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LEGAL NOTICE 

This report was prepared as an account of work 
sponsored by the United States Government. Neither 
the United States nor the United States Department 
of Energy, nor any of their employees, nor any of their 
contractors, subcontractors, or their employees, 
makes any warranty, express or implied, or assumes 
any legal liability or responsibility for the accuracy, 
completeness or usefulness of any information, 
apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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1. INTRODUCTION 

ABSTRACT 

Preliminary results are given from the Mark II experiment at SPEAR 
on radiative decays of.the ljJ'(3684) and on inclusive baryon produc­
tion from 3.67 to 7.4 GeV center-of-mass energy. A 90% confidence 
level upper limit of 0.12% is given for BR[ljJ' ~ yn'(3455)] x 
BR[n~(3455 ~ yljJ)]. c 

This paper presents some first results from the Mark II experiment at the Stanford 

Linear Accelerator Center e+e- storage ring facility SPEAR. These include results on: 

i) radiative decays of the ljJ'(3684); 

ii) inclusive baryon production in e+e- annihilation. 

A number of other topics are discussed by G. Gidal elsewhere in these proceedings 1>. 

2. THE MARK II DETECTOR 

A schematic diagram of the Mark II detector is shown in Fig. 1. Particles originating 

in the intersection region pass through a thin stainless steel vacuum pipe, a ~ylindrical 

scintillation pipe counter, 16 layers of cylindrical drift chambers2), and a layer of 48 

time-of-flight (TOF) scintillation counters. 

They then may penetrate the 1.3 radiation length ~olenoidal coil and enter one of 8 

lead-liquid argon (LA) shower counters 3) (14 r.~.) which surround the inner detector. 

In addition, a muon detection system uses proportional tubes interspersed among the split 

magnet flux returns shown in Fig. 1 and additional iron absorbers on the top and sides 

which are not shown in the figure. Finally, both endcap regions of the detector are 

covered by additional shower·detectors. 

Performance features may be summarized here by: 

i) 20011 'average spatial resolution for the drift chambers which provide highly efficient 

tracking for p > 100 MeV/c over 75% of 4TI ster. and some coverage out to 85% of 

4TI ster. 

* Work supported by the Department of Energy under contract number 
DE-AC03-76SF00515. 

(Presented at the International Conference on High Energy Physics, 
Geneva, Switzerland, June 27-July 4, 1979.) 
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Fig. 1. Schematic view of the Mark II detector. 

ii) 300 psec. time-of-flight resolution for hadrons (270 psec. for Bhabha events) .over 

75% of 411 'ster. giving 1a 11/K separati.on 'at 1.3 GeV/c and 1a K/p separation at 

2.0 G~V/c. 
'· -

iii) oE/E ... 12/IE (E in GeV) energy resolution for photons and electrons from the liquid 

argon shower counters which cover 73% of 411 ster. The efficiency of·these devices 
+-o +-+-o has been measured using the photons in fully-constrained~ +•11 11 11 and 11 11 11 11,11 

events and agrees well with detailed Monte Carlo calculations. This efficiency 

rises from about 30% at EY = .15 GeV to approximately 85% at EY = .30 GeV and 95% 

above .55 GeV. 

RADIATIVE DECAYS OF .THE ~· p684~ 

Events of the form 

~·- yy~ 

L +-e e 
,+-

(1) 

jl lJ 

are selected by the following criteria: 

i) exactly 2 tracks of opposite charge from the.primary vertex.with an invariant mass 

between 2.8 and 3.4 GeV (pe < 1.75 GeV/c). 

ii) At least .2 phc;>tons found in the liquid argon, each separated from the nearest charged 

track by at least 0.2 m. (E > .1 GeV). More than 2 ~hotons are allowed due to the 
y . 

possibility of spurious "photons" generated from random preamplifier noise. 

'·' 
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These events are then fit to the hypothesis (1) using the program SQUAW with 5 con­

straints. Figure 2(a) shows the yy mass spectrum for events satisfying (1) with a x2 < 15. 

The events in the prominent n peak at .• 548 GeV coming from ljl' ..,. nw. are then eliminated by 

requiring m < .530 GeV, leaving events which are candidates for the desired cascade decay yy 

ljl'- YX 

Lrw (2) 

L .t+R..-

The high mass yljl combinations are plotted in Fig. 2(b) and show two clear peaks corresponding 

to the x(3505) and x(3550). In addition, there is a smooth background consistant in both 

size and shape with that expected from ljl' + n°n°ljl. While there is no clear peak corres­

ponding to the x(3410), the events near that mass are consistant with the small branching 

ratio previously observed for that state4• 5 •6• 7>, On the other hand, there is no evidence 

in these data for a peak at ,3455 MeV which has been previously reported4 ) as x(3455) and 

which has been suggested as a candidate for the pseudoscalar n~. Table 1 presents prelimi­

nary branching ratios obtained using our knowledge of the detector acceptance. 
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Fig. 2(a). yy mass spectrum for events satisfying ljl'- yyljl 

L..R..+r 
2(b). High mass yljl combinations. 



. - 4 -

'Table i 

~· ) 
* Summa~y of Branching. Ratios .1/1' -+- yyljl . 

·' 
Mark I 4 ) DESY-Heidelberg7) 

·, 

~----~--~----------------~----------------~· Mark II 
% 

n 3.8 ± .5 

X (3550) 1.2 ± .3 

X (3505) 2.5 ± .3 

X (3455) • <.12** 

X (3410)~ .08 ± .08 

.. 
.. BR[I/1' ... rxJ x BR[x ... ·rwJ 
** 90% confidence leve:j. 
* 

% 

4.3 ± 

1.0. ± 

2.4 ± 

.8 ± 

.2 ± 

4. INCLUSIVE BARYON PRODUCTION IN e+e- ANNIHILATIONS 

% 

.a 3.6 ± .5 

.6 1.0 ± .2 

.a 2.5 ± .4 

.4 <.25 

.2 .14 ± ~.09 

The inclusive production of p, A and A has been studied with data concentrated in the 

center-of-mass energy range 4.5-6.0 GeV covering the region of a previously reported rise 

in R(p + p) B). Multi-hadron events with at least 3 detected tracks are selected. The time­

of-flight system is used to identify p and p to 2.0 GeV/c using a weight method·which is 

helpful above 1.3 GeV/c. However, only the p results are used here due to beam-gas back­

grounds. The A and A are observed by their prr and prr+ decay modes with an rms mass 

resolution of about 4 MeV. 

Preliminary results, corrected for acceptance, are presented in Fig. 3 as a ratio of 

the inclusive cross-section to the .~-pair production cross-section. For the proton case, 

All errors shown are statistical only and do not include an estimated R(p + p) "' 2a-/ a • 
p ~~ 

systematic uncertainty of ±30%, believed largely energy i~dependent9). 

The measurements are consistant with previous experimentsB,lO). They show in detail, 
+ ·- ·. 

however, that the rise in the inclusive baryon production in e e annihilation is smooth 
I 

and occurs principally petween 4.6 and 5.2 GeV center-of-mass energy. 

' This work is supported by the U.S. Department of Energy under contract number DE-AC03-

76SF00515. 
·- '-' I 
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