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ABSTRACT 

A sharp peak at 3.095 2 0.005 CeV is seen in the cross 
section for e+e' annihilation. The width is P = 77 f 19 KeV. 
An&a&~ diztributicnr x:;i interference effects ir:i]iy '<,jj& i;p;e 
JPC of the q(3.1) is 1". A study of the exclusive final states 
suggests that the G-Parity is odd. With the exception of another 
sharp resonance at 3.7 GeV, the +(3.7), no other comparable 
structure is seen for masses between 3.2 and 5.9 GeV. 

Ch observe un pit tres e'troit a 3.095 2 0.005 CeV dans la 
section efficace d/annihilation e+e'. La largeur est P = 77 -t 19 
KeV. Les distributions angulaires ainsi que les effets 
d/interference conduisent a assigner l-- pour les nombres quantiques 
du ltr(3.1). Une etude des canaux exclusifs sugg&e une parite/ 

. G=-1. Si l'on exepte l'autre resonance *(3.7), aucune 
structure comparable a ete' trouve/ entre 3.2 GeV et 5.9 GeV. 

. 
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In November 1974, t'~o narrow resonances coupled to e+e- at masses of 

'3.1 and 3.7 GeI$.were discovered. (w,3,4) A sea.rch(5)' for other narrow 

res&nc~s was conducted between 3.2 and 5.9 GeV,'a$d no others of comparable 
/ 

Strength were found. However, some interesting structure (6) in the total 

hadronic cross section from e'e- 
i 

annihilation (cr T ) has been found near 

4.1 Gev. This talk will attempt to describe the present experimental situ- 

ation; it should be realized that many of the results are preliminary and 

therefore are not to be considered as firm or final. 

The storage ring SPE%R circulates one bunch of electrons and one bunch 

of positrons in a single magnetic guide field. The bunches collide alter- 

nately in two interaction regions. The beam energies may now be varied 

between about 1.3 GeV and 4 GeV. The energy distribution of electrons with- 

in a beam bunch is approximately Gaussian with a width that increases 

approximately.quadratically with energy, and has a (J of about 1 MeV at a 

total energy (Ecm = 2 seBn) of E = 3 Gev. The absolute energy calibra- 

t&n is based on measurementsofthe particle orbits and the magnetic guide 

fields and is known to about 0.1% The bunch shapes are Gaussian with u's in 

the transverse plane of approximately 0.1 cm and longitudinally a few cm. 

29 The luminosity is about 3 x 10 cmW2 -1 set at E cm = 3 Gev. 

The nagnetic detector is shown schematically in Fig. 1. The magnetic 

field of 4 kilogauss is axial and within a volume about 3 meters in diameter 

by 3 meters long. The interaction region is surrounded by a stainless steel 

vacuum pipe 0.15 mm thick. Coaxial with the pipe are a pair of cylindrical 

plastic scintillation counters that form one element of the trigger system. 

Continuing radially outward are four sets of multiwire'spark chambers. Each 
l 

set consists of four "planes" of wires at t 2' and t 4' with respect to the 

beam axis. Thus, each set of chambers provides redundant azimuthal (resolu- 

tion z 0.5 2X) axd lcngit.&i.nal. 'resolution = 1.2 cm) position infcrmaticc 
.--_ 

for each charged particle. Following the spark chambers are a set of 48 

plastic scintillator trigger counters. These counters are used in-the trigger 
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system and in a time-of-flight particle identification system with a resolu- 

,tion (0) of about 0.5 nsec, 
f. 

allowing S/K separation up to about 0.6 GeV/c. 

Next comes the aluminum coil of the solenoid with a,thickness of about 1 

// radiation length, followed by a layer of 24 lead-scintillator sandwich 

electron shower counters used to identify electrons. The next element is 

the iron return yoke of the magnet which also serves as a hadron filter for 

the final set of spark chambers which aid in muon identification. 

The trigger requirement is two.or more charged particles with transverse 

momenta greater than about 200 MeV/c. The com$lete detector system covers a 

solid angle of 0.65 x 4~. A hadronic event is defined to be one with 3 

charged particles or two charged particles accolinesr by 20' or more. The 

detector efficiency for hadronic events varies smoothly from 4C$ at Ecm = 2.5 

. GH to 65% at 4.8 rev. Backgrounds have been studied using separated beams 

and longitudinal (z) distributions of events. The background contribution 

to the resonances is very small, of order 0.01 to O.l$, and is roughly 5% 

ipthe nonresonant region. Normally, cross sections are normalized by 

measuring Bhabha scattering in the magnetic detector. However, in the vicin- 

ity of the narrow resonances, the e+e- pair production cross section is 

.strongly enhanced by photonic decays of the resonance. Hence, the luminosity 

is integrated by a set of small counters monitoring Bhabha scattering at 

small angles, ( w ere h the scattering is dominantly caused by space-like photons). 

The luminosity monitor is calibrated with the magnetic detector at a beam 

energy far from the resonances. 

Figure 2 shows the total hadTonic cross section versus Ecm in the region 

E = 3.1 Gev. cm A sharp peak is seen at a mass of 3.95.2 0.005 C&V. The peak 
. 

cross section is rather large, approximately 25OC nb, and the observed width 

is about 2.5 MeV 3WHM. The width is that expected from the convolution of a 

much narrower resonance-shape, the inherent spectral resolution of the storage 

ring;-and radiative corrections in the production of a virtual photon. -.. 

Figure 3a shows the c?oss section for production e+e- pairs; Figure 3b ,' 
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shows the cross section fcr p'p' pairs. These data.allow the determination 

'of the total resonance width I' and the width into electrons r,and muons r l 

P 

' Theresonant cross section to any set of states f&y be written * 
/ . (25 + 1)~ re rf 

. . af= W2 (M-W)2 -I-. r2/4 ‘; 

where J is the spin of the resonance, W is the center-of-mass energy, M is 

the resonance Fass, and lYf is the width to the set of final states. If this 

expression is integrated, it may be compared to the integrated experimental 

cross section (after appropriate radiative corrections) without explicit 

dependence on the storage ring energy resolution. Thus: .’ 
s (25 + 1) 2R2 re rf 

: 
: a,(W) dw = 

P .r’ 

The integrated total hadronic cross section is $u, dw = 10.8 ?I 2.7 nb GeV. 

Assuming that I' = rh + rP + re and that r = re and that J = 1, r = 77 * 19 
P 

KeV and I' 
.' e F 5.2 + 1.3 KeV. The quoted errors are derived from the statistical 

errors combined in quadrature with the knobm systematic uncertainties, inclu- 

ding hadron detection efficiency (lC$), luminosity measurements (lCY$), and 

reproducability of' the integral of the measured cross section I$). 

The analysis assumed Fe = rP (muon-electron universality) because the 

e-pair cross section has a large contribution from space-like momentum trans- 

fer Q,ED processes. If the QED contributions are removed, then the ratio of 

the resonant p to e cross sections is 0.99 f 0.06. See Figures 4a and 4b. 

The assumption that J=l can be tested by examining the angular distribu- 

tion of the produced p's and e's. Figure 4a'shows the angular distribution 

of the positron for e+e- production. The solid point& are the measured data 

and the open points have the Q.ED space-like contribution removed. Figure 4b 

shows the similar distribution for p's. Both curves are for data in a Ecm 

interval of 1 HeV centered at the peak of the Q(3.1). A f:it to the form --. - .._ 
a f b Cos2Cl yields a b/a ratio of 1.3 5 0.2, thus suggesting that J=l. The 

. eynect.ed va.luc! for J=l is unitv. The measured ~1 asymmetry at the resonance 



peak (forward p+ - backward p' divided by total) is.O.014 f O;O$!, implying 

that either ve@or or axial vector accounts for,at least 9@ of the total - 

res&ar& amplitude (95% confidence). i . 

/ 
The parity of the q(3.1) may be determined by looking for an interfer- 

ence'between the resonant and QED amplitudes in the 4~~ channel. This 

interference is manifested in the energy dependence of the p+p' cross section 

which is integrated over an angular interval centered at 90'. The resonant 

l- amplitude will interfere with the QED contribution destructively below 

the peak and constructively above. A resonant l+ amplitude will not inter- 

fere. Figure 5 shows the prediction for the ratio u to 'ee as a function 
Per 

of energy with and without interference (corresponding to l- and l+ ampli- 

tudes). The effect above the peak is obscured by the radiative corrections. 

' This choice of the u 
clcl -to 'ee ratio is made to minimize systematic errors. 

Figure 6 shows the data. For the l- hypothesis, the interference dip extends 

from about 14 to 4 MeV below the peak. In a 4 MeV interval in this region, 

l%O e+ pairs were observed; we expect 100 ? 10 pt for no interference and 

71 f 8 with interference. We observe 68 ~2 which is over .3 standard devia- 

tions from the prediction for no interference and quite compatible with the 

interference hypothesis. We believe that the $( 3.1) has the same quantum 

numbers, P C , as the photon. 

Several exclusive decay modes of the $( 3.1) have been identified. Qle 

of the interesting questions is the determination of the G-Parity and isospin 

of the q(3.1) from its multipion decay states. It is possible to calculate 

the missing mass distribution according,to the hypothesis n(,'z-) + X. Mass 

squared distributions for the X for n=2 and n=3 are. shown in Figs. 7 and 8. . 
A large peak near a mass square of 0 is seen. The resolution is inadequate 

to distinguish a z" from a single photon. The cross section in the peak for 

the 2(3+x-) +. X is EiSCilt Fi3 P.IJ, the j( c “-F) + .: X channel is'about 60 nb, aA ,s 
. 

the ~?fi- X channel is somewhat smaller. A hint that the X is indeed a x0 is 

shown in Figure 9. Here the sample of presumed ~~+~[-r[+fi-fiO events are binned 
, 

' 



iti invarisn-t mass intervals of the YT JC YC combination; A clean signal,is 

*seen at the mass of the u). 
h 

_ Four constraint fits (measurement of all the particles of an event) 
: , , 

have also been done. Figure 10 shows the total eli%rgy distribution of an 

event assuming a particle identification x+n-~+ti-. The,peak around 3.1 GeV 

indeed corresponds to this hypothesis. The peaksat about 2.7 corresponds to 

fi'n-K+K-, i.e., these events move to 3.1 CeV when appropriate particles are 

assigned kaon masses. States of pp and fi have been seen. The 4-C multi- 

pion status have a cross section consistent with that expected from the 

photonic decay of the q(3.1) rather than a direct hadronic decay. If we take 

the q(3.1) + p+p- decay as a measure of the branching ratio for the $ to 

decay via a virtual photon, we expect the cross section for any given exclu- 

sive final state to be enhanced by a factor of about 20 compared to its 

value just off resonance. The cross section for 2 (~+IT-) has been measured 

to be-about 0.6 nb at W = 3.0 CeV; an enhancement by a factor of approximately 

26is observed. Conversely, an upper limit for the 2(rr+n-) f fro cross section 

off resonance is 0.6 nb; the observed resonant cross section is at least 150 

times greater. The favored direct hadronic decay into states of odd numbers 

of R'S would imply negative GParity and even isospin, probably 0. 

Shortly after the discovery of the *(3.1), SPEAR and the detector were 

modified to allow a sequential sweep in energy in steps of 1.8 MeV in E cm' 

Measurements were made at each energy for several minutes, so that the 

expected hadron rate was about 2 per step. Realtime computation allowed an 

evaluation of the cross section within a few seconds of completion of an 

energy step. Using this technique, another narrow resonance was found at 
. 

3.7 CeV, and is named +I( 3.7). After the discovery of the 9(3.7), the scanning 

process was continued up to a W of 5.9 CeV. The results are shon in Fig. 11. 

Only the $-r?.T) stands out cleark:. The rc,cion belcw 3.2 CeV has not yet 

been‘finished. Upp er limits on the resonance strength $ohdw.for other narrow 

resonances are shown for various energy intervals in Table I. We hope to 
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extend the range of. the scan by a few GeV in the near f-&tie. 
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(a) Telescoped view of detector; (b) end view of detector. 

Total cross section for hadron production vs. center-of-mass enera 
for *(3-l), corrected for detector acceptance. 

Cross section for production of lepton pairs integrated over the range 
lcos0] ,< 0.6 vs.center-of-mass energy; (a) electrons, (b) muons. No 

correction hasbeen applied for the loss of events having (cosel > 0.6. 

Angular distribution of the positive particle for production of lepton 
pairs. The center-of-mass enera is within 1 MeV of the peak of the 
$I( 3.1). (a) Electrons. The solid points are measured; the open points 
have the QE'3 ccntribaticn rr;?weri. (b ) !.?.lons . Tte curves are the 
expected distribution for a spin 1 resonance. 

Predictions for the ratio of p-yield to e-yield for no interference and 
complete interference. 

Experimental data for the ratio of p-yield to e-yield. The hypothesis 
of no interference can be excluded by having a confidence level of less 
than 0.1574. . . 

Missing mass squared distribution for the hypothesis q(3.1) -t+ ~r+n-x+n-+ X. 

Missing.mass squared distribution for the hypothesis fl3.1) -+ ~+~-~~~-~c'ti- 
+ x. _' ,, 

Mass distribution of the ~r+~t-z' combination in thd decays Jr( 3.1) + - +-7x II 
Yf+Jr-IP. 

Total energy distribution for h-constraint fits to 4 charged.particles 
ass~~y:ir:.= ~3-1 are -;'s, y--z 7,729; ~.t 3.1 ccrrzsponds to this h;potl:esist 
and the .lower energy peak corresponds to ni'a-i?K" production. 
. . . ,~ 
Relative cross sections from the fine mesh energy scan. The ld3.7) is 
clearly visible. 
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TABLE I /' 

i 
Upper limits at the 90% confidence level for the radiatively 

corrected integrated cross section of a possible resonance. The 

units are nb Mev. 

Mass range Resonance width (FWHM in MeV) 

(GeV) Oa 10 20 

3.200 to 3.500 970 1750 2230 

3.500 to 3.690 780 1090 1540 

3.720 to 4.000 1470 1530 1860 

4.000 to 4.400 620 1260 1860 

4.400 to 4.900 580 1080 1310 

4.900 to 5.400 780 1100 1720 

5.400 to 5.900 800 1120 1470 

aWidth less than the mass resolution 

. 

--.. --_ 
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