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ABSTRACT. D"0 mesons, produced in e+e- annihilations, are observed in the 1n° 
and 11'0 no dt'C<:ty modes, where the D0 subsequently decays into K-tr+. The production cross 
section aud the .tE distribution for D'~~0 me!3ons are extracted from the data, and compared 
with corresponding measurements forD*+ mesons. The branching ratio for the D"0 radiative 
decay is measured to be 0.53 ± 0.13. An upper limit for the a· BR of the F'~~+ meson, where 
the associated p+ decays into ¢tr+, is also derived. 

There bas been much recent study of the production of D*+ [1-7] and F*+ [8,9J mesons in 
high energy e+ e- anuihila.tions. Substantially less is known about the production and decay of 
D*0 mesons. Their production properties at high energies are determined by invoking isospin 
invariance and using the observed D*+ properties, and their decay branching ratios have 
been measured only by e+e- experiments taking data on the ¢(4030). These experiments 
did not dif(·ctly obs(~rve all of the D*0 decay products, but measured K-7r+ momentum and 
recoil spectra [10], or 1r0 and 1 momentum spectra [11], which include large contributions 
from sources other than D'~~0 mesons (D*+, D+, D0 and continuum production), aud D*0 

branching ratios were then extracted from multirea.ction fits to the spectra. An attempt 
to reduce the number of reactions in the ftts by invoking isospin constraints on D* decays 
resulted in substantially different branching ratios for D*0 decays tha-n those derived from 
the fits without the additional constraints [10j. 

In this paper we present evidence of the observation of the two allowed decay modes of 
the D*0 meson: 

with the subsequent decay: 

D*o-+ /Do, 

D*o- 11'oDo, 

D 0 -. K-tr+. 

(1) 

(2) 

(3) 

When not otherwise noted, the charge conjugate reactions are implicitly included for all 
reactions described in this paper. The standard tlm technique [12J was utilized in isolating 
the D* mesons frbm background. Since we measure both reactions {1) and (2) directly and 
independently, the branching ratios for reactions (1) and (2) can be calculated iu a way which 
suppresses some systematic errors. 

The production and decay of the F*+ meson is very simHar to the production and 
radiative decay of the D"0

, so we have also searched for evidence ofF*+ production through 
the established [8,13-15] decay chain: 

F*+ -1F+, p+-+ ¢1r+, ¢- K+K-. (4) 

The data used in this analysis are from a sample of 23926 multihadronie e+ e- annihila­
tions with 29 < Js < 39 GeV, with an average J8 of_34.4 GeV. The data correspond to an 
integrated luminosity of 75 pb-1

• The JADE detector, trigger, and multibadron event selec­
tion criteria are described in detail elsewhere [16,17]. The critical components of the detec,tor 
for this analysis arP the central jet chamber for the measurement of charged tracks, and the 
2604 elemeut barrel lead~glass array for the measurement o! electromagnetic showers. The 
energy rPsolution of the lcad~glass array for isolated photons is q(E)/E = 0.04/.fE + 0.015 
(E in GeV), and tLe average angular resolution is 20 mrad in 6 and¢ [18]. 
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To isolate the decay products of reaction (1_), the following procedure wn.s used: 

Al. D 0 cauditlates were Sf'lected as all K-1r+ combinations with a mass between 1660 and 
2060 MeV. No particle identification was required in any of thf' analysis in this paper; all 
pairs of opposit£·ly charged particles were tried with K- 1r+ and 7r- K+ mass assig:muents. 

A2. To reduce combinatorial background, we required that -0.8 < cos 0 < 0.81 when~ 0 is the 
a[!gle bet"'een the 1r+ direction in the K-tr+ rest frame and the direction of the boost 
irom the lab fr:uue to the K-tr+ rest frame.- A JT+ from a D0 decay should have an 
isotropic distribution in the D 0 rest frame, whereaa the background is Ktrongly peaked 
at cosO= ±1. 

A3. Isolated photons [18) in the barrellead·glass array with E('l) > 400 MeV were eombined 
with the K-1r+ combinations to form D*0 candidates. 

A4. All chargPd tralks and photons forming a D*0 candidate were fequin•d to be in the :uune 
sphPricity hemi:1pbere (sphericity hemispheres will hereafter be referred to as "jl'ts" ). 

AS. The scaled energy of a D*0 candidate, ZE = E('IK+tr-}/EnEAM 1 was rf'quirPd to be 
bt>tweeu 0.5 and 1.0. 

A6. The 1 in a D*0 candidate was required nut to form a tr0 with any other 1 in the same 
jt't. This meant that 100 < m('/'1} < 170 MeV was vetoed, corresponding to 2a of thf' 
JADE ~" signal[l8[. 

The ~m = m(!·K-1r+)- m(K-1r+) distribution for the combinations which JHtssed the 
above cuts is shown in Figure 1. A clear enhancement is seen between 120 and !GO ~feY, 
corresponding to the D*0 radiative decay. The curve shown in Fig. 1 is a tit to a tour 
parameter background function of the form Ct(6.m- c~) 011 e04am, plus one Gaussian for 
the D'lf0 - 1D0 signal and another for the remaining amount of D*0 - tr0 D0 reflection nut 
removed by cut A6. The central masses and widths of the Gaussians were fixed using the 
rt-sults of Monte Carlo studies. The Gaussian for the remaining retlection from reaction (2) 
is not really needed. If it is omitted, the background function plus signal Gaussian tit the 
data. well, without changing the number of entries under the signal Gaussian. Monte Carlo 
studies show that photons from reaction (2) produce 6.m values lower than 100 MeV, so this 
retlection contributt·s to the low 6.m background but not to the D*0 - 'I D0 11ignhl. 

The procedure used to isolate candidates for reaction {2) was similar to that used for 
reaction (1), and the steps are denoted Bl·DS. Steps D1, D2, D4, and DS are identical to Al, 
A'21 -A4, and AS, exeept that the term D*0 candidate now refers to a 1r° K-tr+ combination. 
Step D3 detilles the -11' 0 in reaction (2): 

D3. We looked for combinations of two photOiis, each ,with ~(_'I) > 100 MeV, which formed a 
~0 (100 < m(Tr) < 170 MeV) with E(~0 ) > 400 MeV. The two photons were constrained 
to the tr0 mass using a kinematic tit. The 1r0 mesons were then combined with K-rr+ 
combinations from D0 candidates to form D*0 candidates. 

The quantity am = m(1r° K-1r+)- m(K-,..+) was then histogra.nuned for all combi· 
nations which passt~d this procedure (solid line in Fig. 2). An enhancement is observed at 
Am< 160 MeV, corresponding to a signal for reaction (2). The dashed line in Fig. 2 is the 
am distribution for D0 ucandidates'' from the D0 high mass !:lideband 2070 < m(J(-tr+) < 
2470 MeV, after application of steps B2-D6. 
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The signal regivus for reactions (1) and (2) were then defined a.s 120 < Am < 160 
:\It•\' in their rcspPctive Am distributions. Cross sections were calculated on the ba.'!is of the 
number of jets containing D*0 mesons, using the assumption that there should be at most 
one D"0 per jet. A -fraction of the signal entries in Figures 1 and 2 are from jets with more 
than one D* 0 in thEm, mostly due to the K-tr+ and 11'"- K+ mass a:-~.siguments of the same 
pair hl'ing within the D 0 mass cut. The two data samples were separately binned in tlve 
LE bins. Tht•n, on a bin.hy-bin basis, backgrounds were subtracted and corrections were 
made for acceptanct~, initial s~ate r_adiation,, and retlection_s. fro~1 other D 0 decays_ (sateU~te 
resonances), using the results of MOnte Carlo studies. 

The braurhiug ratio for reaction (1) is given by: 

N' 0) J BR(D*
0

- 'ID = Nf + Nf (5) 

whrre l\'f and N{ are the corrected numbers of D*0 mesons observed in reactions (1) and 
(2), respectively. The D*0 mesons we observed for reactions (1) and (2) both had the same 
subsequent D 0 decay (3), so the uncertainty in the branching ratio of reaction (3) does not 
directly contribute to the uncertainty in our value for the branching ratio for reaction (1). 
Likewise, since the iame ZE = E(D*0 )/EBEAM cuts were applied to the data .samples for 
reactions {1) and {2), the uncertainty in the shape of the D*0 ZE spectrum does not contribute 
to the uncertainty in the calculated branching ratio. The branching ratio for reaction (1), 
from the corrected numbers of observed D*0 mesons in the two data samples, is: 

BR(D'0 - oD 0
); 0.53 ± 0.09(stat.) ± O.lO(•u•.). 

This numbt>r is in agreement with the Particle Da.ta Group average of 0.4S ± 0.15 [19]. 

The corrected dN /d-:tE di~tributions for the two data samples were then combined. The 
total number of entries in this distribution corresponds to a. cross section times branching 
ratio of: 

q(n·' +If', •E > o.5). BR(D'- x-~+J; s.spb ± L6pb. 

With a value of BR(D0 - K-r+) = 0.030±0.006[20], the s·du(D*0 +If'0 )jdxE distribution 
is shown in Fig. 3 (dosed circles), along with the JADE B • do-(D*+ + D*- )/d-:tt; distribution 
[5] (open circles; the curve is a fit of a Peterson-type fragmentation function of zr; [21,22] 
tu the D*+ data). We see that, within errors, the ZE distribution for D"0 production is 
cousistent with thai. measured forD"+ production. 

With the D 0 bt·anching ratio from Ref. [20), we tlnd u(D*0 + 75*0 
1 ZE > O.S) = 0.19nb± 

0.06nb. JADE has previously measured u(D*+ +D*-, XE > 0.4) = 0.14nb±0.04nb [5), which 
corresponds to 0.11nb±0.03nb for ZE > 0.5. We expect u(c+C) = 0.22nb at J8 = 34 GeV, or 
Rc,C = 2.9, aud we see R(D*0 + 15"*0

, ZE > 0.5) = 2.6 ± 0.8. Using the Lund 5.2 Monte Carlo 
pwgram [23] with u standard set of assumptions, 1 we expect o-(D*0 + 75*0 

,lE > 0.5) ~ 50p(J 
(including 1.5pb from bb production), and our measurement is 2.2o- above this Monte Carlo 
value. One contribution to our calculation which could make our measured cross section 
too large is that the value U!:ied for BR(D0 

- K-1r+) might be too low. The MARK III 

1The critical a~~umpti·Ju~ are •'i/uli = 0.3 1 PS/V=0.33 for heavy quark~,and (c-= 0.05 and !b = O.OlS for 
Peterson·type fragmemation functions of z, where z = (E + Pli)MESON/(E + PJI)QUARK [:12). 
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experiment has recently measured this branching ratio in both single and double tnggl'd D 0 

production [24], tutd both merumrements give a value larger than the 0.030 ± O.OOG wLich w•• 
Ujed in our calculation. Using the ~lARK III double tagged no branchilig ratio of O.CJ40 ± 

0.000±0.005, our measured cross section would be a{n"'0 +15'*0
, XE > 0.5) ~ 0.12nb± 0.04Hb, 

closer to the expectation of the Lund Monte Carlo program. 

In order to search for F*+ candidates via reaction (4), we used the following procedure: 

Cl. ¢ candidates were selected as all oppositely charged tracks which satisth·d the requin"'­
meut 970 < m(K+K-) < 1070 MeV. We then combined all¢ caudidate.s with other 
charged tracks in the event to form K+ K-tr+ combinations, and required that 1770 < 
m(K+K-tr+J < 2170 MeV to define F+ meson candidates. 

C2. We required that -0.8 < cosO < 0.8, where 0 is the angle between tlu~ 1r+ tlirPctiou 
in the K+ K-1r+ rest frame and the direction of the boru~t from the Jab frame to the 
](+ K-tr+ rest frame, for the same reason as in A2. 

C3. l.solt1.ted photons in the barrel lead-glass array with E( "Y) > 400 MeV Wl'rt' combined 
with the K+ K-tr+ combinations to form r+ candidates. 

C4. All charged trucks and photons forming aD F*+ candidate were required to he in the 
same jet. 

C5. The ;rE of an Ji'*+ candidate was required to be between 0.5 and 1.0. 

The .6.m = m("YK+ K-11'+) - m(K+ K-tr+) distribution is shown in Fig. 4 for all 
combinations which pass the above procedure. Monte Carlo results indicate that ;w F*+ 
signal should appear in the 120 < .6.m < 160 MeV region for m(r+)- m(F+) = 144 MeV, 
awl we observe no signal above background in this region. Using the results uf the Monte 
Carlo studies and assuming a value for m(F*+)- m(F+) similar to that measured iu Refs. 
[8] and [9], we set h.n upper limit on the production of r+ mesons: 

d(F"+ + r-, ZE > 0.5) · BR(F+ ~ ¢•+) < 5.4 pb (05% C.L.). 

From the Lund 5.2 ~\1onte Carlo program with the same parameters as those used to estimate 
the n"0 productiou cross section, we expect ~ 14.4 pb of F*+ and F*- production for 
XE > 0.5. This expectation and the q • BR upper limit can be converted to an upper limit 
on the p+ branching ratio: 

BR(F+ ~ ¢~+) < 0.37 (95% C.L.). 

Since measurement:i and expectations for this branching ratio are in the range of 5·15% [13-
15], our upper limit for the F*+ production cross section times the p+ ~rancl.Liug ratio is 
cousisknt 'vith the expected level ofF*+ production in e+ e- aDnihilations at these Pnerb..j_e:;. 

In conclusion, we have observed evidence of D*0 meson production <wd its ~ubsequent 
decay into its allowt~d decay inodes, ...,no and 1r0 D 0 • The branching ratio for the n* 0 radiative 
decay is measured to be 0.53±0.13. The D*0 :lE distribution is consistent with that previou'ily 
measured forD*+ production over the ZE range studied, and the D/<0 production cross section 
times the D0 branching ratio into K-tr+ is measured to be 5.8pb±1.6pb in the range ;r.l!.,· > 0.5. 
We searched for F""+ meson production using the subsequent F+ -+ ¢tr+ decay mode . .:'\o 
evidence was observed for F*+ production, aud we calculate au upper limit on the F'"+ aud 
F*- production cruss section times the F+ branching ratio of 5.4pb (95%C.L.) for x 1-; > D.5. 
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FIGUltE CAPTIONS 

Figure 1. The .6.m = m(1K-1r+)- m(K-1r+) distribution for those combinations wllich pa<;s the 
cuts Al-A6, designed to enhance n~o radiative decays (reaction {1)). The CUn'f' is fl fit 
to the data. described in the text. The errors are statistical only. 

Figure 2. The ~m = 111(1r°K-11'+)-m(K-11'+) distribution for those combinations whkh pas!! the 
cuts Dl-D5, designed to enhance reaction (2). The errors are statistical only. TlH' cui've 
represents the expected distribution as calculated by Monte Carlo methods. Tht> da.sll('d 
histogram shows all combinations which pass the D series of cuts with Dl uwdilit>d to 
select the D 0

- K-11'+ high mass sideband, 2060 < m(K-1r+) < 24GU MPV. 

Figure 3. The sculed Jitferential cross section for D"'0 mesons (closed circles). Tlle Prrurs <t.l'e 
n combination of statistical errors, errors in the efficiency calculation, auJ th1~ quoted 
error on the D 0 

- K-11"+ branching ratio. The ~:~caled differential cro~:~s section for D"+ 
mcsous (op{·u circle~:~) and the curve, which is a flt to the v~+ cross section, are Irum 
Ref. [6[. 

Figure 4.. The .6.m = m('IK+ K-11"+)- m(K+ K-:11'+) distribution for those combiuatiuus which 
pass the cuts Cl-05, designed to enhance F*+ radiative decays (reactio11 {4)). The 
curve is a flt to the data of a function of the type used to parametrize the background 
in reaction ll) (see text). The errors are statistical only. 
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