
SLAC-PUB-4365 
LBL-23754 
July 1987 
T/E 

c ,=- . . - 

- 

Upper Limit on the Branching Ratio for the Decay T- ---+ T-~v,* 

K. K. Gan, G. S. Abrams, D. Amidei,a A. R. Baden, T. Barklow, 
A. M. Boyarski, J. Boyer, P. R. Burchat,* D. L. Burke, F. Butler, 
J. M. Dorfan, G. J. Feldman, G. Gidal, L. Gladney,C M. S. Gold, 
G. Goldhaber, L. Golding,d J. Haggerty,e G. Hanson, K. Hayes, 
D. Herrup, R. J. Hollebeek,c W. R. Innes, J. A. Jaros, I. Juricic, 

J. A. Kadyk, D. Karlen, S. R. Klein, A. J. Lankford, R. R. Larsen, 
B. W. LeClaire, M. E. Levi, N. S. Lockyer,c V. Liith, C. Matteuzzi,f 

M. E. Nelson,B R. A. Ong, M. L. Perl, B. Richter, K. Riles, P. C. Rowson,h 
T. Schaad,i H. Schellman,a W. B. Schmidke, P. D. Sheldon, 

G. H. Trilling, C. de la Vaissiere,j D. R. Wood, and J. M. Yeltonk 

Stanford Linear Accelerator Center 
Stanford University, Stanford, California 94305 

..-._ . 
-- 

Lawrence Berkeley Laboratory and Department of Physics 
University of California, Berkeley, California 94 720 

Department of Physics 
Harvard University, Cambridge, Massachusetts 02138 

Submitted to Physics Letters B 

* This work was supported in part by the Department of Energy, contracts 
DEAC03-76SF00515 (SLAC), DEAC03-76SF00098 (LBL), and DEAC02-76ER03064 
(Harvard). 

_ -- 

a Present address: U. of Chicago, Chicago, IL 60637 
b Present address: U. of California, Santa Cruz, CA 95064 
c Present address: U. of Pennsylvania, Philadelphia, PA 19104 _ 
d Present address: Therma Wave Corp., Fremont, CA 94539 
e Present address: Brookhaven National Laboratory, Upton, NY 11973 
f Present address: CERN, CH-1211 Geneva 23, Switzerland 
g Present address: California Institute of Technology, Pasadena, CA 91125 
h Present address: Columbia University, New York, NY 10027 
i Present address: U. of Geneva, CH-1211 Geneva 4, Switzerland 
j Present address: LPNHE, U. Pierre et Marie Curie, Paris, France F-75230 
k Present address: Oxford University, Oxford, England 



,s- . . _ ABSTRACT 
. 

We have searched for the decay T- --) 7r-q~~ using the MARK II detector at 

the PEP e+e- storage ring. No evidence for the decay is found; the upper limit 

for the branching ratio is B(T- -+ 7r-q~~) < 1.0% at the 95% confidence level. 
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,c- The ..effects of second class currents’ have been extensively searched for in 

nuclear p decay and muon capture but to no avail.2 The searches are at small 

momentum transfer and are complicated by nuclear form factors. Since the effects 

are proportional to the square of the momentum transfer, the r lepton3 allows a 

sensitive search4 at large momentum transfer. Recently the HRS Collaboration 

reported evidence5 for the second class current decay6 r- + 7r-q~~. In this 

Letter, we present the result of a similar search using the Mark II detector. 

The measurement is based on a data sample collected with the Mark II de- 

tector at the PEP e+e- storage ring operated at a center-of-mass energy of 29 

GeV. The integrated luminosity for the sample is 220 pb-l and corresponds 

to 30,000 produced r-pair events. The Mark II detector has been described in 

detail elsewhere.’ Features of the detector relevant for this analysis are the 

.- _ -. 

drift-chamber system and the central electromagnetic calorimeter. The drift 

chamber system consists of an inner high resolution drift chamber with seven 

concentric layers of sense wires and an outer drift chamber with sixteen layers of 

sense wires. The system measures charged-particle momenta with a resolution 

of c+/p = [(0.02)2 + (o.olp)2]qp in GeV/c) in a 2.3 kG solenoidal magnetic 

field. The calorimeter consists of eight lead liquid-argon (LA) modules with 14 

radiation lengths, covering 65% of the solid angle, and detects electromagnetic 

showers with an energy resolution of CE/E = 0.14/a (E in GeV). 

Production of r-pairs at PEP energy yields a final state with a clear back- 

to-back topology, allowing events to be selected with little background. This 

analysis used only events that had zero net charge and contained two or four 

charged particles. The events were divided into two hemispheres by a plane 

perpendicular to the thrust axis and were required to have one charged particle 
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,s- in one hemisphere and one or three charged particles in the other. The total 

observed energy of each event was required to be between 7.25 and 23 GeV 

and the invariant mass of all particles in a hemisphere, including the photons, 

was required to be less than 2.0 GeV/c 2. In order to ensure a uniform trigger 

efficiency, the events were required to be in the central region of the detector, 

1 cos 81 < 0.7, where 6 is the polar angle of the thrust axis relative to the beam. 

Those hemispheres containing one charged particle and exactly two photons were 

considered to be potential candidates for the decay r- + 7r-q~~ with q + 77. 

To reduce the probability that the photons were due to the interactions of the 

charged particles in the magnetic coil or in the LA, each of the photons was 

required to have energy greater than 300 MeV and to be more than 20 cm away 

from the locations where the charged particles struck the LA. These selection 

criteria yield 2276 two-photon candidates. 

..- - . -. 

We searched for evidence for the q decay by studying the invariant mass spec- 

trum of the two photons in the candidates. A Monte Carlo technique was used 

to determine the detection efficiency for the decay. The Monte Carlo simulation 

produced r-pair events according to the standard electroweak theory, including 

a3 QED corrections. 8 Each r was allowed to decay according to the known 

branching ratios.g The simulation of electromagnetic interactions in the LA 

calorimeter was based on the EGS shower code. lo The simulation 11 of hadronic 

interactions in the L,A system was based on a library of real p-ion interaction data 

extracted from a sample of candidates for the decay r- + 7rr-rr’lr-zo~,. 

The observed invariant mass spectrum of the two-photon system is shown in 

Fig. 1. A prominent rr” signal is observed but there is no r] signal. The Monte 

Carlo histogram, also shown in Fig. 1, is normalized to the observed x0 peak 
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,c- 
(m7-Y < 30Q.MeV/c2) and contains the following br.anching ratios for the multiple 

neutral meson decay modes: B(r- -+ ?r-2s’~~) = 7.1%, B(r- + 7r-3?r”v,) = 

l.O%, and B(r- + ~rr-~~ov,) = 3.0%. It fits the data12 without the decay 

r- --$ 7r-qu,. The predicted detection efficiency13 is 4.2% for the I~-TJU, decay. 

We fit the observed mass spectrum in the region 180 < mrr < 1000 MeV/c2 

by a maximum likelihood technique to extract an upper limit for r- + R-Y/Z+. 

The mass spectrum is represented by a Gaussian q signal plus a smooth back- 

ground. The width of the Gaussian is determined in a Monte Carlo study. The 

- background is parametrized by the sum of two exponentials, 

e +lrn + Waam y 

where m is the mass of the two-photonsystem and or, cyz, p are the parameters. 

..- - . -. 

_- _ .1. 

These parameters are obtained from a fit to the mass spectrum outside the q 

region, 440 < mrr < 660 MeV/c 2. The parameterization describes these data 

well, with a x2 of 21.0 for 27 degrees of freedom. W ith these parameters, the v  

region corresponds to a signal of 2.8 events on top of a background of 108 events. 

The 95% confidence level upper limit to the Q signal is 19 events, corresponding 

to a limit on the branching ratio of B(r- + z-qv,) < 0.75%. A slightly more 

stringent limit is obtained if the background parameters are allowed to be free 

in the fit. Using the background spectrum shape predicted by the Monte Carlo 

yields a similar limit. 

The main systematic error is the uncertainty in the detection efficiency and 

pion interaction simulation. We have reported14 a precise measurement of the 

branching ratio for r- + zr-ro~, with an accuracy of 7%. The measurement is 

in excellent agreement with both the theoretical prediction and the results from 

_- 
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,:- other experiments. This q analysis is very similar-to the 7r” measurement. Due 

to the larger opening angle” between the two photons in the 7 decay, there 

is less photon overlap confusion in the LA. Taking this into consideration, we 

estimate a systematic error of 7% for the uncertainty in the detection efficiency. 

Combining this error with the 3% statistical uncertainty in the efficiency due to 

limited Monte Carlo statistics and the 5% error in the luminosity measurement 

. 

yields an upper limit of B(r- + ~-vv,) <O.SS% at the 95% confidence level. 

The limit also depends on the width of the T,J meson assumed in the fit. From 

the good agreement between the data and the Monte Carlo for the width of the 

r” signal observed in the r events and the q signal observed in the hadronic 

events, we estimate a systematic uncertainty of 15% for the width. Including 

this uncertainty increases the limit to 1.0%. 

- 

..- - . -. 

The upper limit for the branching ratio of B(r- + ~r-vv,) < 1.0% corre- 

sponds to a signal of 25 events in the mass spectrum as shown in Fig. 2. The 

limit can be compared with the HRS measurement5 of B(r- + 7r-q~~) = 

(5.1 f 1.0 f 1.2)01, o which corresponds to a signal of 128 events. Our result 

is in contradiction with the HRS measurement. Our result is in agreement 

with the upper limits of 2.5 and 1.3% from the Mark 1111’ and Argus” Col- 

laborations, respectively. Our result can be also compared with the indirect 

measurement l8 from the TPC Collaboration, B(r- + K-K’vr) < 0.26%. With 

the assumptionl’ of an approximate flavor SU(3) symmetry, the TPC.limit cor- 

responds to B(T- + 7l-rp,) < 5.1 x B(r- -+ K-K”v,) < 1.3%. Therefore our 

result is consistent with the TPC measurement. 

c 

We observe no evidence for second class current decay r- + V~V, and set 

an upper limit of B(r- --+ rT-qv7) < 1.0% for the branching ratio at the 95% 
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s ,c- confidence level. 
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.-- Figure Captions .- 
. 

Fig. 1. Two-photon invariant mass spectrum. The histogram shows the Monte 

Carlo expectation. 

Fig. 2. An enlarged view of the mass spectrum. The full curve shows the best fit 

to the spectrum and the dotted curve shows the 95% confidence level limit 

of B(7- + 7r-rjv,) < 1.0%. 
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