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The AGILE gamma-ray sky (E > 100 MeV)
2 year exposure: July 2007 — June 2009




AGILE-2: 5-month intensity map (€ > 100 MeV)
(Nov. 2009 — Mar. 2010)




Galactic (Variable) Sources



AGILE “Galactic” Science Topics

New (soft) gamma-ray Pulsars
PWNe

Microquasar studies, Gamma-ray emission
from Gal. compact objects

“New” gamma-ray transient candidates
SNRs and origin of cosmic rays
Molecular clouds, CR propagation
Hard X-ray monitoring with Superagile
Galactic Center
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Variable and Transient sources

 Plasma physics under extreme conditions
— PARTICLE ACCELERATION
— ACCRETION “STATES”, INSTABILITIES, JETS

 Black hole astrophysics

— microquasar reproducible patterns,
extreme particle acceleration (not Comptonized !)

— massive black hole jet ejections,
particle acceleration

e New Galactic transients
— ldentification strategies
— Search for new source classes



Micro-QSOs



Microquasar studies at gamma-ray energies

Mechanisms of extreme particle acceleration
and strongly non-thermal (or Comptonized)
emission above 100 MeV

Jet geometry can play a crucial role In
detection (see the case of Cyg X-3)

transient acceleration & gamma-ray emission
on hour-day timescales

Gamma-ray emission in “special states”
(Cyg X-3)
Bright future for understanding BHs



AGILE and Cygnus X-3

(Nature, Nov. 22, 2009)
see also FERMI detection of Cyg X-3,

Abdo et al. Science Nov. 26, 2009)

 AGILE detects several gamma-ray flares from
Cygnus X-3, and also weak persistent
emission above 100 MeV

e very interesting correlations with radio and
X-ray spectral state changes

e gamma-ray flares usually before radio flares
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RATAN Obs. (S. Truskhin et al.) Apr. 13 —Apr. 27, 2008
April 13, 2008 - April 27, 2008
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CYG X-3 hard X-ray monitoring

BAT daily flux (15-50 keV) cnts/cm**2/sec
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Major gamma-ray flares in special transitional
states In preparation of radio flares !

Radio Flux (log scale)

pom

I Major Radio
Flare

Quenched Radio
Flare

—

Soft X-ray Flux (log scale)

figure adapted
from Szostek
Zdziarski &
McCollough
(2008)



AGILE/GRID and Swift/BAT data of Cygnus X-3 during
Jun-Jul 2009
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EPISODIC TRANSIENT GAMMA-RAY
EMISSION FROM CYG X-1



AGILE gamma-ray detection of Cygnus X-1
_ (Sabatinj et al. ApJ, 2009)
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CygX-1 Spectral Energy Distribution - persistent
(Sabatini et al., 2010, ApJL)
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CygX-1 Spectral Energy Distribution - Flare

Spectral energy I
distribution for Cyg X-1
and AGILE data above P

100 MeV for the flaring
episode (15 October
09)
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Gamma-Ray Galactic Transients

e Some detection/hints from EGRET
— example: GRO J1838-04 (Tavani et al. 1997)

 AGILE detection of many tens of candidates (usually
low-energy)

— Examples:
o 24 Nov. 2007
 Crux Region transients
e Carina Region transients
 Eta-Car
» Galactic Center transients (March 09)
e L=17
L =8 (Easter-09 transient)
e Cygnus transients



Easter transient: 10-13 April 2009, 10143-
10180, bin =0.2, B16, FM, E>100 MeV

IGR J17476-2253
O

IGR J17586-2129
SAX J1 80%%*011 7 O
O

IGR J17587-2201 ] GX 3+1
O .

O ] (3R J°
) - IGR J175Q7- 26
ot %ﬁhﬂﬂ‘r@@ﬂﬂéj SFGL J1805.3-2138 (F.) SEC J1800-2338 X

J18124-1636

ao0 ~ (P 12_@§R'J1811-19‘§%R18(8%%%2 {800 nmuqem.x.}r T B TS5 Y 5 g0
118.6-1703 o Q ] O

O i. GX 5-1
[ |

5RS 1?58—%8
o

OFGL 11809 5E3 1 FB8R2EEF PSR 11809-2332)

IGR J18173-2509

ATE J180%




Easter transient: 10-13 April 2009, 10143-
10180, bin =0.2, B16, FM, E>100 MeV
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Easter transient: 10-13 April 2009, 10143-
10180, bin =0.2, B17b, FT
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Galactic gamma-ray transient
candidates:

GC region
Cygnus region
Carinaregion
Crux region

AGILE observes variability and detects new
transients on time scales of 1 day at flux
levels of 10 cm—~s, even in crowded, high
diffuse emission Galactic plane regions.

NO detectable simultaneous hard X-ray
emission (F < 20-30 mCrab, 18-60 keV, 1-day
Integration)



AGILE facts and surprises

In general, no obvious X-ray or hard X-
ray strong source (above 10 mCrab)

some SWIFT follow-ups: no detections,
(except one...)

but...Eta-Car and Cygnus X-3 examples



Energetics...

« Gamma-ray luminosity above 100 MeV
L = (a few) x 10%* d4 . erg/s

« Compatible with WR/CWB expectations

— It could be a class of WR/CWB or flaring
stars

 But also it could be a NEW CLASS of
(non-accreting or low X-ray) sources



Some Galactic source variability may be
due to transient source superposition

e One possible example: 1AGL J2022+4032

— Coincident with 1FGL J2021.5+4026 which has
been identified as a gamma-ray pulsar

— Nearby sources 1FGL J2020.0+4049, associated
with VER J2019+407
¢ Using data from November 2007 to August
2009, AGILE sees some evidence of
variability on a ~6 day time scale

e Variable X-ray source in FOV, from Chandra data
e Corresponding error circle has radius ~1°

» Variable component of flux may be due to
unidentified, steep spectrum source within 6
day error circle



AGILE Catalog of Variable and
Transient Sources in preparation
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AGILE Catalog of Variable and
Transient Sources in preparation

Y McLaughlin vs Chi® on FluxErr+10% systematic, sqrt(TS)>=2
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AGILE vs. Fermi: different results

 AGILE-GRID is optimized near 100 MeV,
Fermi-LAT at E> 1 GeV

— Fermi extrapolates from E > 200 MeV to
determine flux E > 100 MeV

— Due to AGILE energy resolution, E > 100 MeV
flux contains large contribution from sub-
100 MeV photons



AGILE vs. Fermi: different results

 depending on the season and source
position, AGILE and Fermi can have quite
different exposure below 1 GeV
— exposure and off-axis distribution

— different livetime sequence,
different time windows



a comparison: 1-day exposure

0-AGILE |sp-AGILE |FERMI
(GRID) |(GRID)  |(LAT

front)
FOV (sr) 2.5 2.5 2.5
Attitude fixed variable variable
(spinning)
sky coverage 1/5 ~ 70% whole sky
Source livetime | ~0.5 ~0.2 ~0.16

fraction

1-day exposure |~ 2 107 (0.5-1) 10" |~(1-2) 10’

(30 degree off-axis, |(cm?sec) |(cm?sec) |(cm? sec)
100 MeV)




Example: Fermi Galactic Centre 1-month integration (20 Feb-20 Mar 2010)

off-axis angle vs. time and cumulative histogram (Sabatini etal. 2010)
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Example: Galactic Centre 2-days integration (13-14 Mar 2010)
AGILE spinning mode vs. Fermi (Sabatini et al. 2010) Red data (AGILE)
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Cyg X-3: AGILE and Fermi
time coverage and off-axis angle
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(18-28 July 2009)

AGILE and Fermi off
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PSR B1259-63

Eelared
2782 Swift ¥RT cbservations of the
regicn near PSR B12583-63

AGILE detection of transient gamina-ray emission from the |2780 FermiLAT observations of

the PSR B1258-63 reqgion

PSR B1259-63 I'Egiﬂ]] 2772 AGILE detection of transient

garma-ray emissien from the
: - - : PSR B1253-63 region
ATel 22772 M. Tavani (INAF-I4S5F-Rm and Univ. Tor Vergata), F. Lucarelli, C. Pittori, F.\ |350 Planned Ohservation

_I ‘errecchio (ASDC), A, Bulearelli, F, Gianeiti, M, Trifoglio r‘IT{f IJSE Eafﬂ melt, E Kir mrrf schedule on PSR 1259-63 by

the H.E.5.5. experiment in
March, 2004

249 Discowvery of PSR 12583-63 in
WHE Gamma-Rays with
H.E.5.5.
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Distributed as an I::-;'a:ir Email Notice (Reguest for Observations)
FPassword Certification: Carlotta Pittort (carlotta pittori@asde.asi.it)

Subjects: Gamma Ray, =GeV, Request for Observations. Binaries, Pulsars, Transients
Referred to by ATel#: 2780, 2782

AGILE is detecting transient garmma-rav emission above 100 MeV from a source near the Galactic
plane and posttionally consistent with the binary pulsar PSR B1259-63 (J2000 coordinates: A 13 02
47.66, Dec: -63 50 08.6; 1 =304.1836, b = -0.9916).




AGILE: 02-08-2010 - 04-08-2010
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Conclusions

 Microquasar gamma-ray flares coincide
with radio/X state transitions
— hard X-ray emission suppressed
—may be related to changes in disk structure
— limits on Comptonized models

« Many Galactic transients observed

— Some source variability may be due to hidden
transients

— Catalog In preparation

 AGILE and Fermi complementary in
energy sensitivity and exposure



