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Summary 

Recent results from the Mark II include measure- 
ments of the p'v decay of the rf-lepton, two-photon 
production of the n'(958) meson, charmed meson decays 
and the first observation of charmed baryons in e+e- 
annihilation. 

Introduction 

At the time of the last Photon-Lepton Conference 
in Hamburg the SLAC-LBL collaboration abandoned the 
solenoidal magnetic detector at SPEAR after four years 
of operation. It was replaced by Mark II, a detector 
quite similar in dimensions and layout, but with con- 
siderably improved solid angle, resolution and particle 
identification. This summer, Mark II is being installed 
at PEP, the new high energy e+e- storage ring at SLAC, 
that is expected to provide beams early next year. 

Since the energy range between 3 GeV and 7.5 GeV 
had already been exploited for several years by experi- 
ments at SPEAR and DORIS, the Mark II program was aimed 
at questions that had not been investigated in suffi- 
cient detail due to low rates and considerable back- 
ground. Data were recorded at the $(3095), $(3684), 
and $(3770) resonances, at 3.67 GeV, 5.20 GeV, 6.5 GeV, 
and 7.4 GeV. Furthermore, a systematic exploration of 
the total hadron production in the range from 3.7 GeV 
to 6.0 GeV was made by increasing the cm energy in 
steps of 6-20 MeV and recording 100-300 p+p- pairs per 
point. Preliminary results on radiative decays of the 
$(3095) and the $(3684) have been reported recently,2'3 
results on the total hadronic cross section are forth- 
coming. Following a description of the Mark II detec- 
tor, the following topics will be discussed here: 

(1) the decay r' + pfv, 

(2) the yy process e+e- + e+e- n'(958) 

(3) the $(3770) resonance 

(4) decays of the D-mesons 

(5) search for the F' meson 
(6) inclusive baryon production 

(7) evidence for charmed baryon production. 

A considerable fraction of the results presented 
here has not been published and is to be regarded as 
preliminary. 

Apparatus 

The Mark II detector," schematically shown in 
Fig. 1, has been in operation at the SLAC e+e- 
colliding beam facility, SPEAR, since the end of 1977. 
It was designed to measure charged particles and 
photons with good resolution and efficiency, to iden- 
tify electrons ar.d muons with low hadron contamination, 
and to separate charged pions from kaons and protons 
over a wide momentum range. The performance of the 
principal components of the detector can be summarized 
as follows: 
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Time of Flight Couot~ 
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Liquid Argon Show 
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Fig. 1. End view of the SLAC-LBL Mark II detector. 

(1) The drift chambers5 measure the azimuthal coordi- 
nates of charged particle tracks to an average 
accuracy of 200 urn at each of the 6 axial layers, 
the polar coordinates are determined from the 10 
stereo layers stretched at +3' to the beam axis. 
For tracks constrained to originate from the beam, 
the rms momentum resolution can be parameterized 
as &p/p = [(0.005p)2+(0.0145)21~, where the 
momentum p is measured in GeV/c. The first term 
is the contribution from the measurement error, 
the second term gives the multiple scattering 
error. The tracking efficiency is greater than 
95% for momenta above 100 MeV/c over a solid angle 
of 75% of 4Ir. 

(2) The time-of-flight system (TOF) has a rms resolu- 
tion of 300 ps for charged hadrons, leading to a 
separation by one standard deviation between elec- 
trons and pions at 300 MeV/c, between pion and 
kaons at 1.35 GeV/c, and between kaons and protons 
at 2.0 GeV/c. In practice, the following technique 
is applied to identify hadrons. Each charged 
particle is assigned three weights proportional to 
the probabilities that the measured TOF is compati- 
ble with a v, K or proton. These weights are 
determined from the measured momentum and time-of- 
flight assuming a Gaussian distribution with a 
standard deviation of 0.3 ns. The relative v-K-p 
weights are normalized so that their sum is unity, 
and a hadron is identified as a proton or kaon if 
the respective weight exceeds 0.5, otherwise it is 
called a pion. 
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The iead-liquid argon shower counters (L,Q6 sur- 
rounding the inner detector contain about 14 
radiation lengths of lead and argon with read-out 
strips parallel, perpendicular and at 45O to the 
beam, giving an angular resolution of 8 mrad in 
azimuth and polar angle. The energy resolution 
for electrons and photons above 500 MeV is 
6E/E = 0.11/v'!?, where E is the energy in GeV. 
The resolution degrades slightly at lower energies 
due to energy loss in the coil material (1.36 
radiation lengths). The photon detection effi- 
ciency of the LA barrel modules has been measured 
in the decays J, + nirro and J, + n+n+ri-ri-n", where 
one observed y is used to determine the position 
of the other y by a 2C kinematical fit. The 
result, shown in Fig. Za, is in good agreement 
with a Monte Carlo calculation simulating the 
electromagnetic shower development.7 This effi- 
ciency, combined with the geometric acceptance of 
the LA system (64%) and the known branching ratios 
to photons, then translates into detection effi- 
ciencies for r" and no (Fig. Zb). 
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Fig. 2. Efficiency for detecting (a) 
photons (not including geometrical 
acceptance) and (b) no and no via their 
yy decay. The curves represent Monte 
Carlo predictions. 

Muons are detected in two layers of proportional 
tubes interleaved with hadron absorbers on top 
and bottom as well as on the sides of the detec- 
tor. The first layers have a threshold momentum 
of 700 MeV/c, the second of 1 GeV/c. The detec- 
tor efficiency for momenta above threshold is 
rVB%, the probability that a pion is misidentified 
as a u is 4% at 700 MeV/c, 11% at 900 MeV/c and 
2% above 1 GeV/c. 
Above 300 MeV/c electrons are separated from 
hadrons by a series of cuts in the total energy 
deposition and the transverse and longitudinal 
shower development. The probability that a pion 
is misidentified as an electron decreases with 
energy, it is 7% below 500 MeV/c, 4% at 600 MeV/c, 
and 2% at 800 McV/c. 

(6) The standard triggers requires at least one charged 
particle to be within the central 75% of the solid 
angle and a second charged track to be within 85% 
of the 4n sterad. Up to now, totally neutral 
final states have not been recorded. 

(7) The luminosity is monitored by two pairs of small 
counters measuring Bhabha scattering at 25 mrad, 
it is checked against wide angle Bhabha events in 
the central detector. 

The data analysis constructs tracks and vertices from 
the raw data and selects four classes of events corre- 
sponding to the reactions+e?- -+ hadrons, e+e- 
e+e- * IJ+U-, and e*e- 

+ z+r-, 
+ee. A hadronic event is 

required to have 3 or more tracks or 2 tracks that are 
acoplanar to the beam by more than 20°. Background due 
to beam-gas interaction is measured from longitudinal 
distribution of the reconstructed vertices. 

Measurement of the Branching Fraction for r' + o'v 

The existence of a new charged heavy lepton, r', 
was first suggested9 to explain the presence of events 
in which the only detected particles were an electron 
and a muon of opposite charge. The experimental 
evidence accumulated since that time strongly 
supports this interpretation and there now exists a 
coherent picture of the T as a sequential heavy lepton 
with a light or massless neutrino which couples via the 
conventional V-A weak current.10 In addition, there 
are several precise measurements of the T mass and 
branching ratios for leptonic and some hadronic decays>l 
The Mark II group has measured the branching ratio for 
the decay r- + p-vr.l* This decay13 involves only the 
vector part of the weak hadronic current. Comparison 
of this measurement with theoretical predictions, based 
on the coupling of the p to the electromagnetic current, 
constitutes a test of the validity of the conserved 
vector current hypothesis (CVC). 

The analysis is aimed at events of the following 
topology: 
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which results in two charged particles and two photons 
from no decay in the detector. a- represents either 
an electron or a muon which helps-to provide a Clean 
signature for r-pair production. Selected events have 
two oppositely charged tracks, one a pion, the other a 
muon or an electron, acoplanar to the beam by at least 
ZOO, and two photons in the LA shower counters with 
Ey > 100 MeV. For events with a two photon invariant 
mass (Fig. 3) compatible with a ff, the photon energies 
are adjusted by a one constraint fit. The resulting 
mass spectrum of the $rr" system is shown in Fig. 4. 
The data can be fit to the sum of a smooth background 
and a Breit-Wigner re onance. The fit yields a mass 
M=0.770+0.020 GeV/c 5 and a width F=O.194*O.G30 
GeV/c2, well compatible with the p? resonance Para- 
meters. There are 85 events in the peak, 64p'er and 
21p"p'. The energy spectrum of the 85~' candidates 
is shown in Fig. 5. 
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30 suoyl3E1aluy yearn 30 K1oaql aql 30 sisal ~eymls 

mo31ad 01 papaau aq II~M elep alom K~~e~luBlsqnS 
~ssylsylels Kq paaymyT KIlsom %uTaq K3ElnOse 1raql 

‘slTnsa1 30 KlayiEh J8leI 8 pasnpo1d seq 11 yle~ 
‘%Uy,,Bl Blep 30 sqauom ZI K~uo uy ‘uoysnTwo3 UI 

*~~8rns laqIte1 ST +a-xd + 93 Ke=ap 
aq-) 103 %Z 30 Op81 aUppI8~q JqJ, *K%iaua ma 

Aafj 5 aaoqe uoyle~yq~uue -a+a uy suoK1eq pauueqr, 
30 uoylOnpo1d aql 103 a3uapyha .TeaIs MOU sy a1aqL 

ITrls ‘xanafioq ‘sy sapom XsJap 1aqlo 103 q318as aqJ; 
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