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ABSTRACT 

Selected topics on the lepton spectrum are presented with 
special emphasis on T decays and unpublished Mark II results from 
SPEAR and PEP. 

INTRODUCTION 

When the organizers of this meeting asked me to speak on "The 

Lepton Spectrum," I was unsure of how I would be able to cover it in 

the allotted time. Fortunately, talks on neutrino oscillations1 and 

muon decay2 are scheduled for later in the meeting, relieving me of 

the need-to cover those topics. Even with this welcome help, the 

subject is too vast and I am forced to limit the scope of the talk 

further. Accordingly, a better title for this talk would be 

"Selected Topics on the Lepton Spectrum." I will give particular 

emphasis to f decay and to recent unpublished Mark II results from 

both SPEAR and PEP.3 

This talk will be divided into two major parts. In the first 

part we will ask the question "How many leptons are there?" The 

second part will investigate what is known about the coupling of 

charged leptons, and in particular the T, to all of the possible 

currents. 

HOW MANY LEPTONS ARE THERE? 

The Known Leptons 

We can define a lepton by two simple criteria. A lepton must 

(1) be a fermion and (2) not have strong interactions. only six 

knorwn particles satisfy this definition. Each is listed in Table I 

along with its mass, the only external c'haracteristic of a lepton 

other than charge. The ve mass range represents the 99X confidence 
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level, limits from the recent ITEP measurement4 discussed by the last 

speaker.5 

Table I also includes "key references." A key reference does 

not usually refer to the discovery of the particle, but it 

represents the experiment which established that a new lepton 

existed. The case of the ~1 is a good example. The p was first seen 

in cosmic ray data in the mid-1930's,II but the key experiment was 

the discovery of Conversi, Pancini, and Piccioni that muons were not 

captured by carbon nuclei,8 and thus could not be the particle 

predicted by Yukawa.12 

Name 

e 

Table I. The known leptons 

Mass (eV) Key Reference 

511 003 Thomson (Ref. 6) 

V 14 to 46 Cowan et al. (Ref. 7) e -- 

v 105.6595 x i06 Conversi et al. (Ref. 8) -- 

V < 570 000 Danby et al. (Ref. 9) IJ -- 

T 1782 x 106 Per-1 et al. (Ref. 10) . -- 

V < 250 x 10Q See text 
T 

The reason for drawing this distinction is the last item in 

Table I, the vr. Does it exist? Several authors have shown that 

within the context of a specific theoretical framework, such as 

SU(2) x U(l), its nonexistance would be in contradiction to existing 

data.I3'l5 However, now, for the first time, we are in a position 

to show independently of any specific theory that the v exists. To T 
do this will require the presentation of new data on the T lifetime, 

so the demonstration will be deferred to the very end of the talk. 

. . 



The Search for New Sequential Leptons 

The Mark II experiment at PEP has searched for a fourth 

sequential charged lepton by looking for the decays 

e+e- -+ L+L- I L -- 
e 'evL 

+. - 
u vpvL 

(1) 

This topology offers the advantage that a model-independent upper 

limit can beset on the leptonic branching fraction of a new lepton. 

A fairly straight-forward model can then be used to assess the 

significance of the upper limit. 

Events were selected with an identified electron and muon, each 

with momentum greater than 1.5 Gev/c, but without any other charged 

or neutral particles. Twenty-five events were seen compared to 

23.5 + 3.3 events expected from 'I production alone. The uncertainty 

in the expected number reflects the uncertainty in the T leptonic 

branching fractions.16 

Since transverse momentum in a decay is generated by the 

decaying particle's mass, a logical way to search for a new, massive 

lepton is to measure the transverse momentum between the e and the 

p. The transverse momentum variable, pl, that is used is a variant 
of one used at SPEAR to study T decays17 The p variable is defined 

1 
by finding an axis such that the transverse momenta of the e and the 

p relative to it, and projected into the plane normal to the 

incident beams, are equal and minimum. Analytically, 

PL = 
I($, x tpa 
IG, - +I ' 

(2) 

where ^z is the direction of the incident beams. 

The data as a function of pI are displayed in Fig. 1, along 

with the predicted spectrum from T pairs no.rmalized to the expected 

number of events from this process. There is no evidence for new 

leptons of any mass. For example, a 10 GeV/c2 lepton would 

contribute about 6 events in the region beyond the kinematic limit 

for T'S, pL > mT/2, in which no events are observed. 



Fig. 1. The transverse 

15. I I 
3 \' 

momentum between the e and p 
in e~p events observed by the 

3 Mark II experiment at PEP. aJ ---IO GeV/c* 0 
;I0 - Lepton The solid line is the ex- 

2 -T petted spectrum from 't pair 
\ 0 production normalized to the 
P , 
2 5 -- integrated luminosity and 

z 
the T branching fractions 
measured at SPEAR. The 

0 
dashed line represents the 

0 1.0 2.0 3.0 4.0 5.0 expected spectrum from the 

7.81 Pl (GeV/c*) 
pair production of a hypo- 

4,518, thetical 10 GeV/c2 lepton. 

Figure 2 shows the 95% confidence upper limits on the leptonic 

branching fraction of a new lepton that can be derived from these 

data. 'Ihe greatest sensitivity is around 11 Gev/c', where a lepton 

with a leptonic branching fraction of greater than 8% can be ruled 

out. 

From studies of T decay, we have a fairly good idea of how a 

new sequential lepton would decay, and we can construct a simple and 

straight-forward model. The decay mechanism is shown in Fig. 3. A 

new lepton L- would decay to a neutrino and a lepton-antilepton pair 

or a quark-antiquark pair. The possible lepton-antilepton pairs are 

e-3 -- e' 1-I v 9 and ~-3 
l-f T 

; the possible quark-antiquark pairs are dii and 

SC, ignoring Gabibbo mixing. The branching fraction for each 

lepton-antilepton pair will be proportional to a known threshold 

function, 

Fig. 2. The solid line 
represents the 95% con- 
fidence level upper limit N 0.15 
on the leptonic branching > 
fraction of a new lepton 2 
as a function of lepton g 0.10 
mass. The dashed line 
represents the expected 
leptonic branching 0.05 

1 \ I I I I I 
\ Y- 

---Expected 
-95% C.L. 

fraction of a new lepton 
based on a simple model 
presented in the text. 

2 4 6 8 IO 12 14 
,.J, M, (GeV/c*) 115583 
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Fig. 3. Diagram for the decay of a 
new lepton, or for the decay of the T 

&?Por qq 
with L replaced by T. 

Bfa 0~ F(mi/mi) , (3) 
where 

F(x) = (1 - 8x f 8x3 - x4 - 12x2 En x) . (4) 

The branching fraction for each quark;antiquark pair should be 

proportional to the same threshold function multiplied by a factor 

of 3 for color and a QCD enhancement factor, 

B- 
qq 

a 3(1 + a,/a)F(mi/mE] . (5) 

Putting these relations together, and using an unfashionable value 

of As = 500 MeV, we obtain the dashed curve in Fig. 2. 

This model is not very controversial because it gives the 

correct T branching fraction at the 'c mass and gives the expected 

result from fermion counting at high mass. If we assume its 

validity, then a new charged sequential lepton at masses below 13.8 

GeV/c2 can be ruled out at the 95% confidence level. 

The MAC collaboration at PEP has done a similar search for ep 

events and has come to essentially the same conclusion. Their lower 

limit is 14 GeV/c2, also at the 95% confidence level.18 

All of the PETRA experiments have searched for new sequential 

leptons, and, since PETRA has run at higher energies than PEP, have 

attained somewhat higher lower limits. 19-21 The PETRA searches have 

not used the en mode, but have searched for specific topologies 

involving either all hadronic decay modes or one hadronic mode and 

one leptonic mode. These searches thus require a model of the 

hadronic decays, but probably are not very sensitive to the model. 

lhe highest lower limit is given by the JADE experiment, 18-l GeV/c2 

at the 95% confidence level, obtained by searching for two 

acollinear jets.21 
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P'EP and PETRA experiments have also performed searches for new 

leptons that cannot be accommodated within the standard mode1.18~Z1 

These include searches for neutral heavy electrons, excited 

electrons and muons, and leptons predicted by supersymmetric 

theories, such as the photino. I will not have time here to go into 

the details of these searches. However, for a comprehensive survey 

of the status of heavy lepton searches in all types of accelerator 

and non-accelerator experiments, see a recent review by Martin 

Per1.22 

COUPLING OF LEPTONS TO CURRENTS 

In this half of the talk we will systematically review what is 

known about the coupling of charged leptons, and r's in particular, 

to all of the possible currents. 

Flavor-Conserving Neutral Current 

The flavor-conserving neutral current has been studied at high 

energies by the production of lepton-antilepton pairs in e'e- 

annihilations. The current has 

'+x'+ + ') -(" two parts, a parity conserving 

part due to photon exchange and 

6 
IO-81 

e- e- a partially parity violating 

part due to Z exchange. These 

Fig. 4. Diagrams for the pair 
p;oduction of 1-( or r pairs in 
e e- annihilation. 

are illustrated in Fig.‘4, for n 

and T pair production. (Electron 

pair production involves addi- 

tional scattering diagrams.) At present energies the Z exchange 

diagram is only visible in the interference term with the photon 

exchange diagram, since the square of the Z exchange diagram is very 

small. In the standard model the vector and axialvector couplings 

of the Z are given by 

1 
gA = -'z and E+ = - $1 - 4sin2fjW) l (6) 

Since sin2Q is close to 0.25, gV is expected to be small. 



6nly the vector part of Z exchange can contribute to 

interference effects in the total cross section. Since gV is 

expected to be small, one way of parameterizing the total cross 

section is to ignore Z exchange and characterize deviations from the 

photon exchange diagram by parameters A+ and A-, 

The A+ parameters could arise from either weak interference effects 

or internal structure of the leptons. All of the PEP and PETRA 

experiments have searched for evidence of finite A+ parameters, but 

have found'no evidence for them. Typical lower limits on A+ and A 

are in the 100 to 200 GeV range. Alternatively, fits to gV typically 

give upper limits of about 0.09 for gG.18923 

The axial part of the Z exchange diagram can interfere with the 

purely vector photon exchange diagram to give a front-back asymmetry 

for II or 'c pair production. To lowest order, 

% 

2 GFS 

= -& [(l -t- cos20) -I------- 9; coso] . 
8471~~ 

(8) 

For the expected value of gi = .25, the front-back asymmetry Is 

about 7%. 

Seven PEP and PETRA experiments have reported values for the p 

pair front-back asymmetry. 18323 Two of the experiments, JADE and 

TASSO, have a two standard deviation result; the rest have one 

standard deviation or less. Nevertheless, when they are all 

averaged together, there is a three standard deviation effect in 

agreement with the value expected from the standard model. One has 

to be cautious in averaging together the results of different 

experiments, but in this case it seems justified. In all of the 

experiments the statistical errors dominate the systematic 

uncertainties. The results are summarized in Table II, Two 

experiments, MARK J and TASSO, have also reported on the T pair 

front-back asymmetry. These results agree with those for p pairs, 

but the statistical errors are too large to be meaningful. 
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Table II. Values of gi from Front-back Asymmetries 

Experiment 

JADE 
MARK J 
TASS0 
Mark II 
MAC 
CELLO 
PLUTO 

Average 

0.35 2 0.13 
0.11 + 0.14 0.30 + 0.60 
0.32 ?r 0.14 0.00 ?r 0.33 
0.22 at: 0.18 
0.04 L!z 0.22 
0.06 5 0.43 

-0.30 Lt 0.43 

0.22 + 0.07 0.09 + 0.29 

Flavor-Changing Neutral Current 

Flavor-changing neutral currents should not occur in the 

standard model, even in the presence of Cabibbo-mixing in the lepton 

sector, for the same reason it does not occur in the quark sector. 

By searching for flavor-changing neutral currents in r decays, we 

are looking for new types of currents which may be present in T 

decay. Fig. 5 illustrates a possible process in which a new current, 

indicated by Z', mediates the 
e orp 

Y-F 

transition of a T into an e or l.~ and 

z/ a lepton-antilepton or quark-anti- 

k?Tor 44 
quark pair. If the Z' materializes 

4155Al2 1 into a lepton-antilepton pair, the 

Fig. 5. Possible diagram final state consists of three 

for a T decay via a flavor- charged leptons; if the Z' materi.- 
changing neutral current. alizes into a quark-antiquark pair, 

the final state consists of a charged lepton plus hadrons. In 

either case, there is no neutrino in the final state, so the mass of 

the T can be reconstructed. This requirement plus the condition 

that the energy of the decay products be equal to the beam energy 

make these decay.modes easily identifiable. 

The search was conducted at SPEAR with the Mark II on a data 

sample which contained 48 000 produced T pairs.24s25 In most modes 
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no candidate or at most one candidate was seen, so the search was 

limited by the available luminosity. Note~that the total number of 

produced 'c pairs is greater than the amount that any experiment can 

reasonably expect to gather at PEP or PETRA in a decade, so these 

limits will not be improved for some time. The upper limits are 

given in Table III. 

Table III. Limits on the Neutrinoless r Decay Modes 

Mode Upper limit (90% C.L.) 

< 4.0x10 -4 
-4 < 4.4X10B4 

< 3.3x10-4 
< 4.9x10 

-4 < 21.0 x 1oe4 
< 8.2x10-4 
< 3.4 x 1oe4 
< 4.4x10 

-4 < 13.0 x 1oe4 
< 10.0 x 10 

-4 
eY < 6.4~10,~ 
PY < 5.5x10 

The Leptonic Charged Current 

In the remainder of this talk we will investigate what is known 

about the T coupling to the charged weak current, the current 

through which the r decays. Figure 2 represents the r decay with L 

replaced by r. When the W materializes as a lepton-antilepton pair, 

we can study the V,A structure of the current from the energy 

distribution of the charged lepton. 

The most precise experiment of this type was done by the DELCO 

experiment at SPEAR. They measured the electron energy* spectrum 

when one T decayed via the mode r + evv and the other IC decayed into 

any one-charged-particle mode. 26 The data are displayed in Fig. 6. 

The usual way of studying the V,A structure is through a measurement 
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60 
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20 

0 

Fig. 6. Lepton energy spectrum 
from T decays measured by the 
DELCO experiment at SPEAR (Ref. 
26). The solid and dashed 
curves represent the expected 
spectra for V-A and V+A r-v 
coupling, respectively. T 

0 0.2 0.4 0.6 0.8 01’ F 

I- ,P z = E,/EraX ,,I116 

of the Michel parameter p. 27 This parameter is 0.75 for a V-A 

T--V T coupling, 0 for a V+A coupling, and 0.375 for either a pure V 

or pure A coupling. The DELCO experiment obtained p = 0.72 + 0.15, 

in good agreement with V-A. Thus the T appears to decay primarily 

with a left-handed current, just as the n does. 

The spectrum in Fig. 6 was also used to set the upper limit on 

the vT mass of 250 MeV/c2 by observing no suppression near the end 

point. 

The Hadronic Charged Current 

In studying the semi-hadronic 'C decay modes, we are continuing 

to determine whether the T decays by the normal charged weak 

current. The advantages of the hadronic modes are that the vector 

and axialvector modes can be separated, that both Cabibbo-allowed 

and Cabibbo-suppressed modes can be investigated, and that there 

exist unambiguous predictions for the branching fractions for each 

type of mode.28s29 Table IV lists four modes which we will study, 

the type of current that each selects, and the input needed to 

predict the branching fraction. 
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Table IV. r Decay Modes for Testing the Hadronic Current. 

Mode Current Input 

P v v cos2f3 CVC and e+e- + p" 

IC*-V 

lT v 

K-V 

V sin20 

A cos2e 

A sin20 

'c + pv and tan20 

II- decay 

K'- decay 

All four of these modes have been studied in the Mark II 

detector at SPEAR. In each case the topology that was used had one 

T decay into a leptonic mode and the other into the hadronic mode. 

Background subtractions were checked by inspecting both the hadronic 

and leptonic momentum spectra. 

The pv Mode 

Figure 7 shows the nT-ro mass spectrum for the topology which is 

consistent with the pv decay mode. so There is clearly very little 

non-o background in this topology. Figure 8 shows the distribution 

of p energy divided by the beam energy. It is in good agreement 

with that expected from a two-body decay. The branching ratio from 

3o I 

0 L- 
550 I I 50 I750 

I-79 M,+,o ( MeV/c2) ,~,,*1 

Fig. 7. + O The 71 T invariant mass 
spectrum from T decays measured 
by the Mark II experiment at 
SPEAR (Ref. 30). 

the Hark II experiment is 

0.205 + 0.041 in good agreement 

with the theoretical prediction 

of 0.21 which comes from the 

measured cross section for 
f- ee +p ' plus the conserved 

vector car-rent hypothesis.31 

A previous measurement of 

0.24 + 0.09 was made by the 

DASP experiment.32 

The K*V Mode 

The K*-v mode was studied . 

in the topology in which the K* 
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in 
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Fig. 8. The ratio of p energy 
to the beam energy for r decays 
measured by the Mark II experi- 
ment at SPEAR (Ref. 30). The 
solid curve shows the expected 
distribution. 

decays into a KS and a T- and the KS decays into a ~+a- pair.33 

Figure 9 displays the KS~' spectrum. There are 11 events, of which 

2 are consistent with being part of a nonresonant background. Back- 

grounds from charmed particle production are not important in this 

topology; Monte Carlo simulations estimate that only 0.1 event from 

this source should contaminate this data sample. The branching 

fraction is measured to be 0.017 + 0.007 in good agreement with the 

theoretical expectation of 0.01. 

c 

0 750 I oclo I250 

I.12 M Kg 7’) (MeV/‘c2) ,,‘:., 

1 Fig. 9. nle Kcx+ invariant 
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The IT; Mode 

The major background to the n-v decay mode is the T decay into 

p-v in which the 71' from the p- decay is not detected. 'Fne best 

test that this subtraction has been done properly is to inspect the 

lr energy spectrum. Figure 10 shows this distribution for Mark II 

data in several energy regions. In most regions, these 

distributions agree well with the flat distributions expected from a 

two-body decay. An upper limit on the uT mass of 250 MeV/c2 can be 

set from these distributions, essentially the same limit has had 

been previously set by the DELCO experiment from the lepton energy 

spectrum. 26 The branching fraction for the a-v decay mode 

determined by the Mark II experiment is 0.117 + 0.018,34 in good 

agreement with the theoretical prediction of 0.10, and previous 

measurements: Mark I, 0.093 + 0.038,35 PLUTO, 0.090 + 0.038,s6 and 

DELCO, 0.080 + 0.018.37 

100 

4.5’./?<6 
200 

400 

I 

&-= 5.2 
300 

80 L- 

8 -81 E?r iGeV) 4171.1 

Fig. 10. The n energy spectrum from the decay T + 'TIV after 
background subtractions measured by the Nark II experiment at 
SPEAR (Ref. 34) in various center-of-mass energy regions.~ Tne 
solid curves represent the expected distributions. 
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The I-6 Mode 

The K-v mode offers the most difficult~detection problems of 

these four modes since it has potential backgrounds from both 

particle misidentification and missing x0's from the K*v decay 

mode. A careful study of this mode was performed with data from the 

Mark II experiment. The data were analyzed with different time-of- 

flight cuts to test for sensitivity to misidentifications. After 

corrections, all of the analyses were consistent. When it was 

required that there be a four standard deviation separation between 

II and K time-of-flight, there were 15 events, of which 3 were 

expected to be background from particle misidentification and 2.5 

were expected to be from K*v decays. Backgrounds from charmed 

particle. decays were calculated to be negligible. Figure 11 shows 

the lepton momentum spectrum and Fig. 12 shows the K momentum 

spectrum for-these events. The branching fraction is measured to be 

0.012 -f 0.005 in agreement with the expected value of 0.007 from K- 

decay. 

2o - 
‘; 
3 15 - Lepton-K Events - 

; 4 c TOF Cut Fig. 11. The lepton memen- 
u) 
G IO - 

tum spectrum from events 
0 

E 
containing a candidate for 
the decay T -+ Kv measured 

5 
> 5 

by the Mark II experiment 
W at SPEAR. The solid curve 

shows the expected distri- 
0 ' I bution. 

0 I 2 3 

pl (GeV/c) 3 H I 1 ,!,‘,,%ll 
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Second-class Currents 
I I I I I 

Lepton-K Events _ From the above, we have seen 
4 c TOF Cut that all of the components of the 

charged hadronic current which are 

expected to be present in r decay 

are in fact present with the proper 
I magnitude. We have also searched 

0 0.5 I 1.5 
1, ,,I PK 4 /!,‘,W, 

for second-class currents, which 

Fig. 12. The K momentum spectrum should not be present in the 
from the decay 'c + Kv before back- standard model.38 No evidence for 
ground subtractions measured by the 
Mark II experiment at SPEAR. The any such currents has been seen and 
solid curves represent the expected 
distribution. 

the Mark II has set the following 

95% confidence level upper limits: 

B[-c -f B(1235)u ]aB[B(1235) -f UT] < 0.02, and 
T (9) 

BIT -t 6(980)vT]J3[6(980) -+ qn] < 0.044 . (10) 

'c Lifetime 

We have seen that all of the evidence is consistent with the T 

decay occuring through the normal V-A charged current. The final 
question we wish to investigate is whether the 't couples to this 

current with the same strength as the p. This question can be 
answered unambiguously by measuring the r lifetime. If the T 

couples with the same strength as the ,J, then the T lifetime will be 

T T = ( " I5 rnBe = (2.8 f 0.2) x 10 -13 set , 
T 

where Be is the branching fraction for T -f evJ. Ihe T lifetime has 
been measured by the Mark II experiment at PEP by reconstructing the 

vertex of three-prong r decays and calculating the flight distance 

between the interaction point (Ip) and the vertex projected along 

the 't momentum .39 Since the expected mean T flight distance 

(0.7 mm) is smaller than the resolution, this measurement required 

statistical averaging and a good control of systematic errors to 

achieve the necessary precision. 
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To identify events from 'c pair production, events were first 

selected with either four or six charged particles. Each event was 

divided into two jets by the plane normal to the sphericity axis. 

One jet was required to have exactly three charged particles with 

net charge +l. 

To reduce backgrounds from beam-gas interactions and two-photon 

'c production, the visible energy in charged particles was required 

to be greater than 0.125 EC.,. and it was required that either there 

be an electron or muon identified in the event or the visible energy 

in all particles be greater than 0.25 Ecam.. To reduce backgrounds 

from hadron production the visible invariant mass of each jet was 

required to be less than 1.6 GeV/c2 calculated from the charged 

particles and less than 1.8 GeV/c2 calculated from all detected 

particles. Finally, to reduce background from radiative Bhabha 

scattering, the invariant mass of each three-prong jet calculated 

assuming that each prong is an electron was required to be greater 

than 0.3 GeV/c2. Also, the total energy measured by either the 

tracking system or the lead-liquid argon calorimeters was required 

to be less than 0.9 E, m . . . 
From this point on in the analysis, each three-prong r decay 

was treated as an independent event. To reduce the probability that 

any of the tracks in an event scattered or was mismeasured, the 

following additional cuts were applied: Each track was required to 

have signals from at least ten drift chamber layers, a x2 from a fit 

to its trajectory of less than 40, a distance of closest approach to 

the IP transverse to its trajectory of less than 5 mm, and a 

measured momentum of greater than 500 MeV/c. The three tracks from 

a single decay were also required to appear to originate from a 

common point along the direction of the incident beams to within 5 

cm. These cuts left 126 three-prong "c decays. 

A vertex position for each of the remaining decays was found by 

varying the parameters of the particle trajectories in a least 

squares manner so that the three tracks intersected at a common 

point. An uncertainty in the position of the vertex along the T 

direction of flight was calculated for each event and is displayed 
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Fig. 13. Distribution of T vertex 
position uncertainties in the direc- 
tion of the T momentum. Data from the 
Mark II experiment at PEP (Ref. 39). 

in Fig. 13. The data were 

divided into two data 

sets, one with vertex 

uncertainties less than 

4 mm, and the other with 

vertex uncertainties 

between 4 and 8 mm. The 

16 events with vertex 

uncertainties greater than 

8 mm contained negligible 

information on the T life- 

time and were not used in 

the subsequent analysis, 

The T flight distance 

was calculated as the 

distance between the vertex and the IP projected on the direction of 

the T momentum. The location of the IP was determined by measuring 

the intersection point of Bhabha scattering events in large blocks 

of experimental runs. Its location was quite stable within a block 

of runs. The rms beam spreads were measured to be 0.30 mm in the 

vertical direction and 

0.76 mm in the horizontal 

direction; these values are 

dominated by experimental 

resolution and the physical 

size of the beam, respec- 

tively. 
z 

5 

Figure 14 shows the T 

flight distance for all data 
0 
-24 -12 0 12 24 -12 0 I2 24 

with vertex uncertainties DECAY LENGTH (mm) .,,- 

less than 8 mm and for the 

higher resolution data set 

Fig. 14. -C flight distance distri- 
butions for events with vertex un- 
certainties less than 8 mm and less 

alone. Evidence for a non- 

zero T lifetime can be seen 

at this point. In the full 

than 4 mm. Data from the Mark IT 
experiment at PEP (Ref. 39). 
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data sample there are 35 events with negative flight distances and 

67 events with positive flight distances. In the absence of system- 

atic effects, the probability of a distribution this asymmetric 

occurring for a zero r lifetime is about 0.2 %. 

To convert the distributions in Fig. 14 to a most probable mean 

flight distance, a maximum likelihood fit was performed to the 

convolution of the flight distance spectrum from a Monte Carlo 

simulation generated with zero r lifetime and an exponential decay 

distribution. The two data sets were fit simultaneously with a 

common mean flight distance. The result for the mean flight 

distance is (1.07 _+. 0.37) mm, where the error reflects statistical 

uncertainties only. 

To check for biases in the vertexing and fitting procedures, 

Monte Carlo simulations were generated for the expected T lifetime 

and for four times the expected T lifetime, and analyzed as if they 

were data. In both cases the analysis yielded the input mean flight 

distance within the statistical errors (less than 0.1 mm). To 

verify that the Monte Carlo programs can accurately simulate data, 

fake T decays were created out of hadronic events by selecting the 

three most energetic tracks within a jet and analyzing them as if 

they were a T decay. The fake T'S were required to have energy to 

mass ratios of greater than 5, so that they would resemble real T'S 

as closely as possible. The resulting mean flight distance was 

(0.45 + 0.11) mm compared to a Monte Carlo simulation result of 

(0.34 I! 0.11) mm. When the Monte Carlo simulation was run with zero 

KS and D lifetimes, the resulting mean flight distance was 

(0.11 + 0.13) mm. From these calculations one can conclude that the 

Monte Carlo simulation agrees with measurements on the data to with- 

in 0.1 to 0.2 mm, and that it is likely that a substantial part of 

the positive mean flight distance seen in the hadronic data comes 

from the decay of short-lived particles. 

As a result of these studies of the magnitude of possible 

systematic errors, the uncertainty in the mean flight distance due 

to systematic effects was estimated to be 0.3 mm. 
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Backgrounds from beam-gas interactions and radiative Bhabha 

scattering were shown to be negligible, the former by an investi- 

gation of the vertex distribution along the direction of the 

incident beams, and the latter by relaxing the cuts against that 

process. From Monte Carlo simulations, the contamination from two- 

photon 'c production was estimated to be 2.5 events, and the 

contamination from hadronic events was estimated to be 5 events. 

These backgrounds required an upward correction of 4% in the mean 

flight distance. 

Making this correction and combining the statistical and 

systematic errors in quadrature, the Mark II obtained a T lifetime 

of 

T = (4.6 2 1.9) x lo-l3 set . (12) 
T 

This result is about one standard deviation larger than the expected 

result, Eq. (11). This implies that the r coupling to the weak 

charged current is 0.66 to 1.02 times the expected value from T-U 

universality at the one standard deviation level. 

At the Bonn Conference the TASS0 experiment announced a new 

measurement of the r lifetime of 

7 = (-0.25 + 3.5) x lo-l3 set (13) 
T 

corresponding to an upper limit of 

TT < 5.7 x lo-l3 set (14) 

at the 95% confidence 

leve1.23 The TASS0 data do 

not all have the same beam 

energy, so they are pre- 

sented in bins of proper 

time. Figure 15 shows the 

both the TASS0 and Mark II 

data plotted in bins of 

lo-l2 sec. 

T'ne Mark II detector is 

currently installing a new 

-12 -6 0 6 12 -6 0 6 12 

%,I T (lo-‘* sec1 a5w, 
Fige 15. Distributi.on of measured T 

decav times from TASS0 (Xef. 23) and 
Mark-II experiments (Ref. 39). 
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high resolution inner drift chamber which should improve the vertex 

resolution by a large factor. 

DOES THE v EXIST? 
T 

We are finally ready to show that the vr exists independently 

of a specific theoretical framework. Let us assume that it does not 

exist. We know from the momentum spectrum of T decay products that 

there is an unseen light spin l/2 particle in the final state. If 

the vr does not exist, this must be either the ve or the v . Then 
IJ 

the T must couple via the weak current to the linear combination 

(sevc + E v ), where the s's are normalized so that either E: = 1 

gives the'ngrmal full strength weak coupling. From the absence of 

excess elections in the final states of v N interactions,40 
u 

E2 ~ < 0.025 at 90% C.L. , (15) 

and from the- absence of apparent excess neutral currents in the BEBC 

beam dump experiment,'+1 

C: < 0.35 at 90% C.L. . (16) 

Combining (15) and (16), 

E: -!- E: < 0.375 at 90% C.L. , (17) 

but from either the Mark II or TASS0 T lifetime measurement, 

si -I- e,' > 0.398 at 90% C.L. . (18) 

Therefore, we would have to violate at least one and possibly two 

90% confidence limits for all the experiments to be consistent, and 

for the vr not to exist. 

CONCLUSIONS 

Figure 16 shows a picture of the lepton spectrum as we know it 

now. It seems to have great simplicity, but it is a simplicity that 

we do not fully understand. There are basic questions for which we 

have no answers. How many generations are there and why? If we 

extrapolate the curve suggested by the e, n, and r, i la Bjorken,42 

to the position of a hypothetical fourth generation, we can see that 

we have been searching in the correct decade of the log plot, but it 
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is not clear that we have gone high enough. Are neutrinos 

massless? If not, do they all have very small masses like 

the ve, or do they follow a curve like their charged partners? And 

finally, what generates the enormous range of masses in the first 

place? To answer these questions we must continue to do what we 

have been doing, searching for new leptons and investigating the 

detailed interactions and decays of the known leptons. It is a 

search that will occupy us for 

I 
I 

IO’ ’ 

IO’O 

I09 

108 

IO7 

z-- ” 
> 

22 IO6 

z 

2 IO5 

IO4 

IO3 

102 

IO’ I “I 

l T 

l P 

% 

L ue 

Fig. 16. ?he lepton spectrum. 

many years to come. 
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