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During its first 2 years of operation, the gamma-ray AGILE satellite almost completed a full study of the

gamma-ray sky. This paper presents the preliminary results of the systematic study performed on the

AGILE data to search for GeV counterparts and to derive flux upper limits of the TeV sources detected by

various instruments (MAGIC, HESS, VERITAS, Cangaroo, MILAGRO, ARGO,. . ..).

& 2010 Elsevier B.V. All rights reserved.
1. Introduction

The space program AGILE (Astro-rivelatore Gamma a Immagini

Leggero) is a high-energy astrophysics mission [1] supported by
the Italian Space Agency (ASI) with scientific and programmatic
participation of INAF, INFN, several Italian universities and other
research institutions.
ll rights reserved.

ppoldi).
The AGILE satellite was successfully launched on 2007 April 23
from the Indian base of Sriharikota. The AGILE instrument is made
of three detectors—surrounded by an anticoincidence system
[2]—with broad-band detection and imaging capabilities:
�
 The Gamma-Ray Imaging Detector (GRID) is sensitive in the
energy range 30 MeV–50 GeV and consists of a silicon–
tungsten tracker, a CsI calorimeter, and an anticoincidence
system. The GRID is designed to achieve an optimal angular
resolution (source location � 0:253 for intense sources) and an
unprecedentedly large FOV (� 2:5 sr) [3].
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Fig
Cat
The hard X-ray imager (SuperAGILE) is a coded mask imager
placed on the top of gamma-ray detector and sensitive in the
energy range 18–60 keV, with an optimal angular resolution
(6 arcmin) and a FOV of about 1 sr [4].

�
 The Mini-Calorimeter (MCAL) is part of the GRID, but it is also

capable of independently detecting GRBs and other transients
in the 350 keV–100 MeV energy range with optimal timing
capability [5].

The data collected by AGILE GRID during the first two years of
operation of the satellite has been automatically analysed with
the aim of measuring or giving an estimate of the GeV flux of the
known TeV gamma-sources detected by other experiments, in
different time periods, giving the opportunity to search or to
identify the correspondent counterparts also in High Energy.
Fig. 2. Total AGILE GRID exposure map accumulated in about two years of

operation. The exposure values are expressed in cm2.
2. TeV sources in the TeVCat

The analysis presented in this paper has been accomplished
selecting the sources described into the web-based catalog TeVCat

[6]. At present, the catalog contains a total of 110 TeV sources; 75
of those—shown in Fig. 1—are classified as Default Catalog and are
published on refereed journals.

These sources have been considered in our analysis. We
decided to use the TeVCat, since it is constantly updated with the
new TeV sources being detected and published by the various
Observatories. TeVCat lists also the basic properties of the various
sources (location, type, distance, possible association, discoverer,
. . .). Currently some source classes have been clearly identified,
such as extragalactic objects (Blazars and Radio Galaxies), Super-
novae Remnants, Pulsar Wind Nebulae, Very High Energy Sources,
Gamma-ray Binaries, and Dark Sources [7]. Our analysis is
currently being performed for both extragalactic and galactic
sources in a systematic way as described below. Moreover
detailed source morphology studies will be developed on some
specific targets.
3. Data analysis procedure

The whole sample of AGILE GRID data are grouped in
Observation Blocks (OB), each of which corresponds to a different
pointing of the satellite in the sky (defined by the galactic
coordinates l and b) and may have a different duration (ranging
from one day to � 30 days). Among them, a set of 79 OBs,
covering the period from 2007 May 24 to 2009 April 15, with a
total observation duration of 690 day, has been analysed.

Due to the main goals of the AGILE mission, the satellite was
principally pointed to observe the two regions of the galactic
plane around to l¼ 903 and 2703, as shown in the exposure map of
. 1. Simplified map of the 75 TeV sources described in the TeVCat ‘‘Default

alog’’. About 1
4 of the sources are locate far from the galactic plane.
Fig. 2. Clearly, this characteristic is not optimal for the TeV sources
detection—especially for what concern the extragalactic
sources—as can be seen comparing the AGILE GRID exposure
map with the TeV sources distribution shown in Fig. 1.

An automatic procedure has been created and executed in
order to select all the possible known TeV sources that may give
some meaningful results with the AGILE data, adopting the
following criteria.

Within each pointing, only the TeV sources located at an
off-axis angle lower than 403 (with respect to the GRID axis, i.e.
the pointing center) are considered, to grant the best event
selection and accuracy in the g�ray reconstruction. Under these
conditions, 73 sources over 75 of the TeVCat catalog (53 on the
galactic plane, 20 extragalactic) result to have useful exposition,
giving a total of 773 observation slots (608 galactic and 165
extragalactic), defined as a delimited region of the sky centered on
the selected TeV source, observed during a given OB. For each
observation slot the relevant maps (counts, exposure and galactic
diffuse background) are generated, with the two different energy
threshold EgZ100 and 400 MeV.

All these maps are centered on the selected TeV source
position, and have the size of 153

� 153, divided into 101� 101
bins of 0:153

� 0:153 each one.
The count maps are generated using the event filter named

FT3ab, that is characterized by a very good track reconstruction
and event selection up to angle of � 503 with respect to the GRID
pointing axis, allowing a high confidence analysis of the selected
TeV sources.

The source detection is accomplished by means of a multi-

source likelihood algorithm, fixing the position of the source on its
known coordinates (as given bt TeVCat catalog) and taking into
account the position and the flux of all the other known
g�sources situated within a radius of 103 from the analysed TeV
source, as listed on the EGRET [8], AGILE [9] and FERMI [10]
catalogs. When a known source is listed in more than one of such
catalogs, the position and the flux of the correspondent source
with the best accuracy is taken.

The detection algorithm returns the ratio between the like-
lihood L0 of the null hypothesis (diffuse background only) and the
likelihood L1 of the alternative hypothesis (presence of a point-
like source). More precisely, using the Test Statistic (TS) defined,
according to the Wilks’ theorem [11], as

TS¼�2logðL0�L1Þ

the significance of a source detection with number of counts N

large enough (NZ20) is given by a standard deviation s equal to
ffiffiffiffiffi

TS
p

.
The maximum likelihood algorithm gives the computed value

of the flux for the detected source; if TS43 it represents the
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estimated flux of the TeV source into the selected energy range,
otherwise it has to be interpreted as an upper limit at a
confidence level of 95%.
Fig. 4. Counts map of the source TeV J0240+611 (identified as LSI +61 303),

located at l¼ 184:563 , b¼�5:783 , with energy threshold EgZ100 MeV. The black

circle represents the known gamma source 3EG J0229+6151 near to the analysed

TeV source.
4. Results

Applying the described analysis procedure on the whole data
set described in the previous section, the flux values (or the flux
upper limits) are computed for many TeV sources during the
different OBs.

In particular, using the energy threshold EgZ100 MeV, the flux
can be estimated for 73 TeV sources, whereas the flux is computed
for 69 TeV sources when the energy threshold EgZ400 MeV is
considered.

For several TeV sources the flux value is available for many
different OB, allowing to determine the corresponding light curve.

In the following only few cases will be shown as meaningful
examples of the obtained results.

4.1. Crab

The TeVCat catalog reports the TeV source named TeV
J0534+220, identified as the Crab pulsar located at l¼ 184:563,
b¼�5:783. This source was used as a calibration source at the
beginning of the AGILE satellite operation time both for the GRID
and SuperAGILE, and hence it is well visible in many OBs.

Fig. 3 shows the count map, centered on the Crab coordinates,
obtained with the data of the OB starting at 2008-08-31 12:00
(UT) and ending at 2008-09-10 12:00 (UT), with an energy
threshold EgZ100 MeV.

The position of the source TeV J0534+220 corresponds to that of
the known gamma sources 0FGL J0534.6+2201, 1AGL J0535+2205
and 3EG J0534+2200, not reported in the picture.

The black circles represent the other known gamma sources
near to the analysed TeV source. In particular, 3EG J0516+2320,
3EG J0520+2556, 3EG J0521+2147 are completely visible, and
3EG J0542+2610 is partially visible on the upper part of the map.

The flux of TeV J0534+220 measured on this OB is

ð204:3722:8Þ � 10�8 ph cm�2 s�1 ðEgZ100 MeVÞ

ð36:076:3Þ � 10�8 ph cm�2 s�1 ðEgZ400 MeVÞ
Fig. 3. Counts map of the source TeV J0534+220 (identified as Crab), located at

l¼ 184:563 , b¼�5:783 , with energy threshold EgZ100 MeV. The black circles

represent the known gamma sources near to the analysed TeV source.
fully compatible with the following result published on the First

AGILE Catalog of High Confidence Gamma-Ray Sources [9]

ð220715Þ � 10�8 ph cm�2 s�1 ðEgZ100 MeVÞ

4.2. LSI +61 303

This source, reported on the TeVCat catalog with the name TeV
J0240+611, is located at l¼ 184:563, b¼�5:783. This position
corresponds to the known gamma sources 0FGL J0240.3+6113,
1AGL J0242+6111 and 1AGL J0242+6111.

Fig. 4 shows the count map relative to the OB from 2009-01-19
18:00 (UT) to 2009-02-28 12:00 (UT), with an energy threshold of
100 MeV. The measured flux in this period is

ð40:178:6Þ � 10�8 ph cm�2 s�1 ðEgZ100 MeVÞ

ð4:971:8Þ � 10�8 ph cm�2 s�1 ðEgZ400 MeVÞ

that is in good agreement with the correspondent value

ð54712Þ � 10�8 ph cm�2 s�1 ðEgZ100 MeVÞ

published on the First AGILE catalog.

4.3. Markarian 421

This source, located at l¼ 179:83, b¼ 65:03, is reported on the
TeVCat catalog as TeV J1104+381 and has correspondence with the
known gamma sources 0FGL J1104.5+3811, 1AGL J1104+3754 and
3EG J1104+3809.

Since this source, shown in Fig. 5, is quite far from the galactic
plane, the exposure accumulated by AGILE GRID in this region is
rather low, and the flux calculation allows to obtain only the
upper limit for all of the 5 OBs in which the source was visible.

The flux upper limit computed for the OB starting on 2008-06-09
18:00 (UT) and ending on 2008-06-15 12:00 (UT) is

ð34:6716:0Þ � 10�8 ph cm�2 s�1 ðEgZ100 MeVÞ

This is comparable with the more accurate value specifically
computed with a most detailed procedure when an evident Mkn
421 flare occurred in June 2008. In the published results [12] the
measured flux resulted from an integration over the whole 5-day
period (� 260 ks) from 2008-06-09 17:02 (UT) to 2008-06-15



Fig. 5. Counts map of the source TeV J1104+381 (identified as Markarian 421),

located at l¼ 179:83 , b¼ 65:03 , with energy threshold EgZ100 MeV.
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02:17 (UT) is

ð42þ14
�12 Þ � 10�8 ph cm�2 s�1 ð100 MeVZEgZ10 GeVÞ

5. Conclusions and discussion

The automatic analysis performed on the known TeV sources
using the AGILE GRID data collected during the first two years of
operation has produced some meaningful preliminary results,
that can be compared with the First AGILE Catalog of High

Confidence Gamma-Ray Sources results and with those obtained
by the other VHE experiments.

The used automatic procedure allowed to extract the flux
values for 73 sources—both galactic and extragalactic—in several
different time periods, and with different energy thresholds.
In some case the automatic detection needs to be improved,
applying a dedicated and more specific control on defining the
conditions due to the presence of other gamma sources in the
region of interest.

These results and the analysis procedure will be the subject of
a forthcoming paper, and will be the basis of a detailed study of
the TeV sources in the GeV energy range.

In the following paper we will analyze in more detail both the
flux values and the source location of the tentative GeV counter-
parts of the TeV sources, since at present only few common
sources are found in terms of positional coincidence and spectral
consistency [13].
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