The top quark reconstructed mass distribution for the b-tagged W + > 4-jet events (solid line).
Also shown are the background shape (dotted line) and the sum of the background plus t
Monte Carlo calculations (dashed line) for a top quark mass of 175 GeV/c2 with the back-
ground constrained to the calculated value of 6.973 events.

mimic, instead, the complex features of bio-
logical evolution based on simple rules so
that interesting generalisations can be
developed. The main finding is that most
models demonstrate self-organized critical
behaviour, as in sand piles, earthquakes,
efc. Indeed, numerous models lead to an
unstable critical state. When perturbing this
quasi-steady state, the evolution process
always self-organizes into the same critical
steady state having, as a consequence, the
same appearance. The dynamics of the per-
turbations show power-law behaviour. Self-
organized criticality of this type is some-
times said to be on “the edge of chaos”
since a small perturbation can cause an
accidental and unpredictable endless dissi-
pation.

Postulating the self-organization between
chaos and order as the basic rule for life
evolution is plausible because this beha-
viour can only evolve if small mutations
have small but finite effects. If they have no
effect (i.e., they are deep in the ordered
region), mutations cannot drive evolution;
for catastrophic effects (i.e., deep in the
chaotic region), a single mutation can des-
troy almost everything. This leads one to
speculate whether the physical and univer-
sal rules for quarks and atoms which lead to
self-organization into a critical state also

apply to the emergence of complexity and
living organisms.

The physics community’s contribution to
understanding evolution will bear much
upon the study of self-organized criticality
presented by “artificial” (but biologically
motivated) computer systems. The concept
of critical self-organization is recent and a
general formalism of such behaviour is still
lacking. Ideas will take time to mature,
hopefully not on a geological timescale.

One should, for example, look whether
additional biological constraints lead to the
emergence of evolution process(es) from
self-organized criticality. Fundamental and
philosophical questions about evolution and
the origins of life, as well as how many types
of life can exist, are raised as a result. Com-
puters can search for some answers. It is
also necessary to identify which “pertur-
bations” force natural systems to evolve
towards a particular “steady-state”. Finally,
it will be important, but very difficult, to
study transient effects that today defy a
systematic description.
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On 24 February 1995, both the CDF and DO
Collaborations at the Fermilab Tevatron Col-
lider submitted papers [1] detailing new and
convincing evidence for the existence of the
top quark. These papers confirm with signi-
ficantly increased statistics evidence from
CDF announced in April 1994 [2].

Top quarks are produced as particle-anti-
particle pairs in p-p collisions, and because
of their large mass (>170 times that of
the proton) are produced very rarely. From
~ 108 events recorded on tape by the
experiments, the CDF and DO Collabora-
tions reported respectively 43 and 17 events
consistent with t-quark production. The new
results correspond to a data sample cor-
responding to an integrated luminosity of
= 117 pb-1, as compared with the = 19 pb-1
used for the previous CDF analysis. This
huge increase in statistics has been made
possible by continued and higher intensity
operation of the Fermilab collider.

Top quarks decay to a W-boson and a
b-quark, and the W-boson decays into either
leptons or quarks. Events for which both
W-bosons decay into leptons (e or u) result
in a striking high transverse momentum Py
opposite-sign dilepton (e, w) signature with
associated missing transverse energy from
undetected neutrinos and at least 2 b-quark
jets. Both experiments are able to detect
this production and decay chain with good
efficiency. The CDF experiment reports a
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signal of 6 events with an estimate back-
ground from non-tf sources of 1.3 + 0.3
events. Of the 12 possible b-quark tags in
this event sample, 5 b-tags are observed
after applying CDF identification criteria,
compared with 3.5 expected, and 0.5 from
a background sample (see below). The DO
experiment reports 3 dilepton events with an
expected background of 0.65 + 0.15 events.

Events for which one W-boson decays
into leptons and the other into quarks are
more plentiful (30% of all the events decay
in this way). However, the background from
QCD W-production processes with asso-
ciated jet activity is large, and in both experi-
ments b-quark tagging is used to reduce
the W-background. This is done in each
experiment by identifying low-Pt charged
leptons near the jet resulting from semi-
leptonic b-quark decay, and more impor-
tantly in CDF by using a high-resolution
silicon tracking detector (SVX) to directly
reconstruct the offset vertices (up to several
mm) from b-decays.

The performance and acceptance of the
SVX was significantly upgraded prior to the
current run. From 21 (W + 2 3 jets) having at
least one SVX tag (a total of 27 tags are
recorded), the expected background from
non-t processes is estimated to be 6.7 + 2.1
tags. For the soft lepton analysis, CDF
records 23 tags in 22 events, with 15.4 + 2.0
tags expected from background. The equi-
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valent result in DO is 17 lepton + > 3 jet
events with a background estimate of 3.9
+ 0.6 events (this sample includes 6 low-Pt
muon tags from semileptonic b-decay, with
a background of 1.2 £+ 0.2 events).

The event samples and associated back-
ground uncertainties noted above reflect the
differing capabilities of the two experiments;
the CDF experiment uses to advantage its
excellent secondary vertex reconstruction
capability (SVX), while the DO experiment
benefits from its outstanding muon-detector
and calorimeter coverage.

From these data the probability of a fluc-
tuation of the background to produce the
observed signal is estimated as < 2 x 10,
corresponding to 4.6 (4.8) standard devia-
tions for the DO and CDF experiments,
respectively. Also in agreement, the t-i pro-
duction cross-section in p-p interactions at
the centre-of-mass energy Vs = 1.8 TeV is
measured to be respectively 6.4 + 2.2 pb
and 6.8’_'%;? pb, for the quoted t-quark mass
values. The results are in reasonable agree-
ment with theoretical expectations.

Several concerns of the previous CDF
analysis, e.g., the measured cross-section
and the excess of W+4-jet events compared
with W+jet QCD predictions, have been
resolved by the increased statistics.

From the sample of W+4-jet events,
each experiment has performed a t-quark
mass reconstruction. The CDF experiment
estimates the t-quark mass to be 176+
8(stat)£10(sys) GeV/c?, to be compared with
an estimated mass given as 174+10(stat)
+13(sys) GeV/c2 in the 1994 data. The
t-quark reconstructed mass is shown in the
figure. The significant systematic uncer-
tainty results primarily from uncertainties on
the mass-dependence of the background,
and on uncertainties on the effect of gluon
radiation. The challenge within CDF is now
to reduce both the statistical and systematic
uncertainties on the mass measurement to
a level that constrains the allowed values of
the Higgs mass (assuming validity of the
Standard Model). To this end, each experi-
ment is likely to double its data sample
in the current collider run late in 1995. The
DO experiments estimates the mass to be
199* 13 (stat)+22(sys) GeV/c2; this result is
not inconsistent with the CDF result.
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