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Gamma-ray astrophysics above 100 MeV

Picture of the day, Feb. 28, 2011, NASA-HEASARC
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Outline

 The AGILE mission
« Common projects
— At the “analysis level”
« A study of the PSF + possible cross calibration
— On Science topics
« Galactic Science (SNR, PWN, Crab Nebula)
« Extragalactic Science (Flaring AGN)
* Transient Science (GRB, TGF, GW follow-up)
« Conclusions
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AGILE
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AGILE: inside the cube...
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The Silicon Tracker

o The AGILE frontend chip:
The AGILE silicon detectors TA1 .5 TAA4
Detector specifications:
- dimension: 9.5x9.5 cm’ - low noise, low power, SELF-TRIGGERING
- thickness: 410 um (6 inch technology ) - technology: 1.2 1 CMOS, double poly, double
- readout pitch: 242 um; metal (final: 0.8 u BICMOS on epitaxial layer )
physical pitch: 121 um (one floating strip) 8 kag‘;':zi‘ e

- number of strips/ladder: 384 gain: 25 mV/C; range: 18 fC
- Single side and AC-coupled nolse (e'rms): 165+6.1/pF for T._,=2 us
- leakage current: 2 nA/cm’ at Vbias=2.5'V_, =200 V power: <0.4 mWichannel |
- polarization resistor: 40 MQ power rails: 2 V
- coupling capacitor: 55 pF/icm readout frequency: 5 Mhz
- Al strip resistance: 4.3 Q/cm gain spread: <1.5%
- max number of bad stﬂps: <1% threshold offset spread (TA1): 20% (in TAA1
- average number of bad strips: <0.5% will be implemented a 3 bit DAC per channel)
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The AGILE TRK
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The Csl Mini-Calorimeter

MINI-CALORIMETER

DETECTOR
30 Csl bars wrapped with tight diffusion material
organized in 2 orthogonal trays
- bar dimension: 40x2.3x1.5 cm’
- total radiation length: 1.5X, (in axis)

FRONTEND ELECTRONICS
- 1 photodiode on each side of the bar
- optically coupled

GOAL
- measure energy deposit of the photon conversion
pair (GRID mode)
- detect GRBs and transients in the range 0.25-250MeV
(BURST mode)

SCIENTIFIC FEATURES
- energy resolution: 22-24%(FWHM) @ 1MeV
0.7% @ 100MeV
- spatial resolution: 15mm @ 1MeV
2mm @ 100MeV
- timing resolution: 2us (BURST mode)
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SuperAGILE X-ray detector

SUPER-AGILE

DETECTOR
- plane with 16 silicon tiles organized in 4 1D detectors
- each detector: 1536 readout strips (0.121mm pitch)
- a coded mask system

FRONTEND ELECTRONICS
- 12 self-triggering readout ASICs (128 channels each) per each detector,
positioned on a kapton-FR4 hybrid

GOAL
measure X-rays in the energy range 10-40keV to detect GRBs,
transients, galactic and extra-galactic sources

SCIENTIFIC FEATURES
- imaging: 1'-3' at ~20mCrab
- timing resolution: 5us
- energy resolution: 4keV (FWHM)
- flux sensitivity: ~5mCrab (15keV)
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Si Self Trigger and FoV

EGRET Cycle 1 Pointings

" AGILE gamma-ray sky

> Cygnus region [N

b AN N p O oS
( Y - 7N 4 X X/ "
= ; ; : 3 : S~
0:000 + § 0. gl e - - N e
S —
ik

i 90.008 ;r | 0 60.000" 1 G :

AGILE Possible Cycle 1 Pointings

© 3C 454.3

+180 |.~180

AGILE and LAT joint projects -- 13



Analog readout and PSF
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The AGILE launch

';-"r'viko'ra launch base (India
V-C8 launch,
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On Board AGILE Trigger
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AGILE two lifes

pointing- spinning-

AGILE AGILE
time period Jul.07 — Oct.09 | Nov. 2010 -
attitude fixed variable

(spinning, 1°/sec)

sky coverage 115 ~ 70%
source livetime | ~0.5 ~ 0.2
fraction
1-day exposure |~ 2 10’ (0.5-1) 107
(30 degree off-axis, | (cm? sec) (cm? sec)
100 MeV)
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Vercellone et al. 2010

The sky in spinning mode
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AGILE and Fermi/LAT
common projects
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The AGILE PSF

Normalized Radial Profile
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Sabatini et al. 2015
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100—400 MeV
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Cross calibration

Fermi-AGILE Cross-
calibration: First Steps

Andrew Chen (INAF - [ASF Milano),

O. Celik-Tinmaz, F. Longo, D. Thompson, A. Trois, M. Pilia,
A. Pellizzoni

Fermi Collaboration Meeting, Abano Terme
March 7, 2012
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Cross calibration

Vela lightcurves
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The SNR W44
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Pulsar Wind Nebulae

Pellizzoni et al. 2010

AGILE Contours : HESS Contours
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tore Gamma a Immagini LEggero
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The Flaring Crab
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TABLE OF THE flares (F > 700 x 10~8

53370

53370

53374

54376

TABLE 1
phem~2s~1!) oF THE CRAB NEBULA FOUND IN THE AGILE AND FERMI DATA FROM SEPT. 2007.

54378

54380 54380 54384 54386

Name | MJD 11 (hr) | 79 (hr) | Peak Flux | B(mG) | ~* (10°) | I (1015 cm)
2007 Fy 543815 | 224+11 | 10+5 | 1000+150 | 1.0—-2.0 | 26—-4.8 | 1.2-3.6
(AGILE) Fo 543825 | 147 6+3 | 1400+200 | 1.1—2.1 |23—-43| 08-22
F3 54383.7 | 11+5 14+7 | 900+150 [ 1.0—-20|26—-48| 08-1.7
2009 Fy 54865.8 | 10+x5 | 2010 | 700+140 [ 0.7—13 | 26—-4.8 | 0.6—1.6
(FERMI) F5 54869.2 | 10+5 | 22+11 | 830+90 |(08—-14|26—-48| 06-—1.6
2010 Fg 55457.8 8+4 22+11 | 80+130 |0.7—13|25—-47| 05-13
(AGILE & Fr 55459.8 6+3 6+3 | 1000+£100 | 1.4—-26 | 26—-48| 03-09
FERMI) Fy 554619 | 19+10 8+4 750+ 110 | 0.8—-14 | 25—-48| 09-3.1
2011 Fy 55665.0 9+5 9+5 1480+80 [ 1.2—-22|28-50| 05-15
(FERMI & | Fyo | 55667.3 | 105 | 24+12 | 2200+85 |[1.3—-23|27—-49| 06-1.6
AGILE)

Tavani et al 2011
Abdo et al 2011

Striani et al. 2013
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Cygnus X3
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Galactic Transients
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Galactic latitude (degrees)
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Rappoldi et al 2015
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Galactic sources

ID TeV Source V(TS) (1, ) Error (95%)_° | Flux (E>100 MeV) | Dist. AGILE Fermi Analysis
[deg] [deg] [10-7 phem—2 s~ 1] | [deg] Association Association Flag
1 TeVJ0006+727 21.6 119.66, 10.51 0.09 3.3+ 0.2 0.1 1AGLR J0007+7307 3FGL J0007.0+7302 (E) IN
12 TeVJ02224430 8.1 140.0, -16.7 0.2 1.4 £ 0.2 0.1 1AGLR J0222+4305 3FGL J0222.6+4301 (P) IN
14 TeVJ02324202 4.2 152.9, -36.3 0.6 1.1 £ 0.3 0.4 - 3FGL J0232.8+2016 (P) IN
15 TeVJ02404-612 27.1 135.5, 1.2 0.1 6.6 +£ 0.3 0.2 1AGLR J0240+6115 3FGL J0240.5+6113 (P) E
19 TeVJ0319+4415 5.5 150.6, -13.2 0.4 1.0 £ 0.2 0.1 1AGLR J0321+4137 3FGL J0319.8+4130 (P) IN
24 TeVJ05214211 4.7 183.6, -8.6 0.5 1.7 £ 0.4 0.1 - 3FGL J0521.7+2113 (P) IN
26 TeVJ0534+4220 55.9 184.48, -5.81 0.06 26.7 £ 0.7 0.1 1AGL J0535+2205 3FGL J0534.5+2201 (P) IN
30 TeVJI0616+225 13.2 188.9, 3.0 0.2 5.0+ 0.5 0.2 1AGL J0617+42236 3FGL J0617.2+2234e (E) O
32 TeVJ06324173 82.6 195.09, 4.28 0.04 41.8 £ 09 0.6 1AGL J0634+1748 3FGL J0633.9+1746 (E) IN
36 TeVJ0721+713 13.9 143.9, 28.1 0.1 2.6 + 0.2 0.1 1AGLR J072347121 3FGL J0721.9+7120 (P) IN
. . or 3FGL J1018.9-5856 (E)
45 TeVJ1018-589 7.8 284.0, -2.0 0.3 2.6 04 0.3 1AGLR J1018-5852 3FGL J1016.3-5858 (E) O
49 TeVJ11044-382 5.2 179.7, 65.0 0.2 1.6 £ 0.4 0.1 1AGLR J1105+43818 3FGL J1104.4+3812 (P) IN
60 TeVJ1256-057 11.2 305.3, 57.1 0.2 4.2 £+ 0.5 0.1 1AGL J1256-0549 3FGL J1256.1-0547 (P) IN
66 TeVJ1418-609 13.5 313.2, 0.1 0.1 51+ 04 0.1 1AGLR J1417-6108 3FGL J1418.6-6058 (E) IN
- 3FGLJ1456.7-6046 (E)
75 TeV J1459-608 5.8 317.6, -1.7 0.3 1.6 £ 0.3 0.1 3FGLJ1459.4-6053 (E) IN
79 TeVJ1512-091 25.0 351.4, 40.1 0.1 82+ 04 0.1 1AGLR J1513-0906 3FGL J1512.8-0906 (P) IN
87 TeVJ1632-478 5.7 336.4, 0.0 0.4 22+ 04 0.2 - 3FGL J1633.0-4746e (E) IN
88 TeVJ1634-472 15.2 337.4, 0.1 0.2 5.1+ 0.5 0.3 1AGL J1639-4702 - O
95 TeVJ1708-443 42.3 343.12, -2.69 0.06 139 £ 04 0.3 1AGL J1709-4428 3FGL J1709.7-4429 (E) O
109 TeVJ1747-248 5.9 4.0, 1.7 0.3 2.1+04 0.2 - 3FGL J1748.0-2447 (E) O
112 TeVJ1801-233 15.0 6.6, 0.1 0.2 6.8 +£ 0.5 0.4 1AGL J1801-2317 3FGL J1801.3-2326e (E) E
113 TeVJ1804-216 7.8 8.4,0.2 0.3 3.5+ 05 0.2 1AGLR J1805-2149 3FGL J1805.6-2136e (E) O
116 TeVJ1813-178 4.8 13.0, 0.4 0.4 2.1+05 0.4 1AGL J1815-1732 - IN
125 TeVJ1841-055 14.0 26.3, 0.1 0.2 5.8 £ 0.5 0.6 1AGLR J1839-0550 3FGL J1840.9-0532¢ (E) O
128 TeVJ1848-017 4.6 30.8, 0.1 0.2 1.8 £ 0.4 0.4 - 3FGL J1848.4-0141 (E) O
132 TeVJ19074062 13.3 40.4, -1.0 0.1 44+ 04 0.2 1AGL J1908+-0614 3FGL J1907.9+0602 (E) O
133 TeVJ1911+090 7.8 43.3, 0.0 0.3 24+ 03 0.2 - - IN
135 TeVJ19234141 7.1 49.2, -0.5 0.3 2.11+03 0.2 1AGL J1923+1404 3FGL J1923.2+1408e (E) IN
142 TeVJ2019+368 25.5 75.17, 0.25 0.09 6.9 + 0.3 0.2 1AGLR J2021+4-3653 3FGL J2021.1+3651 (E) IN
144 TeVJ20324415 8.0 80.3, 1.2 0.2 23 +03 0.1 1AGLR J2031+4130 3FGL J2032.2+4126 (E) O
145 TeVJ2158-302 4.8 17.6, -52.0 0.6 1.4 £ 03 0.3 - 3FGLJ2158.8-3013 (P) IN
147 TeVJ22274608 16.7 106.7, 3.0 0.2 33 1+02 0.4 1AGL J2231+6109 3FGL J2225.84+6045 (E) E
152 4.0 12.6, -78.0 0.3 3.3 £ 1.0 0.1 - 3FGL J2359.3-3038 (P) IN

TeV J2359-306

Rappoldi et al 2015
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Joint campaigns on AGN
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tro-vivelatore Gamma a Immagini LEggero

3C 279
The monster flare in June 2015

AGILE detection of a bright gamma-ray flare from 3C 279,June, 15-16, 20

Pittori et al 2018
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GRB 090510
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GRB 100724B
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GRB 100724B
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Terrestrial Gamma Ray Flashes

CEP Marisaldi et al. 2010
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Integration: T0-210s -- TO+210s

E>100 MeV
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Earth occultation
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2 el New!! Follow up of Neutrino events
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Follow up of GW events

Verrecchia et al 2017
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Home  AboutSSDC  Public Outreach  Quick Look  Missions  Multimission Archive  Catalogs
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Science Data Center

AGILE Home  AboutAGILE ASIHQAGILE AGILE News AGILE Data Archive  Public Software

Guest Observer Program  User Feedback Form

Welcome to the AGILE Data Center
Home Page at SSDC

These pages provide updated information and services in support to the general scientific community
for the mission AGILE, which is a small Scientific Mission of the Italian Space Agency (ASI) with
participation of INFN, IASF/INAF and CIFS .

AGILE Workshops  Agile Helpdesk

AGILE is devoted to gamma-ray astrophysics and it is a first and unique combination of a gamma-ray
(AGILE-GRID) and a hard X-ray (SuperAGILE) instrument, for the simultaneous detection and imaging
of photons in the 30 MeV - 50 GeV and in the 18 - 60 keV energy ranges.

The AGILE Mission Board (AMB) has executive power overseeing all the scientific matters of the
AGILE Mission and is composed of:

- AGILE Principal Investigator: Marco Tavani, INAF-IAPS Rome (Chair)
- ASI Project Scientist: Paolo Giommi, ASI-SSDC

Tools

Where to find data?

http://agile.ssdc.asi.it
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Links Privacy

Bibliographic services  Helpdesk
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AGILE Pointings  AGILE Catalogs  Restricted Area

AGILE current spinning sky view

(Click here for previous pointing details)
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Click here to access to AGILE Spinning FOV plotter
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The AGILE gamma-ray sky map
in Galactic coordinates

MJD 58189.99 58191.99
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Issues & Opportunities

 Transient sources detected by AGILE and not confirmed by
Fermi

— Notin all cases ... why ?
— Different effective areas
« Soft spectra and AGILE energy resolution
— Different Energy bands ?
 Transient short events
— Different exposure to source regions?
- Different but Similar Analysis methods
« Some common areas of interest
— Transients sources
* Not yet fully explored
— Cross working group on Galactic model
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Conclusions

 AGILE and Fermi are operative since 2007 and 2008

— We are still in the Golden era for Gamma-ray Astrophysics
from space

— Don’t miss the opportunity of having cross check and
confirmation from two different instruments
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