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AGILE: inside the cube...
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HARD X-RAY IMAGER
(SUPER-AGILE)

Energy Range: 18-60 keV

] SILICON TRACKER
GAMMA-RAY IMAGER (GRID)

Energy Range: 30 MeV - 30 GeV

(MINI) CALORIMETER
Energy Range: 0.3-100 MeV




Table 3: AGILE Scientific Performance

[Camma-ray Imaging Detector (GIID)

Eopergy Hange 30 MeV - 50 GeV
Fidd of view ~ 3 sr
Sensitivity at 100 MeV (ph em=2 5= MeV 1) 6x10-° (S in 10° =)
Sensitivity at 1 GeV (ph em™=2 s~ MeV-1) 4x10-4 (5o in 10° s)
Angular Resolution at 1 GeV 35 arcmin (68% cont. radius)
Source Location Accuracy ~5-20 arcmin S/N~10
Eoergy Resolution AE/E~1 at 300 MeV
Absolute Time Resolution ~ 1pus
Deadtime ~ 200 ps
Hard X-ray Imaging Detector (Super-AGILE)

Eoergy Nange 10 - 40keV
Fidd of view 107° x68° FW at Zero Sens.
Sensitivity (at 15 keV) ~5 mCrab (S0 in 1 day)
Angular Resolution (pixel size) ~ 6 arcmin
Source Location Accuracy ~2-3 arcmin S/N~10
Eopergy Resolution AE<d keV
Absaolute Time Resolution ~ 4 s
Deadtime (for each of the 16 readout units) ~ 4 s

Mimi-Calorimeter
Eopergy Range 03 - 200 MeV
Evergy Resolution ~1 MeV above 1 MeV
Absolute Time Resolution ~ 3 ps
Deadtime (for each of the 30 Cel bars) o~ 20 pm
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AGILE GS Architecture
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Science Data Center

AGILE Telemetry raw data (Level-0) are down-linked every ~ 100 min to the ASI
Malindi ground station in Kenya and transmitted first to the Telespazio Mission

Control Center at Fucino, and then to the AGILE Data Center (ADC). Raw data are
routinely received at ADC within ~ 5 min after the end of each contact.

ADC main tasks are:

» preliminary data analysis (Quick Look Analysis),

« management of the Mission Planning (Long Term Plan
preparation and emission),

 data and software distribution to the scientific community
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* The ADC, based at ASDC-ESRIN, is in charge of all the scientific

oriented activities related to the analysis and archiving of AGILE

data:

From scientific telemetry (TM) Level-O0:
Preprocessing — Level-1 data
Quick-Look Analysis (transient detection)

Standard analysis — Level-2 data
(photon list)

Scientific analysis (source detection,
diffuse gamma-ray background)

XN XXX

Archiving and distributing all scientific
AGILE data

INPUT: Row data
(TM Level-0)

v

Preprocessing:
Level-1 data

v

Primary data generation: Quicklook &
Standard analysis Level-2 data
(photon list and logfile)

v

Scientific analysis:
Level-3 data
OUTPUT: High level data products
(count maps, spectra, light curves...)




Commissioning
Phase:

First GRID light

AGILE Vela PSR Count
Map by ADC, 24/5/2007

(~ 20000 s)

AGILE GRID

2007 May 24

280




~7~’ AGILE Imaging Tool @ ASDC PR
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Image parameters:
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AGILE GRID

2008 Feb

1 Source Name _Search _
New |
RA 2522 Dec 505
developec LIl [77.49 Bl [3083
Image radius (deg) 60.00 |
Emin
Emax
Catalog Overlay
Available parameters — X-Ray s
#0OB Number #OB Name #RA_PNT =
ERR_RAP #DEC_PNT BERR_DECP # gﬁés
RA_SUN (degrees) HERR_RAS ¥ FIRST
DEC_SUN (degrees) BERR_DECS #GRID GB6
Data Retrieval #GRID Interactive Archive
#OB start date #OB end date BProcessing RIS RESet G darailts
version #¥Mean OB Exposure (cm? s) B le—age S‘Wm:
Related SuperiGILE Entries #Notes Smoothing filter =
ki —
back 4
Entry oB
number Number 0B Name Ximage display parameters:
Selection Color scaling linear
mode: Minimum level displayed 4
1 ASC Data Explorer 4900 CygnU15 S F::::;::c‘t:::s:?;m S.e»|3 i | | \ | |
2 w6 Data Explorer | 4910 | CYOTUSFIEld | 51 54000 | 43800000 Public \‘ On-line Analysis || 2007 S | 2 ona_ | 18604860 || prRia
3 s Data Explorer | 4920 | CYAMUSFRId | 55 16000 | 43754000 N T\On-liﬂe Analysis (20071215 20071216 | 1749245 ToO
I Baseli
- Ximage sw package adapted to gamma-rays
Baseline
Allows web users to have a preview of the AGILE public data
fields and perform an interactive preliminary analysis around a we
Baseline

chosen sky position.




AGILE: “very fast” Ground Segment
(with contained costs)

{ Satellite 1

LI

[ Malindi Ground Station 1

1
[ Fucino TZP MOC ]

J

ASDC
P

AGILE Team

Guest Observers

Public data access

Record for a gamma-ray mission!

l ~1 hr
+ ~0.5 hr
Automatic
data processing ~0.5-1 hr
~(2-2.5) hr



AGILE Science Alert System

* The system is distributed among the ADC @ ASDC
and the AGILE Team Institutes (Trifoglio, Bulgarelli, Gianotti et al.)

« Automatic Alerts to the AGILE Team are generated
within T, + 45 min (SA) and T, + 100 min (GRID)

* GRID Alerts are sent via email (and sms) both on a
contact-by-contact basis and on a daily timescale

» Refined manual analysis on most interesting alerts
performed every day (daily monitoring)

* 101 ATel (42 in pointing + 59 in spinning) and 38 GCN
published up to Dec 17, 2012
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AGILE: 6th year in orbit

 AGILE demonstrates for the first time the covering of ~ 1/5 of the
entire gamma-ray sky (FoV ~ 2.5 sr) with excellent angular
resolution and competitive sensitivity.

 AGILE shows for the first time an optimal performance of its
gamma-ray and hard X-ray imagers.

e ~ 30000 orbits, 14 Feb 2013

 Pointing observation mode up to October 18, 2009 and
spinning observation mode since October 2009.

* Very good scientific performance, especially at ~ 100 MeV
* Guest Observer Program open to the scientific community:
Cycle-1: completed, Dec. 1, 2007 — Nov 30, 2008
Cycle-2: completed, Dec. 1, 2008 — Nov 30, 2009
Cycle-3: completed, Dec. 1, 2009 — Nov 30, 2010
Cycle-4: completed, Dec. 1, 2000 — Nov 30, 2011
Cycle-5 and Cycle-6: on-going data taking



On November 4, 2009, toward the end of Cycle-2, AGILE
scientific operations were reconfigured following a malfunction of
the reaction wheel. The satellite 1s currently operating in a spinning
observing mode and it 1s now surveying a large fraction of the sky
every day. Example of the AGILE spinning sky-view on a

particular day: date 2010-05-19

= T ;
ASDC Marker size prop to AGILE Flux ® 401U-;|(u§4;0400

prone Units of e-8 ph/cm2/s (E>100 MeV) ® flux > 400



On December 3-4, 2009 the AGILE satellite detected the strongest y-ray flare
ever observed (E > 100 MeV). The flaring y-ray source is in the active galaxy
3C454.3 (z=0.859, F > 2 x 107 phcm?s? L_=6x 10” erg s?)

the Vela pulsar

the black hole “Crazy Diamond”
in the galaxy 3C 454.3




Gamma-ray brighter blazars detected by AGILE during first year

UNID
W Comae 3C 273 Mkn 421

] 3C 279
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/ BZQ 2025-0735 /
3C 454.3 PKS 0537-441




Gamma-ray brighter blazars detected by AGILE during the 2.3yr
pointing period

1AGLRJ1104+3754
®

18GL4 ;ﬁ* 2806142

1AGLJ1256-0543

AGLRJ1846+6714 £ 0714 +3340
AGLRJ1846+6714 1AGLRJO714+3340

@

‘ ¢ ' - —— ' - . ' ! '
135.000 45.000 DA B03- 3 70. 225.000 180.000
-
AGLJO321+E6A0135+4759
AL J0222+$605
¥ ABGLRUABDEINT32

Verrecchia et al., (variability study) in progress




AGILE first-years blazar studies summary:

- AGILE (as EGRET and now Fermi) detects only few objects with
flux greater than 100 x 10-8 ph cm2 s-1. Selection effects or there is
a subclass of blazar with peculiar characteristics?

* AGILE observations has brought to light a more complex
behaviour of blazars with respect to the standard SSC models:

- the presence of two emission components in any BL Lacs

- the possible contributions of an hot corona as source of seed
photons for the EC in FSRQs

« The study of multi-wavelength correlations and variability is the
key to understanding the structure of the inner jet and the origin of
the seed photons for the IC process.



AGILE AGN studies and the MW approach

Optical/UV observations in
different y-ray states

Radio/Optical/y-rays
Soft-X and y-rays

The GeV-TeV connection
Peculiar variability

Adapted from Donnarumma, BOHEME Meeting, 2012

VLBA/UMRAO Radio

Spitzer IR

REM IR-Optical

WEBT-GASP Radio-mm-Optical-
IR

XMM-Newton UV + soft X-ray

Swift UV + soft X-ray +
hard X-ray

Suzaku Soft X-ray + hard X-
ray

RXTE Hard X-ray

INTEGRAL Hard X-ray

Super-AGILE Hard X-ray

AGILE/GRID Gamma-ray

MAGIC TeV

VERITAS TeV

ARGO TeV

H.E.S.S. TeV




The AGILE blazars

AGILE investigated at least one object for each blazar category, e.g.:

FSRQ >
3C 454.3

LBL->

PKS 0537-441

IBL -

S5 0716+714

HBL >
MKN 421

Some sources were detected in an high state more than once, e.g.:

3C 454.3 PKS 1510-089 S5 0716+714 3C 273 PKS 1830-
211
Variability level could be very different, e.g.:
Low = MKN 421 Extremely high-> PKS 1510-089 /

3C 454.3/4C+21.35

Gamma-ray activity could vary on different time scale, e.g.:

A few days -

W Com /4C 21+35

1-month—->
PKS 1830-211

Several months =
3C 454.3

Adapted from Donnarumma, BOHEME Meeting, 2012




Optical-UV observations in different y-ray states
are able to constrain:

a) the acceleration efficiency given the evidence/lack of the
thermal component in FSRQs

b) the external seed photon component responsible of the IC
peak by estimating the accretion disk luminosity, with a
better definition of the y-ray dissipation region

c) possible time lags between synchrotron and IC emissions in
low synchrotron peak sources.



Evidence/lack of optical/UV thermal components vs gamma-ray states

3C 454.3 PKS 1510-089

MJD 54800 — 54845
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Vercellone et al., 2010, ApJ, 712, 405, D’Ammando et al. 2011, A&A, 529, 145

3C 454.3 — October 2008 campaign PKS 1510-089 - March 2009 campaign

The thermal disc contribution is unveiled during the Evidence of accretion disk variation in different states
low gamma-ray state |(red — blue points)

Adapted from Donnarumma, BOHEME Meeting 2012




SED radio-to-UV of PKS 1510 in 2008-2009

The flat spectrum observed on
25-26 March 2009 at optical
and UV suggests an important
contribution of the synchrotron
emission in this part of the
¥ Marol £V-2%, 2000 spectrum during the flaring
¢ March 18, 2009 . .
M (95 BHOD activity

12 13 14 15
log v [Hz]

D’Ammando et al. 2011, A&A 529, 145

Considering that the synchrotron peak is usually observed in the infrared band in PKS 1510-
089, this is an indication of a significative shift of the synchrotron peak during very high
activity of the source at the end of March 2009

Slide adapted from Filippo D’Ammando, COSPAR 2010
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Adapted from Donnarumma, BOHEME Meeting 2012




The broad band spectrum of Mrk 421 from optical to TeV

XRT
ASM
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SuperAGILE
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Donnarumma, et al. 2009, Ap] 691, L13

The gamma-ray flare can be interpreted in the framework of the SSC
model in terms of a rapid accelerations of leptons in jet, in
accordance also with the X-ray and VHE correlation observed

Slide adapted from Filippo D’Ammando, COSPAR 2010




GASP-WEBT (R-band) -

optical

Soft, hard X-ray and TeV emissions seem to be
correlated in agreement with the SSC scenario..

..but the different behaviour at optical and X-rays
could suggest a more complex scenario

I

-E}-+ SuperAGILE (20-60 keV,
‘ |

Flux (mCrab)

SWIFT-BAT (15—§03keV) E -ﬁ:« N ‘ —
i i‘ ‘ hard X-ray
: e‘&-ﬁ* i

The optical and X-ray radiation could be
produced in different regions of a helical
jet, with the inner jet region that
produces the X-rays and it is partially
transparent to the optical radiation,
whereas the outer region produces only
the lower-frequency emission
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Donnarumma, et al. 2009, ApJ, 691, L13




Two SSC components in the spectrum of S5 0716+714

A one-zone SSC model fails to reproduce the SED of the two gamma-ray flares
occurred on September and October 2007

Two SSC components reproduce the complex variability observed:
- a slow variable component responsible for the radio and hard X-ray emission (CI)

- a fast variable component responsible for the optical, soft X-ray and gamma-ray
emission (CII)
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Slide adapted from Filippo D’Ammando, COSPAR 2010




0716+714 in Sept-Oct 2007 approaches the BZ limit
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Chen, et al. 2008, 489, L37

The fluxes detected during the gamma-ray flares
of September and October 2007 are among the

highest for a BL Lac object

The total power transported in the jet during
these episodes is Py fae = (3.5 £ 1.0) x 10%
erg s™', approaching or slightly exceeding the
maximum power generated by a spinning black
hole of 10° M via the BZ mechanism
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Vittorini et al. 2009, ApJ, 706, L1433




MULTIWAVELENGTH OBSERVATIONS OF 3C 454.3. III.
3C 454.3 Jul. 2007 — Jan. 2009
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18 months campaign on 3C 454.3

Adapted from Donnarumma, BOHEME Meeting 2012




Vercellone et al., 2010, ApJ, 712,405

3C 454.3 in fall 2007

Time-lags: 3C 454.3
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Adapted from Donnarumma, BOHEME Meeting 2012



Chen et al., 2008, A&A, 489, L37 Time-lags: S5 0716+714
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Adapted from Donnarumma, BOHEME Meeting 2012



Time-lags: PKS 1510-089

D’Ammando et al. 2011, A&A, 529, 145
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Adapted from Donnarumma, BOHEME Meeting 2012




Long-term X-ray data seem to show an harder-when-brighter
spectral trend:
but only hints found in the y-ray data

Swift/XRT AGILE/GRID

Photon Index
Photon index

o PC data

m WT data

100 200 300
Flux [10°8 ph cm™2 s!

Adapted from Donnarumma, BOHEME Meeting 2012



Data concerning PKS 1830 and 3C 454 suggest:

Optical activity may involve limited injection/acceleration of
electrons in the jet. In fact, yp, < 700 softer-
when-brighter trend

Two populations of electrons seem unavoidable

Even standard EC models are challenged!

In fact, variations in the external photon field seen by the blob are
required to understand the observed complex y-ray vs. Opt.
correlations

Adapted from Vittorini, Frascati Meeting 2012




The fast y-ray flare of 4C +21.35 (PKS 1222+21)
17-19 June, 2010 (Pittori, work in progress)

Q- &

ﬁ ( = | _hittp://tools.asdc.asi.it/SED/sed.jsp# W g -"/-‘!-” silverlight

Google Calendar Ultime notizie  Notizie~ ASI-ASDC~ Fermi~ Bibliography ~ Google Maps Menu Segnalibri~ Trenitalia~ NuSTAR~ e-mail~
i SED [x] GRB100724B_lc.gif (Immagine ... € @+

Version 1.3.15

(ASbe’ ASDC SED Builder ®

4 Tutorial
User Data Own SEDS
Current SED Query new SED

ASI Science Data
Center

“& Load Data Show Data Save Duplicate Sed

" Export SED ) Data Explorer

sed-1224p2122 Ra=186.22667(deg) Dec=21.37958(deg) (NH=2.1E20(cm~-2)) [

0.435 | Frequencies: | Observed &

(7]

"] v Axis: ¥# [ Nutnu 3] (Update Plot )

Input Data Models

‘ Plot options
“ASDC Catalogs

[ [ ] Type ||

+ ¥ Radio
| X Ray
Gamma
¥ Infrared

External Catalogs

2Mass
USNO B1 [5 u
SDSS7 1]

Ned . [

usno a2.0 [

Log vL(v) (erg sA-1)

ddeE™

ser Catalogs

X I L

swift_obs00036382006 _] vu
UVOT_obs00036382006 . vu
swift_obs00036382014_... _] u

8 16 17 18 19 20 7 ]
Log frequency v (H2) : swift_obs00036382001 _] vu

Completato




Swift follow up results:

XRT average spectrum
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%
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obtained from the six ToO

Swift/XRT average spectrum obtained observations on Jun 2010

from the six ToO observations on Jun
2010

In the days following the y-ray flare of June 2010, the source
didn't show a significant variation (at 90% c.l.) neither of the
spectral characteristics nor of the X-ray flux levels with
respect to previous observations during quiescent y-ray state.




GeV (AGILE, Fermi) and TeV (MAGIC)
y-ray observations:

* Hard spectrum with no cutoff, very fast variability of the
order of ~10 min (!)

» Suggest a mechanism outside the BLR to avoid
absorption. Very compact blob as jet gets refocused at
large distances (Tavecchio et al., A&A 2011) ?




GeV-TeV connection




Backup slides



Table 3: AGILE Scientific Performance

[Camma-ray Imaging Detector (GIID)

Eopergy Hange 30 MeV - 50 GeV
Fidd of view ~ 3 sr
Sensitivity at 100 MeV (ph em=2 5= MeV 1) 6x10-° (S in 10° =)
Sensitivity at 1 GeV (ph em™=2 s~ MeV-1) 4x10-4 (5o in 10° s)
Angular Resolution at 1 GeV 35 arcmin (68% cont. radius)
Source Location Accuracy ~5-20 arcmin S/N~10
Eoergy Resolution AE/E~1 at 300 MeV
Absolute Time Resolution ~ 1pus
Deadtime ~ 200 ps
Hard X-ray Imaging Detector (Super-AGILE)

Eoergy Nange 10 - 40keV
Fidd of view 107° x68° FW at Zero Sens.
Sensitivity (at 15 keV) ~5 mCrab (S0 in 1 day)
Angular Resolution (pixel size) ~ 6 arcmin
Source Location Accuracy ~2-3 arcmin S/N~10
Eopergy Resolution AE<d keV
Absaolute Time Resolution ~ 4 s
Deadtime (for each of the 16 readout units) ~ 4 s

Mimi-Calorimeter
Eopergy Range 03 - 200 MeV
Evergy Resolution ~1 MeV above 1 MeV
Absolute Time Resolution ~ 3 ps
Deadtime (for each of the 30 Cel bars) o~ 20 pm




