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Using the angular correlation between thé emitted in aD* *— D% decay and the* emitted in the
subsequenb®— Xe" v decay, we have measured the branching fraction for the inclusive semielectronic decay
of the D® meson to be3(D°— Xe" v) =[6.64+0.19stay+ 0.29sys)]%. The measurement uses 1.7 fbof
e*e” collisions recorded by the CLEO Il detector located at the Cornell Electron Storage(BE@R.
Combining this result with previous CLEO results we find3(D°—Xe" v)/B(D°—K™#")
=1.684+0.056stah=0.093sysh and B(D°—K e’ »)/B(D°—Xe" v)=0.581+0.023stah = 0.02§sysh.

The difference between this inclusive rate and the sum of the measured exclusive branching ftaw@ns
sured at CLEO and other experimenis also presentedS0556-282(196)02217-3

PACS numbsds): 13.20.Fc, 14.40.Lb

I. INTRODUCTION the sum of these observed exclusive semileptonic branching

fractions with the measured inclusive semileptonic branching
Recent experimental measurements of the exclusive semiiraction provides a measure wfissingor unobserved modes.

leptonic branching fractions of thB® meson have yielded However, a new measurement of the inclusive semileptonic
precise measurements of the dominant Cabibbo-favorefranching fraction is necessary to match the precision of the
modes, observation and measurement of the Cabibbexclusive measurements. In this paper, the CLEO Collabora-
suppressed branching fractions, and stringent upper limits ofion presents an improved measurement of the inclusive
other Cabibbo-favored branching fractions. A comparison okemielectronic branching fraction of tfE’ meson. We then
compare this inclusive measurement to the sum of the ob-

served exclusive branching fractions measured at CLEO and
*Permanent address: University of Hawaii at Manoa. other experiments.
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—T—T T T T T T lection criteria have been used in both analyses. See| &ef.
80000 17 AN ¥ 225<p_<425 (MeV/c) for a discussion of the systematic error on this number and
[, — Non-D** Background for a discussion of how the signal and background shapes are
[ =, modeled.
40000 - eocen a To determine the total number of semielectronic decays,
i | N(D**—=D%*, D°=Xe'v), in this sample, ane™ is
s 5 . sought within a cone around the™ direction. If found, the
S - 1 value of sirfa for its associatedr™ is plotted. “Right-sign”
2 0 charge combinationsr*e™ provide the signal distribution
2 | = 7t-e Combinations ] and “wrong-sign” combinationsT e~ are studied Ero deter-
[ O x*.e Combinations ] mine the background. Once the numberDft—Xe" v de-
1000 g 225 <p_<425 (MeV/c) b cays has been extracted, the branching fraction is then
. ] o o. . NOD**-D%",D%-Xe »)
----- - BB =X ) B =D )X (D" = Xe 1)’
7777777 e L ] (1)
0 0.25 0.50 0.75 1.00
sin2 wheree(D%— Xe' v) is the efficiency for detecting the elec-
tron.

FIG. 1. The inclusive sfu distribution for candidate pions A detailed description of the CLEO Il detector can be
(open circley and the derived nod* * backgroundsolid ling) i found in Ref.[5]. Electrons[6] are identified principally
the top plot. Requiring an electron near the pion with the samerom the ratio of the energy measured by the Csl calorimeter
(opposite sign results in the solitbpen squares in the bottom plot.  and the momentum measured by the drift chamlisfpy.

Additional information on energy loss in the drift chamber

In addition, we combine our inclusive measurement withand shower shape in the calorimeter is also used. Requiring
previous CLEO results on B(D°—K~w) and momentum greater than 0.7 GeVand a polar angle with
B(D%—K~e*v)/B(D°—K™7") [3,4] to obtain the ratio respect to the beam axig)f between 45° and 135° helps
B(D°—K~e"v)/B(D°—Xe" v). As a check of the analysis ensure a well-determined electron identification efficiency,
method, the observed inclusive electron momentum speayith minimal uncertainty due to misidentified hadronic
trum is also extracted from the data and compared with @acks. Furthermore, the number of electrons from
Monte Carlo simulation. For a complete review of experi-D°— X 7% #°—e"e™ y, where thee™e™ v final state is due
mental and theoretical developments we refer the reader t@ either a Dalitz decay of the® or a y conversion in the

recent reviewg1,2]. detector material, should be suppressed. This is accom-
plished by requiring that the identified electron, when com-
Il. ANALYSIS TECHNIQUE AND EVENT SELECTION bined with each oppositely charged traglotentially an uni-

. ) _dentified positronin the event, does not yield an electron-
The technique used to measure the absolute '“C|U3'Vﬁositron mass below 0.050 Ge/

semielectronic branching fraction B° mesons is similar to In order to correlate the electron with its associated
that used in the CLEO measurement3D°—~K"7") [3].  charged pion, a fiducial angle cut is applied in the laboratory
Both analyses must determine the numbeDéf" —D%7* frame; we require that co®()>0.8, where®,__ is the
decays in the data and T'i's done using the following techangle between the charged pion and the electron. The bottom
nique. The topology ob™e” —cc reactions at a center of pjistogram in Fig. 1 shows the Smdistributions for charged
mass energy of 10.5 GeV requires the thrust attie axis  pions after requiring an electron within this angular region;
along which the sum of the projected track and shower mothe solid squares are far*e™ combinationgright sign and

menta is a maximuinfor the event to approximate the the open squares are far'e~ combinationswrong sign.
D** direction in the laboratory. Limited available phase

space in theD* " —D%* decay results in a small angle,
denoted asy, between the thrust axis and the charged pion.
Also, the magnitude of the pion momentum is correlated to  As previously stated, the yield @* *—D%#* decays is

the parentD* " momentum. It is kinematically forbidden identical to that presented in Ref3]. In this section we
that pions with momentum greater than 225 Me\tome  detail the determination of the number@f— Xe* v decays
from the Y(4S)—BB, B—»D**X, D**—D% " decay associated with the initidD* * —D%r" decay.

chain. Selecting higher momentum pions ensures that the The sifa distribution for 7*e* (right-sign combina-
parentD* * is produced viee" e~ —cc production, and that tions contains three distinct components: signal and two
the thrust axis is correlated with ti&* * direction. The top types of background. One background has &csitistribu-

plot in Fig. 1 shows the sfa distribution for all pions with  tion that is identical to the signal as it originates from the
momentum between 225 and 425 MeMh the data. The decayD* *—D%#", D%—XF,+, whereF.+ denotes either
peaking of the distribution at low sin is evidence for a hadronic track misidentified as an electron or an electron
D**—D% " decays. The total number of decays infrom an’—e*e™ y final state. The other background is due
the sample is N(D**—D%r")=165658-1149sta) to random soft piong225-425 MeV¢ in momentum in
+2485sys), identical to Ref[3], as the same data and se- coincidence with an electron, and is not as sharply peaked

lll. EXTRACTION OF YIELDS
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near sifa=0 as the signal distribution.

The sirfa distribution for w*e~ (wrong-sign combina-
tions is devoid of signal but contains the same two sources of 200
background as the right-sign distributid?]. It will be 100 ©
shown that the normalizations for these two backgrounds
differ between the right-sign and wrong-sign distributions,

300 —————————————————T]
225<p_<250 (MeV/c) ]

L s )
o Pt i ,
Tty LA A et R B

A 3 250 275 (MeV /
although the shapes are identical. _ 200 <P, <275 (MeV/c)
The right-sign and wrong-sign distributions are fit simul- 2 100
taneously using the functional forms 2 ol ‘I SO— M.""“‘“‘f N
‘ . . 5 9 275 300 (MeV/c
| ((sifa) =NLd D% Xe* v or D°—XF,]g (sirfa) 2 200 <P <300 (MeVic)

[ARTLEEREI RRNEY INERE ARRTA SNENL (ARRI FRRRI SRSNR TRREANT)

o 100
+BRrsPL(sirfa), 2 . i
Gvs(sirfa) =bl,d DO— X F.]1g' (sirfa) + BlysPL(sira). 200
©) 100 {‘; S
A Monte Carlo simulation determines the expected distribu- P i Y ey 1.0
tions g'(sir’a), wherei denotes ther momentum bin. This sinex

simulation correctly reproduces the measuBed™ produc-

tion momentum distribution, and simulate®—Xe" v de- FIG. 2. The siRa distribution for pions with momentum be-
cays via the “cocktail” of exclusive modes presented in thetween 225 and 325 MeW/ with an identified electron with
Appendix. Monte Carlo simulations show that the?simlis-  cosd, .>0.8. Events with the electron and pion having the same
tributions for purely semielectronic decays®f mesons and  sign (right sign are plotted on the left side; the opposite sign events
generic decays ob° mesons are indistinguishable, and the (wrong sign are plotted on the right side. The points represent the
use of either signal shagpurely semielectronic or geneyic data and the histogram is the result of the fit. The dashed line
results in the same yields. The second order polynoRijas represents the random pion-electron background and is modeled by
also constrained to have the same shape for both the wrong-sécond order polynomial.

and right-sign sifu distributions. The yield oD%—Xe" v i Lt v O On s et o -
candidates Nl D°— Xe™ v or or D°—XF,]), the yield of bys=N'(7" Xm")fo- (Xa7) +N'(7 ", Xh™)f-(Xh™).
misidentified hadrons or electrons fronP—e*e™ y in the (5)

wrong-sign distribution 8, D°— X Ze]), and the normal- ¢ wrong-sign yield and the right-sign background differ

izations and shape of the background polynomikd, only in that positive tracks fronD° decays are much less
Bls andP}) are determined from the fits to the %indis-

tribution of the right-sign and wrong-sign samples in bins of 300
pion momentuny,, .

325<p_<350 (MeV/c)

The sirfa distributions for the data, with the resulting fits 200
overlaid, are shown in Figs. 2 and 3. Table | presents the 100&'-%—,~‘.L E
right-sign and wrong-sign yields, where the right-sign yields 0 b b e M T

still have a contribution due tB°— XF,+ backgrounds. 350 <p_<375 (MeV/c)

200

IV. DETERMINATION OF THE BACKGROUND 100

CONTRIBUTION TO THE SIGNAL

-

|

L
T

375<p_ <400 (MeV/c)

P
Linman

Events / 0.01
o

In this section the magnitude of the misidentified electron 200 ]
background to the right-sign signal yield is determined. Two 100 | =
decay chains contribute to this backgroummt *—D%7 ™, og“jmm S M ]

D%—Xh", where theh* is a hadronic track misidentified as
an electron, and>* " —D% ", DO—X#0 #P—efe y. 200
The sum of the right-sign background per pion momentum 100

400 < P, < 425 (MeV /c) E

AaNRERRN

bini can be denoted as M NPT thicusii oy T ]
0 0.5 0 0.5 1.0
brs=N (7", X70) L (Xa®) + Ni(zr* Xh*)fL.(XhT), sin’ &

(4)

whereN'(7*,X7% [N'(#*,Xh")] is the number of inclu-

FIG. 3. The siRa distribution for pions with momentum be-

tween 325 and 425 Me¥/ with an identified electron with

. A + 0 L . co® . .>0.8. Events with the electron and pion having the same
sive D TDOWO’ Di°—>X71 [PO_)Xh ] de.c'ays n t.he sign(right sign are plotted on the left side; the opposite sign events
data, andf,.(X7") [f..(Xh™)] is the probability for mis-  (rong sign are plotted between on the right side. The points rep-
identifying this background as signal. We can define theresent the data and the histogram is the result of the fit. The dashed
same sum for the wrong-sign yield per pion momentum binine represents the random pion-electron background and is mod-
i as eled by a second order polynomial.
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TABLE I The total yield of candidate 2.5 GeVE. Multiplying this momentum-dependent probabil-
D**—D%",D°-Xe"v events (right sign and candidate ity with a Monte Carlo simulation of ther"™ momentum
D**—D%r",D%~Xe v events(wrong sign as a function of gistribution fromD® and D° decays, we find the misidenti-
pion momentum. Misidentified electron backgrounds have not yetication probability, integrated over all pion momenta, to be
been subtracted. (0.102£0.016)% for the right-sign pions and
(0.093+0.011)% for the wrong-sign pions. These numbers

p(m) . _ Yields _ differ due to the different momentum spectra for right-sign
(Mevic) Right sign Wrong sign and wrong-sign pions. The error is due to the statistical un-
225_250 123253 32+31 certainty in the misidentification probability per track as a
250-275 107+ 49 74+ 29 function of momentum.
275-300 935 44 A5+ 25 For charged kaons the data do not provide a sample as
300-325 689 38 30+ 22 statistically rich and clean as for pions. The cleanest sample
325_350 41432 _29+18 of charged kaons comes from reconstructed®
350-375 259 25 36+17 —>K‘7r_+(w°) decays. With 19742221 reconstructed
375-400 166 20 _4+12 D%s with a K™ th_at passed t_he _mom_e_ntum cuts, 4H5
400-425 7615 0+11 were consistent with thEK ™~ being identified as an electron.

This yields a central value of (0.023).028)% for the mis-
Total 4845-104 19362 identification probability due to kaons. As no momen-
tum dependence measurement is possible we use
(0.023:£0.028)% as the misidentification probability for
likely to be kaons than negative tracks frdd? decays. Us-  charged kaons over the whole momentum range of interest.

ing f - (X7%) =f_.(X7°), we find Multiplying these misidentification probabilities by the
. _ : m:K fractions gives the rate per hadronic track from
rs=blws—N(7", Xh™)f _(Xh") D** D% " decays form" momentum between 225 and

ot . 425 MeVk. We obtain a total misidentification probability

N7, Xh)fe. (XhT). 6)  of for (7, Xh")=(0.092+0.016)% for the right-sign had-

ot N o B ronic tracks andf.-(7*,Xh™)=(0.052+0.017)% for the

It N(7", Xh")fe. (XhT)=N(a", Xh")f-(Xh™), then  \rong-sign hadronic tracks, a difference of a factor of 2.
the wrong-sign yield would be equal to the background consijnce the extraction of yields is done in eight 25 MeV/
tribution to the right-sign yield. However, for pions and ka- momentum bins, the probabilities are determined for each of
ons which pass the same geometry and momentum criteria gge eight bins individually. Small variations arise due to dif-
the electrons, ther:K* ratio of h* tracks originating from  ferentD® momentum spectra and small changes in 4hi
D° mesons is quite different from the :K~ ratio. Using  ratio.
world average$2] of the measured®® branching fractions, To turn these misidentification probabilities into the ac-
thes":K™ ratio is 96:4 while ther ™ :K ™ ratio is 42:58. This  tyal yield of misidentified tracks, the inclusive right-sign and
difference, coupled with different misidentification rates forwrong-sign rate[N(7",Xh*) and N(«*,Xh™)] is deter-
pions and kaons, leads to a small correction to the wrongmined from the data. The number of right-sign and wrong-
signyield. o sign hadronic tracks associated wittf * — D% decays is
The probability for am™ track to be misidentified as an then determined by using the same code and technigue as for
e” is determined by studying a large data sample ofigentified electrons, without the requirement that the had-
KS— "7~ decays as a function of charged pion momen-ronic track be identified as an electron. Table Il gives the
tum. This probability is measured to be (0.058.015)% for  resulting estimated misidentified charged track contribution
pions with momentum between 0.7 and 0.9 GgVfising to  to the right- and wrong-sign yields, as well as the final esti-
(0.250+0.059) % for pions with momentum between 1.9 andmated background to the right-sign yield.

+

TABLE Il. Summary of the expected background contribution as a function of pion momentum to the
right-sign yield, wheréopg=bly,s— N (7™ Xh7)f (Xh7)+ Ni(m* Xh*)f (Xh").

p()

(MeVi/c) blys N(7*,Xh7)fL_(Xh7) N(7+,Xh*)fL, (Xh") bl

225-250 3231 13+3 24+3 43+31
250-275 7429 13+3 22+3 83+29
275-300 45 25 9+2 17+2 53+25
300-325 3g:22 7+2 13+2 45+ 22
325-350 —-29+18 5+1 9x1 —-25+18
350-375 36:17 4+1 6+1 38+17
375-400 —4+12 2+1 4x1 —2+12
400-425 a-11 1+1 2+1 1+11

Total 193+ 62 54+ 5 976 236-64
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TABLE Ill. The yields of inclusiveD* " — D%t andD®— Xe* v decays, the efficiency for detecting the
Xe' v final state, and the calculated branching fraction, as a function of the pion momentum emitted from the
D** decay. The errors are statistical only and include the statistical error on the background subtraction.

p() N(D**—D%") N(D**—=DO%*, e(Xe*v) B(D°—Xe'v)
(MeV/c) D% Xe"v) (%) (%)
225-250 44161611 118961 37.9 7.16:0.38
250-275 39114 562 988t 57 40.1 6.36:0.38
275-300 29482 475 88251 42.7 7.01-0.42
300-325 21126396 644~ 44 43.7 6.97-0.49
325-350 14973334 439-37 45.5 6.42-0.56
350-375 9165% 267 22130 48.0 5.020.70
375-400 5492208 16823 49.5 6.180.88
400-425 215% 147 7819 50.7 7.1%1.8

Total 1656581149 460121 6.64+0.18

V. EFFICIENCY D**—D%" yields from Ref.[3] and the second gives the

; +
The efficiency for detecting the electron, as determined b ackground subtracted yield D" Xe" v decays, followed

the Monte Carlo simulation, depends on the cocktail of ex->Y a column %f eﬁiciencies. The last column is the branching
clusive modes used to generate the inclusive semielectronfE2ction forD”—Xe" v for the eight momentum bins. As a

decays. Table Xl in the Appendix presents the ratios ofcheck that the eight measurements are self-consistent, the

=B(D°—me v)/3,B(D°—ne*v), where mn=K-, ing fraction' measurements come from the weighted average.
K*~, K; (1270),K% ~(1430), 7, andp~ mesons. The ef- The result is gy? of 9.4 for 7 degrees of freedom. _
ficiency for each of these modes is obtained from a Monte Sources of systematic effects and their estimated magni-
Carlo simulation of each individual mode, and the inclusivetude are listed in Table IV. The dominant systematic uncer-

efficiency is obtained from tainty is the evaluation of the electron identification effi-
ciency. This was studied using an electron identification
e(Xe" V)IE X, e(D°—me v). @ algorithm developed l_Jsing radiative Bhabha events. Its per-

m formance on continuum events is studied using

D theD® K- n* analvsis. th o1 of vields | 79— ye*e” where thee™ e pair could originate from ei-
As in theD"—K™a ™ analysis, the extraction of yields is e 5 pajitz decay of ther® or ay conversion in material.

done in eight pion momentum bins from 225 to 425 MeV/ ;g o1 dy resulted in a conservative estimate of the electron
c. Table IIl contains the efficiency in each of the eight pion;janification systematic uncertainty &f3%.

momentum bins, with the efficiencies for the individual ex- The inclusive semielectronic branching fraction is mea-
clusive channels in Table Xliithe Appendi¥. The total sys- sured to be
tematic error due to uncertainties in the cocktail is deter-
mined by varying the ratios in Table XlIl by one standard B(D°—Xe'v)=[6.64+0.18+0.29%, (8)
deviation, individually and collectively. The largest variation
in the overall efficiency is seen wheXy and X, are both
raised or both lowered and the other modes are changed
the opposite direction. This causes*&®% change in the
efficiency and is the estimated systematic error due to th
uncertainties in the cocktail of exclusive modes.

In addition to changing the cocktail ratios, the effect of
the assumed? dependence of the form factors is studied by
changing the Isgur-Scora-Grinstein-Wid8GW) slope (x)

mhere the first error is statistical and the second error is the
estimated systematic uncertainty. Sources of model depen-
gence have been minimized by relying on the experimental
measurements of the exclusive rates of the observed modes

TABLE IV. Estimate of the systematic uncertainty in the mea-
surement of3(D°— Xe™ ).

[8]. The value used to generate the decays issource Estimated s :
. ystematic error
x=0.57+0.07, as measured in a large sample of %

D°—K~e" v decayq4]. Variations of I on « resulted in a (%)
+0.6% variation in efficiency. The longitudinal and trans- Electron identification efficiency +3.0
verse contributions fronD°—K* ~e* v decays were varied Xe*» cocktail +2.0
by 1o of their measured value and the total efficiencyNn(D**) +15
changed by less than 0.08% [9]. Track reconstruction +1.0
Monte Carlo statistics +1.0
VI. RESULTS Electron fake rate +1.0
A. B(D°—Xetp) Form factor slopec +0.6
Table 11l shows the relevant measurements for determinTotal +4.3

ing B(D°—Xe*v). The first column gives the inclusive
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TABLE V. The yields ofD—K~ 7" decays, the efficiency for detecting the 7+ final state, the yields
of D°— Xe" v decays, the efficiency for detecting the" v final state, and the calculated ratio of branching
fractions, as a function of the initid* * pion momentum. The errors on the data yields are statistical only.
The error on the ratio of branching fractions is statistical only.

p(m) N(D**—DO%r™, e(Km) N(D**—D%", e(Xetv) B(D°—Xe'v)
(MeV/c) D°—K™7™") (%) D%—Xe" ) (%) B(D'=K =)
225-250 112844 64.6 118%61 37.9 1.860.12
250-275 94540 64.3 98& 57 40.1 1.6&0.12
275-300 74% 34 64.4 88251 42.7 1.86:0.13
300-325 52830 65.1 64444 43.7 1.820.16
325-350 39325 66.0 43937 45.5 1.620.18
350-375 26219 66.4 22130 48.0 1.1%0.18
375-400 15315 68.8 16823 49.5 1.5%30.26
400-425 5%9 63.1 78-19 50.7 1.760.50
Total 4208+ 83 4609121 1.684F0.056
and on experimental measurements of dii¢dqg? spectrum B(D°—K e"v) BID° =K~ #")
i O —at = - ; 11
in D°—K ~e™ v decays. Models have been used only for the BD'SK =%) BID'=Xe ) (13)

dI'/dg? spectrum of the other exclusive modes. The previ-
ous world average of7.01+0.62]% is in agreement with

. which is used in th®°%— Xe™ v cocktail. To obtain the most
this result[2].

precise value possible, we take advantage of the fact that the
CLEO result forB(D°—K e v)/B(D°—K~7") was ob-
B. B(D°—>Xe*w)/B(D°—K ™~ =™") tained with the same detector. This reduces the systematic
In addition to measuring the absold®— Xet v branch-  bias due to lepton identificatioineduced ta+ 1.7%) and the
ing fraction, it is straightforward to combine the yields pre- Systematic bias due to tracking reconstructioeduced to
sented here with those in R§8] to obtain a measurement of =2%). There is also a large overlap B’—~K ™~ 7" events
the ratio B(D°—Xe* v)/B(D°—K~="). This is done in Which were used to calculate the two ratios which appear in

Table V, producing a ratio that is independent of systematic&d. (11) [10]. Using only CLEO results and taking these
associated with the inclusi@* " — D% yields. Contribu- common systematic effects into account we obtain

tions from other sources of systematic errors are given iRk =0.581+0.023-0.028. Using all measurements of

Table VI. The result is B(D°—K e*v)/B(D°—K™x") and taking advantage of
the common CLEO systematic errors results in a value of

B(D°—Xe" v)/B(D*—K™ 7*)=1.684+0.056+0.093. Xk=0.545-0.035[13]. These results agree well with the

(9 input value ofX listed in Table XII, but are higher than the

. ) , . . two measurements by E653, the average of which is
Again the first error is statistical and the second error is th%(D°—>K*,u+v)/B(D°—>X,u+v)=O.404t 0.048[11,12.

estimated systematic uncertainty, where the use of a common
data set allowed cancellation of some systematic effects

present in the individual results. C. Comparison of inclusive measurement to the sum
This ratio provides a check of the ratio of the exclusive rates
The inclusive semielectronic branching fraction is often
Xk=B(D°—~K"e"»)/B(D°~Xe'r) (100 compared to the sum of the measured exclusive channels

) ) o [1,2,16. This provides an estimate of the fraction of the
TABLE VI. Estimate of the systematic uncertainty in the mea- semielectronic final states that have not yet been identified.
surement oB3(D"—Xe" v)/ B(D" K™ ™). In terms of the branching fraction ratios
Rm=B(D°—me'v)/B(D°—K e*v) (used in the Appen-

Source ESt'mated;yStemat'c EITOT dix for tabulating theD®— Xe" v cocktail listed in Table
(%) XIl), the ratio of the difference between the inclusive rate
Electron efficiency +3.0 and the sum of the exclusive rates can be written as
Xe* v cocktail +2.0 0 by 0 n
Track reconstruction +3.8 B(D"—Xe V)O EmBJED —me )
Monte Carlo statistics +1.2 B(D"—Xe"v)
Electron fake rate +1.0 =1—Xg(1+Rgx +R,+ Rp). (12)
Form factor slopex +0.6
K~ #* (mass fit and momentum Qut +0.7

Performing the comparison using only CLEO data
Total +55 (Xk=0.581+0.036 and 3 Rg«+R,=1.7240.078) re-
sults in a value of
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B(DO—)X6+ V)_EmB(DO*)me-F V) 0.100 [ LI LN L I L Y L L L L L LB
9 - =(—-0.2=7.7%. - 1
B(D*—Xe'v) i 1
(13 - + -
This CLEO result does not include a contribution fripas 0.0751- 7
CLEO has not reported a value for this ratio. Inclusion of the “z I |
small contribution folR,, will result in a central value further > -
from zero, while still entirely consistent with zero given the & ]
experimental errors. Using the value X¥f = 0.545+0.035 s 000r §
obtained in the previous section and-+Rg«+R, 2l 5 ]
+R,=1.749+0.067 (see Table XIJ, we find i - 1
B(D°—Xe" »)—=,B(D'—me" ) 0.0251 ]
o - =(4.7£7.5%. i |
B(D*—Xe"v)

(14) i :
0 ....i....i....u-...i....i.....‘u-.m'.

These results are consistent with the upper limits obtained by 07 12 17 22 27 32 37 42

direct searches for the unobserved exclusive motiés P () (GeV / c)

FIG. 4. The laboratory momentum spectrum of electrons from
semielectronic D° decays. The solid squares represent the
The lepton spectrum from semileptonic charm decays hakackground-subtracted data, and the histogram is the result of a
not been updated since the DELCO res(iis]. Because the Monte Carlo simulation.
measurement presented here is not made in the rest frame of
theD° we compare the observed lepton spectrum in the laboem in the simulation, either in the production or decay dy-
ratory frame with that of the Monte Carlo simulation. To hamics. We conclude that the Monte Carlo result provides a
obtain the momentum spectrum for inclusD8— Xe" v de-  good simulation of the data.
cays, events were selected that passed all the selection crite-
ria previously described. An additional cut of &<0.12 is VII. CONCLUSIONS
applied. This cut retains 90% of the signal and is large

enough that systematics associated with modeling the thru%t We have pr(_asentedoa nev+v measurement 9f the mclgswe
axis are minimized. ranching fraction foD"— Xe™ v decays. The final result is

There is still background in this sample whose shape i 0 oy o+ + 0
provided by the wrong-sign candidate electrons. The normafl-g(D —Xe'r)=[6.64-0.18sta) 0.29sys)]%. 9
ization of this background is obtained by normalizing theye find that the difference between this inclusive rate and
wrong-sign sif distribution to the right-sign sfa distribu-  the sum of the observed exclusive channels is £4.5)%
tion for values of sif>0.2. The wrong-sign background of the inclusive rate. This corresponds to an upper limit on
correctly models the momentum distribution of random pion-tne unobserved modes of 15.6% of the inclusive tatehe
electron combinations "?‘”BO—’XWO’ m'—e'e y decays. 90o C.L). The experimental upper limits obtained using
However, the contribution due t9°—Xh" whereh® is  girect searches for specific unobserved exclusive semielec-
misidentified as an electron, is underestimated byyonic modes are lower than the limit quoted here. However,
[(97—54)0.90=] 39 events(see Table ). Also, Monte  the upper limit obtained in this paper is less sensitive to the
Carlo simulations show that the momentum spectra are simpssumption of what exclusive channels are unobserved. The
lar but not identical for the right-sign misidentified electronsyyo methods, direct searches and inclusive-exclusive rate
((Prg)=1.2 GeVE with a rms= 0.58 GeVt) and wrong-  comparison, both suggest that the remaining unobserved ex-
sign misidentified electrong(pys)=1.3 GeVE with a rms  clusive semileptonic modes occur at small rates. In addition
= 0.64 GeVt). The amount of misidentified electron back- the observed electron momentum spectrum from inclusive

ground is less than 1.6% of the total background in the rightp9_, Xe* 1, decays is seen to be well described by the ex-
sign signal region. Here 56% of this background can be apg|ysive semielectronic cocktail.

proximately modeled by misidentified electrons in the
wrong-sign background. There remains a small amount
(0.9% relative to the signplof unsubtracted misidentified
electron background, which we ignore since this test is in- We gratefully acknowledge the effort of the CESR staff in
sensitive to backgrounds at this level. providing us with excellent luminosity and running condi-
In Fig. 4 the background-subtracted momentum spectruntions. J.P.A., J.R.P., and I.P.J.S. thank the NYI program of
for the electrons is shown along with the momentum specthe NSF, G.E. thanks the Heisenberg Foundation, K.K.G.,
trum obtained from the Monte Carlo simulation. The two M.S., H.N.N., T.S., and H.Y. thank the OJI program of DOE,
distributions are normalized to the same number of events].R.P, K.H., and M.S. thank the A.P. Sloan Foundation, and
resulting in a 75% confidence level that the simulation isA.W. and R.W. thank the Alexander von Humboldt Stiftung
correctly producingd* * and D® mesons and the inclusive for support. This work was supported by the National Sci-
D°—Xe' v decays. Any deviations would indicate a prob- ence Foundation, the U.S. Department of Energy, and the

D. Inclusive electron momentum spectrum
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Natural Sciences and Engineering Research Council of TABLE VIIl. Measurements of the ratio B(D°—
Canada. K~ e"»)/B(D°—K ™ #") and their weighted average. The average
without CLEO measurements is also calculated separately to avoid
APPENDIX: DETERMINATION multiple use of the CLEO results in determinifg .

OF THE D°—Xe*» COCKTAIL
—Aer B(D°—K~e* v)/

In order to calculate the efficiency for observing the elec-  Experiment Reference  B(D°—K™7")
tron within the 20° cone around the slow pion direction, the
inclusive semielectronic decay was modeled as the sum g
many exclusive modes. In this appendix, a list of these ex-

687, 1994 [17] 0.878+0.045
LEO, 1993 [4] 0.978+0.052

clusive decays and their branching fractions is presentecf?LEO' 1991 [18] 0'8%0'07
This list, referred to as th®°—Xe" v cocktalil, is deter- 691 [19] 0.91+0.13
mined using world averages to obtain the ratios E687, 1990 [20] 0.84+0.19
_ _ Average without CLEO 0.8740.035
Rex=B(D°—K* e*v)/B(D°—K e*v), (Al
kx=B(D"— WIB(D — v, (AD Average 0.908 0.029
R,=B(D°— 7 et v)/B(D°—=K e'v), (A2)
_ 0, —at 0 —at are converted intd° equivalent branching fractions usin
R,=B(D°—p e"v)/B(D°—~K e*v). (A3) a 9 9

isospin and the measurd@’ andD " lifetimes. Also semi-
Experimental upper limits are used to obtain estimates fomuonic measurements are converted into semielectronic re-

the unobserved modes: sults by correcting for the phase space difference between
0 - . 0 b+ the muonic and electronic modg?]. In several of the tables,
Rk(1270=B(D"—K, (1270e" v)/B(D"—K e " v), two averages are presented, one which includes all the data

(A4) presented in the table, and another with CLEO results ex-
cluded. This is done to avoid double weighting of the CLEO

R (1430 =B(D°—K3 ~(1430€" »)/ B(D'—K~e" v). data when performing calculations.
(A5)
The central value used for these unobserved modes is set to 1. Rix=B(D°—K* “e*»)/ B(D°—»K e*»)
half the 90% confidence level upper limit with an error equal  There are two methods to measure this ratio: direct and
to £100% of the central value. indirect. The direct measurements, given in Table VII, can

The ratio X, of the rate for an exclusive channel only be performed when both tHé and K* modes are re-
D—mev to the inclusive rate is then obtained from the for- constructed through the same parent species within the same
mulas experiment. The indirect measurement compares the

K* %"y width measured iD* decays to th& ~e* » width

S=1+Rxx+R;+R,+Rk1279+ RK§(1430 . (AB) measured irD°® decays, via

X =1/, (A7) ndrec. B(DT—K*%*p) B(D'—K @)
K« "BD'—=K #tx") B(D°—K e"
Xycx = Recx /S, (A8) (DT =K7ar"a™) B(D"=K"es)
BD"—=K 7*7") 10
X,=R,/S, (A9) X B K A ros” (A13)
X,=R Al .
= RIS, (A10) Table VIII  contains the world average for
0 —at 0 -+ ;
Xk(1270=Rk(1270 /S, (A11) B(D"—K~ e " v)/B(D"—K™#™) and Table IX contains the
XK§(14302RK;(1430/S- (A12) TABLE IX. Measurements of the ratio B(D"

L K*%* v)IB(D* =K~ 7" «*) and their weighted average.
Throughout this appendix the results are written in terms

of the D® branching fractions. Results from ttiz* sector B(D"—K*%"»)/
Experiment Reference BD*—K nwtat)
ET+ABI;ZEg DVII.K_I?rlrec’[ gﬁ;aguremet?ttsd of the ratia3(D— E691 [21] 0.49+0.06
e v)/B(D—Ke" v) and their weighted average. E687 [22] 0.59+0.07
— "+
BD—K*e* 1)/ CLEO [4] 0.67+0.11
Experiment Reference Mode B(D —Ke* V) E653 [23] 0.48:0.11
Argus [24] 0.55+0.13
CLEO, 1993 [4] D% andD* 0.62+0.08 WA82 [25] 0.62+0.17
CLEO, 1991 18 D° 0.51+0.19 :
(18] Average without CLEO 0.5270.041

Average 0.66:0.07 Average 0.54%0.038
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TABLE X. Measurements of the hadronic normalizing mo@E¥s—K 7", DT K™ #"«", and their
ratio. The CLEO result o3(D " —K 7" 7 1)/B(D°—K ™ =#") is a direct measurement of this ratio, and is
not obtained by dividing the individual CLEO results.

B(D°—K ™ 7™) B(D*—K 7t x™) B(D* =K a*a™)

Experiment Reference (%) (%) B(D°—K~7™)

CLEO [3] 3.91+0.19 9.3:1.0 2.35-0.23

ARGUS [26] 3.41+0.30

ALEPH [27] 3.89+0.33

Mark 11l [28] 4.2+0.6 9.1+1.4

Mark 11 [29] 4.1+0.6 9.1+1.9

ARGUS [30] 4.5+0.7

HRS [31] 4.50+0.94

Mark | [32] 4.3+1.0 8.6-2.0
Average without CLEO 3.840.18 8.98-0.98 2.34:0.28
Average 3.820.13 9.1x0.7 2.35£0.18

world average forB(D*—K*%*v)/B(D*—K m*=")  *+0.014(0.579-0.049x2=0.051+0.037. For Monte Carlo

where the CLEO measurements have been specifically eXjeneration it is assumed that the form factor ratios for
cluded as these measurements are used in the direct deterrﬁ—ﬁp_oe“’ decay are identical to those of the well mea-
nation ofRy«. To determineRy's"**, the ratio of normaliz- suredD"—K* “e" v decay.
ing modeK w#/K 1 presented in Table X is used. Using the
world average for this ratio of branching fractions and the
D */D° lifetime ratio[2] the value forRps **'is measured to

be 0.556-0.066. AveragingRyx " and Rys " yields

4. B(D°— (K* r)~e*») upper limits

Searches for higheK*) resonances and possible non-
resonant contributions t® semileptonic decay have been
performed by the fixed target experimefitg]. Although no
evidence for these decays has been demonstrated we include
D% K™ (1270)" v andD°— K3 ~(1430)e™ v in the Monte
2.R,=B(D’—m~e*»)/(D°—K-e*») C_arlo simulation. '_rhe decays are generated unpolarized and

) with the following strengths and errors:Rg 1270

The Cabibbo-suppressed decByY— 7w e*v has been =B(D° —K; (1270%*v) / B(D® —K e*»)=0.03+0.03
observed at Mark Ill. CLEO has made measurements of both .y R . —B(D%K* ~(1430%" »)/B(D°—K e*
the D°— 7~ e*v as well as theD*— 7% " v decay chain. K3 430 = B0 =K e vIB(D "~ V)

There is factor of 2 due to isospin that is needed to converf 0.02+ O.QZ. It IS ass“m‘?d that any n_onresonant contribu-
the D* — %" » measurement to B°— 7~ e* v branching tion to the inclusive rate will have a similar electron momen-

fraction. The results are presented in Table XI. tum spectrum distribution as these higher order modes.

Ry« =0.577+0.048. (A14)

. 0 vt .
3 Rp=B(D0—>p_e+v)/B(DO—>K_e+v) 5. Calculation of the D°— Xe™ v cocktail
Fermilab experiment E653 has published an observation OTabIe XIl summarizes the relative raté, (relative to

of four D* — p%u* » events based on a kinematic separation? —K € ¥) obtained in the previous sections. The sum of
of the Cabibbo-suppressed’u* v signal from the more these rates is then used to determine the ratio of each exclu-

copious K*%uw*» _mode [36]. They measure

B(D+—>po,u+v)/B(D+—>K*0,u+ ,,):0_04{8:82&0_014_ To TABLE XII. The world average or estimate of the ratio of ex-

obtainR, this measurement needs be corrected by the isgElusive channels relative to fh@OHK?fV decay mode,

Sp|n factor and multlmd by RK* WhICh g|VeS Rm:B(D —me V)/B(D —K™e V). The th|rd Column |S.the ra-

R =B(D"—u* )/BD"—K*Ou" )X x| =(0.0440:031 tio of the exclusive rate to the sum of the exclusive rates,
o ( p ) ( M ) RK* p ( 0.025 Xm=B(DOHme+ V)/EmRm.

TABLE XI. Measurements of the ratio B(D°
—a e"v)/B(D°—K e v) ratio and their weighted average. Mode R X
5D e/ D°—K e'y 1.0 0.556-0.023
Experiment Reference Mode B((DO_—>>7IZ‘ee+];)) Do—K* ety 0.577:0.048 0.3220.021
P D'—x ety 0.121+0.028 0.06%0.015
CLEO [33] ety 0.103+0.041 D—p etw 0.051+0.037 0.02&0.020
Mark Il [34] ety 0.115-0.051 D°— K; (1270e*v 0.03+0.03 0.0170.016
CLEO [35] mlety 0.17+0.06 DOHKg_(l43O)e+V 0.02£0.02 0.01%*+0.011
Average 0.12%0.028 Sum 1.7990.076
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TABLE XIII. Efficiencies for the exclusive decay channels used inXe v cocktail.

p(m) e(K7e*v) e(K*e"v) e(metv) e(p etv) e(K{(1270e7v) (K3 (1430e"v)

MeVic (%) (%) (%) (%) (%) (%)
225-250 404 34.4 42.4 38.1 20.4 10.9
250-275  42.8 36.3 45.4 395 229 11.7
275-300  45.6 38.6 47.6 42.6 20.6 12.0
300-325  46.2 40.4 49.2 43.8 234 13.0
325-350 486 41.0 51.0 46.6 27.2 12.0
350-375 50.8 44.1 54.6 437 30.7 14.6
375-400 51.9 46.1 56.6 48.2 29.4 19.5
400-425 53.9 45.2 57.7 57.4 21.4 34.3

sive rate to the sum of all the exclusive rates as per Egs.  B(D%— 7z e* v):r§i+y><B(D°—>K‘7r+)><R,,,
(A6)—(A12). Table Xlll contains the efficiencies for these (A17)

exclusive modes to pass the selection criteria. o - 4 Ketp 0 - 4
B(D"—p e v)=ry, "XB(D"—=K"7")XR,.

6. Comparison of the inclusive rate to the sum (A18)
of the exclusive measurements The sum of the observed exclusive rates is then
One of the most frequent comparisons in the literature
[1,2,1G is t_he sum of the observed exclusive chz_:lnnels to the > B(D°—me'v)= rﬁff”x B(D°—K~ =)
measured inclusive rate. The method of comparing the inclu- m

sive measurement to the sum of the ratio of exclusive mea-
surements is presented here.

The following set of equations are used to calculate th
branching fraction for the observed exclusive decays:

X(1+Rgx R, +R,). (A19)

®he quantities rKe'v = B(DO—K e »)/B(D*— K 7+)
and B(D°—K~7") are common to all derived exclusive
0 — oy KeTw 0 -+ branching fractions, and thereby affect the entire scale. Di-
BD"=K e n)=ri "XBD =K m"), (ALY viding Eq. (A19) by B(D°—Xe v) allows the difference
. between the inclusive rate and the sum of the exclusive rates
B(D°—K* “ety)= rﬁfr "XB(D°—K~ ") X R« , relative to the inclusive rate to be obtained without explicitly
(A1l6)  calculating the rate of the exclusive modes, as per(E®).
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