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Abstract. The commonly used detection test statistic for Cherenktestepe data is Li & Ma
(1983), Eqg. 17. It evaluates the compatibility of event dsun an on-source region with those in a
representative off-region. It does not exploit the tydickhown gamma-ray point spread function
(PSF) of a system, and in practice its application requiteeeassumptions on the symmetry of the
acceptance across the field of view, or Monte Carlo simulatiMAGIC has an azimuth-dependent,
asymmetric acceptance which required a careful review tefatien statistics. Besides an adapted
Li & Ma based technique, the recently presented generaliRdstatistic of [1] is how in use. It

is more flexible, more sensitive and less systematics+affiebecause it is highly customized for
multi-pointing Cherenkov telescope data with a known PS&.présent the application of this new
method to archival MAGIC data and compare it to the other,Mi&based method.
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MAGIC [2] is a Cherenkov telescope system that comprises laxge telescopes
and cameras with fields of view (FOV) ofS3 in diameter. The sensitive trigger area
diameters are about® and 24°. This comparably small area leads to a stereoscopic
gamma-ray FOV that is not circularly symmetric and whosepshitates with the
azimuth angle of observation. Uniformity-based backgobestimation methods like in
[3] cannot reliably be applied, neither for skymapping nmuirge detection in general.

SOURCE DETECTIONWITH MAGIC

What has become the standard way of source detection withIK2A&% least at low ener-
gies, is to observe several positions around the targets@aordinate (wobble mode),
and apply the so-calle@ff-from-Wobble-Partne(OfWP) method. In this scheme, the
on-source event count of a given wobble set is compared toffreunts extracted
from one or more other wobble sets, using the same focal maorlinate as the on-
data (Fig. 1, left). The off-counts have to be scaled to thelata, either by effective
observation time or background rate. The data of differestible sets are summed up,
and the test statistic of [4], Eq. 17 can be applied, assumrneffectiven-parameter of
e = 2 @ N/ 3 2, NOT wherea,, are the normalization factors of the wobble sets
w. The validity of this method is a plausible approximatiomlifa,, are similar, but is
uncertain if not. This happens in unbalanced wobble dat&whk particularly likely to
happen if the data are binned in azimuth and randomly sizeitbpe of events can oc-
cur. A second drawback is that in Li & Ma, Eq. 17, the gammaR8&¥ is not exploited,
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FIGURE 1. Left: The Off-from-Wobble-Partner scheme in a 4-wobbleaylation. Right: Distributions
of squared distance between gamma direction and sourdepdsf) for high- and low-energy cuts, using
OfWP (top row) and 1RR (bottom row) methods, and the Li & Ma, Efjtest statistic.

although it is a well-known performance parameter that adp to distinguish a signal
from a background fluctuation. Finally, the OfWP and "reftectegions” [3] methods
are only correct if the off-regions are well-separated fimotential sources, and do not
overlap with each other. This often requires manual caseasg consideration, which
is not optimal for automatic procedures.

The likelihood ratio test statistic (LRT) of [1], Eq. 16 is argeralized version of the Li
& Ma formula. It is customized to multi-wobble Cherenkowestope observations. The
generalized LRT accommodates that the data are taken wuganiobble sets, through-
out several "operating conditions" (azimuth or zenith angleather, ...), and that a sig-
nal, if present, will appear with a possibly known PSF shdje calculation involves
the numerical determination of relative excess parameteisy, which describes the
amplitude of the signal relative to the background.

TEST DATA SET AND STANDARD ANALY SIS

We use a data subset that comprises two wobble sets in wheafado galaxy IC 310
can marginally be detected at off-axis angles &50 and 10° from the observed
coordinates (see [5] for the physics discussion and arsabfsthe full data set). We
tested the detection significance for two energy cutsq0 GeV,> 300 GeV), using pre-
defined, multi-purpose event selection cuts. On the rigte sf Fig. 1 is a comparison
of detection plots using OfWP and one reflected region (1RR,[3]). Clearly, OfWP

and 1RR are consistent at high energies, but show a sigriifiiiarence at lower

energies. This behaviour is not exceptional, and studiee dath off-data show that



in those cases, OfWP deals better with the inhomogeneokgtmod acceptance and
is generally more reliable.

APPLICATION OF THE NEW TEST STATISTIC

The generalized LRT is implemented in two steps. In the fiegh,swhich is part of the
MAGIC analysis package MARS [2], the gamma-ray events,im@-tand observation
coordinates are filled into MARS-independent ROG@ilstograms and containers. The
data are binned in ranges of azimuth angle to account fottlieging acceptance shape.
In the second step, the on-source significance and sigriicakymap are calculated.
This latter part uses only ROOT routines and is easily apple to data of other
experiments as well. The whole procedure is automaticang.number of data sets
are combined without any manual effort. The determinatibpsQ, is done using the
method of Ridders [6].

Trials and self-consistency check

The skymaps shown in Fig. 2 are calculated in a fine grid of sirdinates, leading
to correlated significance values. Therefore, the sigmedistributionsare calculated
using a much rougher grid with stepsgf V270, whereo is the gamma-ray PSF. This
rough scan is repeated 9 times with offsetg(8, in order not to miss a source. These 9
subscans are conservatively taken into account as indepetrdls.

Instead ob?-histograms, the generalized LRT method provides a skymesignif-
icance distribution. This is a much more complete consgsteheck since the Gaussian
nature of the significance value is verified for every detegtwhich is not possible in a
62-histogram detection.

RESULTSAND CONCLUSION

The generalized LRT method was first tested using obsenstbsky regions without
known sources (off-data). No source was found, and thefgignce distribution was
Gaussian as expected. Figure 2 shows the significance skyamapdistributions for
high- and low-energy cuts, and also a skymap where the s@uresrporated in the null
hypothesis (middle column of Fig. 2). The on-source sigaifees are .60 (5.60) and
6.50 (5.20) pre-trial (post-trial), respectively. The significanaG® somewhat higher
than the above OfWP significances, and no systematic instemsly is found at low
energies. The source-including skymap leads to a Gauswstibdtion with a post-trial
significance of 20 - i.e. no additional source is detected.

Concluding, the generalized LRT method [1] was successfyplied to MAGIC data
and, as claimed, tends to be more sensitive than the testistat Li & Ma, Eq. 17. It

1 http://root.cern.ch/
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FIGURE 2. Significance skymap and distribution for the high-energy(su300 GeV, left), including
the source into the null hypothesis 800 GeV, middle), and for low energies (00GeV, right). The
distributions use a rougher sky grid than the skymaps (t@azarrelations, see text). The dotted line is a
Gaussian function{= 0,0 = 1).

was implemented as a stand-alone ROOT macro that can beafipkibly and without
manual selection of off-regions.
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