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ABSTRACT 

The reaction e + e - ~ ~ + ~ - has been measured in the center-of-

mass energy range 5.8 - 7.4 GeV. The polar angle asymmetry agrees 

with second order QED. From this a 95% confidence limit of 
g 

M > 53 ~ 
Z e 

(GeV) is placed on the mass to coupling constant ratio for a neutral 

vector boson. 
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We report on a measurement of the polar angle asymmetry of mu-

pair production in electron-positron annihilation. The main contri-

bution to the cross section for this reaction is the quantum electro-

dynamic process of one photon annihilation. Higher order quantum 

electrodynamic (QED) processes can interfere with the one photon term 

and produce an angular asymmetry in mu-pair production, but this 

• asymmetry is well understood and calculable. (1) Other processes, 

such as the axial vector part of the weak interaction, can also 

produce an asymmetry(2) and it is these other processes that we 

investigate here. In particular, gauge theoretical models of the 

neutral current weak interactions predict an asymmetry which depends 

on the ratio of coupling to mass of the neutral gauge boson and our 

data sets a limit on this quantity. 

The data were taken with the SLAC/LBL magnetic detector at the 

SPEAR electron-positron storage ring of the Stanford Linear Acceler

ator Center. The apparatus has been described previously. (3) 

Candidate mu-pair events were selected by requiring that each event 

have only two tracks originating from a volume of 4 cm radius by 

80 cm length centered on the e+e- collision 'point and coaxial with 

the storage ring beams. The two tracks were required to be oppositely 

charged; to have flight times to a set of cylindrical scintillation 

counters located at a radius of 1.5 m from the electron-positron beam 

axis that are equal to within three nsec; to be collinear to !S 10
0

; and 

to each have momenta greater than half of the storage ring 

beam energy. With these topological, kinematic and time-of-flight 
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cuts the only significant background was Bhabha scattering. 

Bhabha scattering was separated from mu-pair production by pulse 

height in a cylindrical set of 24 lead scintillator sandwich shower 

counters outside the time-of-flight counter system. The scatter plot 

of Figure 1 shows the relative energy deposited by one track in these 

shower counters vs. the energy deposited by the other track. The 

+ -dashed line indicates the cuts used to separate e e pairs from muon 

pairs. Note that Bhabhas near the edge of a shower counter may have 

a small pulse height due to the shower going out the edge of the 

counter. To prevent these from leaking into the muon sample, events 

where both particles are within 2.3 cm of a shower counter edge were 

thrown out. There is clearly no significant Bhabha background in the 

final data sample. 

The final data sample consists of approximately 11 thousand muon 

pairs, taken at center-of-mass energies from 5.S to 7.4 GeV with the 

root-mean-square center-of-mass energy being 6.S GeV. The polar angle 

distribution of these events is shown in Figure 2. (4) The solid line 

is the angular distribution predicted by second order QED. 

A simple way to compare this data to theory is to form the 

asymmetry: 
Z 

I (0(9) - 0(w-9» d cos9 

~= 
0 

z (1) 

10 (0 (9) + 0(w-9» d cos9 

where + 0(9) is the cross section for producing a p at the polar 

angle 9, and the upper limit of integration corresponds to the 

boundary of the acceptance region of the detector. Using the asymmetry 

has several advantages. First, absolute normalization isn't required. 

• 
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Second, effects due to the angular acceptance and the efficiency of 

the detector cancel out. This cancellation occurs because both 0(9) 

and 0(w-9) depend on the efficiency at angle 9. That is, to 

measure 0(9) the p+ must be detected at 9 while to measure 0(w-9) 

the p must be detected at 9. So to first order an ineffeciency 

cancels out in the subtraction to form An' For example, if the 

ef,ficiency were only 90% for 0.5 < cos9 < 0.6 and 100% elsewhere, 

An changes by only 1% of the value it would have for a completely 

efficient detector. Thus, to calculate ~ no corrections are required 

and the data of Figure 2 gives 

~ = 0.013 ± 0.010 (2) 

in the region Icos9.1 < 0.6. 

Two sources of this asymmetry are considered: QED radiative 

corrections and neutral current weak interactions. Since both of 

these cause an asymmetry by interference of a small term with the 

large annihilation term, their asymmetries will add (interference of 

the small terms with each other is insignificant). The radiative 

corrections for this reaction have been calculated from the work of 

(1) I I Berends, Gaemers, and Gastmans. For cos9 < 0.6 this gives· an 

asymmetry of 0.0155 ± O.OOOS. Subtacting this from the asymmetry in 

the data we obtain a non-QED asymmetry 

Aw= -0.003 ± 0.010, (3) 

and 

-0.019 < Aw < 0.013. (90% Confidence) (4) 

To see what constraints this places on theories of the weak 

interaction, it is convenient to extrapola.te our data to all angles. 

To do this a theoretical form for the angular :iistrfbution is needed. 

.'; 
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A fairly general theory which assumes only ~-e universality and the 

existence of a neutral boson ZO with mass, width, and coupling 

constants, M,r, g , and g gives (5) 
v a 

4S da~~ 
-2- d1f 

2 Fl (s) (1 + cos e) + 2F3 (S) cose 
a 

2 ( 4 + 2 2 2 4 IR 12 Fl 1 + 2 gv Re(R) + gv ~ ga + ga) 

2g2Re(R) + 2 2 IRI2 
(5) 

F = (4 gv ga) 3 a 

s 
R = 2 (s_M2 e + i Mz r) Z 

This gives an asymmetry integrated over all angles of 

3 

4 
(6) 

Using this angular dependence for the cross section it is simple to 

extrapolate the data with Icosel < 0.6 to all angles. This gives 

-0.025 < A~~ < 0.017 
weak (90% confidence) 

(7) 

Assuming that MZ ~ 30 GeV and r« Mz, i.e., that we are well 

below resonance, the expressions for Fl and F3 simplify giving 

A~~ 
weak 

that (6) 

3 

2 
so the re~triction placed on this theory is 

g 
M

Z 
> 53 ___ a_ (GeV). 

e 
(95% confidence) 

(8) 

We now compare our results with some more specific models. The 
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Weinberg model(2) predicts A~~ k -0.003 and is consistent with 
wea 

this experiment. On the other hand, the model of Shafi and I'etterich 

which has 3 neutral gauge bosons, one of which is very light, predicts 

(7) 

a much larger asymmetry. Our data are inconsistent with the predictions 

given in Ref. (7). The model of Elias, Pati, and Salam(8) uses the 

4 SU(4) symmetry. With the parameters given in their paper, our data 

restricts the mass of the neutral boson to be greater than 55 GeV. 

+ - +In conclusion, we see no asymmetry in the reaction e e + ~ ~ 

other than that caused by second order QED, thus setting a lower limit 

on the ratio of mass to coupling constant for a neutral vector boson. 

References 

1. F. A. Berends, K. J. F. Gaemers, and R. Gastmans, Nucl. Phys. 

B68, 541 (1974) and B63, 381 (1973). We are indebted to these 

authors for supplying us with their computer program. 

2. S. Weinberg, Phys. Rev. Lett. 19, 1264 (1967). A. Salam, in Elemen
tary Particle Phys., N. Svarthhold ed. (Almquist and Wiksell, Stockholm) 
(1968) . 

3. J.-E. Augustin et al., Phys. Rev. Lett. 34, 233 (1975). 
4. The data in Figure 2 has been corrected for known efficiencies 

of the shower counters. This efficiency varies from 94% at the 

center of the counter to 100% near the phototube. 

5. R. Bundy, Phys. Letters 55B, 227 (1975). 

6. Since the theory predicts a specific Sign for the asymmetry we 

are only concerned with one tail of the distribution; so the 

90% confidence level becomes 95%. 

7. Q. Shaff and C. Wetterich, Vniv. of Freiburg, preprint THTEP 77/6, 

(Nov. 1977). 

8. V. Elias, J. C. Pati, and A. Salam, Vniv. of Md. Tech. Report 

No. 78-043 (Nov. 1977). 



600 

': , 

I--
I 
(!) --:. 

W 400 
I 

W 
en 
-1 
:::> 
a.. 

200 ": '" 

o 
o 200 400 600 

,5-78 PULSE HEIGHT 3399A2 

Fig.l: Scatter plot of pulse height of the positive particle vs. pulse 

height of the negative particle. The events plotted have passed 

all of the cuts except for the pulse height cut. Only 4% of the 

data is shown here. The dashed line shows the pulse height cut. 
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Fig.2. An I di . + - + -gu ar str1bution for e e + ~ ~. e is the angle between 

the incoming e+ direction and the outgoing ~+ direction. The 

shart drop-off for Icosel > 0.6 is due to the angular accept

ance of the detector. The line is the QED prediction, normalized 

to the data. 
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