


T h e t o p in s i g h t 

Top quark candidate event display from the 
CDF detector at Fermi lab's Tevatron. The top 
quark does not live long enough to be visible 
directly. However one of the top quarks from a 
quark-antiquark pair decays into a b quark 
which is seen to decay in the silicon vertex 
chamber (bottom right) close around the beam 
pipe, while the muon from this decay is also 
identified (bottom left). The calorimeter lego 
plot shows how the detector resolves individual 
jets from quark processes. Unravelling the 
kinematics gives a top mass of 169±10 GeV. 

small flight distance a b quark travels 
before it decays. Six such events 
were observed, compared to an 
expected background of approxi­
mately two. 

The third search looked for an 
electron or a muon from the decay of 
a b quark. Seven such events were 
seen, compared to three expected 
background events. (Three of the 
events seen in the third search were 
also caught by the second method.) 

The probability that the background 
could fluctuate up to at least the 
number of events observed is one in 
four hundred. Although this appears 
very small, scientists generally need 
to be more confident, and more data 
is needed to confirm the top quark. 

To exploit the different kinematic 
features expected in top quark and 
background events, an additional 
analysis looked for events with the 
expected features of top quark 
production. An excess of such events 
over background included many of 
the events with an identified b quark. 

Seven of the events have enough 
information to allow the top quark 
mass to be calculated. Six cluster 
between 160 and 190 GeV, and 
together they give a top quark mass 
of 174 ±17 GeV, close to the centre 
of the top mass range predicted by 
the Standard Model using precision 
data from Z boson decay at CERN 
and SLAC, W boson decay at the 
Fermilab Collider, and neutrino 
interactions at Fermilab and CERN. 

The CDF data were in hand over 
nine months ago and candidate top 
quark events were soon identified, 
with the candidate sample becoming 
stable in August. Then much of the 
CDF effort on the top quark search 
became focused on background 
processes that can mimic a top quark 
event. 

It is the complexity of top quark 

events that makes this background 
so difficult to handle. Once elemen­
tary particle discoveries could be 
based on a few particle tracks. The 
heavier the parent particles, the more 
offspring they can produce, and the 
top, the heaviest of them all, is the 
most prolific. In addition, a proton-
antiproton collision produces other 
particles, as well as a top quark and 
a top antiquark. Each top quark then 
quickly decays into a bottom quark 
and a W boson. However these 
particles are also unstable and thus 
decay into electrons, muons, neutri­
nos, pions, kaons, etc. For a typical 
top quark event approximately 100 
particles enter the CDF detector. This 
background was the subject of 
painstaking analysis and continual 
discussion, and the lessons learned 
will continue to be useful in the 
search for other rare particles. 

The CDF experiment contains 
approximately 100,000 individual 
particle detectors around the proton-
antiproton collision point. Most of the 
apparatus was constructed between 
1981 and 1987 with funds provided 
by the US Department of Energy, the 
Italian Institute for Nuclear Physics 
(INFN), the Japanese Ministry of 
Science, and the US National Sci­
ence Foundation. Improvements 
were added in 1988, 1992, and this 
past summer. The collaboration 
currently consists of over 440 physi­
cists, including 142 graduate stu­
dents from the United States, Italy, 
Japan, Canada, and Taiwan. 

(The DO collaboration, CDF's 
companion experiment at the 
Tevatron, has seen a few similarly 
interesting events but these do not 
emerge significantly from the back­
ground.) 
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