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Abstract

The decay of the heavy lepton 1 into mv has been established using

the magnetic detector PLUTO. The branching ratio is determined to be
BR(t -~ mv) = (9.0 #2.9) % with an additional systematic uncertainty
of 2.5 %. This value is in good agreement with the theoretical pre-

diction.
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The existence of the heavy Tepton 1 as well as many of its pro-

perties have been established by several experi’mentsl'6

The simplest interpretation, consistent with published data, is
that the T is a heavy sequential Tepton, having its own spin 1/2
massless neutrino. If the t couples to the conventional weak current
one can calculate the partial widths for the leptonic decays7:

T > v e v ) (1a)

TV u\J . o | (1b})
Using the pion decay constant f = 0.129 GeV/c? the ratio of the
width of the decay |
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to that of (1la) cdh dnambiguous]y be pfedicted to be7

T{I":;jtily .Eg;ET_fE cos?s. = 0.57 (3)
T > vy C )

where 6_ is the Cabibbo angle (cos?8 0 95) and M_ is the 1 mass

C
(M = 1.8 Gev/e?)*®.

Other hadronic decay rates canbe evaluated by introducing further
detailed theoretical assumptions. Most of these decays have been ob-
served with rates in good agreement with these calculations. In con-

trast,for the pionic decay no compelling experimental evidence has

been presented so farg. We report here the observation of the pionic
decay of the 7. The measured branching ratio is consistent with the

theoretical prediction.



The measurement was made at the DORIS electron-positron ring at
DESY using the PLUTO solenoidal magnetic detector, which has been

described previously °~. The inner volume of the superconducting coil
(central fieid of 2 T) is filled with 14 c¥lindrical proportional cham-
bers. Two concentric lead cylinders of .44 dnd.1.70 rédiation Tengths
are sandwiched between the proportional chambers at radii of 38 and

59 cm, respectively, for electron identification and photon conver-
sion. The outer cylinder with two subsequent proportional chambers
which subtend 55 % of 4 = is used for electron identification. Muons
are distinguished from electrons and hadrons by their ability to tra-

verse the coil and the iron yoke. Muon and electron identification

overlap in a solid ang1e of 35 % of 4 =.

Heavy 1eptons'observed in this experiment were produced in the

reaction
efe” » 1017 o ' (4)

over the center of mass energy range from threshold to 5 GeV. Signal
events are those in which one of the heavy leptons decays via channel
(2) and the second one by any of the reactions (lé), {1b) or (2). The
s{gnature.of these events in the deteetor is two charged tracks, large
missing energy and no converted phqtonsr In addition, one of the

tracks has to be identified as a hadron, 1. e. not being a muon nor

an electron.

Photons were recognized if they converted in the detector and left
either tracks not pointing to the vertex or a shower not correlated
to one of the vertex tracks, or at least two neighbouring clusters of

wires set in the proportional chambers. By detecting at least one of




the decay photons this yields an efficiency of (78 +5) % for 7° re-

cognition for momenta above 100 MevV/c.

Electrons were identified if they set more than 11 wires in the

proportional chambers behind the second lead cylinder. The detection
efficiency of this method was determined to be (85 +5) % for momenta

larger than 600 Me\.f/c.2

To separate muons from hadrons we select tracks which point at a
muon chamber and have at least 100 MeV/c momentum more than re-
quired to penetrate the iron yoke, which gives an effective lower

limit to muon momenta observable in the detector of about 1 GeV/c.

'For each track the mean extrapolation error projected into the muon
chamber (o) has been determined from multiple scattering and from the
momentum error. The track is identified as a muon if the nearest de-
tected hit in the muon chamber 1ies within 55 from the extrapolated
track. Otherwise it is classified as a hadron, except if it extrapo-

Tates within 30 from the chamber edge.

Candidate events were selected according to the following cri-

teria:
(i). two and only two charged tracks of opposite signs are
detected,
(1) at 1ea$t one charged track fulfills the muon or hadron cri-

teria and points at the lead converter; the track is thus
identified as either muon or hadron or electron,

(ii1)  the difference between the azimuthal angles of both tracks
must be 10% < ¢ < 1760,

(iv) the missing mass squared is greater than 1.4 » (Ebeam/l.B)z.



Cut ({v) strongly suppresses e+e'y, 7r n and n+v'y final states
and favours events with multiple neutrinos. Criteria (iii) and (iv)

2

have already been used in previous analyses® to suppress QED events.

From this candidate sémpTe the 7 decay sample (a) is required to
have the signal topology

e'e” > hadron track + charged track + no photon, {5a)

For purposes of background evaluation we also select from the
above candidate events three control samples. The sample (b) with the

topology

.e*e' + electron track + charged track + no photons (5b)
and the sample (c) with the topology

e'e” - muon track + charged tra&k'+ no photons {5¢)
are used to determine the background from misidentified electrons and
mucons respectively.

A further sample (d) with topology

e'e” = hadron track + charged track + photons (5d)

allows an estimate of events with photons feeding down into the sig-

nal channel {(a).

Fig. 1 shows the distribution of the cosine of fhe angle 012
between fhe two charged tracks for all samples {a) to (d}. From Fig.
1b one can see that electron-pion confusion is most dangerous in the
range of -1.0 ;cosel2 < -0.7 which is dominated by Bhabha scattering.
Figs.lc and.ld show peaks in the same region. Consequently all events

in this interval are excluded from the analysis. An enhancement in



the interval 0.3 < oS8y, < 1.0 of sample (d) is found to be largely
associated with the py final state. This interval is also excluded.
Losses due to these cuts and due to the limited detector acceptance

are corrected for by Monte-Carlo studies.

In table 1 the number of events found in five energy intervals be-
tween 3.6 and 5 GeV is given for reactions(a) to {d) together with the
integrated luminosity. Four sources of background to be considered
are summarized in the same table:

The number of events due to misidentified electrons can be calcula-
ted from the control sample (b) using the electron identification ef-
ficiency.

The probability of misinterpreting a muon as a hadron is 2 % due
to the inefficiency of the muon chambers. The corresponding background
is calculated from sample (c).

The sample (d) is used to estimate contributions from hadronic fi-

Ors are lost in the detector. The

nal states, where the photons or 7
sample also includes contributions from t decays, which will be con-
sidered separately below. They have been determined from Monte-Carlo
calculations and subtracted. The rest are hadronic events with at least
two additional neutral particles, since events with only one neutral
particle were removed by the missing mass cut. We assume that these
hadronic events céntain two, rather than three or more =°. This is a
conservative assumption since it maximizes the estimated background
level. Furthermore we assume that the 7°'s arerisotropica11y distri-
buted. The contribution from events with two missing charged particles

was checked with a control sample of 4-prong events and found to be

negligible (less than 0.2 events).



-Another source of background comes from T decays into p or Al,
where the charged m from the p or Al decay is observed, but the no's
are not. The quoted values are from a Monte-Cario study of these de-

cays. The Ay contribution is very Sma]1.

The Cabibbo suppressed decay T - Kv is assumed to be neg]igib1e7.
Evidence for such suppression has been given by the DASP collabora-

tionlo.

Adding up all background sources in the energy range from 4 to 5
GeV, we expect (8.9 #1.0) events if the n-decay mede isnot present.
In contrast we see 32 events,equivalent to an excess of 7 standard
deviations. Furthermore in the center of mass region around 3.6 GeV,
which is just below threshoid for our hadron momentum cut, no events
of the signal sample (a) are observed, in agreement with the estimated
background rate of (0.7 #0.3) events. We therefore conclude that the

existence of the decay t - mv is established.

Fig. 2 shows the momentum spectra for pions (2-body decay) and muons
(3-body decay) in the 5 GeV center of mass energy range. The distribu-
tions are in good agreement with the theoretical expectation (solid
curves). At Tower energies the pion and muon spectra get rather simi-

lar, again in good agreement with Monte-Carlo calculations.

To evaluate the branching ratio, we ca1cu1afe the detection effi-
ciency for events of type (2). Including all cuts the efficiency va-
ries between 0.95 % at 4 GeV and 1.85 % at & GeV center of mass ener-
gy, assuming conventional V-A weak interaction and massless neutrinos.
We thus obtain the products of the branching ratios into pions
BR(T - 7v) and into one-prongs with no detected photons BR{t - v + one-
prong) as indicated in table 1. They agree with each other within Errors

and yield an average value of




BR(t~ mv)+BR(t » v + one-prong) = 0.043 :0.012 (6) -

In our further calculation we use the world average of the Teptonic

branching ratio of*
BR(T > evw) = (16.7 :1.0) %. (7)

BR(t »~ v + one-prong) can then be determined to be twice the value of
(7) plus hadronic contributions. From the theoretical p to electron

7 and our Monte Carlo we estimate the p portion to be 33 % of

ratio
(7). Other hadronic decays constitute a very low fraction11 (about 1 %

“of (7)). Using these values we get

BR(T > v + one-prong) - BR(t » ﬁv) = (39 22.3) %
and calculate from (6)

BR{t + ﬂvi = (9.0 +2.9) % (8}
and from {7) and (8)

I'(t > mv)

Tl = 0.54 20,17

in good agreement with the theoretical value {3) of 0.57.

ATl errors are statistical only. Comparing the very clean sample
(c) with the results of our Monte-Carlo calculations, we estimate
that the systematic uncertainty is of the same order as the statisti-

cal error, namely 2.5 % in BR(t - =v).

To conclude, we have measured the decay of the heavy Tepton
T > %V with a branching ratio in good agreement with that expected
from the conventional form of the weak interaction’. In particular our

6

measurement provides further evidence® that the axialvector part of

the weak hadronic current is present in 1 decays.

* This value was calculated from data summarised in ref. 3 and more
recent values given in ref. 4.
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Figure and Table Captions

Tab. 1

Fig. 1

Fig. 2

Observed number of events for the topologies (5a) to
(5d) after all cuts, evaluation of the background and

branching ratios for different energy intervals.

Cosine of the relative angle 61, between the two tracks

for the signature events (a) and different control samples
{(b), (c) and (d) at 5 GeV center of mass enerqgy. The miss-.
ing mdés.cut 15 not yet applied. The rejected intervals

are shaded.

Momentum distribution of hadrons from reaction (5a) and
~muons (5¢) at 5 GeV center of mass energy. The curves

representing fhe theoretical predictions for V-A coupling

and a massless neutrino are normalized. to the number of

observed events.
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