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Abstract

Usityg simple one-dimensional discrimination cut: on Cherenkov imaging data
Craty Nebula, the Whipple Collaboration has established this object as a
TeV' gamma rays at a high level of statistical significance. Further gains in s
shouid be possible through more sophisticated multivariate analysis of the
images. In paricular, we show that additional discrimination information is
in (differences in correlations between image paramelers associated with pr
gaMma-ray induced showers. A new discrimination algorithm is descril
impiroves the sensitivity relative to a non-imaging system by a factor
yields a 27 sigma effect on data from the Crab Nebula.

L_Iintroduction. Using the Cherenkoy Imaging technique, the Whipple Collabor
estalplished the Crab Nebula to be a steady souce of TeV gamma rays. In
al. 1(1989), a 9 sigma DC excess is reported fiom the source, while in Va
(19%1) an upgrade of the detector to a finer pixel resolution permitted a 2
eXCless to be observed over a much shorter observation span. In both of these
a Telatively simple  single dimensional discrimination analysis ('Azwidth’) is u
elimyinate (in the case of Vacanti et al) 97% of the background while retain
estirmated 60% to 70% of the signal.

It thas been proposed by various authors (eg. Zyskin and Komienko, 1989;
et ial. 1991) that sandard multivariate data analysis techniques could be
appllied to the problem of paritioning the Cherenkov image feature space. A o
elenment in many of these standard techniques is the cxploitation of co
infoymmationbetween  features  (as  in  multivardate distance metrics such

Mathalanobis  distance, for example). It is this clement which distinguishes
Muljjivariate approachss from the simpler 1-D discriminant techniques, even.
latieer are applicd in sequential or ‘majority logic’ fashion as advocated by
(19885) (in that paper, the author found on the basis of simulated data that sel
coulld be increased by demanding that at least 4 out of 6 1-D discriminants lie

£allnma domain).

2. Sclection of an Opimal Feawre Space. With the present Cherenkoy Im
deteector on the 10m reflector at Mt. Hopkins (Cawley et al. 1990), only info
regaarding the angular distribution of the Cherenkov light is recorded; other
disccriminants such as pulse duration, UV content, etc. arc not available for mo
the. daa. A multidimensional feature space may therefore be constructed
partameiers such as Width, Length, Miss, Distance, Azwidth, Compaciness and
(Weeekes et al. 1989) which distil information from the image regarding ils OMEHET
relaive to the centre of the field and its angular extent. For completeness, W& oy
testtied additional image features: 'Skew’, a measure of the image asymmelry; !
the ; angle between the major axis and the line to the centre of the field; "Elp
imagge ellipticity 'Pt. o parameter which judges the degree of pointing of the

LAN








