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Abstract

Using the CLEO II detector at the Correll Flectron Storage Ring (CESR),
we have investigated the decays, D} — ntty and D} — n'tty. We observe
clean signatures in n—7yand o — pxrtx— and normalize these yields to
the yield in the vector channel D} — ¢tty. We have measured B(D} —
ne*tv)/B(D} — detv) = 1.74 + 034 + 0.24, B(D} — n'etv)/B(D} —

petv) = 0.7130 134008
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Heavy quark semileptonic decays are theoretically straightforward to interpret since
the amplitude for such decays can be factorized into a product of leptonic and hadronic
currents. Measurements of the ratio of pseudoscalar to vector rates for D mesons dis-
agree with theoretical expectations. For example, the experimental world average for
B(D — Kt*v)/B(D — K*ttv) is 1.7540.15 [1-3] whereas theoretical predictions range
from 0.8 to 1.4 [4-8). It is of interest to repeat these types of measurements using D, mesons.
In this paper we report the first measurements of B(D} — yf*v) and B(Df — n't+ v). We
compare these measurements with B(D} — ¢£+v) and determine the pseudoscalar to vector
ratio for D} semileptonic decays.

Due to the undetected neutrino, we cannot fully reconstruct D} — Xy (X = 4, n,7)
decays. However, there are few processes which produce both a ¢, n or %' meson and a
lepton contained in the same jet. Consequently, this correlation can be used to extract a
clean D} — X¢*v signal. The backgrounds due to misidentified leptons and from random
X-lepton combinations can be reliably estimated, and the possible contamination from other
decay modes can be shown to be small.

We extract the yields of D} — n¢tv and D} — $t+y events using a DY tag and
measure B(D} — nttv)/B(D} — ¢ftv). We use the D:* tag to reduce the random
n-lepton background. In a separate analysis, we extract the yields of D} — 5'f*v and
D} — $t*v events without the D;* tag and measure B(D} — n't*v)/B(D} — $Ltv).

The data consists of an integrated luminosity of 2.35 fb~1 of e*¢~ collisions recorded with
the CLEO II detector at the Cornell Electron Storage Ring (CESR). A detailed description
of the CLEO II detector can be found in reference [10]. The data sample contains about
three million e*e™ — ¢Z events taken at center-of-mass energies on the T(4S) resonance
and in the nearby continuum (/s ~ 10.6 GeV). The CLEOQ II detector is ideally suited to
detect the decay chain D}* — D}y, D} — nttv or D} — 5'ttv due to the excellent Csl
crystal calorimeter.

We identify ¢ candidates by using the decay mode ¢ — K*K-. The charged kaon
candidates must have the jonization energy loss and time-of-flight consistent with what we
expect for true kaons.

We use the decay mode 3 — <7 to select 5 candidates. The photon candidates are
restricted to lie in the fiducial region, |cos8] < 0.81, where 8 is the polar angle of the
track with respect to the beam axis. We require that | cos 8ecay] < 0.9, where 8;.,, is the
photon decay angle in the 7 rest frame with respect to the 5 direction in the laboratory.
Backgrounds due to low momentum photons tend to peak at |cos84ecsy| = 1. Since most
photons are daughters of x® decays, we eliminate any photon which, combined with another
photon, makes a mass combination consistent with x° mass (+2.50) and has a x° momentum
greater than 0.8 GeV/c.

We identify ' candidates via the decay chain ' — gx*x~ , 7 — v with the selection
of 7 candidates as explained above. The charged pion candidates must have the ionization
energy loss and time-of-flight consistent with what we expect for true pions.

Lepton candidates are restricted to the kinematic regions in which the lepton identi-
fication efficiencies and hadron misidentification rates are well understood. Hence, elec-
tron and muon candidates are restricted to lie in the fiducial regions |cos8} < 0.91 and
Jcos 8| < 0.81, respectively. In addition, electron candidates must have momenta above
0.7 GeV/c and muon candidates above 1.5 GeV/c. The only exception is for muons in the

region |cos@| > 0.61 which are required to have momenta above 1.9 GeV/c. Electrons are
identified by comparing their ionization energy loss, time-of-flight, and energy deposited in
the electromagnetic calorimeter with what we expect for true electrons. Electrons from pho-
ton conversions and Dalitz decays of x%’s are rejected by pairing electron candidates with
all other oppositely charged tracks in the event and rejecting those which have both small
separation and parallel trajectories at their point of closest approach. Muons are identified
by matching charged tracks to hits in the muon detectors. In order to be identified as a
muon, a track must penetrate at least 5 interaction lengths of iron.

We require that the momentum of n candidates be greater than 1.0 GeV/c to suppress
the combinatoric background. In order to be consistent with having originated from a Dy
decay, the nf+ candidates must have an invariant mass less than 1.9 GeV/c? and greater than
1.2 GeV/c®. In addition, we require that the nf* momentum be greater than 2.0 GeV/c
to reduce random nf* combinations. In order to suppress the combinatoric background
from T(45) events, which tend to be more spherical, we require the ratio of Fox-Wolfram
moments [12], Ry = H,/Hy, to be greater than 0.30.

After selecting nf* candidates which pass the above criteria, we then combine them with
a photon which lies in the same hemisphere. The photon must lie in the fiducial region,
| cos 8] < 0.71, and have the energy greater than 0.12 GeV. To further suppress background
photons from x® decays, we veto all vy combinations that fall within 2.5¢ of the x® mass.

Assuming the D;* direction is along the thrust axis, the momentum of the D;* can be
estimated from the photon momentum and the thrust axis direction. We require that the B
of D;* be between 0.58 and 0.97, which optimizes the signal-to-background ratio.

To select ne*y candidates which come from the D+ — D}y, D} — ypf*y decay chain,
we require that AM = My, — M, be between 0.1 and 0.2 GeV/c? where M,, and My, are

| the invariant masses of pf* and n¢*y systems, respectively.

The efficiency for reconstructing D} — pftv decay is obtained from a Monte Carlo

t simulation which uses the predictions of the ISGW model [4] as input. These events are then
passed through a full simulation of the CLEO II detector and the same event reconstruction
and analysis chain as the data. Following the above selection criteria, and after correcting
for the effects of final-state radiation from the leptons [13], the efficiency to identify the
D} — ptty decay is 0.94%.

Figure 1 shows the vy invariant mass distribution for all 7£*7 combinations which pass
the above selection criteria. We fit these distributions with a signal and background function.
The signal function is a asymmetric Gaussian function. The background function is a second
order Chebyshev polynomial function which accounts for random 4+ combinations. The
mean and sigmas of the Gaussian function are fixed to the values extracted from a fit to
all 7 candidates with momenta above 1.0 GeV/c. The fit yields 103.0 + 11.9 D} — ptty
candidates.

There are three main sources of background in the sample: 5's accompanied by fake
leptons [14], random ¢+ combinations, and random photon combinations. The background
due to fake leptons is estimated by first using the real data to measure the momentum
dependent probabilities that a hadron will be misidentified as a lepton. These probabilities
are typically 0.3% for electrons and 1.2% for muons. We use all charged tracks in the
event which do not pass the lepton identification criteria described above and treat them as
leptons. The number of the events which pass our cuts are multiplied by the fake probability



to find total number of fake lepton events. With this procedure, we estimate the number
of n¢* combinations due to misidentified hadrons to be 13.7 + 4.1 events. The quoted error
includes the contributions from the uncertainties in the misidentification probabilities.

For the range of lepton momenta considered, random nt* combinations come from two
sources: from e*e~ — cZ events in which an 5 produced in the fragmentation process is
combined with a lepton from a semileptonic decay of the charmed hadron in the same jet,
and from T(4S) — BB events in which an 7 is produced in the decay chain of one of the B
mesons is combined with a lepton from the semileptonic decay of the other B meson. The
background from random né* combinations is estimated using the Monte Carlo simulation.
However, the  production rate from both fragmentation and B meson decays is not well
known. For this reason, an attempt is made to scale the Monte Carlo prediction to account
for the  production rate observed in the data.

In the charm continuum events, leptons come primarily from the charm semileptonic
decays. Therefore the direction of a charmed hadron is close to that of the high momentum
lepton. In the charm continuum events, not only the rate of 3 production, but also the
correlation between the n and the charmed hadron direction is important. The agreement
between the data and the Monte Carlo simulation is investigated by considering how often
an 7 is produced in the same hemisphere as a fully reconstructed D meson. Both D°
and D"t mesons are considered, and are reconstructed using the following decay chains:
D° - K~x* and D** — D°x*, D° —» K~x*. The reconstructed D mesons are required to
have momenta above 2.5 GeV/c in order to account for the range of D momenta which are
expected to contribute leptons in the momentum range of interest. For this particular study,
the » momentum criterion is relaxed to 0.8 GeV/c in order to provide sufficient statistics.
In doing this we have assumed that the y momentum distribution is well reproduced by
the Monte Carlo simulation, and that it is the rate of 5 production in the fragmentation
process which contributes the greatest uncertainty. The yields of D mesons and n mesons are
obtained by fitting their invariant mass distributions. D meson combinatoric backgrounds
are accounted for by subtracting the number of #’s found when using the D meson invariant
mass sidebands. In data 1.2+0.5 5 mesons are found for every 1000 reconstructed D mesons.
This is to be compared with 1.7 + 0.1 in the e*e™ — ¢z Monte Carlo sample. The ratio of
these two numbers is 0.7 + 0.3. With this scaling factor, the simulation predicts a charm
continuum background of 12 + 5 events, where the error includes the uncertainty in the
above ratio. )

The background from random né* combinations from BB events is estimated in a similar
manner. In this case the directions of the  and lepton are uncorrelated. For this reason it is
sufficient to compare the number of #’s with momentum above 1.0 GeV/c in the continuum
subtracted T(4S5) data with what we observe in the T(4S) BB Monte Carlo sample. In data
7.4+ 0.8 5’s are found for every 1000 BB events, which is to be compared with 6.4 £ 0.1 in
the BB Monte Carlo sample. This gives a scaling factor of 1.1 + 0.1. After applying this
correction, the predicted background from BB events is 1.7 + 0.2 events.

We have also estimated the possible contamination from the decays D} — y'fty, Dt —
n€*v and D* — 7'ty . For D} — y'€*v decay, we estimate the efficiency using the Monte
Catlo simulation. Due to the hard momentum cut for 5 and the M.+ > 1.2 GeV/c? cut,
the efficiency is found to be very small, 0.11%, which is 1/9 of that for DY — ¢ty decay.
We have 610011500 D} — n'€*tv events in our data sample as discussed below. Considering

the branching fractions for 5/ — n.X and n — v and the fact that a half of D, yields comes
from D}, we estimate 1.2 + 0.4 events from the D} — #'¢*v feed down. The contamination
from the decays D* — pftv and D* — y¢*v are negligible since the decay modes are
Cabibbo suppressed modes and B(D** — D*+) is small.

The background from the combinations of true n£*’s and random photons is estimated

using a Monte Carlo simulation. To scale the Monte Carlo estimate for the random photon
background to data, we investigate how often a K~et combination from the decay chain,
D*t — D°%x* and D® — K~etv, combines with random photons and passes the cuts
we impose. For this investigation, we first reconstruct the decay chain, D** — D°x+ and
D® — K~e*v by applying the same cuts for selecting K ~e* combinations as for D} — gty
candidates and fitting the pseudo mass difference M- .+ ,+ — Mk~ + distribution. We find
5000+ 72 K~e* combinations in the Monte Carlo sample and 1677+ 44 in the data sample.
Then we add random photons to the K~e* combinations and calculate Bp:+ and AM
as described for the D} — nt*v analysis. Finally we refit the pseudo mass difference
M-t v+ — M-+ distribution in the signal region and the grand sideband, where the signal
region satisfies both 0.1 < AM < 0.2 and 0.58 < Bj,.+ < 0.97 while the grand sideband is
outside the signal region. In the signal region the refit gives 242.1+15.6 K~e* combinations
for the Monte Carlo sample and 82.8 1 10.3 for the data sample. Therefore, the probability
to have random photon background in the signal region is 4.8 + 0.3% for the Monte Carlo
and 4.9 + 0.6% for the data. The scaling factor for the signal region is 1.02 & 0.15. In the
same manner we find the scaling factor for the grand sideband to be 1.15 4 0.09. Since two
scaling factors are consistent, we combine these scaling factors to find the overall scaling
factor for the random photon background and obtain 1.11 4 0.08. With this scaling factor,
the Monte Carlo simulation predicts the ratio of the random photon background to the sum
of the signal and the random photon background, frp, to be 0.188 + 0.066 in our data
;sample after fake lepton, BB, cz and D} — n'¢+v feed down backgrounds are subtracted.
* Fig 2 shows the number of 5’s which fall in each AM bin. The combined background
estimate is also shown, as well as the simulated prediction for the signal shape which has
been normalized to the number of candidates extracted from the fit to the vy invariant mass
spectrum. The predicted signal shape is in good agreement with the data. The background
estimate can be checked by comparing the predicted number of candidates with the observed
number in the grand sideband. We predict 109.9 4 14.6 events and observe 100.3 + 13.1 in
the grand sideband. The prediction is in good agreement with the observation.

We calculate a final signal yield as N,ijnat = (Noserved — Nyake tepton — Nez — Ngg —
Nyced down) X (1 — frp). After subtracting all backgrounds, we find 60.9 + 9.7 D} — pé+u
events. After correcting for the detection efficiency and for the n — vy branching fraction [3],
the efficiency corrected yield for D} — nf*v is 8320 + 1320 events. We have taken into
account the 3% reduction of the muon rate relative to the electron rate due to phase-
space [15]. Therefore, our result is given in terms of the effective yield in the electron
channel.

In order to minimize the systematic error from the selection criteria, the number of
D} — ¢t*v decays is measured in a similar manner. The ¢ candidates are required to
have momenta above 1.0 GeV/c . Because of the small ¢* value associated with the decay
¢ — K*K~, the kaons tend to overlap in the drift-chamber. This makes it difficult to
simulate accurately the ionization energy loss measurement. In order to avoid this problem,



TABLE 1. Summary of D} — nt*v and D} — ¢ttv yields. The errors quoted in this table

are statistical only.

_— e e

Decay mode D} — ntty D} — ¢t+ul
Total candidates 103.0+11.9 167.9+ 15.8
Fake lepton background 13.71 06 145+ 0.7
Continuum ¢é background 115+ 1.1 88104
BB background 1.7+ 04 34404
Feed down from D} — y't*y 12404 0.0
frD 0.188 0.255
Signal yield 60.9+9.7 105.3+ 11.8
Efficiency, ¢ - B (%) 0.366 1.104
Efficiency corrected yield 8320 &+ 1320 4770 + 530
______—__——_____—.—_“Jh_

the momentum dependent efficiencies for identifying ¢ mesons are obtained from the data
by comparing the inclusive yield of all ¢’s before and after particle identification. These
efficiencies are then combined with the predicted ¢ momentum spectrum from D} — ¢ty
decays to give the total ¢ identification efficiency. The efficiency for detecting D"’ — ¢ty
decays following these selection criteria is 2.25%.

Fig 3 shows the K+ K~ invariant mass distribution for all $¢+y combinations which pass
the above selection criteria. We fit these distributions with a signal and background function.
The signal function is a Gaussian function convoluted with a Breit-Wigner function. The
background function is a phase-space background function [16] which accounts for random
K* K~ combinations. The width of the Breit-Wigner function is fixed to the natural width
of the ¢ state {3], and the mean and sigma of the Gaussian function are fixed to the values
extracted from a fit to all ¢ candidates with momenta above 1.0 GeV/c. Ouly the overall
normalization of the signal function is allowed to vary in the fits. We find 167.9 &+ 15.8
D} — ¢ty candidates. After subtracting all backgrounds in same manner as D} — ptty
analysis, the efficiency corrected yield is 4770 4 530 events.

Fig 4 shows the number of ¢’s which fall in each AM bin. The combined background
estimate is also shown, as well as the simulated prediction for the signal shape which has been
normalized to the number of candidates extracted from the fit to the K+ K~ invariant mass
spectrum. The background estimate can be checked by comparing the predicted number of
candidates with the observed number in the grand sideband. We predict 197 + 19 events
and observe 195 & 20 in the grand sideband. The prediction is in good agreement with the
observation.

Table I summarizes the results for both D} — nt*v and D} — ¢+ v decays. Since we
have already corrected for efficiencies, the ratio of branching fractions is,

_ B(D} o nety) 832041320
Ro = B(Dr = ¢e7v) = 02530

=1.74 £ 0.34 £ 0.24, (1)

where the first error is statistical, and the second is an estimate of systematic effects. This
systematic error includes: the uncertainty in the number of fake leptons (2.4%), the uncer-
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tainty in the level of continuum charm background (8.2%), the uncertainty in the level of BB
background (0.3%), the uncertainty in the tracking efficiency (4.0%), the uncertainty in the
¢ identification efficiency (3.0%), the uncertainty in the 9 reconstruction efficiency (5.0%),
the uncertainty in the estimate of random photon background (2.4%), the uncertainty in
the estimate of D} — 7’£*v feed down (0.5%) and that due to the limited number of Monte
Carlo events which were used for the efficiency estimates (6.7%). Various background shapes
have also been used to extract the number of ) and ¢ mesons. In all cases the results changes
by less than 5.8%, which is taken to be the sysiematic error. Note that systemtics associated
with the rate of fake leptons and the scaling of the random photo background mostly cancel
since they are correlated in both analyses. After adding these estimates in quadrature, the
total systematic error is 14%.

Having measured the ratio B(D} — netv)/B(D} — ¢etv), we now turn to the ratio
B(D} — n'e*v)[B(D} — ¢etv). We reconstruct n’ with the decay chain 5’ — patr~ |
7 — v7. The momenta of n and 5’ candidates are required to be greater than 0.6 and 1.0
GeV /c, respectively in order to reduce combinatoric background. We do not use the D+
tag for the D} — n't*v analysis since the sensitivity for the o’ decay chain is 1/5 of that for
the n — v7 decay. To compensate for the absence of the D;* constraint, we apply tighter
cuts than those used for D} — nfty analysis.

To reduce the random n'¢* combinations, we require that P,,+ be greater than 3.0
GeV/c. To reduce the fake lepton background as well as random 5'f* combinations, we
require that electron momentum be greater than 1.0 GeV/c. Other cuts are same as D} —
7€ty analysis. The efficiencies for reconstructing D} — 5'¢*v decay is 1.11%. The pion
identification efficiency is obtained from data in the same manner as the kaon identification
efficiency for ¢ reconstruction.

Fig 5 shows the invariant mass distribution of all na*x~ combinations which pass the
above selection criteria. We fit these distributions with a signal and background function.
The signal function is a Gaussian function. The background function is a first order polyno-
mial function which accounts for random nx*x~ combinations. The mean and sigma of the
Gaussian function are fixed to the values extracted from a fit to all 5’ candidates with mo-
menta above 1.0 GeV/c. The fits yield 29.1*83 D} — y'¢*v candidates. There are two main
sources of background: 5”’s accompanied by fake leptons and random 5'¢* combinations.

The backgrounds are estimated in the same manner as the D} —» nf*v analysis. We
estimate the background due to fake leptons to be 5.2 + 1.5. We estimate the random 5'¢+
combination background using the Monte Carlo simulation. The scaling factor is measured
to be 0.0*5:4 for ¢z background and 0.3 + 0.2 for BB background. The resulting estimates
for ¢z and BB backgrounds are 0.0}32 events and 0.7 + 0.6 events, respectively.

We estimate possible feed down from D+ — ¢'ftv, which is relatively large since we
do not distinguish D} from D* unlike the D} — né*v analysis which uses the D:* tag.
We estimate the ratio of the number of D* — n'f*v events to the number of D} — y'¢ty
events, N(D* — n't*v)/N(D} — n'ttv) = 0.06 £ 0.04 [17]. We calculate the final signal
yield for D} — n/t*v decay as Nyinat = (Nosserved = Nfake tepton—Noz—Npg) x 1/(1+fFD) and
obtain 21. 9+5 3 events. After correcting for the detection efficiencies and for the y’ — px*x~
17 — 77 branching fractions [3], the efficiency corrected yield for D} — ¢+ v is 6100+1529.

For the D} — ¢¢*v analysis, we apply the same cuts as in the D+ — '€+ v analysis to
minimize the systematic effects. The result of the fit to the K* K~ invariant mass distribu-



tion is shown in Fig. 6. We find 419 + 24 candidates. After subtracting all backgrounds, the
efficiency corrected yield for DY — ¢€+v decay is 8580 + 600 events. Table Il summarize

TABLE II. Summary of D} — #/¢*v and D} — ¢t*v yields. The errors quoted in this table
are statistical only.

Decay mode D} - o'ty DF = gtty|
Total candidates 20.1¥1 419+ 24
Fake lepton background 52103 50 +1.0
Continuum ¢é background 0.0+0.2 66103
BB background 0.740.1 1.7+£0.8
frFD 0.06 0.0
Signal yield 21.9%23 345+ 24
Efficiency, ¢ - B (%) 0.18 2.01
Efficiency corrected yield 610017500 8580 + 600

the results. Finally, since we have already corrected for efficiencies, the ratio of branching
fractions is

R, = B(D} — g'ety) _ 610023500

B(D} — ¢etv) 8580 £ 600

= 07110194008 )

where the first error is statistical, and the second is systematic. This systematic error in-
cludes: the uncertainty in the level of continuum charm background (10%), the uncertainty
in the level of BB background (2.3%), the uncertainty in the ¢ and y’ reconstruction effi-
ciency (6.2%), the uncertainty in the level of feed down from D* decay (4.3%) and that due
to the limited number of Monte Carlo events which were used for the efficiency estimates
(6.0%). The systematic errors due to the uncertainty in the lepton identification efficiency
and the uncertainty in the number of fake leptons mostly cancel (2.2%) since they are cor-
related in both analyses. Various background shapes have also been used to extract the
number of 4’ and ¢ mesons. In all cases R, changes by less than 4.2%, which is taken
to be the systematic error. After combining these contributions in quadrature, the total
systematic error is 15%.

Model predictions and measurements are listed in Table 1II including our new measure-
ments. Qur measurements of R, and R,s are considerably higher than Scora’s predictions
with the modified ISGW model {21]. The prediction of Kamal et al. for R, agrees well with
our measurement whereas their prediction for R, is somewhat higher than our measure-
ment [25,26]. E653 reported an upper limit of R, and a measurement of R, + R,» = 3.9+1.6
with the muon channels [9]. Our measurement of the ratio of pseudoscalar to vector rates
for the D} semileptonic decay, i.e. R, + Ry = 2.46 £ 0.39 1 0.26, is higher than the ratio
found for the D+ and D° semileptonic decay.

Having measured R, and R, we can extract the absolute branching fraction for D} —
#etv by assuming that T(D} — Xe*v) = I'(D — Xe*v) and three decay modes DY —
¢etv , D} — netv and D} — np'e*v almost saturate the D} semileptonic decay. This is

TABLE III. Summary of predictions and measurements.

Predictions and Measurements R, Ry R,+R,, |
Scora [21] 0.39 0.34 0.73
Kamal et al. [25,26) 1.85+ 0414037 2.2240.571+0.44] 4.07+0.70+0.57

E653 [9] <1.6 @0%C.L. 3916
This result 1.7440.34 4 0.24 2.46 + 0.39 £ 0.26

supported by the fact that D — Ke*v and D — K*e*v almost saturate D semileptonic
decay [11,27]. With these assumptions, we can write

(1= foo = Fminc) X B(D® = Xe*v) x 2. 3)

1
+ L dety) =
BDY = ¢e™) = TR TR, < o0

where 75+ and 7po are the D} and D lifetimes, respectively. The factor f., includes all
Cabibbo suppressed decay modes and fmi,c includes DY — f5(975)e* v and other Cabibbo
favored decays modes, which are estimated to be 0.0510.01 and 0.06+£0.04, respectively. We
use CLEO II measurements for all quantities except the D} and D° lifetimes. In this way
some of the systematic errors cancel and the problems associated with averaging the results
from many different experiments are avoided. We find 1/(1 + R, + R,») = 0.289+0.039, and
when this is combined with our measurement of B(D® — Xetv) = (6.97+0.35)% [27] and the
E687 measurements, 7po = (4.13£0.05) x 107** 5 [23] and 73 = (4.7540.21) x 10~* 5 [24],
we obtain I'(D} — getv) = (4.35+£0.66) x 10'° s~! and B(D} — getv) = (2.06 + 0.33)%.

Combining our result for (D} — ¢etv) with (D — Kretv) = (57 £ 0.7) x
110" 571 [11], we find T(D} — ¢etv)/T(D — K"etv) = 0.76 + 0.15. The modified
I ISGW model [21], which is the only model up to date which predicts the measured value of
B(D — K*etv)/B(D — Ke*v) [3], predicts 1.00 for this ratio. Combining B(D} — getr)
with our measurement of B(D} — getv)/B(D} — ¢rt) = 0.5¢ + 0.06 [26], we obtain
B(D} — ¢x*) = (3.82 £ 0.74)%. The branching fraction for D} — ¢x* sets the scale
for all D} hadronic branching fractions.

In conclusion, we have measured B(D} — netv)/B(D} — getv) = 1.74 + 0.34 + 0.24
and B(D} — y'etv)/B(D} — getv) = 0.71231342% This is the first measurement of these
quantities. Our measurement of the ratio of pseudoscalar to vector rates for the D} semilep-
tonic decay disagrees with the modified ISGW model prediction. Our measurement of the
ratio B(D} — y'etv)/B(D} — netv) = 0.41+0.13+0.05 also disagrees with the prediction
by the factorization model where we expect B(D} — n'etv)/B(D} — netv) = B(D} —
7'p*)/B(D} — np*) = 1.20 1 0.33. We have made a relatively model independent estimate
of B(D} — ¢etv) = 2.06 £0.33%. We have also estimated B(D} — ¢xt) = (3.82+0.74)%
by combining B(D} — getv) with our measurement of B(D} — getv)/B(D} — ¢xt).
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FIG. 1. The 7 invariant mass distribution for D} — nf*v candidates. The curve i the fit to
the invariant mass distribution.
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FIG. 2. Pseudo mass difference between D:t and D} for D} — nfty candidates. The solid
circles represent the candidates in each AM bin. The solid histogram shows the sum of the
simulated signal shape and the predicted background. The dashed histgram shows the predicted
background.
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