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ABSTRACT: We describe a pearal nebwark classifier which is wsed to find the ooconal non-
linear gamma-ray domain in multidimensional parameter space. A vismalizarion 4 pproach
based on the study of all pessible 2-dimessional projections of the gamma-ray dQeniain is

uged to delineate the boundary of the domain and explain the physical significar - of the
lape. ’ i .

1 INTRODUCTION ;

The mest sensitive detections of VHE gamma-ray sources to date have been made
by the Whipple Collaboration using their “supercuts” ‘analysis technique on data ob-
tained using a 109-pixel Cherenkov imaging camera {Punch el al. 1991). This analysis
approach uses a relatively simple linear region in 4-dimensional parameter space to
define the gamma-tay domain (see section 2 for details). It is most unlikely that
such a simple shape is optimal for signal enhincement. Numerous alternative analy-
#is approaches have been tried on the Whipple Collaboration data (cluster analysis,
singular value decomposition, neural petwork analysis, ete. — see review in Fegan
ei al. 1094) but the simple "supercuts” spproach has proved surprisingly robust. In
this paper we present an alternative approach to applying neural network classifiers
1o this type of data, and show that some improvement in sensitivity is obtainable by
departing from the hypercabic shape. A simple method is nsed for visualizing and
interpreting the cutput of the neural network. '

7 THE NEURAL NETWORK CLASSIFIER

The conventional approach in applying neural network ¢lassifiers te Cherenkov imag-
ing data is to frst train the petwork using two classes of know events — ysually
simulated gamma-ray images and either simulated nucleonic images or real off-source
images {Chilingarian, 1991, Reynolds, 1301; Hillas and West, 1881). The optimal
network parameters are selected on the basis of maximising & “classification score™,
i, the ability of the network to assign each type of event to the correct class. The
main problem with this approach is that it assumes that the Monte Carlo ganma-ray

images correctly match the real gamma-ray images in every detail. Te o cnnvent
“his uncertainty, a different approach was used to- train the neural netw: i in
“is work. No simulations were used, Instead, the training was carried out ‘e
-nal and background sample (On-source data) and a pure background =: M-
tee data). In place of the “classification score”, the significance of the sanee
etween on-source and ofLsource data was maeimized. A 4:3:1 network 15ad.

ith 4 input parameters, 3 nodes in a single hidden layer, and one output ne . .0z
. total af 15 weighted couplings and 4 thresholds. Adjustment of these 10 parameters
affectively changes the boundary of the selected region in dodimensional | runeter
space
To [acilitate comparison with the “supercuts” gamma-ray domain, W« Lhe
.me four parametsrs as inputs to the neural network classifier: width, - is-







