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Abstract :

The energy dependence of the cross sections for e'e” o ei(ui) + 1 charged
track has been measured for centre of mass energies between 3.60 and 4.40
GeV. The pair production of the t-lepton is observed at all energies

and the t-mass is determined to be 1.787 f :%%g GeV from a fit to the

energy dependence of the cross section.
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Following the discovery of anomalous e-p-events at SPEAR by the
SLAC-LBL group (1) substantial evidence for the existence of the heavy
lepton t has been collected by several grOups(Z’a),Unt11 now the
propertizs of the t-lepton have been studied mainly in two types of
reaction : |

+ = + .. '
ee »e + y + missing energy (1)

and e+e N missing energy (II)

+ 1 charged track + > 0 photon

Reaction (1) has yielded clean samples of t-pair-production events
but with Tow statistical precision. Reaction {II) on the other hand has
yielded samples with better statistics, but with higher background con-

tamination,

In our experiment at the DORIS storage rings at DESY we have
investigated the reaction

x ‘
TeT 5 % 41 charged track + 0 photon + missing energy {III)

e e -
u

which is similar to reaction (II), except that we can and do exclude
events in which photons are observed within 96% of the full solid angle.

Final states of one Tepton, one charged track of any type, and
missing snergy carried away by neutrinos can originate from the reaction

e +te >t + 1 {1V)
with the subsequent t-decays : T -+ evv
SR IAAY
- TV
> Ky

The apparatus, of which Fig. 1 shows a section transverse to the
beam axis, is generally similar to the one which has been described in a
previous publication (4). The inner detector (ID) features three
concentric cylindrical drift chambers (CD) for measuring the directions
of charged particles, and two concentric, polygonal hodoscopes (H)
of scintillation counters for triggering purposes. This inner detector
covers the range 30° to 1507 in polar scattering angle, or 86% of the
full solid sphere, which is aiso the solid angle for triggering. The
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solid angle for detecting particles is extended to 96% of 4w sr, by
scintillator hodoscopes (not shown in Fig. 1) situated close to the
beam pipe and covering the regions of polar angle close to zero and

180 degrees. These hodoscopes are covered with lead in order to convert
gamma rays. The very large solid angle for particle recognition is

a unique feature of this apparatus and an important advantage for the
analysis presented here.

A one radiation Tength lead converter (CV) covers three guarters
of the full azimuthal angle and is situated between.the middle and
outer drift chambers. The one quarter of the full azimuthal angle
corresponding to the gaps in the Tead converter is covered by two
1.8 radiation length, segmented, "active" converters (AC) of sodium
iodide scintillator, which are situated behind the outermost cylindrical
drift chamber. These counter arrays convert gamma rays with high
efficiency without Toss of energy resolution, since the energy left
in the converter is measured. Planar drift chambers (CC) for locating
gamma ray conversions, and plastic scintillation counters (CH) for
triggering purposes are situated behind the active converters. Behind
these Tatter scintillation counters are "sidewall" arrays of sodium
iodide and Tead glass energy absorption counters for measuring electron
and gamma ray energies with good resolution. Each side wall, together
with the adjacent active converter, presents a thickness of 16.2 radiation
lengths to particles at normal incidence. Above and beiow the inner
detector lead glass blocks of approximately 12.7 radiation lengths thickness
are used for electron and photon detection. The scintillation counters
{CS) Tocated above and to both sides of the energy counter arrays are
used in rejecting cosmic ray background by time-of-flight techniques.
The time-of-flight counters are surrounded by an iron hadron absorber
of thirty centimeters thickness, which provides an enerqy threshold of about
600 MeV for detecting muons. The iron and the energy counters
together present 4.6 collision lengths to hadrons. Drift chambers (MC)
with fifteen centimeter drift spaces surround the iron absorber. These
detect muons over 55% of the full solid sphere.

The triggering criteria for the apparatus consist of various
combinations of charged track multiplicity in the inner detector and
a minimun total energy registered in the sodium iodide and lead glass
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counters. In addition, there is a "neutral trigger", which requires
no charged track, but at least one gamma ray conversion and at least
one GeV measured in the energy counters.

In the analysis presented here, the energy resolution for electro-
magnetic showers is approximately 13%//E (FWHM), where “E" is the:
enerqgy in GeV, in all parts of the apparatus. The angular o
resolutions for various particle types and components of the apparatus
are listed in Table I.

Data have been taken at five different centre of mass energies
between 3.60 and 4.40 GeV (see table II). Events of type III were
selected by the following criteria :

- There ire two tracks observed within the internal detector.

- In order to suppress various types of QED background such as _
efe” s~ efe (uTu Ty, eTeT = efe T (L L)y and efe” o+ efeTuT, we require the
azimuthal angle between the two tracks to be less than 163° in
case of events with an identified muon and less than 146% in all
other cases. Furthermore, the total measured erergy has to be less
than 60% of the ftotal centre of mass energy.

- No other charged particle or photon is detected within 96% of the
full solid angle.

- Both tracks must be in the restricted range of the polar angle :

382 < o < 142°. This cut reduces the background from beam-gas
reactions which tend to produce particles at small angles with
respect to the beam directicn. '

- Each track must have a measured energy of at least 10 MeV in the
lead glass counters. Events involving slow protons from beam gas
reactions are rejected by this cut.

- One of the tracks must have the signature of a muon or an electron :

The muon signature is defined by hits in the drift chambers behind

the iron absorber.

The electron signature is defined by an energy of more than 0.5 GeV

measured in the Nal and lead glass counters in the angular range

61° < 6 < 119°. This restricted angular range is chosen to avoid

energy losses due to leakage from the edges of the Nal and lead glass

counters.
Events with an electron or muon candidate will be referred to as "electron
events" or "muon events" respectively. The samples of electron and muon
events are not disjoint, but the overlap is small (see Table II).
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- The coordinate of the event vertex.in the beam direction must agree
with the nominal interaction point to within 4 c¢m. Fig. 2 shows the
distribution of this coordinate, with the cut indicated, for electron
and muon events separately.

In total, there are 299 events observed which fulfil the selection cri-
teria. Table II shows how these events are distributed as a function of
the centre of mass energy and the type of identified lepton. It should
be noted that z-pair production at 3.68 GeV is enhanced by the vacuum
polarization due to the y'-resonance. Muon pair production is increased
by the same ratio and this latter reaction has been used to determine
the enhancement factor, which we find to be 2.30 + §.13.

Various background processes have been considered which might survive
the selection criteria and simulate t-pair production. It should be emphasized
that the types of background processes are quite different for electron-
and muon events, and that these events have been analyzed separately :

- The largest part of the background is due to beam gas interacticns. It amounts
to 6% for electron events and 2% for muon events, averaging over all centre
of mass energies. These values have been determined from the vertex distri-
butions along the beam axis (see Fig. Z}.

- The QED reactions
+ - + -
e e +uuyyand
- + - 3+ =

ee —+~uyuuee
can contribute to the muon events. Calculations by F. Gutbrod and Z.J. Rek(S)
show that for our set of cuts this type of background contributes less
than 1% to the signal. The QED reaction

+ - + -

ee —»ee vy,
which can contribute to the electron events, is essentially excluded by the
wider acoplanarity cut for events without an identified muon candidate.

- Various decays (6) of charmed particles might simulate r-decays, however
less than 1% of the data above the charm threshold can be due to these
types of processes. It should be emphasized that the events produced at
3.60 and 3.68 GeV centre of mass energy cannot be due to charm because the
energy i1s below charm threshold.
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- Background from multihadronic events with two observed tracks and an
escaping KE or neutron can simulate an electron event, if a photon
or =° is emitted in the direction of one of the charged particles.
The rates of these types of background processes have been determined
from the angular distribution of identified two prong, one gamma (no)
events. They amount to Tess than 1% of the signal.

The total background in the final sample amounts to about 6% for electron
events and 2% for muon events. It is not taken into account in the
further analysis because it is small as compared to statistical errors.

Pions from t-decays might simulate a muon by a punch through
(~20% probability) or ah electron by an interaction in the Nal or lead
glass counters (~10% probability). However this effect changes the energy de-
pendence of the cross section only insignificantly.

The energy spectrum of identified electrons is plotted in Fig. 3 for
the y' data (a) and for the 4 GeV region data (b). The full
and dashad curves show the behavior of the spectrum as expected from
(V-A)- and (V+A)-coupling at the r-vertex using a mass of about 1.8 GeV.
Here and in all further calculations we assume a massless t-neutrino.
Both the (V-A)- and the (V+A) -spectrum are in agreement with the data
and rebroduce the change with the centre of mass energy.

In Fig. 4 we plot the visible cross section for electron events (full
circlesYand muon events (open circles) separately as a function of the
total centre of mass energy. Note that some double counting of events
occurs in case of e-e, e-u, and u-u events. This is taken into account
in the definition of the detection efficiencies. The data points are fitted
with a curve in the shape of the pair production cross section for point-
1ike spin 1/2 fermions :

_ 1 2
Oyis. (e/u) = s, (1+48) « B - (3-87) Be/u . Blpmng ca

where g is the velocity of the t-lepton in the laboratory system and o, is
the cross section for muon pair production. & is the radiative correction

7)
. Be/u and Blprong
ratios fir t-decay into electron {or muon) plus neutrinos and one prong

to 1 pair production ( are respectively the branching

plus neutrino{s). The acceptance a has been calculated with Monte Carlo
methods, assuming the ratios Be : Bu : Bw =1:1:0.5 and it has been
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verified that the acceptance changes only insignificantly if one

changes the assumed ratios to e.q. Bw =0 or BW = Be. In the fit
procedurz the t-mass and the absolute normalization of the cross sections
are ysed as free parameters. The fitted curves to electron and muon
events and the data are shown in Fig. 4.

As a check we have also determined the = mass from the electron and
muon events separately. The agreement is good. Furthermore the assumption
of (V+A) instead of (V-A) coupling has a small effect on the mass para-
meter. ATl these results are summarized in Table III.

In order to obtain a mass value that is independent of the assumed
coupling at the t-vertex, the masses corresponding to the (V-A) and (V+A)
hypotheses have been averaged, and the errors have been chosen so that
they cover the full errcr range of both mass values. This yields

- + .010
m.r = 1787 - .018 GeV.

This mass value is considerably lower than most previous results (2) but

in good agreement with a recent measurement by the DASP-collaboration (3),

This Tatter result was obtained assuming (V-A) coupling at the t-vertex.
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Figure Captions:

Fig. 1
Fig. 2
Fig. 3
Fig. 4

Experimental Apparatus

Distribution of the reconstructed interaction point
in the direction of the beam line for muon events (a)
and electron events (b).

Energy spectrum of identified electrons from t-decays
using the data taken at 3.68 GeV (a) and above 4 GeV (b)
total centre of mass energy.

The full and dashed curves show the energy spectrum
expected from t-decays under the assumption of (V-A)

and {V+A) coupling, respectively.

Visible cross section of electron events and muon events
as a function of the total centre of mass energy. The full
and dashed curves show the r-pair production cross section
fitted tc the data points for electron and muon events,
respectively.
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" TABLE 1.

Solid angle coverage and angular resolution of apparatus components.

Apparatus component and solid angle 'Angular resolution {FWHM)
Inner detector Charged tracks 8¢ = 4 mrad
86 % of 4x e = 30 mrad
Active converter and Converted photons §¢ = 70 mrad
Sidewall counters se = 80 mrad
19 % of 4« :

Top=-bottom Converted photons ¢ = 75 mrad
Lead glass counters ' g = 65 mrad
67 % of 4=

Muon chambers
55 % of 4«

TABLE IT.

Number of observed events as a function of total centre of mass energy and of
event type. ' :

Total centre of mass Number of events Integral Tuminosity
energy
3.60 GeV 8 182 nb 1
3.68 GeV (y') 117 1119 bt
4.17 GeV 18 255 nb~ 1
4.26 GeV | 43 125 nb~1
4.40 GeV 113 1168 nb™ 1
Event type Number of events
e + X 170
u+ X 89
e +e 12
u+ u 5
e+ u 23
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TABLE III.
Fit Results
(V-A) (V+A)
degrees degrees
2 of 2 of
MT (GeV) X freedom MT (GeV) X freedom
+ .008 -go + .010
e - events 1.790 _ 012 2.5 3 1.787 _ “51a 2.3 3
w - events | 1.789 © 910 6.3 | 3 I 3
all events | 1.790 ¥ 097 8.9 7 1.783 F 010 1 8.0 7
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