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Fuzzy Clustering for High Energy Physics
Data

Content :
In high energy physics experiments, various types of detectors are used to measure
the characteristics of a large number of particles emitted in collisions. In order to
extract information and reconstruct the characteristics of the various incoming
particles, clustering is required to be performed on the detector’s plane.

Hard clustering techniques such as Local Maxima Search, Connected-cell Search and
K-means Clustering simply assign a data point to a cluster. A data point either lies
in a cluster or it does not, and so, overlapping clusters are hardly distinguishable.

Fuzzy c-Means (FCM) clustering [1] is a version of the k-means algorithm that
incorporates fuzzy logic so that each point has a weak or strong association to the
cluster, determined by the inverse distance to the centre of the cluster. The term
fuzzy is used because an observation may in fact lie in more than one cluster
simultaneously, though to different degrees called ‘memberships’, as is the case
with many high energy physics applications. The centres obtained using the FCM
algorithm are based on the geometric locations of the data points. In order to
determine how well a set of cluster centres fits the data, a number of validity
indices have been introduced in the literature [2].

Clustering performed on simulated clusters using the FCM algorithm and a validity
index succeeded in identifying clusters that were uniformly spread, irrespective of
whether they were overlapping.

However, for non-uniformly spread data, FCM could not easily identify the clusters.
A dynamic version of the algorithm, called dynamic Fuzzy c-Means (dFCM) clustering
[3], was studied. It allows data points to stream in one at a time and generates or
eliminates clusters as required, thereby adapting to the pattern of the data. The

dFCM algorithm could easily identify clusters that both overlapped and were non-
uniformly spread.

The dFCM algorithm has been applied to high energy physics data, performing better
than current clustering methods used in this field. The details of the dFCM
clustering technique along with the results will be presented.
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