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ABSTRACT 

LBL-19992 

Measurements of the mass spectrum and angular distribution of high mass meson 
pairs produced in 11 interactions are compared with QCD predictions. The radiative, 
width r(q' -+ 11) is measured using three different 11' decay modes. Upper limits for 
the iota radiative width are given. 

* This work was supported in part by the U.S. Department of Energy under contracts DE-AC03-76SF00098 and 
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Several features of the Mark II detector at PEP allow us to make unique contribu

tions to "/"/ physics at this time: (1) The low magnetic field (2.3 kg) allows us to trigger 

on relatively low p T charged particles; (2) The vertex chamber permits us to measure 

these low p T particles accurately, compensating for the decreased magnetic field; (3) We 

have accumulated a rather high integrated luminosity (230 pb-1). We take advantage of 

these features to measure the high mass meson pairs and the "/"/ width of the TJ' , and to 

give an upper limit for the "/"/ width of the t(1450). 

I. "/"/-+ high mass ,...+,.-pairs 

Brodsky and Lepage1) have made the absolute QCD predictions shown in Figure 1. 

For charged pion pairs these predictions are rather insensitive to assumptions concerning 

the contributing amplitudes. We indicate the region of cos o• accessible to the Mark II 

detector. Untagged two prong events with m 1r1r > 1.6 GeV, with visible 

energy < 0.4 EcM, and with net p T < 300 MeV/ c are first selected. A brute force 

application of the liquid argon and muon detectors is then used to reduce the contribu

tion of the dominant ee and ILIL final states to an acceptable level. 

Since we do not distinguish kaons from pions, Monte Carlo detection efficiencies are 

determined for each type of particle. The ansatz of reference (1) that 

dub"'-+ K+ K-) = 2 d u ("!"!-+ 1r+1r-) is then used with these efficiencies to determine 
dt dt 

the cross section, u("'"f :-+ 1r+1r- + K+ K-). Figure 2 shows these results compared to the 

hard scattering predictions of reference (1). While there is good agreement above 2 GeV, 

there is a discrepancy at the lower masses, where we are presumably still in the reso

nance region. In Figure 3 we replot this same data as a function of ~osO*I. The limited 

statistics and angular range prevent us from checking the predicted rise with ~osO*I in 

the mass region above 2 GeV. The lower mass region again presumably shows the effect 

of resonances. 

As a further check of this point we have looked at the Q 2 dependence of single 

tagged events. The SAT allows us to detect electrons and positrons scattered between 

21 and 83 mrad. Almost all these tagged events have m n below 2 GeV. The Q 2 distri

bution is shown in Figure 4 together with the corresponding result for muon pairs. The 

latter is typical of point scattering with acceptance folded in and is represented by the 

smooth curve. The pion pairs clearly fall off more steeply with Q 2, probably confirming 

that they are still in the resonance region. 

• 



3 

II. Measurements of f( rl --+ '"Y'"Y) 

The radiative width of the rJ' has always been measured using the P'"Y decay and 

has been the subject of some controversy. The early measurements gave an average 

width of 5.5 ± 0.7 KeV but did not use the complete decay matrix element to determine 

their efficiencies. This is important since for most detectors the photon detection 

efficiency varies rapidly in the low energy region. The PLUT02l group were the first to 

use the proper magnetic dipole matrix element and measured a width of 3.8 ± 0.6 KeV. 

The TASS03l group then reported 5.1 ± 0.4 KeV with the proper matrix element. 

Our low ~agnetic field and good resolution allows us to measure this width usmg 

three distinct rl decay modes. 

rl --+ Po'"'! 

--+ 11"+ 11"-
(1) 

rl --+ , 11" + 11"-
(2) 

--+ II 

,, --+ , 11" + 11"-

--+ 11"+11"-11"0,11"+11"-1 
(3) 

A) For reaction (1) we select events with two charged tracks and a photon with 

energy greater than 150 MeV and make the usual '"'II physics cuts; Ev1s < 0.4 EcM and. 

P f < 0.007 GeV / c 2• In order to reduce the radiative QED background, we calculate· 

OH, the helicity angle of the 11"+ with respect to the 1 in the p°CM, and require 

~osOH I < 0.8. In addition, we improve our resolution by constraining the transverse 

gamma energy to balance the P T of the pions. The resultant distribution in 11"+11"- mass 

is shown in Figure 5. A clear, narrow '11' signal dominates the distribution. There IS 

also a broad contribution from '"'/'"'/--+A 2 --+ p1r where only one '"'I from the 1r
0 decay is 

used. A fit to a polynomial background, A Gaussian '11' and a Gaussian fit to a Monte 

Carlo simulated A 2 give the '11' parameters as M = 955 ± 1 MeV and u = 23 ±MeV. 

The efficiency IS obtained using a magnetic dipole matrix element 

IM 21 ,.....__ p 2K 2M ;+'If- sinOH ·B w in the Monte Carlo. In Figure 6 we show the measured 

distributions in cosOH, E "I' P f and M 1r+1r- compared with the Monte Carlo simulation. 

The good agreement illustrates the importance of using the correct '11' decay matrix ele

ment. Consistent results were obtained from data samples with full magnetic field ( 4.5 

kg) and half field, and no dependence on gamma energy cutoff was observed. At this 

stage of the analysis we quote a result from the PI decay mode 
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f(77' -+II)= 3.8 ± 0.5 KeV 

where the error is a combination of statistical and systematic errors. 

B) For reaction (2) we again select two prong events with gammas having .at least 

150 MeV energy, and the gammas are constrained to the 77° mass. The P T of the 171r+ 1r~ 

s:ystem is required to be less than 100 MeV/ c. To minimize the combinatorial back

ground from events with multiple 1r0's we consider the unconstrained gamma-gamma 

mass distribution. As the minimum gamma energy is raised the combinatorial peak is 

reduced and shifted to higher masses. We choose a cutoff of 200 MeV and limit the 

unconstrained mass to lie between 450 and 750 MeV. The resultant 17°1r+7r- mass distri

bution is shown in Figure 7. Again we see a clear 77' peak, and its width' is well repro

duced by the Monte Carlo. The 160 events above background translate into a prelim

inary radiative width, f(77' -+ 11) = 4.3 ± 0.8 KeV. Figure 8 shows the P.f distribu

tion of the events in the 11' peak region and confirms the 21 nature of the events. 

C) Lastly we consider the decay mode (3). If we select all four prong events with 

net transverse momentum less than 200 MeV and Evis < 0.4 EcM we obtain the 47r 

mass spectrum shown in Figure 9. We recognize the well known p0p0 peak, but previous 

experiments have cut off near 1 GeV. Our low magnetic field allows us to see the new 

peak near 800 MeV. Preliminary Monte Carlo simulations of reaction (3) are shown as 

the solid histogram and clearly identify the origin of this peak. There is little or no 

background. Figure 10 shows the PT distribution of the events in the peak. Although 

we are missing a 1 or 1r0 and hence see a turiwver at small P T• we are still able to pick 

out the untagged 11 events. Preliminary estimates of the efficiency give 

f(77' -+ 11) = 3.6 ± 1.0 KeV. 

The JADE4l group has presented results to this conference on e + e--+ e + e -,...rt. 

The resulting 11 mass spectrum is shown in Figure 11. Their fit to 17,171 
, and A 2 contri

butions results m f(77-+ 11) = 0.53 ± 0.04 ± 0.04 KeV and 

f(77' -+ 11) = 4.0 ± 0.9 KeV. All these measurements of r(77' -+ 11) together with the 

TPC result presented in the next talk are summarized in Figure 12. 

• 
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ill. Search for t(1450)--+- 11 

The Mark III5
) group has presented evidence for t(1450) --. fY'I in 'lj; decays and have 

measured 

BR ('lj;--+- lt)BR (t--+- KK 1r) ""'"' 50 . 
BR ('lj; -+-it)BR (t--+- PI) 

By adding an additional Gaussian M(t) = 1450 MeV, u(t) =50 MeV to the fit in Fig

ure 5 we obtain an upper limit 

f(t -+-ii)BR (t--+- PI) < 0.2 KeV 

using the above Mark III result and using BR (t--+- KK 1r):::::::: 1, we translate this limit to 

f(t--+- 11) < 10 KeV. A more direct way to measure the t width is to look at 

e+e---+- e+e-K°K±1l"=F. We select events with 4 charged tracks of net charge 0 with 

net P T < 70 MeV/ c and require that at least one K 0 decay vertex be found. Figure 13 

shows the resulting K°K±1r=F mass distribution (each event plotted twice) together with 

a Monte Carlo distribution for 11--+- t(1450)--+- K°K±1r=F. We find 

f(t--+- 11)BR (t--+- KK 1r) < 2 KeV at the 90% C.L. These limits are in the range of 

typical11 widths of ordinary mesons and already rule out some models of the t(1450). 
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