagged channels in Table VII.

Systematic errors arise predominantly from uncertainty in the
background distribution and from model dependence in the eéficienéy matrix.
Good agreement is observed between the two D° channels which have
significantly different backgrounds. These results are in good agreement
with the previously reported value for the average charged multiplicity
of 2.3 * 0.3 both for D° and D+,20 Similarly, we find that the multip-

licity distributions also coincide well.

B. Strange Particles

The tagged samples were chosen to have unique strangeness so
that the kaons in the recoiling D could be characterized as havnng either
the same or opposite strangeness. A Cabibbo-favored decay should produce
one kaon whose strangeness is opposite that of the tagging decay,

while a suppressed decay is expected to exhibit either no strange

—24—



particle or two of opposite strangeness. p°p° mixing and doubly
suppressed decays can also produce equal strangeness in the system, but
these are expected to be even smaller sources.28

~ To determine the mmber of charged kaons, we again use TOF
separation on all recoiling particles. Three sources of background are
jdentified and estimated once the TOF separation is made:

1) Kaons coming from background events contaminating the tagged
sample. They are estimated from the events below the D mass
(1800 - 1855 MeV/c?) and subtracted.

2) Misidentification of n as Ki either through TOF resolution,
tracking errors, in-flight decays, or multiple hits in TOF
counters. The data are corrected by folding the observed n*
distribution (of the appropriate charge) with a Monte Carlo
calculation of the momentum dependence of the misidentification
rate. The correction is found to be small over ;r_ost of the
pion spectrum ( € 1% for momenta below 600 MeV/c). The absolute
correction varies because of the observed asymmetry in the charge
distribution of pions opposite the tags.

3) The Kn' tagging chammel can be mislabeled as 7K and still
detected as a D meson, with the strangeness then being in-
correct. This is found by Monte Carlo to be a 3.3% correction to
the K'n T sample. This expected rate is found to be consistent
with an independent determination of the strangeness of the tag
using a combination of TOF information and kinematic fitting.

Charged kaons are lost predominantly through their in-flight
decay and resulting incorrect momentum and TOF measurement. The inclusive
kaon detection efficiency is determined by Monte Carlo calculations using

various models of D decays similar to those of Ref. 43. These models were
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modified to match the observed multiplicity, the ratio of neutral to
charged kaons, and the charged pion and kaon momentum distributions
detéctedﬁgpposite the tags. The variation in detection efficiency was
found to be insensitive to these models, with extreme variations amounting
to less than 10% of the correction. The results are summarized in

Table VIII, where both statistical and systematic errors are included

in the final entries.

Neutral kaons are also detected, but their lower detection
efficiency and larger backgrounds lead to greater uncertainties in branching
ratios. Backgrounds from tagged sample contamination are treated as before
using events from lower masses. Additional background arises from random
nTn” combinations which create fake Kg. This rate is estimated by
Monte Carlo in order to properly account for the specific charge corre-
lations and multiplicities. The inclusive K° detection efficiencies are
found to be 0.090 and 0.095 for D° and b respectively, where the branching
ratio of K° to Kg and Kg to n'n are included. Model dependence, tracking,
and K° reconstruction uncertainties lead to a 17% systematic uncertainty in
the efficiency. The results are summarized in Table IX where all errors
have been included in the final results.

Table X contains a comparison of the results from Tables VIII
and IX with previous measurements done by the Lead Glass Wall experiment
using the Mark I detector.20 The results generally agree within the large
combined errors.

Totalling the kaon branching fractions from Tables VIII and IX.

we obtain overall kaon multiplicities of 0.92 + 0.16 and 0.77 + 0.19 for
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D° and D+, respectively. However, these kaons cannot all be attributed
to the Cabibbo-favored charm to strange quark transition illustrated in
Fig. 1, since a significant fraction have the wrong strangeness. An
interesting and well-defined quantity is the net strangeness in D decays.
It can be computed from our measurements with one assumption which is
subject to considerable error, namely, that there are equal numbers of
charged and neutral kaons with the wrong strangeness. Assuming this, the
net values of strangeness in 0° and D' decay products are -0.60 = 0.20
and -0.53 + 0.22, respectively. These values are 1.5 and 1.7 standard
deviation below the value of -0.90 expected in the naive model.

C. Semileptonic Decays

Because the Cabibbo allowed semileptonic decay amplitude has
AT = 0, the corresponding semi-leptonic partial widths for the two members
of the D isodoublet are expected to be equal. Therefore a measurement of
the relative D° and D+ semileptonic branching fractions using tagged events
determines the ratio of lifetimes of the two species, assuming that they

are almost exclusively Cabibbo—allowed.[m’45

We search the tagged events for electrons in the recoil system
using TOF and calorimeter information. Candidate tracks are first selected
by the usual geometric cuts, and are required to have both a good TOF
measurement and a momentum greater than 100 MeV/c. All tracks having kaon
weight > 0.05 are removed. This cut removes less than 3% of the tracks
previously labeled pions, and effectively removes all recoiling K. For
tracks with momenta less than 300 MeV/c, TOF is used to classify them as =
or e. A track is called an electron if the electron weight under the n-e
hypothesis exceeds 0.90. The hadron misidentification rate
ranges from 3% to 7/ for track momenta from 100 to 300 MeV/c, while the
efficiency for electron identification drops from 86% to 62% in this range.
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For tracks with momenta greater than 300 MeV/c, a combination of TOF and
calorimeter information is used to classify them employing a technique
described in Ref. 46. The algorithm takes 23 measured quantities for
each track such as TOF, momentum, angle of incidence, and energy deposition
and transverse shower spread at 7 depths in the lead-liquid argon calori-
meter stack, and selects regions of this multidimensional space that are
distinctly populated by electrons or pions. These regions are established
using pure samples of electrons selected from photon conversions and radiative
Bhabha-scattering events, and pions from Kg and ¢(3095) decays. Classi-
fication and misidentification rates are determined from the data by
setting aside a random sample of these pure events, and testing them after
the selection criteria are established. For candidate tracks with momenta
ranging from 300 to 1000 MeV/c, hadron misidentification drops from 7.8%
to 3.5% while the electron efficiency rises from 677% to 85%. The moderately
low electron efficiency from 300 MeV/c to about 500 MeV/c comes from the
diminishing TOF separation, and the onset of calorimetric separation. Poorer
efficiency is traded for a reasonably small hadron misidentification rate.
Fifty-nine D° events and 50 D' events contained identified
electrons. These events were hand scarned to remove visible photon conversions
in the beam pipe and surrounding material. Five D° and seven D+ events were
eliminated for this reason. Photon conversions were identified as two tracks
with an opening angle of less than 10 degrees, one of which was identified
as an electron and the other of which was consistent with being an electron.
The remaining electrons were separated by charge relative to the
strangeness of the tagging decay. We designate those with the expected charge
(that is, equal to the strangeness of the tagging decay) as "'right" sign

candidates and those with the opposite charge as 'wrong'' sign candidates.
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Four sources of contamination were estimated:

(a) Backgrounds arising from hadron misidentification
are not charge symmetric, but depend on the strangeness of the tagging
decéy. Eais is particularly evident in charged D decay due to the excess of
right sign charge, but also occurs in neutral D decay due to the difference
between pion and kaon momentum spectra. The momentum spectra of all tracks
recoiling against a tagging decay were folded with the known misidentification
rates to estimate the nmumber of electrons expected to be mislabeled in
each group.

(b) There are residual backgrounds from asymmetric photon
conversions and +° Dalitz decays that could not be subtracted in the hand
scan. These are charge symmetric so we have estimated them by subtracting
the mmber of wrong sign electrons that remain after the subtraction for
hadron misidentification from the number of right sign electrons.47

(¢) Contamination from leptonic kaon decays is estimated to
contribute less than .3 and .05 electrons to the D° and D+ samples,
respectively.

(d) Contamination of the tagged sample and 7 - K interchange
in the wa+'tag sample were discussed previously. Lower mass events are
used to estimate the former, and an appropriate correction is made for
the latter.

A summary of the semileptonic decay calculations is given in
Table XI. The penultimate entries in the table give a net signal of
approximately twelve electrons from D° decay and 23 electrons from U+ decay.
The momentum spectra of these electrons is shown in Fig. 15 along with

curves that indicate the expected shape of the spectra for D decays into
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the Ke v and K*e vmodes.48 The theoretical curves are normalized to the total
data. The data are consistent with coming from a combination of these
two modes;, in agreement with the findings of other experjmmts.m’u’ 22
The additional charged particle multiplicity associated with electrons in
the tagged events is also consistent with the hypothesis of semileptonic
decays occirring in these two modes .34
We obtain the individual D and D° semileptonic branching fractions
by estimating the inclusive electron efficiency. A Monte Carlo calcula-
tion for the Kevand K*e vmodes gives an average efficiency of 0.47. We
find that this value is not sensitive to either the exact form of the electron
spectrum or associated hadronic multiplicity. The results are given in
Table XI. The uncertainties in the semileptonic branching fractions are
dominated by statistics, but the error estimate includes a systematic
uncertainty of about 25%.
Weighting the semileptonic branching fractions b;r the inclusive
D production cross sections (Eq. 6), we obtain an average branching fraction
to electrons of (10.0%3.2) %. This is comparable with the inclusive
measurements of (7.2*2.8) ’Z,lg and (8.0%*1.5) %22 by other experiments at

the same center of mass energy:

We have performed a maximmm-1likelihood fit to the ratio of the
semileptonic branching fractions employing Poisson statistics. Figure 16
shows the negative logarithm of the likelihood function plotted against the
ratio of D+ and D° semileptonic rates. By evaluating a ratic;, we reduce
the systematic error to *16% (where 5% is from the determination of the
hadron misidentification rates, 7% is from the hand scamming,and 13% is from
the background representation). Since the ratio of rates represents the

relative D+ and D° lifetimes (t +/1 o), we include these systematic errors
D D
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with the dominant statistical errors estimated from the shape of the like-

lihood function about its minimm to obtain:

_ +4.6
TD+/TDO = 3177, . (1%)

The errors here represent one standard deviation about 3.1, assuming a
local Gaussian form for the likelihood fimction. Statistically, a change
of about two standard deviations is required to obtain equal lifetimes.
The upper limit of TD +/ TDO is poorly defined because of the relatively
large error on the small number of D° semileptonic decays observed.

Two other experiments have made significant measurements of the
ratio of D+ to D° lifetimes. The DELCO experiment has used the measurement

of double and single electron events from ¢" decays to obtain23

T Jt > 4.3 (15)

at the 957 confidence level.

Direct measurements of D° and D+ lifetimes in emulsions exposed

to neutrino beam yield3
_ +10.5 -13
" (10.3 71)7) x 10 7 sec (16)

based on 5 events, and

«=(1.00 32 10 7P sec an
5 .

based on 7 events.
Multiplying the likelihood functions from these three experiments,

together, we obtain the joint likelihood function for the world data shown by

the dotted line in Fig. 16.%%'0 At the one standard deviation level, the
result is
: Jr g =(0.0 )2 (18)

D D

Equality of the two lifetimes is excluded by more than four standard

deviations.
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VII. DISCUSSION

In the most general terms the properties of D decays agree well
with what"was expected from the GIM current.26 The existence of an iso-
doublet of D mesons, the strangeness content of their dominant decays,
and the existence of Cabibbo-suppressed decays with roughly the proper magni-
tude of suppression all attest to the correctness of the original hypothesis.

However, the details of D decays do not always agree with the
perhaps naive picture of theoretical expectations that we sketched in Sec. II.
The most basic discrepancy is the inequality of D° and D+ lifetimes.
Branching fractions for specific decay modes are not in agreement with
simple models. In particular the ratio B(° +&°%) / B(DO+K-n+) is not
small and the ratio B(D°—>K'K+) / B(Do+n_1r+) is not unity.

A large mumber of theoretical papers have attempted to modify the
simple models in order to explain some of these results. It is not our purpose

51 We will, however, sketch some of the

here to review this vast literature.
major ideas and indicate, where appropriate, how our measurements are
relevant to them.

It was suggested some time ago that nonexotic states might be

28,52,53 qpig would lead to a longer

enhanced relative to exotic states.
relative D+ lifetime since all Cabibbo-favored D+ decays are exotic. Two
broad categories of enhancement techniques have been proposed. The first is
the use of the W exchange diagram, shown in Fig. 17(a) which contributes to p°
but not D+ decays. This diagram is suppressed by a factor (muszz / mCA)
because of the helicity of the light quarks and the probability of amni-

hilation. However, it is argued that this suppression can be circumvented

either by the emission of a gluonS4 or by a consideration of the gluon
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content of the initial state.55

The exchange diagram leads to an I = 1/2 final state for which
"B (K1) _B(I°>Kr)_B(D-Ko")
B(D°-R°) B(D°-RO°) B (D°-R%O)

=2 . (19

Tables I and IV indicate that the data are consistent with the first two
relationships, but not the last.

The second category of enhancement techniques assumes the spectator
diagram (Fig. 1) to be dominant, but requires f / £ to be larger than the
leading log value and requires that gluon interactions do not change the

26,57 In this model the D+ nonleptonic

color structure of the final state.
decay rate is suppressed by a destructive interference between the normal
diagram and its Fierz rearrangement. This interference occurs in D+ decay
where the two diagrams lead to identical final states, but not in D° decay where

they lead to distinct final states. The ratio of D lifetimes in this

picture i356
T4 £ 2y2e% 42
= - 20)
T 2 (
o° 4f o + 2

A value of £ = £,

One testable prediction in which f_, or sextet, dominance does not

= 5 will yield t ./t . = 10.
D_'j p°

coincide with the prediction of a I = 1/2 final state occurs in D+ decay.

Assuming SU(3) symmetry and the complete dominance of the part of the

amplitude which transforms as a sextet,58
—,

B(D Ko ) _; | 1)

The Mark II data alone [Eqs. (8) and (11)] are compatible with this prediction

but the combination of the Mark II measurements and the world data for « +/ T 4
D" D
[Eqs. (8) and (12)] are inconsistent with it.
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The observation that B(D° - KfRﬁ) + B@° » n-n+), contrary
to the SU(3) prediction, Eq. (4), has generated a great deal of theoretical

discussion. The lack of equality between these two Cabibbo-suppressed decays

has been discussed in terms of final state interacticns,59’6o

59,61,62 61,63

quark mass

effects, six-quark mixing angles, penguin diagrams

[ Fig. 17(b):],59’64’65 right-handed currents,66 and coupling to charged Higgs

bosons.67

It has been suggested theoretically that D+ Cabibbo-suppressed
decays may be enhanced relative to Cabibbo-favored decays either because there
is an additional diagram for the suppressed decays, Fig. 17(c),62 or because
the sextet dominance interference does not occur for all suppressed decays.67
Our data are not conclusive on this issue. One indication of a potentially
large D" Cabibbo-suppressed decay rate is the measurement in Sec. VI. B of net
strangeness of -0.53 * 0.22 in D decay. On the other hand, we have seen
no conclusive evidence of large exclusive D+ Cabibbo-suppressed decay modes.
The D' - RXK" to ot 5 ®Or" ratio may not be typical since the D'+ RO mode
is suppressed in any model because it has no sextet component.58 However,
the D » 1 ninT mode is expected to be typical of D" Cabibbo-suppressed
decays.62’68 The upper limit from Table III,

+ +

+ -
5 (5 - ) g om @
B ( D+ > Kfﬁ+ﬁ+ )

at the 907 confidence level, and a similar limit from a previous experiment 14

appear quite constrictive.
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TABLE I.

branching fraction (B) for Cabibbo-favored D decays.

refer to the sum of the mode and its charge conjugate.

Cross section times branching fraction (¢.B) and

The results quoted

The error on

the mumber of signal events includes the uncertainty in the background

shape. The Krm modes include the contribution from two body pseudoscalar-

vector decays discussed in Sec.V.B. The upper limits are at the 907

confidence level.

Mode Signal Efficiency 5-B(tb) B(%)
Rt 263.0£17.0 386 0.24:0.02 3.0:0.6
ROx° 8.5+ 3.7 .017 0.18:0.08 2.2+1.1
ROty 32.0¢ 7.7 .037 0.30+0.08 3.841.2
Kt n® 37.2+10.0 .019 0.68:0.23 8.5:3.2
Romin o 185.0+18.0 .095 0.68:0.11 8.5:2.1
Ront 35.7+ 6.7 .090 0.14:0.03 2.3:0.7
Korint 239.0+17.0 221 0.380.05 6.3:1.5
ROy T© 9.5+ 5.5 .004 0.78:0.48  12.9:8.4
Ror Tty 21.0+ 7.0 .015 0.51:0.18 8.4:3.5
Kontn o n < 11.5 .021 < 0.23 <41
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TABLE II.

A comparison of ¢-B measured by this experiment and

the Lead Glass Wall (Mark I) experiment, (Refs. 15 and 16).

-

Mode o'B (nb) o-B (mb) Difference
This experiment Refs. 15 and 16
em =3.771 GV  E__=3.774 GeV
Kot 0.24+0.02 0.25+0.05 ~0.01+0.05
Ontn™ 0.30+0.08 0.46+0.12 -0.16+0.14
K tn® 0.68+0.23 1.4 0.6 -0.72%0.64
K ntn” 0.68+0.11 0.36*0.10 0.32%0.15
7o, 0.14+0.03 0.14+0.05 0.00*0.06
Kot 0.38+0.05 0.36+0.06 0.02+0.08
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TABLE III. Results of fits to D°-+Knr Dalitz plots. The values
represent the fraction of a chammel in the absence of interference. They
do not sum to wnity because of interference effects (see Ref. 40). The
stétisti;él error is derived from the likelihood function in the fitting
procedure. The systematic error is the estimated uncertainty from the
Monte Carlo statistics, the acceptance calculation, and assumptions about

backgrounds and resonance line shapes.

Decay Charmel Fraction Statistical Systematic
mode error error

ROt r k¥t 0.70 RIE R
%0,° 0.02 o +0.02
non-resonant 0.30 fg:%i - +0.05
R 7t y® R " 0.85 1“8:}% 010
R700 0.11 0o £0.10
Rt 0.07 008 T0:02
non-resonant  0.00 Tg:g% ' Tg.gg
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TABLE IV. Summary of pseudoscalar-vector branching fractions
(%) derived from the observed Roﬁ+ﬁ- and Kt decay modes. The

upper limit is at the 907% confidence level.

Mode - ROntn” K™
Non-resonant 1.1 £0.9 < 2.4
R 4.0 1.6 1.8 *2-2
R 0.1 1573
R0, — 1.4 “_L‘%:Z
ko - 7.2 fg:g
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TABLE V. Measurements on Cabibbo-suppressed D decays. Upper

limits are at the 907 confidence level.

Mode Number of Ratio of Ratio of
signal events efficiencies branching
in the suppressed fractions
mode

- 4+
r(m w+) 9.3+3.9 1.19 0.033 £ 0.015
(K w")

&K'

IRK) 22.1+5.2 0.84 0.113 +0.030
T(K n")
-——-_,_-P(*O"+) < 7.5 1.03 < 0.30
F(Kon )

=0+
LR 5.6+3.0 0.71 0.25 +0.15
T(Kow )

-+ +
Irn) <21.6 1.12 < 0.084
T 7 7))

-+ +
IRR ) <18.0 0.56 < 0.14
T(RK n'7m)

F(W_W—ﬂ+ﬂ+)
F(K_ﬂ-ﬂ+ﬂ+)

<32.2 1.28 < 0.21
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TABLE VI.

and by the Lead Glass Wall (Mark I) experiment(Ref. 15).

errors include all uncertainties except the 0.137% uncertainty in

the SPEAR energy calibration which is common to both

With the SPEAR energy calibration the mass of the ¢ is 3095 GeV/c2

and the D masses will vary proportionally with a variation in the

experiments.

Mass of D mesons determined by this experiment

The

Y mass.
Measurement This experiment Ref. 15

M (MeV/c?) 1863.8 + 0.5 1863.3 + 0.9
D

M, (MeV/c2) 1868.4 + 0.5 1868.3 + 0.9
D

M, M (MeV/c2) 4.7 + 0.3 5.0 + 0.8
D'~ p°
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TABLE VII. Charged particle multiplicities. The first error is

statistical and the second is systematic.

Tag Events Background Chi;%igp{iigi;le
Kt 283 17 2.46+0.12 0.10
Konimin 211 31 2.48:0.19 $0.21
Kon it 282 25 2.16:0.11 :0.12
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TABLE VIII. Summary of the inclusive charged kaon branching

fraction calculations.

D° K k" DTaK DK
Total tagged sample 541 337
Background events 60 35
Net tagged sample 481 302
Observed K 121 25 26 12
Expected background 4. 4+1.6 8.5+1.19 3.420.7 4.8+1.3
Detection efficiency 0.44 0.44 Q.40 0.40
Branching fraction (%) 55+11 8+3 19+5 6+4
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TABLE IX. Summary of the inclusive neutral kaon branching

fraction calculation.

D°>R° or K° b >R or K°
Total tagged sample 541 337
Background events 60 35
Net tagged sample 481 302
Observed K 17 18
Background in the tagged sample 1.5+0.5 1.2+0.5
Conbinatorial background 2.9:1.0 1.8+0.8
Net K_ 12.6+ 4.3 15.0+4.3
Detection efficiency 0.090 0.095
Branching fraction 29 +11 52+18
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TABLE X. Comparison of strange particle branching fractions measured

by this experiment and the Lead Glass Wall (Mark I) experiment (Ref.20).

D° (%) bNVA
_ This expt. 55+ 11 19+5
B(D-->K")
Ref. 20 36 + 10 10+7
4 This expt. 8+3 6+4
B(D-->K")
Ref. 20 -— 6+6
o o This expt. 29+11 52+18
B(D - K° or K°)
Ref. 20 57 +26 39 +£29
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TABLE XI. Summary of the D semileptonic decay branching fraction

calculations.

D° D"
Total tagged sample 536 330
Background 59 35
Net tagged sample 477 295
Right Wrong Right Wrong
sign sign sign sign
Observed electrons 36 18 39 4

Expected from hadron
misidentification
Electrons after subtrac-

tion for hadron mis-
identification

Net right sign electrons
(right sign -- wrong sign)
Net contribution from
leptonic K decays, Koo'
mislabeling, arid

false tags

Net electrons

Semileptonic branching
fraction (%)

17.4+1.0 11.8+0.9

18.6+6.1 6.2+4.3

12.4+7.5

-0.1£1.0
12.3+7.6

5.5+3.7

16.3+1.0 4.2+0.5

+2.1
22.7+6.3 07Too

22.7+6.6

+0.6+0.8
23.3*6.7

16.8*6.4
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10.

FIGURE CAPTIONS
Light quark spectator diagram for Cabibbo-favored charmed meson decay.
Light quark spectator diagrams for Cabibbo-suppressed charmed
meson decay.
Expanded, cut away view of the Mark II magnetic detector.
Cross sectional view of the Mark II magnetic detector. The incident
e’ and e beams are normal to the plane of the figure.
(a) Dipion mass spectrum in the region of the K(S) and (b)
diphoton mass spectrum in the region of the n°. Mass cuts that
were used to isolate K(S) and 7° are indicated by arrows.
Beam energy constrained mass spectra for (a) K—n+, ) Ken+n+,
and (c) K ninTn conbinations. °
Beam energy constrained mass spectra for (a) Kcs)'rr+, ®) K'n+n+,
and (c) Ko ' combinations.
Beam energy constrained mass spectra for (a) Kgn ° K—w+'no,
and (c) Kor'n® conbinations.
Dalitz plots for (a) D° > KCS) TT+TT—, ®) D° -~ K-w+1r°, and
() D+ > K-ﬂ+7r+, and (d) - (f) projections of these plots. The
solid curves in (d) and (e) represent the fits discussed in the
text. In (f) the solid curve represents the shape expected for a
uniform distribution on the Dalitz plot folded with the acceptance.
The dashed curve represents the shape which results from a 15%
K*°n+ mode plus a constant matrix element.
Invariant mass spectra for two-particle combinations which have a
momentum within 30 MeV/c of the expected D° momentum and TOF

information consistent with the indicated mode. The curves represent

the shapes expected for background events.

—52—



11.

12.

14,

15.

16.

17.

Invariant mass spectra for K(S)-charged particle combinations which
have a momentum within 30 MeV/c of the expected D' momentum and
TOF information consistent with the indicated mode. The curves represent
the shapes expected for background events.

Beam energy constrained mass spectrum for n 1° combinations.
Invariant mass spectra for three and four particle combinations
which have a momentum within 30 MeV/c of the ‘expected D momentum,
TOF information consistent with the indicated mode, and no it
combination within 40 MeV/c2 of the K° mass.

Charged particle multiplicity distributions recoiling against

the indicated tagging decays. The upper histograms give the observed
distributions and the lower histograms give the unfolded distri-
butions. The shaded areas in the upper histograms represent
background contributions.

The corrected (net) electron energy spectra recoiling against D
and D° tagging decays. The curves indicate the theoretiéally
expected spectra from D + Kev (solid) and D ~ K*e v (dashed)

decay modes, normalized to the total nurber of events,

The negative logarithm of the ratio of likelihood fumction to its
maximum value for this experiment (solid) and for the conbination
of this experiment, Ref. 3, and Ref. 23 (dashed).

Additional diagrams which can contribute to D decays.

(a) Exchange diagram for D° Cabibbo-favored decays.

(b) Penguin diagram for D° and o Cabibbo-suppressed decays.

(¢) Amnihilation diagram for D+ Cabibbo-suppressed decays.
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