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ABSTRACT 

New results from the DELCO experiment at SPEAR are presented. 
New data and reanalysis give conclusive evidence for the T heavy 
lepton with mass 1.777 + .005 - .009 GeV/c2. Preliminary branching 
ratios for the r are discussed, along with analysis of the electron 
momentum spectrum, favoring V-A, A preliminary look at D beta decay 
at $"(3770) in terms of K and K*(890) is also discussed. .* 

INTRODUCTION 

DELCO1 is an east pit experiment at SPEAR designed to study pro- 
duction of new particles tagged by direct electrons from weak decays. 
In practice we study charm2 and the heavy lepton.3 The physicists 
are a collaboration from Stanford, UCLA, Stony Brook, and U.C. Irvine.' 
I will describe the detector and briefly review old results presented 
last summer before describing our new results, which are of course, 
preliminary. 

THE DETECTOR 

The detector is shown in Fig. 1. The interaction region is in a 
small volume of magnetic field (3.5kG). The beam passes through the 
poles of the magnet, and the return yoke is extended far up and down 
to avoid interfering with the detectors. Six cylinders of low mass 
wire proportional chambers with radii from lo-30 cm surround the vac- 
uum pipe. Cathode strips aid in z reconstruction. Scintillation 
counters on the pole tips increase the solid angle for charge particle 
detection. The MWPC are surrounded by a segmented atmospheric ethane 
Cerenkov counter of one meter radiator. Two bounce optics focuses the 
Cerenkov light on five inch phototubes. Each of the sextents follows 
with two planes of XY magnetostrictive wire spark chambers and lead 
scintillator sandwich shower counters. The inner scintillator strips 
are timed at both ends. Over the summer the eight inch lead walls 
followed by spark chambers and scintillation counters were added to 
give muon identification over 20% of 4~. We do not have results to 
report yet on identified muons. 

t Work supported by the National Science Foundation and the Department 
of Energy. 

* Present mailing address: Stanford Linear Accelerator Center, 
Stanford, California 94305 
(Presented at the 3rd International Conference at Vanderbilt on 
New Results in High Energy Physics, Nashville, Tennessee, 
March 6-8, 1978) 
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Fig. 1. The DELCO Apparatus 

OLD RESULTS 

Our basic trigger 
requires two out of 
three-layers in a show- 
er counter in at least 
two sextants including 
at least one timed layer, 
as well as one or more 
tracks in the inner two 
layers of MWPC. There 
are neutral triggers 
which are currently be- 
ing studied. 

The detector gives 
some charged particle 
detection over 90% of 
47~~ and electron identi- 
fication (hgdron rejec- 
tion ~5x10 ) and momen- 
tum measured (a of bp/p 
is 8% x p (GeV)) over 
about 60% of HIT. 

Quoted results from DELCO1 include measurement of 
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in the charm threshold region with description of the $"(3770),the 
similar rate for multiprong events with an electron showing the charm 
resonance structure and, by comparison of the $", giving a D beta de- 
cay branching ratio of 11 f 2%. A smooth excitation function for two 
prong events where one is identified as an electron and the other not 
(eX) was contrasted with the multiprong electron events as evidence 
for the T. . 

NEW RRSDLTS 

New data points have been added to a reanalysis of eX events. 
Clean two prong events where both prongscould be identified electrons 
are selected in a physicist scan of reconstructed events. 
of photons is allowed. 

Any number 
The electron is required to have momentum greater 
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than 200 MeV/c and the non electron greater than 300 &V/c. 
These cuts are explained by the Cerenkov 
efficiency determined by studying electron pairs, shown in Fig. 2. 

The relative azimuthal 
angle must be less than 
160'. Apparent eey top- 
010~ events (15) are re- 
moved. A sample of 660 
events results. To fur- 
ther eliminate electrons 
which have not been 
Cerenkov tagged, the X 

0 0.2 0.4 0.6 0.8 I 2 prong is required to have 
1 I. Pe (GeV/c) 1*...1 a shower counter pulse 

Fig. 2. Cerenkov efficiency. The data height less than 3.3 times . . . . . . 
points are from analysis of electron pairs. minimum ionizing* This 

The curve is a Monte Carlo calculation leaves 540 events with an 
estimated background of 
15 events, which is 

consistant with the rate of candidates seen at the $(3095) and E 
3.5 GeV. Two photon processes are estimated by comparing like .s$$n 

of 

events to opposite sign candidates, about 2%. 
The first conclusion we reach is that any remaining doubts about 

the existence of the r are dispelled. Not only is the excitation com- 
pletely inconsistent with the charm associated structure, but also 
events are found at several energies below charm threshold: E =3.72 
and 3.625 GeV/c and the I/J'. Candidates below charm threshold $!re re- 
ported previously.6 The eX spectrum is shown in Fig. 3 for all candi- 
dates and events without photons. The distributions are fit to a 
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Fig. 3. Rate of eX production normalized 
to the muon pair rate for (a) events with 
no photons (b) all events. (r=Re$10S3) 

background plus heavy lep- 
ton. The point at the JI" 
is estimated to contain 
30% background from charm 
and is eliminated from the 
fit. Charm background at 
other points is estimated 
to be less than our stat- 
istical error. The fits 
yield a heavy lepton mass 
and twice the branching 
ratio to electrons times 
the branching ratio to X. 
The results are summarized 
in Table I.7 To interpret 
the branching ratio info?- 
ation we are required to 
use a model due to Gilman 
and Miller' yielding a 
branching ratio to elect- 
rons of 16+1% and a branch- 
ing ratio to multiprongs 
of 32f3%, where the error 
is statistical only. 
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TABLE1 
No. photons All Events 

.1.777 + .005 - .009 1.780 + .003 - ,006 

.118 f .008 

9.9/11 

60 II II II 11 II 

eX all 347 Events - 
--- V+A - 

dN - V-A 
dP, 

0 I I I I I I I 

0 0.4 0.8 1.2 1.6 2.0 
1.1, P, (GeV/c) II.... 

Fig. 4. Electron momentum spectrum 
from eX events, 'all energies. The 
curves are detailed Monte Carlo gener- 
ated fits. 

TABLE II 

P X2/NDF 

0 V+A 38118 

.75 V-A 17.6/18 

.73 f .15 17.5/17 

.170 f .OlO 

19.2/11 

Next we study the elect- 
ron momentum distribution. In 
complete analogy to muon decay, 
the momentum spectrum+yields 
information about the helicity 
of the T neutrino and thus 
the V-A or V+A characteristic 
of the decay. For maximum 
electron momentum the neutri- 
nos are parallel and the com- 
bination is allowed for V-A 
and forbidden for V+A. We 
analyze the momentum distribu- 
tion in terms of Michel para- 
meter and also study the aver- 
age of electron momentum di- 
vided by the beam energy, pre- 
dicted to be .35 for V-A and 
.30 for V+A. The momentum 
distribution is shown in 
Fig. 4. The fits are summar- 
ized in Table II. Average 
scaled electron momentum is 
plotted in Fig. 5. We con- 
clude that if V+A is not rul- 
ed out, it is at least very 
unlikely (~1% probability). 

The effect of a finite 
neutrino mass is also to give 
lower electron momentum.* 
Fits to the momentum distri- 
bution give a 90% confidence 

level upper limit to the 'c neutrino mass of 250 MeV/cz. 
Next we study the branching ratio of T into multiprongs. Two 

methods are used. First we investigate multiprong electron events i: 
the charm depleted regions at ECM of 3.72, 3.85 and 4.25 GeV. To 
eliminate residual charm background we require the electron momentum 
to be greater than one third the beam momentum. This gives 78 multi- 
prongs compared to 29 eX events. After correction for relative de- 
tection efficiency the ratio is 2.1 f .4, giving a multiprong branch- 
ing ratio, assuming b , of 34 f 6%. We can also use the fact that 
charm events do not g?ve stiff electrons. As we cut progressively 
higher on the electron momentum the ratio of multiprongs to eX events 



-5- 

.- 

0.2 

0 

- V-A - 
--_ ,,+A ii;*75 

I,,,, i 
I 

I ii_----:-------+--: 
1 

3.5 4.0 4.5 5 6 7 
1-m E c.m. (GeV) ,,~A, 

Fig. 5. Average scaled electron 
momentum 
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Fig. 6. Ratio of multiprong elect- 
rons to eX events versus minimum 
required electron momentum. 

should become constant. This 
distribution is shown in Fig.6. 
The ratio is 1.8 f .3 gives a 
multiprong branching ratio of 
35 f 6%. This high multiprong 
branching ratio implies a 20% 
background from the T in multi- 
prong electrons at the $"! 

Assuming we now reasonably 
understand the background from 
'c at the $" we can now investi- 
gate the electron spectrum at 
the I/J". The distribution is 
shown in Fig. 7, fit to' a corn; 
bination of D -t Kev and D + K 
(890) ev after removing soft 
pair background and the 'c con- 
tribution. In this preliminary 
analysis we find comperable 
contributions from K and K*. 

DELCO PRELIMINARY 
9” Data 260 Events 

- BRCD-Kev) :BR(D-K’ev) 

dru 

--- 

D-Kev 

.a 
.-.-. D- K’ev 
*.****** 60 Bockground from hodrons - 
-.- T’T- M = 1.795 GeV 

b:: 0.16 I 
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1-78 Pe (GeV/c) 11*116 

Fig. 7 Electron momentum distribu- 
tion for multiprong electron 
events at the $". 

SPECULATION 

Data taking continues and may include new points for the eX 
analysis. A reasonable point requires about a week of data. Further 
and more detailed analysis of the T including muon information, and 
analysis of charm is continuing. Probably not all developments can 
be forseen. 



-6- 

FOOTNOTES 

1. The Direct Electron Counter experiment is supported in part by 
grants from the Department of Energy and the National 
Science Foundation.' 
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