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ABSTRACT 

Inclusive if> production in e + e~ annihilation at 29 GeV has been measured 
with the Mark II detector. The rf> cross section is found to be 1.1±0.5±0.4 pb. An 
upper limit of 0.02 0 ^ is obtained for other sources of V* production, n production 
has also been investigated, using the 77 decay mode. The n fragmentation 
function has been measured and found to be in good agreement with the Lund 
model prediction, n* production has been measured for the first time in high 
energy e + e~ annihilation. A search for D* decays into n ** and «' jr* has been 
performed and evidence has been found for both decay modes at the 3 a level. 
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1. Search for if.' production 

We present a search for inclusive ifi production in e + e~ annihilation at 29 
GeV, where the ^ is reconstructed via its leptonic decay modes e + e~ and /i + / i~. 
The only known source of i> production in high energy e + e~ annihilation is 
B meson decay. The B—n/i branching ratio has been measured at the T(4S) 
resonance"1 . Therefore, a measurement of the r/t cross section at high energy 
can provide some information about other possible sources of t/j production. 

The data sample was collected at the PEP storage ring at a center of mass 
energy of 29 GeV with the Mark II detector. The integrated luminosity is 20S 
p b - 1 , corresponding to 100,000 hadronic events. A more detailed description of 
our analysis has been published. 

1.1 THE 0 SEARCH 

For this measurement, the relevant parts or the Mark II detector, which is 
described in detail elsewhere,1" are the drift chamber tracking system, the central 
electromagnetic calorimeter and the muon filter. The tracking system consists 
of an inner, high-resolution vertex drift chamber with seven concentric layers of 
sense wires,and an outer drift chamber with sixteen layers of senise wires. The 
system measures charged particle momenta with a resolution of <rp/p=((0.025)2 + 
(O.Ollp)2)1/* (p in GeV/c), in a 2.3 kG solenoidal magnetic field. The impact 
parameter resolution of the vertex chamber is 85 /xm . The calorimeter consists 
of eight lead liquid argon modules of 14 radiation lengths, which covers 65% 
of the solid angle and detect electromagnetic showers with an energy resolution 
of aE/E~Q.14/y/E,(E in GeV). Electron identification is based on the detailed 
analysis of the observed shower in the calorimeter. The muon filter covers 45% of 
the Bolid angle and consists of 4 layers of steel plates, interlaced with proportional 
tubes. Muon identification requires the association with the candidate track of 
one hit in all four layers. 

A pair of traclcs is considered a candidate if both tracks are identified as 
electrons or muons. 

In addition, the following requirements are imposed: 
1. The two leptonB must be in the same hemisphere. 
2. In the electron channel, good spatial agreement between the Hhower and 

the extrapolation of the track is required. 
3. The momenta of both tracks must be less than 11 GeV/c to remove possible 

contamination from beam electrons and two photon processes. 
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The distribution of invariant masa for unlike-sign lepton candidates ia shown 
in Fig.l(a), where the muon and the electron channels are combined. Four tnuon 
events are found in the ifi mass rangt, with a smalt background. The electron 
spectrum showa an accumulation of 5 events in the same masa range. When both 
channels are added, a clear excess of events can be seen in the 3 GeV region. The 
solid curve is our fit to the data of the sum of a>Gauasian centered at the 0 mass 
and the predicted background contribution discussed below. 

1.2 BACKGROUND PREDICTIONS 

The background prediction consists of the sum of a cascade contribution 
and a mlsidentification contribution. The cascade contribution (dashed curve in 
Fig. 1(a)) arises from events in which both the b quark and its c quark decay 
product undergo semileptonic decays. It is the only suable contribution to the 
production of two essentially true prompt leptons in the same jet. Its magni
tude and shape are estimated with a Monte Carlo simulation whose luminosity 
corresponds to 40 times that of the data. The same Monte Carlo program was 
used in the Markll analysis of the inclusive lepton production and the b lifetime 
measurement1*1 . The characteristic] of this simulation including b and c frag
mentation functions, have been carefully checked against experimental data. The 
yield of e-p pairs, to which only the backgrounds contribute, is also found to be 
compatible with expectations. '*' 

The misidentilication contribution (dotted curve in Fig. 1(a)) has been mea
sured UBi'ng the observed same-sign djlepton mass distribution, shown in Fig.1(b), 
scaled by a factor of 1.2 to take into account for the phase space suppression of 
like-sign pairs compared to unlike-sign pairs. The precise shape of this back
ground is determined by looking at the same-sign distribution obtained with 
slightly looser identification criteria because of the small numbers of events in 
Fig.l (b) . Here, we assume that the same-sign pairs in a single jet are all due 
to miBidentification. 

Since we have no Bame-sign candidate with a mass higher than 2.3 GeV, it is 
clear that the misidentification background it not dominant. 

It can be seen from Fig.l (a) that the predicted background is compatible both 
in shape and in magnitude with the observed event population at low masses and 
cannot explain the excess of events at high masses. The observation of a ^ signal 
is the most likely interpretation of this excess. 
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1.3 0 CROSS SECTION MEASUREMENT 

The number of fi> is determined by fitting a Gaussian of fixed mass and 
width, obtained from the Monte Carlo estimate of our resolution, plus the fixed 
background to the experimental data, between 0.5 GeV to 4 GeV. The fit has 
only 1 free parameter, the ip yield, N^. The result is N^= 5.8 ± 2.7 . 

The ^ detection efficiency has been determined by Monte Carlo simulation. 
It has already been shown1 that this efficiency does not depend very much on 
the assumed production model because of the Bat acceptance Tor 0 momenta 
between 4 and 12 GeV/c . From the total dilepton sample, the V> production 
cross section is, after having taken into account radiative corrections : 

a{ e+«- -nfr + X )= 1.1 ± 0.5 ± 0.4 pb . 
This result can also be expressed in terms of the anion pair cross section: 

a( e+e" -»V + X )= (0.011 ± 0.005 ± 0.004 ) X om. 
The quoted systematic error includes the uncertainties associated with the 

production mechanism, the background estimale,the b fragmentation function, 
the identification efficiencies, the luminosity measurement and the leptonic 0 branch
ing ratio. This number can be compared with the 0.B ± 0,08 pb cross Bection for 
0 produced by B decays, assuming an average branching ratio of beauty particles 
to rl> of 1.08%±0.^% | , , . 

The observed lifetime distribution of the V candidates is consistent with the 
hypothesis that all or most of the ijt are from B decays. 

An upper limit can be derived for the production of tj> from sources other 
than B decays. The expected number of i/t coming from B decays is statistically 
subtracted from the number of observed v> . The upper limit at 90 % c.l. for 
$ production from any other source than b decays is 0.02 o^. This limit is not 
valid for models in which the fraction of rf> produced with a momentum below 
4 GeV/c exceeds 2096 . 

1.4 CONCLUSION 

The inclusive cross section for i}> production in e + e~ annihilation at 29 GeV 
has been measured and found to be 1.1 ±0.5±0.4 pb or (0.011±0.005±0.004) x «„,. 
This production rate should be compared wiih the 0.8±0.08 pb cross section ex
pected from B decays. We Bet an upper limit of 0.02 tfp^ on other possible 
sources. 
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2. q physics 
We present a measurement of inclusive n and *j* production based on the 

same sample as above. We also present evidence for exclusive decays of the 
Bf involving 17 and n' • A more detailed description of this analysis can be found 
elsewhere.? 

2.1 INCLUSIVE n PRODUCTION 

Hadronic events were selected as in the previous chapter. Events with at least 
two neutral tracks in the same hemisphere were considered, where a neutral track 
is defined as an energy cluster of at least 200 MeV in the liquid argon calorimeter 
with a distance to the closest charged track greater than 7 cm. 

To reduce the combinatorial background generated by photons coming from 
jr° decays, all photons having an invariant mass between 60 MeV and 200 MeV 
with any other photon were rejected. 

The resulting 7-7 invariant mass distribution is shown in Fig.la and Fig. lb, 
for z>.2 and «>.3 , respectively, where z is the energy of the if pair divided by 
the beam energy. Clear evidence for tf production is seen in both regions. The 
number of n in each s bin is extracted from a fit of the measured spectrum. The 
efficiency rises slowly with energy from 396 at 4 GeV to 5 % at 1Q GeV . 

The fragmentation function is plotted in Fig.3 , where the errors include the 
statistical error on the data, the uncertainty in the efficiency and a remaining 
systematic error estimated to be 15 %, caused by the uncertainty in the width of 
the n signal. These data are in good agreement with the previous measurements 
of the JADE [ , i and HES W groups. The agreement with the LUND prediction, 
as represented by the solid curve, is also good. The tf multiplicity per event for 
different t cuts is summarized in the table below. , 

Table 1. n multiplicities per event {>-
z cuts Multiplicty per event 
*>.l 0.30±G.0T± 0.05 
*>.2 0.12±0.03±0.02 
s>.3 0.09±0.02±0.02 

The total n multiplicity per event was obtained by extrapolating the measured 
multiplicity for z> 0.1 UBing the Lund fragmentation function. This is justified 
by the good agreement observed at low z between JADE data and the LUND 
model. The result, Nv = 0.62 ±0.17 ±0.15 , where the systematic error includes 
the uncertainty in the extrapolation is in good agreement with the JADE and 
HRS measurements or 0.64 ± 0.15 and 0.5B ± 0.10 , respectively, and the LUND 
prediction of 0.70 . 
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2.2 INCLUSIVE 17' PRODUCTION 

The n' is searched for in the n ir+ ir~ mode. The two pious are required to be 
In the same hemisphere as the t) candidate. A pion IB any track compatible with 
the pion hypothesis according to the TOF system. An n candidate is defined 
as followB : using photon pairs selected as above, a kinematics! fit is performed 
on both photons assuming the angles are perfectly measured. Only pairs with 
unconstrained mass between 450 and 650 MeV and with a x2 f° r the kinematic 
fit less than 6 are retained. In order to ensure the best possible signal/noice ratio 
for the 17 peak, further cuts were applied: 

1. Cuts were applied to reject clusters formed by two merged photons coming 
from an energetic ir° decay. The electromagnetic shower was required to 
be compatible with the presence of a single photon in the first layer of the 
liquid argon calorimeter. 

2. cos0* has to be less than 0.7 , where 0* is the angle between one of the 
photons and the n line of flight in the « rest frame. The background tends 
to peak at costf* =1, corresponding to asymmetric photon pairs. 

A clear n' signal of 45 ± 11 events can be seen in Fig.4. This is the Brst mea
surement of V production in high energy e + e~ annihilation. The fragmentation 
function has been extracted from these data in a similar manner as above. The 
»' fragmentation function is shown in Fig.3 . The number of IJ' above z=.2 is 
Nn'{z > .:« = 0.09 ± 0.03 ± 0.02 . Assuming the Lund fragmentation function 
leads to a number of if per event of 0.26±0.09 ± 0.05. 

2.3 SEARCH FOR Df ->r/ *•* 

The if candidates are combined with any charged track found in the same 
hemisphere and compatible with a * according to the TOF Byatem. An n candi
date is defined as above, with two additionnal cuts which reduce the background 
to an acceptable level. 

1. The n momentum is required to be greater than 4.5 GeV (i.e. z>.3). 
2. One photon has to have a pi relative to the thrust axis greater than 500 

MeV. This cut favors photons from Df decays compared to those coming 
from soft ir° decays. 

An excess of events is found in the D* mass range (Fig.4(a)). We have thus 
observed evidence for the decay D* —*n ir* at the 3 a level. 

A polynomial background and a gaussian of fixed mass and free width were 
fitted to the data. The fit gave 16 ± 6 Df , with a width of 40±J" MeV 
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consistent with the 50 MeV expected from our resolution. This corresponds to, 
after radiative corrections: 

o(e+e~ - D f )xB{Df ~*n ** }= 5-2 ± 2.2 pb. 
Using standard hypothesis for the Df production rata this result translates 

into a branching ratio around 11 % , about 3 times larger than the world average 
value for the ifa* mode. The MarkUI collaboration has presented preliminary* 
evidence'1"' for the same decay mode of the Df , with a comparable branching 
ratio. 

2.4 SEARCH FOR Df ~n}' Jr* 

rj' candidates were combined with any charged track above 1 GeV found in 
the same hemisphere. An *>' candidate waa required to have an invariant mass of 
the fj * + T~ system between 0.9 and 1 GeV. The invariant mass was constrained 
to the nomima) TJ' mass. Furthermore, the IJ momentum has to be greater than 
2.5 GeV. 

An excess of events is found in the Df mass region,(see Fig.4(b)), indicating 
the observation of the decay Df -»!}' JT* at a 3 o level. This leads to after ra
diative corrections: o(e + e" ~*Hf )xB(Df -»tj' w* )= 8.4± 3.7 pb. 
With the aame production hypothesis as above, the branching ratio for Df -+»?' *~ is 
around 19%. 

The theoretical implications of large branching ratios for both the IJ JT* and 
the t)' ir* mode have been discussed by Kama] et al.1"' 

2.5 CONCLUSION 

The i) fragmentation function has been measured and found to be in agree
ment with previous measurements and with the Lund model. The T/ multiplicity 
for s>0.1 is found to be O.30±0.O7i:0.O5. The t)' inclusive production has been 
measured for the first time in high energy annihilation events. The n' multiplic
ity lor z>0.2 is found to be 0.09±0,03±0.02 , somewhat lower than the Lund 
prediction of 0.14. 

Indications have been found for the decays Df —>t) JT* and Df -nj' n± . The 
Df production cross section multipied by the branching ratio B(Df —»i? IT* ) 
IB found to be 5.2±2.2 pb , corresponding to a branching ratio about 3 tiroes 
as large as Df -+^JT ± and in good agreement with a recent Marklll preliminary 
result. o-(e+e~ -+Df )xB(Df -nj'ir*) is found to be 8.4 ±3.7 pb, corresponding 
to a branching ratio of about 19% . 
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FIGURE CAPTIONS 

1. Fig. 1(a) : Unlike-eign dilepton mass distribution for all events (solid cir
cles) and for n+fi~ events (open circles) . The dotted curve ia the prediction 
of the misidentincation background, the dashed curve is the estimated cas
cade contribution. The solid curve is the sum of these two contributions 
and of a gauBsian centred on the V mass. 
Fig. 1(b) : Same-sign dilepton jjass distribution. 

2. T7 mass spectrum for : (a) x>0.2 and (b) z >0.3, where z is the Tjpair 
energy divided by the beam energy 

3. r) (solid points) and 17' (open circles) fragmentation functions.The solid 
curve is the LUND prediction for the fj fragmentation function. 

4. n T + JT~ mass spectrum. The solid curve is a fit with a polynomial back
ground and a Gaussian (see text). 

5. (a) i] JT* and (b) n' jr* mass spectra. The solid curves are fits with poly
nomial backgrounds and Gaussian (see text). 
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