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Sriharikota launch base (India) 
PSLV-C8 launch, April 23, 2007 

The AGILE launch 2600 days in orbit! 
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The 12th AGILE workshop 

http://www.asdc.asi.it/12thagilemeeting/ 
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Outline 

• The EGRET legacy to AGILE  
– Main scientific objectives  
– The “strange case” of GRBs 

• The AGILE mission 
– The AGILE detectors 
– The AGILE ground segment and Data processing  
– key AGILE results 

• Gamma-ray Bursts with AGILE   
– Main characteristics of the AGILE/GRID detected GRBs 
– GRB with AGILE/MCAL  
– Gamma-ray Bursts in the AGILE/Fermi era  
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The EGRET legacy 

• Simultaneous MWL coverage  
– AGN physics 

• Continuous exposure and optimal timing  
– PSR physics 

• Arcminute localization  
– Unidentified sources physics  

• Better Energy resolution 
– Dark Matter searches 

• Low Energy extension  
– Supernova Remnants searches  

• Optimal timing and broad band fast detectors  
– Gamma-ray Bursts  
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The EGRET legacy 

• Need fast timing for gamma-ray detection (improving EGRET deadtime, 
100 msec → 100 microsec or less). 

Delayed Emission (GRB 940217) 

Prompt Emission  (GRB 930131) 
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Spectral extra component (GRB 941017) 

The EGRET heritage on GRBs 

(Gonzalez et al 2004) 
Dingus et al. (1998) 
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High Energy emission from GRB (?) 

• Extended emission? 
• Prompt emission?  
• Spectral Components? 
• Ubiquity of HE emission?   
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AGILE 
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                                         AGILE  

  

  



AGILE: inside the cube… 

ANTICOINCIDENCE 

INAF-IASF-Mi 
(F.Perotti) 

HARD X-RAY IMAGER 
(SUPER-AGILE) 

INAF-IASF-Rm 
(E.Costa, M. Feroci) 

GAMMA-RAY IMAGER  

SILICON TRACKER 

INFN-Trieste 

(G.Barbiellini, M. Prest) 

(MINI) CALORIMETER 

INAF-IASF-Bo, Thales-
Alenia Space (LABEN) 

(G. Di Cocco, C. Labanti) 
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On Board AGILE Trigger 
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Si Self Trigger and FoV 

 AGILE gamma-ray sky 

 3C 454.3 

Cygnus region 
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Analog readout and PSF 
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AGILE two lifes  

pointing- 
AGILE 

spinning-
AGILE  

time period Jul.07 – Oct.09 Nov. 2010 - 

attitude  fixed variable                 
(spinning, 1º/sec)        

sky coverage  1/5  ~ 70% 

source livetime 
fraction 

 ~ 0.5  ~ 0.2 

1-day exposure                                            
(30 degree off-axis, 
100 MeV) 

~ 2 107                      
(cm2 sec) 

(0.5-1) 107                      
(cm2 sec) 
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The AGILE sky 
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AGILE sources 

 

Pittori et al. 2009 
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AGILE sources 

Bulgarelli et al. in preparation 
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The AGILE ground 
segment 
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AGILE ground segment 
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AGILE ground segment 

Pittori et al. 
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AGILE alert system 

Bulgarelli, Pittori et al. 
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Key AGILE results 
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AGILE key results 

• Galactic Science  
– Pulsars and PWN  

• PSR timing algorithm  new gamma-ray PSRs and 
image of PWNs 

– Supernova Remnants 
• Low Energy spectra of SNR  CR acceleration 
• Imaging of SNR  

– Gamma-ray binaries – Galactic Transients 
• Cygnus X1, Cygnus X3   
• The Variable Crab Nebula 

• Extragalactic Science  
– Huge Flares of Blazars  
– GRB extra component 

• Terrestrial Gamma-ray Flashes   
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Low Energy Pulsars 

Pilia et al. 2011 

PSR  B1509-58 
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Pulsar Wind Nebulae 

Pellizzoni et al. 2010 

   Vela X PWN  
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Supernova Remnants W44 

Giuliani et al. 2011 
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Galactic Transients: Cygnus X3 

Tavani et al. 2009 
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Galactic Transients: The Flaring Crab 

Tavani et al. 2011 
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The Flaring 3C454.3 

Vercellone et al. 2010 
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Blazar 3C454.3 

Vercellone et al. 2011 
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Terrestrial Gamma Ray Flashes 

Marisaldi et al. 2010 
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Terrestrial Gamma-ray Flashes 

Marisaldi et al. 2014 
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Terrestrial Gamma-ray Flashes 
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AGILE and GRBs 
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SuperAGILE 
Coded aperture 
18 – 60 keV 
1 sr FoV  

Mini-calorimeter 
non imaging 
scintillator 
0.3 – 200 MeV 
almost all-Sky FoV 

Gamma Ray Imaging Detector  
Silicon tracking detector 
30 MeV – 50 GeV 
2.5 sr FoV 

The AGILE instrumentation 1-D 

107° 

68° 

1-D 

2 × 1-D 

GRID FoV 

AGILE and GRB 
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Gamma-ray extended emission  
in GRB 080514B 

 

GRB 080514B is the first GeV-bright GRB after EGRET and it is also associated 
to an afterglow and a photometric redshift measure of 1.8 (A. Rossi et al., 2009, 
A&A).  

66 % 33 % 

Giuliani et al., 2009,  
A&A, 491, L25 – L28  
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A single spectral model for the  
whole spectrum of GRB 080514B 

 
 

α = -0.599 

β = -2.48 

Epeak = 224 keV 

GRID fluence 

The same Band model fits the spectrum from 20 keV up to 50 MeV. 

Konus-Wind spectrum in 20 keV – 5 MeV (GCN 
7751). 

Giuliani et al., 2009,  
A&A, 491, L25 – L28  
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GRB 090510: the delayed emission 
 

Interval 2 

Interval 1 

GRB 090510 has been localized by Swift and detected also by Fermi/LAT 
(Ackermann et al. 2010) and AGILE (Giuliani et al. 2010). The redshift is 0.903 
(De Pasquale et al. 2010). 

0.3 – 10 MeV 

prompt emission interval delayed emission interval 

prompt emission interval delayed emission interval 

10 – 1000 MeV Giuliani et al. 2010,  
ApJ, 708, L84 – L88  
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GRB 

Fν ∼ t-α  
α ≅ 1.3 

prompt emission interval delayed emission interval 

prompt emission interval delayed emission interval 

Giuliani et al. 2010,  
ApJ, 708, L84 – L88 

GRB 090510: the delayed emission 
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GRB 090510: spectral evolution  
in a short GRB 

 Powerlaw with cutoff 
 
α1 = 0.6 ± 0.3 
Ec = 2.8 ± 0.9 MeV 
1.8 × 10-5 erg/cm2 (0.5 – 10 MeV) 

prompt emission interval 

Powerlaw without cutoff 
 
α2 = 1.6 ± 0.1 
3.1 × 10-6 erg/cm2 (0.5 – 10 MeV) 
 
α3 = 1.4 ± 0.4 
2.9 × 10-5 erg/cm2 (25 – 500 MeV) 

delayed emission interval 

Giuliani et al. 2010,  
ApJ, 708, L84 – L88 
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GRB 100724B: simultaneous  
onset of GeV and MeV 

 
•No time lag is found between the MeV and 
GeV emission. The two main bumps in the 
lightcurve show a remarkably similar shape 
at MeV and GeV. 

•Due to the spinning operative mode, GRB 
100724B remained within the AGILE/GRID 
FoV between t0+6s and t0+125 s. 

•The GRB is not detected during the next  
“transit” in the FoV (t0 + 410 s , t0 + 529 s). 

•SuperAGILE was not collecting data for 
telemetry sharing reasons. 

Del Monte et al. 
A&A, 535, 120, (2011) 
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A: t0 , t0 + 40 s;   photon index=2.01 ± 0.04   

B: t0 + 40 s , t0 + 57 s;  photon index=2.19 (+0.26,-0.19) 

C: t0 + 57 s , t0 + 90 s;  photon index=2.35 (+0.08,-0.07)  

 

A variation at 4.2σ is found in the spectral indices.  

A B C 

Del Monte et al., A&A, 535, A120 (2011) 

GRB 100724B: spectral evolution 
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Following the method used for GRB 080916C (Abdo et al 2009)  

Γmin = Γmin (z, ∆t, Emax, β). 

The estimated Lorentz factor is similar to other GeV-bright GRBs (e. g. GRB 
080916C, GRB 090902B and GRB 090510). 

Del Monte et al.,  
A&A, 535, A120 (2011) 

GRB 100724B: minimum bulk  
Lorentz factor 
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GRB 090401B: prompt emission 
 

68 % of the gamma 
ray photons are 
emitted during 
prompt; 
 
32 % of the gamma 
ray photons are in 
the extended 
emission 
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GRB 090401B: a complete  
coverage of the afterglow 

 
Fν ∼ t-α,  
α1 ≅ 1.16 ± 0.03 
α2 ≅ 1.47 ± 0.02 
tbreak = 574 s 
(P. Schady et al.,  
Swift report 208) 

Swift/XRT X-ray afterglow 
WT mode, PC mode 

gamma ray photons 

Swift/BAT prompt emission 
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GRB 130327B 

• GRB detected by AGILE GRID 
(GCN 14344) and Fermi/LAT (GCN 
14347)  

• Correlated emission at High 
energy and Low Energy (GCN 
14347)  

• No XRT detection (GCN 14398)  
no redshift known   
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GRB 130427A 

• Outside of the 
FoV for the first 
500 s 

• Detected by the 
automated flaring 
source pipeline 

• First detection by 
Likelihood of the 
extended 
emission 
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GRB 130427A 

• Outside of the GRID FoV for the first ~ 
200 s 

• Strong prompt detection by MCAL  
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GRB 130427A 
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GRB 130427A 
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GRB at HE in the AGILE/Fermi era 
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GRB at HE in the AGILE/Fermi era 
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GRB 131108A 

Giuliani et al. in preparation 
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GRB 131108A 

Giuliani et al. in preparation 
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GRB 131108A 

Giuliani et al. in preparation 
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GRB 131108A 

Giuliani et al. in preparation 
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GRB 131108A 

Giuliani et al. in preparation 
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Upper limits in gamma-rays: the results 

•The Upper Limits are estimated with a Bayesian approach for a sample of 68 
undetected GRBs from July 2007 until October 2009 with position inside the 
GRID FoV; 

•40 GRBs have spectral information (from Konus-Wind, Suzaku/WAM and 
Fermi/GBM), that is used to convert counts into flux; 

•In six cases the Upper Limit is stringent with respect to the extrapolation of the 
GRB spectrum at lower energy; 

• The corresponding 3 sigma upper limit is ∼0.03 ph cm-2 s-1 => ∼10-7 erg cm-2 s-1; 

• A likelihood search of gamma-ray delayed components (up to 3600 s after 
trigger) for the same events does not give positive results; 

• The detection rate of GRBs by AGILE/GRID is discussed and it is found that 
AGILE observes on average the same population as EGRET. 

Longo et al. 2012,A&A, 547. id.A95 
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Longo et al. 2012, 
A&A, 547. id.A95 

GeV emitting GRBs as high  
fluence events 
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MCAL GRB catalog 

• Contains the data of the 
85 hard gamma-ray 
bursts observed by the 
MCAL (April 2007 - 
October 2009) 

• Timing data for 84 and 
spectral data for 21 
bursts 

Galli et al. 2013, 
A&A, 553, id.A33 
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MCAL GRB catalog – timing analysis 

Galli et al. 2013, 
A&A, 553, id.A33 



                                                                                                                                                                        F.Longo et al. -- 64 

MCAL GRB catalog – spectral analysis 

Galli et al. 2013, 
A&A, Volume 553, id.A33 

GRB 080916C 
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MCAL GRB catalog 

http://www.asdc.asi.it/mcalgrbcat/ 
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• Only a small subsample of GRBs emits in gamma rays: the overall detection 
rate (AGILE + Fermi) is ~10 events per year (consistent with the expectations of 
Band et al. 2009);  

• GeV emitting are the brightest GRBs (~ 10-5 erg/cm2 at keV – MeV) and have 
high minimum Lorentz factor (600 – 1000);  

• Both classes of long (e. g. GRB 080514B, GRB 090401B, GRB 100724B, GRB 
130327B, 130427A, 131108A) and short (e. g. GRB 090510) are detected in the 
gamma energy band.  

• Some events have a single spectrum (e. g. GRB 080514B; GRB 100724B) 
other have additional spectral components (e. g. GRB 090510, 131108A); 

• Gamma-ray emitting GRBs seem to be characterised by high fluence and high 
Lorentz factor. It is still debated if gamma-rays are produced in internal (prompt) 
or external (afterglow) shocks. 
 

• AGILE detected all the major characteristics of HE GRB (delayed emission, 
extended emission, power-law extracomponent)  

AGILE and GRBs 
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High Energy emission from GRB 
in the AGILE/Fermi era 

• Extended emission  
– Extra long GRBs 

• Prompt emission 
– Delayed onset ?  

• Spectral Components 
– Extra components  
– Multiple components 

• Ubiquity of HE emission 
– Upper Limits in the > 100 MeV regime 

• Population of HE emitting GRBs? 
– Mission in the 10 MeV – 1 GeV crucial  
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Conclusions 

• AGILE crucial contributions to testing particle acceleration 
theories, plasma instabilities in the Universe and on the 
Earth ! 
– Big surprise: discovery of gamma-ray flares from the 

Crab Nebula: 2012 Bruno Rossi Prize 
– Origin of cosmic rays, SNR W44, first direct evidence of 

neutral pion emission 
– Relativistic jets in microquasars and blazars 
– Gamma-ray emission up to 100 MeV from Terrestrial 

Gamma-Ray Flashes 
– Extra components in GRBs 
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Where to find data?  

http://agile.asdc.asi.it/  
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The future of AGILE  
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AGILE 

http://agile.rm.iasf.cnr.it// 
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