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ABSTRACT 

The p mass spectrum in r decay is calculated from the pion form factor 

measured in e+e- annihilation using the conserved-vector-current hypoth- 

esis. The calculation reproduces the mass spectrum observed in the r data, 

including the high mass region near ~(1600). 
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The r lepton has been a subject of extensive study since its discovery in 

1975.’ All measurements indicate that it is a sequential lepton in the standard 

model of electroweak interactions.2 However, the sum of the measured branching 

ratios for exclusive decay modes with one charged particle in the final state is 

significantly smaller than the measured one-prong topological branching ratio.3 

The one-prong decay r- + p-v, has the largest branching ratio of any exclusive 

channel, and it is related to the measured cross section for e+e- + 7rT+rT- by the 

conserved-vector-current (CVC) hypothesis.4 The value of this branching ratio 

has been measured by many experiments with good precision and all measure- 

ments are in good agreement with the CVC prediction. Since the branching ratio 

is related to the integrated cross section for e+e- + T+?T-, a more precise test 

of the CVC hypothesis is to compare the shape of the p mass spectrum with the 

CVC prediction. The high mass region near the p (1600) is of particular interest 

because the 7 is also expected to decay into the p (1600), but the experimental 

data from MARK II5 and MARK III’ show no enhancement in this region. In 

this paper we calculate the p mass spectrum and compare the result with the 

MARK II data. 

The decay r- t ~~~~~~ proceeds through the strangeness-conserving, 

hadronic weak vector current. The coupling strength of the weak vector cur- 

rent to n-r0 is related to the coupling strength of the electromagnetic vector 

current to r+7rT- by CVC. The electromagnetic coupling can be calculated from 

the measured cross section for e+e- + 7rTr+7r- and consequently the decay rate’ 

is related to the cross section by 
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where GF is the Fermi coupling constant, mT is the mass of the 7, cos.8~ is the 

(1) cosine of the Cabibbo angle, o~+~-+~+~- (Q2) is the cross section for e+e- t 

7r+7r- with total isospin of 1 at Ezrn = Q2, and o~+~-+~+~-(Q~) = (4ncr2)/3Q2 

is the cross section for e+e- -+ p+p-. The cross section for e+e- + 7r+7rlT- is 

related to the pion form factor by 
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Q::)~-+~+~-(Q~) = $ (I - 9) IF,(Q? I2 . 

Therefore, the differential decay rate into 71-r’ with invariant mass Q is 

dI’(F + T-~“(Q)L+) = 

X 

Note that the differential rate is suppressed near the two-pion threshold and near 

the r mass. The form factor has been measured by many experiments 
8-35 as 

shown in Fig. 1. The solid curve shows the best fit16 by Barkov et al. on the 

data, taking into account p-w interference, and possible contributions of p (1250) 

and p (1600). 

The CVC prediction for the mass spectrum is compared with the MARK II 

measurement from Ref. 5. A Monte Carlo simulation program was written to 



smear the CVC mass spectrum to account for the effects of detector resolution 

and event selection criteria. In the program, r pairs are produced according to the 

standard electroweak theory with o3 QED corrections, 17 and then are allowed 

to decay with the known branching ratios. l8 The charged particle momentum 

and the photon energy are smeared according to the known detector resolution. 

Photons that are too close together are merged into a single photon to account for 

the granularity of the detector. The r-no candidates are then selected with the 

criteria described in Ref. 5. The resulting mass spectrum, normalized to the same 

number of events as the data, is shown in Fig. 2 using 50 MeV/c2 bins. The mass 

resolution is dominated by the x0 mass resolution, which is about 20 MeV/c2. lg 

The CVC prediction is consistent2’ with the MARK II measurement, including 

the high mass region near p (1600). 

There are only a few r*7r” events in the high-mass region. Data on the form 

factor in the high Q region are also sparse. Nevertheless, it is still interesting 

to compare the CVC predictions for various assumptions on the values of the 

form factor in this region. The two possible extremes are shown in Fig. 1: The 

dashed curve corresponds to almost no p (1600) contribution. The dotted curve, 

which passes through the data, corresponds to the maximum probable p (1600) 

contribution, although it should be noted that this may not be a realistic rep- 

resentation of the form factor because the resonance is too narrow compared to 

that in Particle Data Book.21 All three curves predict a few high-mass events as 

shown in Table I. Within the errors, all three predictions are consistent with the 

data. 

Since the p (1600) meson also decays into 47r final states, the number of high- 

mass events can also be estimated from the branching ratio for r- -+ (47r)-v7. 
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The branching ratio for r- -+ ~~-w+T-K~v~ is measured2 to be (5.0f0.5)%. The 

experimental branching ratio for r- t 7r-37r”y7 is poorly known. However, there 

is a prediction,3 B(r- t 7rr-37r”v,) = l.O%, from CVC using the measured cross 

section for e+e- --+ 27r+27r-. It is not necessary that all the 47r decays proceed 

through p (1600)) although the measured cross sections for e+e- --+ 27rs27r- 

and e’e- + 7r+7rr-27r” have a broad maximum at a center-of-mass energy near 

1500 MeV. 22 Even with only half of the 47r decays23 proceed through p (1600), 

- (60 5 20) events from p (1600) are expected in the high-mass region in Fig. 2. 

Since only a few events are observed and the rate is consistent with the CVC 

expectation, this indicates that the measured branching ratio for p (1600) --+ 27r 

is probably too large. 24 

In conclusion, the p mass spectrum in r decay is calculated using CVC from 

the pion form factor measured in e+e- annihilation. The calculation reproduces 

the mass spectrum observed in the data, including the high mass region near 

the p (1600). Th is reaffirms the validity of CVC and hence the validity of the 

measured branching ratio for r- + 7r-r’ v7. Consequently, this analysis does 

not find any discrepancy that could provide a solution to the problem in the 

one-charged-particle decay. 
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TABLE I. 

The number of high-mass events as observed by the MARK II Collaboration 

and as predicted by CVC for the three assumptions (curves) on the fork factor 

shown in Fig. 1. All errors are statistical only. 

m,+,0 > Data cvc cvc cvc 
( GeV/c2) (dashed curve) (solid curve) (dotted curve) 

1.30 11 * 3.3 10.5 f 1.8 11.5 * 1.9 12.9 f 2.0 

1.40 4 i 2.0 5.6 f 1.3 6.5 f 1.4 7.9 l 1.5 

1.50 2 f 1.4 2.6 f 0.9 2.8 f 0.9 3.1 f 1.0 
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FIGURE CAPTIONS 

1. Measurements of the pion form factor from e+e- annihilations as afunction 

of center-of-mass energy Q: Novosibirsk (o Ref. 8, 0 Ref. 9, L Ref. lo), 

Orsay (v Ref. 11, x Ref. 12) and Frascati (D Ref. 13, + Ref. 14, 0 Ref. 15). 

See the text for explanations of the curves. 

2. The 7r+rlT- invariant mass spectrum, as measured by the MARK II collab- 

oration together with the CVC prediction (histogram), normalized to the 

same number of events. Figure 2(b) is an enlarged view of Fig. 2(a). 
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