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We present the results of a systematic search for gammaaregien from known and uniden-
tified TeV sources, using the data collected by the AGILEIk&tén observing pointing mode
in the energy range above 100 MeV. We found tha@4% of the analysed TeV sources sample,
extracted from the online TeVCat catalog, show a signifiexcess in the AGILE data collected
during the pointing observation period, from July 9, 200Dtober 18, 2009. We plan to extend
this analysis also to the AGILE data collected from Noven@9 on, obtained by observing
each day a large portion of the sky in spinning mode.
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1. Introduction

After more than a decade of operation, the current generafiground-based high-sensitivity
imaging atmospheric Cherenkov telescopes (H.E.S.S., MA&hd VERITAS) have now detected
more than 150 VHE gamma-ray sources. These comprise mdayetif source classes: pulsars
and their nebulae, supernova remnants, X-rays binaryregst@nd active galactic nuclei. Moreover
a significant fraction of them~{ 20%) still remains unidentified (UNID), and multi-wavele¢ing
observations are needed both to identify the possible egpautts of the UNID, as well as to un-
derstand the emission mechanisms of the Vekays.

Previous studies on the positional and spectral conneofi@eV to TeV y-ray sources per-
formed on EGRET and Fermi-LAT satellite data indicate irtipafar that a single spectral compo-
nent seems often unable to describe the MeV to TeV spectrany§ oincident GeV/TeV sources,

This search is particularly relevant since the two adjaesergy ranges may probe different
regions of the source spectra, so we performed a systenmatigsés on a sample of the known TeV
sources with the purpose of detectipgray emission associated with the TeV sources using the
AGILE MeV-GeV y-ray satellite data [1].

2. The TeV sources input sample

The online TeVCat catalog [2] is continuously updated widwrsources detected by TeV
experiments, and at the time of the analysis (June 2015acwd a total of 183 TeV sources. The
analysis was performed on a subset of 152 TeV sources, blatttigeand extragalactic, consisting
of 120 sources of the ‘default catalog’, plus 32 ‘newly anmmed’ sources. Sources flagged as
‘other sources’, ‘sources candidates’, and ‘extendedoregjialready including a compact TeV
source were excluded in the definition of the input sample.

Each sky position and extension of the TeV sources in thetseleleVCat sample has been
carefully reviewed using published data [3]. A new intekeciveb page of the catalog of TeV
sources, including this coordinate revision and givingljguaccess to light curves and spectra,
is now available at the ASI Science Data Center (ASDThe error region on each TeV source
position has been calculated by quadratically summingtiiesscal uncertainties on the position
coordinates and the systematic uncertainties on the msintipointing, when available.

3. The AGILE data set and the analysis procedure

AGILE [4] is an Italian Space Agency (ASI) small scientificggion for high-energy astro-
physics launched on April 23, 2007 in an equatorial orbitwirditial altitude of about 550 km. The
analysis has been performed using the data collected bydheAGILE instrument, the Gamma—
Ray Imaging Detector (GRID), sensitive in the energy rar@#aV — 50 GeV. The AGILE-GRID
consists of a pair conversion silicon-tungsten trackegesitim iodide mini-calorimeter, and an an-
ticoincidence system. The payload is a small cube 60 cm size, which achieves an effective area

http://www.asdc.asi.it/tgevcat/



Search of MeV-GeV Counterparts of TeV Sources Carlotta Pittori

of approximately 500 cfat several hundreds MeV, an angular resolution (at 68% tonent ra-
dius) of about 4.3at 100 MeV, decreasing below for energies above 1 GeV, an unprecedentedly
large field of view (FOV) of about- 2.5 sr.

The analysed AGILE data set covers the period of about twsy&@am July 9, 2007 (begin-
ning of the science verification phase) to October 18, 2008nd which the satellite was operated
in ‘pointing observing mode’. During this period, followgnthe main scientific program of the
AGILE mission, the satellite observation strategy was mydiocused on the Galactic plane, and
was not optimal for detecting extragalactic TeV sources.

An iterative automated procedure has been developed tgsantiie entire pointing AGILE
data set searching for possihjeray excesses correlated to the TeV sources.

Thefirst part of the procedure is the creation of the AGILE maps of coungspsure and dif-
fuse y—ray background using updated calibrations, and centere anput TeV source positions.
Maps were generated for energies-ELOO MeV, including all events collected up to°66f-axis.
The South Atlantic Anomaly data were excluded and, to elat@rthe Earth albedo contamination,
events with reconstructed directions with respect to thalga-Earth vector that were smaller than
85° were also rejected.

Thesecond partof the analysis consists in verifying if, around the inpu¥Tgosition, it is
possible to detect the presence of a signifigamay source by means of a multi-source maximum
likelihood estimator (MLE) algorithm and, if so, to try todate the best position of thg-ray
excess. An iterative MLE analysis was performed taking atoount all the already known-ray
sources detected by AGILE at the time of the analysis, assuoige point-like with simple power-
law spectra. In particular, we considered all the publisA&LE sources, consisting of a set of
65 sources obtained by combining the 1AGL/1AGLR catalog$]5and two AGL sources in the
Carina region (see also Table 2 and Table 3 of 1AGLR papauy phe additional AGL source
from a detailed analysis of the Cygnus region [7].

The significance of a source detection is evaluated by tharsqoot of the test statistitS
which for a large enough number of counts £ 20) is expected to behave ar% in the null
hypothesis. An AGILE ‘detection’ was in general defined by tlondition

NGEIEL: (3.1)

which corresponds to a statistical significance of abauttithe input TeV source position. The
search for optimised positions of tlyeray excess gives results that are considered reliable when
the MLE analysis converges well within the allowed searghdistance from the input position,
and the significance of the detection is increased.

4. Results

For significant sources according to the criteria descrdimal/e, the calculated flux value and
the corresponding error was given, while for the sourcesats$fying the detection requirement,
the estimated 95% CL upper limit was reported.

In total, 52 TeV sources show a significant excess in the AGIaE that covers the pointed
observation period, corresponding to 34% of the originah®a. The Aitoff map in Galactic
coordinates of all the detections is shown in Fig. 1. In tmalisys 26 new AGILE sources are
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found with respect to the AGILE reference catalogs , 15 ofchtare galactic, 7 are extragalactic
and 4 are unidentified. Eight sources detected by AGILE ig #malysis have no Fermi 3FGL

official TeV association, two of which do not represent nemgea-ray detections, since they have
counterparts in the already published AGILE catalogs. Thprity of the AGILE detected sources

are galactic. This might be a bias due the higher exposuteedbalactic plane during the pointing

observation period.

The spatial association of a TeV source with an AGILE soureg e due to chance. The
probability of a serendipitous association has been ewgiinay evaluating the total sky coverage,
and it is found to be 0.82 around the Galactic plane, whettea<0i08 for the other sky regions.
Therefore the chance coincidence should be O(1) over théevehy.

All the results can be found at the new AGILE interactive wesimp dedicated to the AGILE-
GRID TeV counterparts catalog: http://www.asdc.asgitégevcat/, including images of the AG-
ILE GRID intensity maps available through the "TASDC Data Expr” in the 'AGILE GRID Data
Products’ tab.
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Figure 1: Aitoff map in Galactic coordinates of all the detections @cling to the criteria specified
in the text, corresponding to TeV sources that show a sigmfiexcess in the AGILE data. See also:
http://www.asdc.asi.it/agiletevcat/
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