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Abstract 

Measurements of the exclusive branching fractions B(D” + T- et- ve) and 

_ B(D” + K- e+ ve), using data collected at the +(3770) with the Mark III detector 

at SPEAR, are used to determine the ratio of the Kobayashi-Maskawa matrix 

elements IVcd/Vcs12 = 0.057 ‘8:::: f 0.005. 
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Present knowledge of the Kobayashi-Maskawa (KM) matrix element Vcd has 

been derived from a measurement of neutrino-induced charm production! This 

- determination, however, depends on the relative production of charmed mesons and 

baryons and the semimuonic branching ratio and fragmentation function of each 

particle type. While determinations of lVcdl using hadronic decays of D mesons are 

- free from uncertainties in the production mechanism, they suffer from the effects 

~.. of interference and final state interactions!’ In contrast, semileptonic decays are 

free of these complications. We report herein measurements of the branching frac- 

tions B(D” + 7rr- e+ ve) and B(D! + K- e+ ve) and use their ratio to determine 

The data were collected with the Mark III detector”’ at SPEAR near the peak 

of the $(3770), which decays predominantly to 00. The data contain about 27700 

produced DoDo events? Candidate events are selected by first reconstructing 

a-Do, called a tag, in the following modes: K+T-, I<+w-T+~~-, K~K+T- and 

K-+TT--TO. The absolute branching fractions B(D” + r- e+ ve) and B(D” + 

K- e+ ve) th en are measured by reconstructing these decay modes in the system 

recoiling from the tagged Do. “I 

Tagged events are selected by using the beam-constrained mass, j/z-F& 

where pro is the measured 15’ momentum. All events with a beam-constrained 

mass greater than 1.8 GeV/ c2 are retained. A signal region is defined from 1.854 

-to 1.874 GeV/c2; events in a sideband from 1.830 to 1.850 GeV/c2 are used to eval- 

uate the background under the peak. Eighty percent of events in the signal region 

have a unique tag; the remainder contain an average of 2.5 tags per event. Multiple 

tags are most often found in the K+w-r’ mode; they arise from the use of photon 

- candidates whose source is hadronic showers or charged kaon decays. To determine 

the total number of events with at least one tag, we plot in Figure la the beam- 

constrained mass of the tag from the mode having the least background, starting 

with the lowest multiplicity decay, K+r-, and continuing through ~~+T-K+T-, 

1(;,%-, and K+r-a’. Multiple Ic+~-7r+a- or lTir+a- tags are resolved by 

selecting the tag whose lowest momentum track has the largest momentum. The 

,- 
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preferred K+7r-7r” tag is selected-by means of a constrained fit of the photons to 

the r” mass. Figure la, which shows the results of this procedure, contains a single 
- _ entry per event. There are 3636 f 54 f 195 events (Ntas) above background. 

A Do + r-e+ve or Do + K-e+v, decay candidate recoiling against a tag is 

required to contain two oppositely charged tracks, one of which is identified as an 
- 

electron. The sign of the charge of the lepton must equal the charm of the tag!’ 

Electrons are identified using information from the time-of-flight (TOF) counters 

and the barrel electromagnetic calorimeter. For momenta below 0.3 GeV/c, TOF 

alone is used. Above 0.4 GeV/ c, an algorithm using shower energy and shower 

shape PI is used to distinguish electrons from pions. Between 0.3 to 0.4 GeV/c, 

electrons identified by either technique are accepted. Electron candidates with a 

kaon TOF identification are rejected. In this analysis, 75% of electrons are correctly 

identified; 7% of muons and 5% of pions are misidentified as electrons. 

Two independent methods are used to identify the recoiling hadron. The kine- 

matics of a fully reconstructed semileptonic decay permit the identification of the 

. . hadron .as either a pion or kaon. The quantity U G Emissing - li)missing I, calculated 
- 

for both the pion and kaon hypotheses, is expected to be zero for the correct choice 

since a single massless particle is undetected. For events with multiple tags, U is 

calculated separately for each. Monte Carlo studies indicate that the choice of the 

correct assignment has the minimum )UI. The hypothesis with the smallest value 
-- - 

of IUI is accepted, and then only if the kinematic identification agrees with the 

TOF identification! For the K- e+ u, analysis, we also accept kinematically iden- 

tified kaons even when no TOF information is present. These may be tracks which 

- do not enter the TOF system, tracks which have decayed before reaching the TOF 

counters, or tracks which enter a counter close to the position of another track. 

For the 7rIT-e+ve analysis, we require that the pion be identified both kinematically 

and by TOF. 

NZ&, backgrounds from hadronic and other semileptonic decays of the recoil 

Do must be suppressed. The decay Do + K-T+ is removed by requiring that 
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the invariant mass calculated by interpreting the hadron and electron as a kaon 

and pion be less than 1.7 GeV/c 2. Less than 5% of K-e-‘-v, events fail to meet 

this requirement. Recoiling decays with neutral pions (e.g. Do + K-r’l+ve) are 

suppressed by rejecting events with photons other than those used in the hadronic 

tag. A visual scan is performed to prevent the elimination of events with showers 

- caused by hadronic interactions or hadronic decays: six additional K-e+v, events 

~.. containing hadronic showers classified as photons are recovered!” No additional 

7r-e+ve events are recovered by the scan. 

Seven 7r-e+ve candidates “” and .56 K-e+ve candidates are retained, and their 

U distributions are shown in Figures 2 and 3 respectively. Monte Carlo simula- 

tions are usedto predict signal and background U distributions. The solid curves 

in Figures 2 and 3 are the expected distributions for reconstructed signal events. 

The shaded area in Figure 2 shows the expected distribution for Do + K-e+v, 

events, where each event is interpreted incorrectly as Do + r-e+v,. The shaded 

area in Figure 3 shows the expected feeddown of K-woe+,, events with an unde- 

tected K’. into the K-e+v, sample. The requirement IUI < 0.1 GeV is imposed to 

- reduce these backgrounds and other backgrounds with undetected massive neutral 

particles. One K-e+v, candidate is rejected by this cut. 

The beam-constrained mass distributions for Ii’- e+ ve and r- e+ ve events 

passing the particle identification and background rejection requirements are shown 

-- -i-n Figures lb and lc. Events in the sideband region are used to evaluate the back- 

ground due to incorrectly reconstructed tags. A Monte Carlo simulation incorpo- 

rating a complete model of Do decays [51, WI * 1s used to evaluate backgrounds occur- 

ring with a correct tag. Backgrounds are enumerated in Table 1. The efficiencies 

for reconstructing semielectronic decays in the recoil to a tag are c?r-etV, = 0.38 and 

eK-e+v, = 0.37. The efficiencies for reconstructing semimuonic decays as their cor- 

responding semielectronic decays are c,r-ItVr = 0.050 and EK-Ptv, = 0.052. Lep- 

ton universality implies nearly identical semielectronic and semimuonic branching 

fractions; semimuonic events need not, therefore, be subtracted as a background. 
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Instead, acceptance and background corrections are made using the expression 

.- 
- B(D” + X-e+u,) = 

N observed - Nbackground . - CB(D” + tag modes) 

(cx-e+ve + ex-p+vp)Ntag 
1-6ug 

2 > 7 

where X is a 7r or K and Zttas is the average tag reconstruction efficiency. We find a - 

~._ B(D” + r-e+v,) = (0.39 ‘$$ f 0.04)%‘131 and B(D” + K-e+v,) = (3.4 f 0.5 f 

6.4)%. Systematic errors arise from uncertainties in the simulation of backgrounds 

(50% of the subtracted background)., determination of the number of tags (5.3%), 

electron identification efficiency (2%), photon reconstruction efficiency (5%), visual 

scan efficiency (5%), t rack reconstruction efficiency (2%), and TOF identification 

of hadrons (5%). These errors are added in quadrature. The technique of tagging 

with hadronic Do decays eliminates any dependence on the charm production cross 

section or the integrated luminosity. 

The ratio IVcd/Vcs I2 is obtained from B(D” + w-e+v,) and B(D” -+ K-e+v,) 

using 

S[4&* l(41s* - t)12 (E$ - m&)3/2 dt 

S[&*l(m&* - t)]2 (E; - VL$)~/~ dt I 1 

B(D” + Tr- e+ Ue) 

B(D” -4 K- e+ ve) 1 2- - 
under the assumption that the t dependence of the vector form factor is described 

-- -by a single pole!‘? [14’ The ratio of the integrals is 0.507. While the individual 

form factors ff(O) and f:(O) are expected to deviate substantially from unity due 

to SU(4) symmetry breaking, the ratio ff(O)/f;(O) is expected to deviate from 

unity [15’ by only ~10% due to SU(3) symmetry breaking. Nevertheless, taking 

f+K(O)lf;(O) to b e unity, the ratio of the KM matrix elements is IVcd/Vcs12 = 

0.057 ti.8:: f 0.005, where no systematic error is included for the uncertainty in 

f3o)lf;(oL and the statistical error is a two-sided 68.3% likelihood interva1!161 

The systematic error for IVcd/Vcs I2 is independent of the detection efficiency and the 

numb; of tags; only the background subtraction and the visual scan contribute. 
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Figure Captions 

la) Beam-constrained mass of 0’ hadronic tags. 

16) Beam-constrained mass of Do hadronic tags for K-e+v, events. 

lc) Beam-constrained mass of Do hadronic tags for x-e+v, events. 

- 2) Distribution of U (0’ -+ r-e+v, hypothesis) calculated for Do -+ 7r-e+u, 

candidates (histogram), for reconstructed Monte Carlo Do + r-e-‘-v, decays 

(solid-curve) and for the principle background, Do --f K- e+ ve decays inter- 

preted as Do + r-e+v, (shaded). The curves are not normalized to the data. 

3) Distribution of U (0’ -+ K-e+v, hypothesis) calculated for Do + K-e+v, 

candidates (histogram), for reconstructed Monte Carlo Do + K-e+ve de- 

cays (solid curve, normalized to the data) and for the background (X 100) 

from Do + I<-xOe+v, decays (shaded). 
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Table 1. Number of Background and Observed Events 

. . 
- 

Decay N,-,+ ve NK-e+ y, 

K-e+v, 0.44 N.A. 

K-p+U, 0.03 N.A. 

7r-e+ve N.A. 0.06 

- - r P + VP N.A. 0.02 

7r+w-7r” 0.03 - 

Ii’-7r+ 0.04 0.05 

K*-e+v, - 0.13 

K-p+ - 0.19 

K*-T+ - 0.06 

sideband 0 1 

N background 0.53 1.51 

N observed 7 55 

-. - 
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