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The AGILE satellite, in orbit since 2007, localized up to @ur 2009 about 1 Gamma Ray
Burst (GRB) per month with the hard X-ray imager SuperAGILB (- 60 keV) (with a rate
reduced by a factor 2-3 in spinning mode) and is detectingratd. GRB per week with the
non-imaging Mini-Calorimeter (MCAL, 0.35 - 100 MeV). Up tmw the AGILE Gamma Ray
Imaging Detector firmly detected four GRBs in the energy Hagttveen 20 MeV and few GeV. In
this paper we review the status of the GRBs observation w@hLE and discuss the upper limits
in the gamma-ray band of the non-detected events. Moreo@tL R is detecting hundreds of
Terrestrial Gamma-ray Flashes (TGFs) with the MCAL instemt Thanks to the MCAL energy
range extended up to 100MeV and its flexible trigger logiculmsillisecond time scales, AGILE
is adding a wealth of observations which pose severe cansteen production models. In this
presentation we will describe the characteristics of thdl&&TGF sample. Finally we present
the first precise localization study of TGFs from space,iedrout at gamma-ray energies above
20 MeV with the AGILE gamma-ray imager.
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GRBs and TGFs with AGILE

1. The AGILE satellite

Launched on April 2007, AGILE[]1],[]2] is a small scientific satellite of thalian Space
Agency (ASI) operating at a low inclination (2)bLow-Earth Orbit at 540 km altitude and is
devoted to the observation of the sky in the hard X-ray and gamma-ragyebands .

The AGILE payload is composed of two co-aligned imagers: the hard Xa@yitor Super-
AGILE [B], sensitive in the 18-60 keV energy band with a field of view~oflL sr and an angular
resolution of 6 arcmin, and the Gamma Ray Imaging Detector (GRID, [4])rarpaking tele-
scope based on a tungsten-silicon trackgr [5], sensitive in the enargyfoom 30 MeV to few
GeV with a field of view of- 2.5 sr and a point spread function ranging betweefi @6100 MeV)
and 1.5 (at 1 GeV). The Minicalorimeter (MCAL[]6]) of the gamma-ray imager, laase CsI(TI)
scintillating bars, can independently detect transient events at MeViesgergsing a dedicated
trigger logic acting on several time scales spanning four orders of magniteitveen 29Qis and
8 seconds[]7], in an almost all-Sky field of view with maximum sensitivity at agleaaf roughly
90° with respect to the satellite boresight.

2. Observation of GRB with AGILE

Both SuperAGILE and MCAL are equipped with on-board triggering atpors (see[[8] and
[[A] respectively) developed to detect short gamma-ray transientsesesch Gamma Ray Bursts
(GRBs) and Terrestrial Gamma-ray Flashes (TGFs). Dedicated telenaekets are introduced in
the data stream to downlink the trigger information. Since the beginning of tHeEAGperations,
SuperAGILE and MCAL are active members of the InterPlanetary Net{i®¥d). On November
2009 AGILE suffered a malfunction to the reaction wheel and, after that timeesatellite is work-
ing in a spinning operative mode, with an angular velocity~00.8" per second around the axis
pointed toward the Sun and scannirg/O % of the Sky every orbit. In pointing operative mode
the localization rate of SuperAGILE was 1 GRB per month and it is now reduced of a factor of
2 - 3in spinning mode. The MCAL detection rate~Nsl GRB per week and is not affected by the
spinning operative mode. Until March 2011 the AGILE GRID firmly deteciaar {GRBs in the
gamma-ray band: GRB 0805148 [9],[10], GRB 09040[LB [11], GRBZD [1?], [13], [1#] and
GRB 100724B[[15]. Two more GRBs (GRB 080721 and GRB 08100IysHdower significant
detections in gamma-rays.

The large field of view of the GRID allows to simultaneously observe abaifitih of the Sky.
Motivated by the fact that significant gamma-ray emission is observeddrdyna small fraction
of GRBs, corresponding to few events per year taking into account @ik and Fermi/LAT
detections, we estimated the upper limits on the flux of GRBs within the GRID fieldeof v
between July 2007 and October 2009, localised by SuperAGILE, Swilt/BATEGRAL/IBIS,
Fermi/GBM and IPN. Our sample is composed of 68 bursts, of which 40 Ipeatral information,
publicly distributed through the GCN Circulars by Konus-Wind, Suzaku/Wand Fermi/GBM.
We estimated the upper limits using a Bayesian approach and following the metipmbsed by
[Lq] and [IT]. When available, the spectral model from the publicly abklanformation is used
to calculate the flux upper limit and to extrapolate the available flux to the enargyletween 30
MeV and 3 GeV. In the other cases, we adopted for these calculationgdtega values measured
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by BATSE for the photon index of an exponential cutoff and for the higgrgy photon index of a
Band function. We found that the calculated upper limits are constrainingcthegpelation of the
Band spectrum for- 10% of the GRB$[18]. We are still investigating the consequences of such
constraints on the emission models.

A remarkable case of this behaviour is the long GRB 090618, localised lify and
also by SuperAGILE (in a consistent position) and detected by the MGAL [5RB 090618
is characterised by a remarkable fluence o2¢30.6)~° erg cn?, measured by MCAL in the
energy band between 350 keV and 100 MeV. The GRB has a steepuspéotthe same energy
band, with a photon index of -3.1f ]20] by MCAL, and is not detected in gairays by the GRID.
The interested reader can find the details and the complete analysis of trdiopis of GRBs in
the GRID in a forthcoming papef [}L8].

The ongoing observation of GRBs with AGILE and Fermi is showing that argynall sub-
sample of events emits in gamma rays. In fact, the overall detection rate of dtetlitess is~
10 bursts per year, consistent with current estimdtds [21]. From theadatgsis it is emerging
that GRBs emitting in the GeV band are also bright at lower energy. In fa@nalysis of eleven
GRBs detected by Fermi/LAT until October 2009 shows that the fluence miF&BM (8 keV -
10 MeV) of these events belongs to the highest tail of the distributidn [2®nFhe AGILE and
Fermi observations we can see that the GeV emission of GRBs is simultan¢oegtompt phase,
often with a delayed onset and extended emission. Some events have trepsatred shape from
keV up to GeV energies, modelled by a single Band function (for example G&B14B, [[P]),
while in other the gamma-ray emission is fitted by additional components, asdonds in GRB
090510 [IR]JIB]) or GRB 090902B below 50 keV and above 100 M23}.[

Up to now the afterglow of only two GRBs detected in gamma-rays, GRB 090 and
GRB 090510 [14], has been observed by Swift witl20 s delay after the prompt emission. In
our analysis we investigated the GRID data of the sample of GRBs within ouofigldw and we
did not find any significant gamma-ray afterglow emission until 3600 s aftgger [18§].

3. Observation of TGFswith AGILE

Thanks to its flexible trigger logic on sub-millisecond time scafgs [7], MCAL ptbwo
be a very efficient instrument for TGF detection. The average MCAL dfiete rate is~ 10
TGFs/month, with the current severe selection criteria based on hardatesand fluence[[24].
AGILE is one of the only 3 currently operative space instruments capdlaetecting TGFs, to-
gether with RHESSI[[25] and Fermi-GBNI [26].

TGFs have been associated with strong thunderstorms mostly concentridte&arth’s equa-
torial and tropical regions, at a typical altitude of 15-20 Knj [27]. Thegyaphical and local-time
distribution of the AGILE TGF sample detected between June, 2008, anddar2010 shows
evidence for events clustering on the African continental region andoilth-®ast Asia. The geo-
graphical distribution, strongly peaked over continental areas, matizhesstribution of lightnings
over the equatorial region, confirming the association of the TGF phermmeith thunderstorm
activity. The local-time distribution, peaked over the mid-afternoon howfeat the thunder-
storm activity over equatorial areas as well. The geographical antttiooa distributions are in
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good agreement with those of the RHESSI sample, provided the same latitugtalirfgeonsid-
ered [24][28], strongly suggesting that the two instruments detect ¢ensjsopulations.

The main AGILE discoveries in TGF science during two and a half yearsheémwations
are the following: the TGF spectrum extends at least up to 40 Mel [24]hidje energy tail
of the TGF spectrum is harder than expected and cannot be easily @playnprevious theo-
retical models[[49], based on bremsstrahlung emission in the atmospheris kgya population
of runaway electrons accelerated to relativistic energies by strongieléetds inside or above
thunderclouds[[30][31].[32]; TGFs can be localized from spacegusie incoming direction of
high-energy photons detected by the AGILE silicon trackelr [33].

In the period between June 2008 and December 2009 the MCAL instrunmgoered 119
bursts identified as TGFs according to the selection criteria discussgd]infad each of these
bursts, the GRID dataset was searched for quasi-simultaneous gamegenas within a 200 ms
time-window centered at the TGF start time TO, defined as the time of the firstLVjivton
associated with the TGF. A peak in the time-of-arrival distribution is evidenthfe 2 ms time bin
immediately following TO. This peak includes 13 events, and the probability folie a statistical
fluctuation (13 events or higher) is%x 1019 if we assume that GRID events are not correlated
to TGFs and are distributed according to the Poisson law with the measunedj@vate of 5.1
counts/s. All these GRID events take place during the TGF emission time inéstiralated from
MCAL data only. Among these 13 GRID events, 9 of them have incoming direcbmpatible
with the Earth, an average energy of 60 MeV, and can be directly assd¢@mthe TGF[[33]. All
TGFs in the selected sample have one associated GRID event exceph#rkakle case of TGF
12809-19, for which two closely spaced GRID events were detected. indoming directions
of the 9 selected events appear to be clustered close to the subsatellite fthiranvaverage
(maximum)g angle (the angle between the photon direction and the satellite nadir) 6f(35.2)
and distance to the subsatellite point of 260 km (390 km). All 9 events ataioed within a 1.14 sr
solid angle, a factor 3.4 smaller than the solid angle subtended by the Earéhsattdiiite altitude
of 540 km, which corresponds to a maximum visibility projected distance radius 2600 km
from the satellite footprint. If the GRID events originate directly from the TG&dpction site,
these results are consistent with a distance to footprint less~200 km estimated for RHESSI

TGFs using sferics datf [BIIBHL,1341.1371.

4. Conclusions

Thanks to its capabilities, several important results on GRB and TGF sociezrecobtained.
AGILE detected few GRBs but representing all the main features pr@segBRB high energy
domain, such us delayed onset, spectral extra-component and ekeangsion. The Upper limits
that AGILE derived are useful to exclude the presence of an extrponent at the same fluence
level as the low energy emission in most of the GRB in its field of view. The detecfidhe
high energy component of the TGF spectum and the first accurate Id@alipd TGFs from space
demonstrate the capability of the AGILE space mission to play a significant iseim TGF
science.
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