SLAC-PUB-2721
April 1981
(T/E)

MEASUREMENTS OF THE DECAYS T ~>p v , T —m v_and T —K" (892)v,
USING THE MARK II DETECTOR AT SPEAR'

Jonathan Dorfan
Stanford Linear Accelerator Center
Stanford University, Stanford, California 94305

ABSTRACT: Measurements of the branching fractions for the Cabibbo favored
decays t”>p"v; and ™+ 7 vr and the Cabibbo suppressed decay
mode T'-*K*~(892)vr are presented. The energy dependence of
the 1Tt~ production cross section is obtained for the decays
T°+p~vy and 17+ 7 vp and these spectra agree well with the
classification of the 1~ as a spin-% point particle. Fits to
the production cross section yield a measurement of
My = (1787 10) MeV/c? for the T mass. Ninety-five percent
confidence upper limits for the forbidden decay T_->K*_(1430)vT
and the T neutrino mass are presented.
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INTRODUCTION

The heavy lepton, T, is now a well established particle and considerable
knowledge about this particle has been obtained— particularly by studying its
leptonic decays.l) The members of the SLAC-LBL MARK II detector group,Z) working
at SPEAR, undertook a systematic study of the T hadronic decay modes in order to
test whether the standard weak hadronic current mediates such decays. We present
herein measurements of the branching fractions for the decaySS) T +p v,
T_'*W—VT and T_'*K*—(SQZ)VT which probe respectively the Cabibbo favored weak
hadronic vector current, the Cabibbo favored weak hadronic axial vector current
and the Cabibbo suppressed weak hadronic vector current. These data strongly
support the notion that the W mediates t decay., The energy dependence of the
T production cross section is presented for the decays T -+ p_\:T and T -+ w_vT.
These data support the assignment of the t as a spin-% point particle. From fits
to these spectra we obtain a measurement of the T mass: My = (1787 % 10) MeV/c2.
From an endpoint measurement of the 7 energy spectrum in the aecay TV, We

obtain a 20 upper limit of 245 MeV/c? for the t neutrino mass.
MEASUREMENT OF THE DECAY T - p"vT

The MARK II solenoidal detector is fully described in the articles listed
under ref. 4. The data used for this analysis come from all MARK II running at
SPEAR with the exception of the ¢y and w'.S) These data span the center-of-mass
energy range 3.52<E. p < 6.7 GeV, and correspond to an integrated luminosity
of 21,000 nb~1 or, using the theoretical 1"t~ production cross section, 58,000
produced N pairs. 1In searching for the decay 1=+ p~v;, we attempt to isolate
events arising from the decay sequence:

-+ -+
ee > 1T

which results in two charged tracks and two photons in the detector. The lepton
tag (£+) helps provide a clean signature for events containing 1’s. The selected
events have two oppositely charged tracks, one a pion and the other a lepton, and
two photons with Eyz 100 MeV. For the purposes of this analysis a pion is any
charged particle which is not positively identified as a kaon, proton, electron
or muon. The invariant mass of the two photons (MYY) is formed and the photon
energies of the %° candidates (those for which 80:;Myys 200 MeV) are adjusted
using the 7° mass as a single constraint. These m°’s are then combined with the

o]

charged pion to form the 71 invariant mass [M(wiwo)] as shown in fig. 1.
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order to obtain B(t'-*p_vT) we need to know

fig. 1. The 7*n° invariant mass B(T‘*-E'vzsr). This has been measured using

spectrum for 2~ 7% events.

no photons (eu events). A small (12%) correction is made to these events for

backgrounds arising from QED and hadronic processes.

program has been used to generate the detection efficiencies €pe = 3.4%, €op = 2.1%

and Con” 7.1%. Combining these efficiencies with the number of corrected events

and the number of produced T+T- pairs yields:

B ('r- > p_vT) B (’r+ -+ e+31_ve)

B@-*p\%)B@++fﬁpw)
+

B(r">e7v.V,) B ey V.v,) = 0.030% 0.002 £ 0,007

where the first error is statistical and the second is systematic.

Assuming p-e universality in T decays (3) can be combined with (1) and (2)

to yield

Background contributions of

There are fewer pu events

B(r_->p—vr)= (21.6+1.8+3.2)%

The branching fraction B(Tf-*p-vT) can be calculateds) using the conserved

vector current hypothesis and a measurement of

e+e-->p°. Tsai has recent1y7) updated his calcula-

tions of 1971 and obtains B(t"+p v;) = 21.5% 1.5 S
where the uncertainty in B(T_-bp_vr) arises from ;;
the experimental uncertainty in P(e+e--*p°). This &
calculation of B(t--*p-vt) agrees well with the é%
experimental result. e
We have measured the energy dependence of

the T+T— production cross section (cT?) by study- .
ing the quantity OT?Bp(Bed-Bu)/ouu, where cuu is

the point cross section. Figure 2 shows a plot
of this quantity as a function of center—of-mass
energy. A fit to this data yields a measure of

0.15

o
o

0.05

fig. 2.

0.034 + 0.004 £ 0,007

0.041 + 0.005 £ 0,007

An impreésive pi signal is seen with very lit-
tle background. Defining the signal region as
M(nEn®) < 1.25 GeV/c? there are 215 pe events

because of the 700 MeV/c threshold of the muon

decays T‘PAlvT and 'r-v(lm)\).r are removed.

294 events containing an electron, a muon and

A Monte Carlo simulation
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the t mass: ' 2
MT = (1790% 40) MeV/c

which is in good agreement with other experimental determinations.l)
MEASUREMENT OF THE BRANCHING FRACTION FOR ‘r_-+l(’k_(892)\),r

For the study of the decay T_-'-K*_(892)\)T we have used all the MARK II data

with Ec m 4.2 GeV, which corresponds to an integrated luminosity of 14,6001‘1b_1

or 40,200 produced T+T- pairs.e)

The energy threshold of 4.2 GeV is chosen to
avoid those regions where production of D mesons could constitute a significant
background. The decay T_-+K*-vr is identified via the topology:

-+ -+
ee *>TT

which results in four charged particles and no photons in the detector. Events
are required to have four charged particles, two positive and two negative, and
no photons with EY > 100 MeV. Two of the charged particles are required to form
a secondary vertex, distant from the primary vertex by at least 1 cm, and have a
mass consistent with the K:. We further require that one of the particles at the
primary vertex be a lepton; the other is hitherto referred to as a ﬂi.

Figure 3 shows the K:'nt invariant mass spectrum for the events selected as des-
cribed above. A clear excess of events is present at the K*(892) mass and we
attribute these K*(892)-1epton coincidences to the decay topology outlined at the

beginning of this section. From the eleven

. T events in the five bins from 825-950 MeV/c2
6 - -4 we have subtracted a background of two
events obtained from the ten surrbunding
ig i i bins. The resulting signal is 9.0 +3.6
2ab — events. Of the eleven events, seven have
-g N ] an electron tag and four a muon tag which
% is consistent with the relative electron/
o2 B muon tagging efficiency of 1.6. The momen-
L i tum spectrum of the leptons is "hard"—
o l 1 H | H nine out of eleven leptons have momenta
o) r750 1000 1250 above 700 MeV/c. This momentum spectrum

. M(KS %) (Mevrc?)

ww  and that of the K*’s is well reproduced by

+ . . he Monte o simulation program assumin
fig. 3. ggn invariant mass spectrum t Carlo simu prog g

+ + - .
for ng 2% events. a T 1 production process.
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Since D mesons are both a source of leptons and strange particles it is im-
portant to eliminate them as a source of the K*—R- no photon events. Charm
events have a relatively high charged and neutral multiplicity and this, combined
with the good solid angle coverage of the MARK II detector, make it very diffi-
cult for charmed events to populate the low multiplicity K:ﬂiR; topology. A
Monte Carlo program has been used to. estimate the D background. Charmed particle
production contributes at most 0.1 events to the K*iz; sample. The leptons which
come from semileptonic D decays, as simulated by the Monte Carlo program, have a
momentum spectrum which is much "softer” than that observed in the K*% events.
Almost all these leptons would have momenta below 700 MeV/c, in strong contrast
to the data.

The detection efficiencies for the K*—electron and K*-muon events are 2.1%
and 1.3%, respectively. These efficiencies are combined with the number of pro-

duced r+r_ pairs and the number of signal events to yield
- k- + 4+ -
B(t +K (892)v,) B(t >4 vsz) = 0.0031+0.0013 .

Using the MARK II measurements) of

B(r 2 Vpve) = (18.5:1.5)%
and assuming electron-muon universality in T decays, we obtain

- *=- o

B(r+K*(892)v_) = (1.7£0.7)% .

We observe no K*iz; events in the region of the K*(1430) which allows us to set a
20 upper limit B(T_->K*_(l430)vr) < 0.9%. This decay is, of course, forbidden in
any V/A theory.

A detailed calculation by Tsaie) yields

B(r-»K*vT) = tan26c B(T*‘DVT) F(MT’MK*’MD) .
The function F accounts for phase space effects and is numerically equal to 0.93.
Using the value B(T--*p—vT) = (21.5% 1.8)% quoted earlier, tan26c = 0.05 and
M_r = 1.782 GeV/cz, theory would predict B(T_'*K*—VT) = (1.0£0.1)% in good agree-

ment with the data.
MEASUREMENT OF THE DECAY T'-»n'vT

The data used for this study are identical to that used for the analysis of

5)

T--+p_vT. We attempt to isolate events which are consistent with the decay

sequence +
ee +>T1TT7T

which results in two charged particles and no photons in the detector. (The no-

tation x indicates any charged particle). The selected events have two
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oppositely charged tracks, acoplanar by at least 20°, no photons in the liquid
argon barrel modules (EY> 100 MeV) and no hits in the PWC endcap. In addition
at least one of the charged particles is required to be a positively identified
7. This means that the track must be headed towards the muon system, have suffi-
cient momentum (P) to enter the muon system (i.e. P> 700 MeV/c) and not be
flagged as a muon. In addition this candidate w must not be an electron (liquid
argon), a kaon (TOF) or a proton (TOF). There are 2150 such events. The major
source of background comes from the decay 't—--*p-\)T -+ n_wovT where both the pho-
tons from the 7° decay escape detection by the MARK II. We remove this back-
ground using the Monte Carlo simulation program and our measured value of
B(T_-rp_vr). This constitutes a 25% subtraction. A further subtraction of 22%
accounts for feeddown from hadronic events and backgrounds from QED processes,
The Monte Carlo simulation program is used to obtain the efficiencies for detect-
ing the mx(x = e, y or ) events. These are combined with the number of cor-
rected events, the number of produced AL pairs and B(T--*£_3£vT) presented
earlier to yield:

B(T_*'W—VT) = (11,7+0.4+1.8)% .

The theoretical predictione) for B(T-e-n_vr) is obtained from the known rate for
w_-+u_vu. The precise prediction of B(t_-*w_vT)/B(T--+e73evT) = 0.59 is obtained.
For our measured value of B(r--*e'vevT) one obtaines the prediction B(T—'*W—VT) =
10.4% in good agreement with our measurement.

Using the background subtracted data we have measured the energy dependence
of the production cross section (cr?) by studying the quantity GT?Bn/cuu'
Figure 4 shows a plot of this quantity as a function of center-of-mass energy.
The solid curve is the prediction for a spin—% point particle. A fit to this

data yields the T mass:

0.25 T | T
M_ = (1800% 40) MeV/c? .
0.20 - 4
We have performed a measurement of
éi0J5 - l 4 the T neutrino mass (MVT) using the back-
;? ground subtracted energy spectrum of the
.10 - - - 3
k010 n from the decay v +m vT.S) This anal-
0.05 — - ysis is best done at a fixed center-of-
mass energy since the maximum 7 momentum
0 L 1 i |
3 4 5 6 7 8 clearly depends on E. m. " We have chosen
oo Eem. (Gev) toins Ec m 5.2 GeV which comprises about a

fig. 4. The T production cross quarter of our total data (approximately

section, normalized to the py-pair 15,000 produced r+r_ pairs). Fixing the
cross section is shown as a function
of E¢c.m.- These data points come

from the study of the decay T + T v,. fit for the T neutrino mass.

mass of the 1, the 7 energy spectrum was
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Figure 5 shows the 20 upper limit on M,
T

0.5
. T T T
~ as a function of M. For the favored
S
E 04 N DELCO massl) Mr = 1782 we obtain:
- 03| i M, < 245 MeV/c2 (20 upper limit)
= T
3
x 0.2 - a
w MEASUREMENT OF THE T MASS
a
2ot - 2
2 We have performed a combined fit (¥
0 | | i ] minimization) to the production spectra

1865 1.70 .75 1.80 1.85 1.90

. obtained from the decays T +p v_ (fig. 3),
7 Mass  (Gewc?) T

1 +n v (fig. 4) and T + 9'—;’9,""1 (not

fig. 5. Upper limit (95% confidence shown, see ref. 5) which yields

level) on the mass of the T neutrino 2

as a function of the mass of the T. MT = (1787 £ 10) MeV/c

1)

This result is in excellent agreement with other experimental determinations.

CONCLUSIONS

A detailed study of T hadronic decays indicate that all results agree with
the theoretical classification of the T as a sequential, spin-’ lepton whose de-
cays are mediated by the familiar W boson. The vector and axial vector Cabibbo
favored hadronic decays are seen at their expected strengths and in the case of
the vector current the Cabibbo suppressed decay T—->K*_VT is seen at its expected
strength. A precise determination of the T mass has been obtained from the had-

ronic decays as well as a 20 upper limit on the t neutrino mass.
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