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Gamma-Ray Galactic Transients

* EGRET, some detection/hints
— one-time transient: e.g., GRO J1838-04 (Tavani et al. 1997)
— variable emission from LSI 61 303, LS5039

EGRET All-Sky Map Above 100 MeV
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Gamma-Ray Galactic Transients

EGRET, some detection/hints

— example: GRO J1838-04 (Tavani et al. 1997)
— variable emission from LSI 61 303, LS5039

AGILE detection of several candidates (usually low-energy)
e Cygnus transients
* Crux Region transients
* Carina Region transients
* Eta-Car
* Galactic Center transients (March 09)
* Unidentified (I=17,1=8....)
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...several pages of candidates!




AGILE is optimal for the detection of transient sources:

* fast quicklook analysis (2-2.5 hr)

» 2 different statistical approaches (Likelihood
and False Discovery Rate)

 optimal PSF (crucial for galactic sources)

* good sensitivity



Gamma-Ray PSF: AGILE vs. Fermi (front-LAT) - Crab

CRAB pulsor — 100-400 MeV

Sabatini et al., in prep
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Gamma-Ray PSF: AGILE vs. Fermi (front-LAT) - Crab
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Gamma-Ray Galactic Transients

 EGRET, some detection/hints
— example: GRO J1838-04 (Tavani et al. 1997)

e AGILE detection of several candidates (usually low-energy)
e Cygnus transients
* Crux Region transients
e Carina Region transients
* Eta-Car
* Galactic Center transients (March 09)
* Unidentified (I=17,1=8....)

* Fermi candidates:
* Nova explosions (V407 Cyg, V745 Sco)
* Low mass X-ray binary (XSS J12270-4859)
* Galactic Centre (ATel 3162, 12 Feb 2011)
 Gamma-ray binary 1FGL J1018.6-5856
* Unidentified: J0639+0548, J1057-6027, J0910-5041



AGILE vs. Fermi: sometimes different results regarding
gamma-ray transients



AGILE vs. Fermi: sometimes different results regarding
gamma-ray transients

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



AGILE vs. Fermi: sometimes different results regarding
gamma-ray transients

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

* 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 window



Main results on Gamma-Ray Galactic Transients

* Microquasars

* Novae

« Gamma-ray binaries



Main results on Gamma-Ray Galactic Transients

* Microquasars:
— Gamma-ray emission is rare or undetectable in microquasars

O (degrees) /] r L /L p/TeV

SS 433 80 0.26 1.03 0.01 no
GRS 1915+105 70 0.92 25 0.1-1 no
GRO J1655-40 > 70 0.9 2.5 1 no
GRS 1758-258 ? 0.1-1 no
XTE J1550-564 60-70 > 0.8 1.5 0.1-1 no
Sco X-1 > 70 > 0.8 >1.6 0.1-1 no

Lsie133 2 2 2 10%

Lss039 <80 >02 2 10%



Main results on Gamma-Ray Galactic Transients

* Microquasars:
— Gamma-ray emission is rare or undetectable in microquasars

— AGILE searched extensively since 2007 hard X-ray outburst activity
possibly related with gamma-ray emission: NONE WAS FOUND.
(AGILE is the first instrument capable of doing this search).



Main results on Gamma-Ray Galactic Transients

* Microquasars:

— Gamma-ray emission is rare or undetectable in microquasars

— AGILE searched extensively since 2007 hard X-ray outburst activity
possibly related with gamma-ray emission: NONE WAS FOUND.
(AGILE is the first instrument capable of doing this search).

— However Cyg X-3 and Cyg X-1 show transient activity in gamma-rays
related to X-ray state transitions



Cygnus X-1 Cygnus X-3
ye JE
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bright soft X-ray states (soft-to-hard
state transitions)

state preceeding strong radio flares.



Cygnus X-1 Cygnus X-3

Sabatini et al. 2012 Tavani et al. Nature 2009
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Cygnus X-1 Cygnus X-3

Companion | 09.7 Supergiant, L ~ 103 erg/s Wolf Rayet, L ~ 103%° erg/s

Cygnus X-3 is unique in orbital separation, of
the companion star and inclination -> different
behaviour can be expected in the two systems




Cygnus X-1 Cygnus X-3

Companion | 09.7 Supergiant, L ~ 103 erg/s Wolf Rayet, L ~ 103%° erg/s

Cygnus X-3 is unique in orbital separation, of
the companion star and inclination -> different
behaviour can be expected in the two systems

The nature of the emission (leptonic vs hadronic) is not
clear yet.




Main results on Gamma-Ray Galactic Transients

* Novae:

— first detection by Fermi in 2011 (V407 Cyg, ATel 2487) , challenging
theoretical models of Novae



Main results on Gamma-Ray Galactic Transients

* Novae:

— first detection by Fermi in 2011 (V407 Cyg, ATel 2487) , challenging
theoretical models of Novae

— gamma-ray hovae are not as rare as originally suspected: Fermi
discovered Sco 2012 (ATel 4284), Mon2012 (ATel 4424), V745 Sco
(Atel 5879)...
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Fermi-LAT detection of the symbiotic system
V407 Cygnl (I\/Iarch 2009) Abdo et al. Science 2010

® Fermi-LAT data
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Fermi-LAT detection of the symbiotic system
V407 Cygnl (I\/Iarch 2009) Abdo et al. Science 2010

AGILE detects a 3-4 sigma source in
spinning, the reason is the hard spectrum
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Main results on Gamma-Ray Galactic Transients

 Gamma-ray binaries:
— Blind searches in gamma-ray data (modulation and/or transient emission)

revealed the existence of a new population of binaries, e.g.:
* 1FGL 1018.6-5856, discovered by Fermi (modulation)




1FGL J1018.6-5856: a New Gamma-ray Binary

ATel #3221; R. H.D. Corbet (UMBC/NASA GSFC), C. C. Cheung (NRC, resident at NRL), M
Kerr (Stanford), R. Dubois (SLAC), D. Donato (UMCPINASA GSFC), G. A. Caliandro (IEEC-
CSIC), on behalf of the LAT collaboration, M. J. Coe (Southampton), P. G. Edwards (CSIR0O),

M. D. Filipovie (UWS), J. L. Payne (UWS), J. Stevens (CSIRO)

on 15 Mar2011; 17:14 UT

Credential Certification: Robin Corbet (corbet@umbc.edu)

Subjects: Radio, Optical, X-ray, Gamma Ray, >GeV, Binary, Black Hole, Neutron Star, Star,

Variables

Referred to by ATel #: 3228
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The Fermi LAT Collaboration*

Science, 2012

Gamma-ray binaries are stellar systems containing a neutron star or black hole, with gamma-ray
emission produced by an interaction between the components. These systems are rare, even though
binary evolution models predict dozens in our Galaxy, A search for gamma-ray binaries with the
Fermi Large Area Telescope (LAT) shows that 1FGL ]1018.6-5856 exhibits intensity and spectral
modulation with a 16.6-day period. We identified a variable x-ray counterpart, which shows a sharp
maximum coinciding with maximum gamma-ray emission, as well as an 06V((f) star optical
counterpart and a radio counterpart that is also apparently modulated on the orbital period. 1FGL
]1018.6-5856 is thus a gamma-ray binary, and its detection suggests the presence of other fainter

binaries in the Galaxy.
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such a source (4, 5). The existence of pulsars in-
teracting with stellar companions of early spectral
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tion of high-mass x-ray binaries (HMXBs) con-
taining neutron stars (6). These interacting pulsars
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await detection.
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days), LS T+61° 303 (26.5 days), and Cygous X-3
(4.8 hours) (4, 7, 8), and gamma-ray emission is
at least orbital phase-dependent for the PSR
B1259-63 system (3.4 years) (9). However, the
putative gamma-ray binary HESS J0632+057,
for which a 321-day x-ray period is seen, has not
yet been shown to exhibit periodic gamma-ray
emission (/0). PSR B1259-63 contains a pulsar,
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the predicted HMXB p population. The
first Fermi T.AT (/7) catalog of gamma-ray sources
(“1FGL™) contains 1451 sources (12), a large
fraction of which do not have confirmed counter-
parts at other wavelengths and thus are poten-
tially gamma-ray binaries,

To search for modulation, we used a weighted
photon method to generate light curves for all
1FGL sources in the energy range 0.1 to 200 GeV
(13). We then calculated power spectra for all

From an ion of these, in addi-
tion to modulation from the known binaries LS
1+461°303 and LS 5039, we noted the p

passband. To facilitate discussion of the lower-
energy (<1 GeV) and higher-energy (>1 GeV)
gamma rays, we adopted as our primary model
abroken power law with photon indices g, and
;4o for energies below and above 1 GeV, re-
spectively. The best-fit values (/3) are Ty =
200%0.04,,+0.08, g and T, 1p=3.09% 0.064 +
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spectral shape is qualitatively similer to that of
pulsars and of LS I +61° 303 and LS 5039, so far
no detection of pulsed gamma-ray emission has
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of a strong signal near a period of 16.6 days from
1FGL J1018.6-5856 (Fig. 1). IFGL J1018.6-5856
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Main results on Gamma-Ray Galactic Transients

Gamma-ray binaries:
— Blind searches in gamma-ray data (modulation and/or transient emission)

revealed the existence of a new population of binaries, e.g.:
* 1FGL 1018.6-5856, discovered by Fermi
* AGL J2241+4454, discovered by AGILE (transient)




AGL J2241+4454 (MWC656?): AGILE ATel

AGILE detection of the new unidentified gamma-ray
source AGL J2241+4454

ATel #2761; F. Lucarelli, F. Verrecchia (ASDC), E. Striani (Univ. Roma Tor Vergata and INFN
Roma), C. Pittori (ASDC), M. Tavani (INAF/IASF-Rm, and Univ. Tor Vergata), 5. Vercellone
(INAF/TASF-Pa), A. Bulgarelli, F. Gianotti, M. Trifoglio (INAF/IASF-Bo), A. Chen, A.
Giuliani, S. Mereghetti, P. Caraveo, F. Perotti (INAF/TASF-Mi), I. Donnarumma (INAF/IASF-
Rm), F. D'Ammando (INAF/IASF-Pa), E. Del Monte, Y. Evangelisia, M. Feroci, F. Lazzarotio,
L. Pacciani, P. Soffitta, E. Costa, I. Lapshov, M. Rapisarda, A. Argan, Gc. Piano, G. Pucella, §.
Sabatini, A. Trois, V. Vittorini (INAF/TASF-Rm), F. Fuschino, M. Galli, C. Labanti, M.
Marisaldi, G. Di Cocco (INAF/IASF-Bo), A. Pellizzoni, M. Pilia (INAF/OA-Cagliari), G.
Barbiellini, F. Longo, E. Moretti, E. Vallazza (INFN Trieste), A. Morselli, P. Picozza (INFN
and Univ. Roma Tor Vergata), M. Prest (Universita” dell' Insubria), P. Lipari, D. Zanello (INFN
and Univ. Roma Sapienza), P. W. Cattaneo, A. Rappoldi (INFN Pavia), P. Santolamazza, 5.
Colafrancesco, P. Giommi (ASDC), L. Salotti (ASI)
on 27 Jul 2010; 17:21 UT
Distributed as an Instant Email Notice Request For Observations
Credential Certification: Fabrizio Lucarelli (fabrizio lucarelli@asdc.asi.it)

Subjects: Gamma Ray, >GeV, Request for Observations, Transient

et

AGILE is detecting intense gamma-ray emission above 100 MeV from a new unidentified source,
AGL J2241+4454, with Galactic coordinates (1,b) =(100.0,-12.2) A+ 0.6 deg (95% stat.) A+ 0.1
deg (syst.) (R.A.=340.3, Dec.=44.9, J2000).

Integrating from 2010-07-25 01:00 UT to 2010-07-26 23:30 UT, a maximum likelihood analysis
yields a detection at a significance level larger than 3 sigma, and a flux above 150 x 10E-8
ph/icm2/s (E > 100 MeV).




AGL J2241+4454 (MWC656?): AGILE deep field

C656




AGL J2241+4454 (MWC6567?): AGILE ATel 2671

significance: 5c
Fy (> 100 MeV) = 1.98+/-0.7 10 ph/cm%/s
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MWC656: follow up analysis

Follow up analysis triggered by the AGILE ATel and
carried out by Casares et al., led to

the discovery of the first Be-BH binary system
(MWC656)



MWC656: follow up analysis

Follow up analysis triggered by the AGILE ATel and
carried out by Casares et al., led to

A Be-type star with a black-hole companion

J. Casares'?, 1. Negueruela®, M. Ribo?, 1. Ribas®, J. M. Paredes?®, A. Herrero'? & S. Simén -Diaz!+

Stellar-mass black holes have all been discovered through X-ray
emission, which arises from the accretion of gas from their binary
companions (this gas is either stripped from low-mass stars or sup-
plied as winds from massive ones). Binary evolution models also pre-
dict the existence of black holes accreting from the equatorial envelope
of rapidly spinning Be-type stars'* (stars of the Be type are hot blue
irregular variables showing characteristic spectral emission lines of
hydrogen). Of the approximately 80 Be X-raybinaries known in the
Galaxy, hnWﬁ er, only pulsating neutron stars have been found as
companions>. A black hole was formally allowed as a solution for
the companion to the Be star MWC 656 (ref. 5; also known as HD

215227), although that conclusion was based on a single radial
velocity curve of the Be star, a mistaken spectral classification® and
rough estimates of the inclination angle. Here we report observa-
tions of an accretion disk line mirroring the orbit of MWC 656.

This, together with an improved radial velocity curve of the Be star
through fitting sharp Fe 11 profiles from the equatorial disk, and a
refined Be classification (to that of a B1.5-B2 I1I star), indicates that
a black hole of 3.8 to 6.9 solar masses orbits MWC 656, the candidate
counterpart of the y-ray source AGLJ2241+4454 (refs 5, 6). The
black hole is X-ray quiescent and fed by a radiatively inefficient
accretion flow giving a luminosity less than 1.6 X 10~ times the
Eddington luminosity. This implies that Be binaries with black-hole
cmnpanmns are dlfﬁcult to detect i in conv mtlmal X-ray surveys.

B-type stars. Further, the He 1 profile is double-peaked, which is the
signature of gas orbiting in a Keplerian geometry''. Gaussian fits to the
He nprofiles in the Liverpool telescope spectra reveal that the centroid
of the line is modulated with the 60.37-day orbital period, reaching
maximum velocity at photometric phase 0.06 (see Methods and Extended
Data Fig. 1). This is approximately in antiphase with the radial velocity
curve of the Be star’, a strong indication that the He Il emission arises
from gas in an accretion disk around the invisible companion and not
from the Be disk. We can therefore use its radial velocity curve to trace
the orbit of the Be companion. An eccentric orbital fit to the He 11 velo-
cities was performed using the Spectroscopic Binary Orbit Program
(SBOP*®), fixing the period to 60.37 days (Methods); the resulting orbital
elements are given in Extended Data Table 2. The orbital evolution of
the He 1 line is presented in Fig. 2. The line flux is also found to be
modulated with the orbital period (Methods and Extended Data Fig. 1),
owing to the presence of an 5-wave component swinging between the
double peak (see Fig. 2).

To improve on the radial velocity curve of the Be star previously
reported’, we fitted the sharp double-peaked profile of the Fe 114,583 A
emission line with a two-Gaussian model (Methods). Fen lines are
known to arise from the innermost regions of the circumstellar disk'*",
and therefore reflect the motion of the Be star much more accurately

Nature, 2014



MWC656: follow up analysis

Follow up analysis triggered by the AGILE ATel and
carried out by Casares et al., led to

the discovery of the first Be-BH binary system
(MWC656)

The system has very faint X-ray emission
(Lx < 1032 erg/s)

and has therefore been missed in X-ray

selected sourveys.



MWC656: follow up analysis

Follow up analysis triggered by the AGILE ATel and
carried out by Casares et al., led to

the discovery of the first Be-BH binary system
(MWC656)

The system has very faint X-ray emission
(Lx < 1032 erg/s)
and has therefore been missed in X-ray

selected sourveys. l

big discovery potential for blind searches In
gamma-ray data




AGL MWC656: gamma-ray follow up analysis

* Further search for transient emission In our
database, revealed 10 other (low significance)
candidates of gamma-ray activity



AGL MWC656: gamma-ray follow up analysis

* Further search for transient emission In our
database, revealed 10 other (low significance)
candidates of gamma-ray activity

* most of them seems to be related to a specific
orbital phase.



AGL MWC656: gamma-ray follow up analysis

* Further search for transient emission In our
database, revealed 10 other (low significance)
candidates of gamma-ray activity

* most of them seems to be related to a specific
orbital phase.

 a systematic search for similar systems has now
started thanks to the collaboration with the
Casares (Paredes, Ribo’) group



Other prominent candidates:
Unidentified transient sources



Unidentified transient sources
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Unidentified transient sources

|=8 transient: 10-13 April 2009, 10143-10180,
bin =0.2, B16, FM, E>100 MeV
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Unidentified transient sources
|=8 transient: 10-13 April 2009, 10143-10180,

bin =0.2, B17b, FT
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Consolidated results and surprises

* Cygnus X-3 (and even more sporadically
Cygnus X-1) (no other microquasars !)

e LSI 61 303, LS5039, J1018.6 5856 (Be
star+hidden pulsar ?)

 Gamma-ray Novae (V 407 Cyg, ...)

e “Hidden” black holes in massive binaries
(MWC 656) (very weak X-ray sources !)

->Several other candidates in Be star binaries
* no obvious LMXB or INTEGRAL sources



CONCLUSIONS Il — lots to do...

* AGILE observes variability and detects new transients on time
scales of 1 day at flux levels of 10-° cm~s-1 even in crowded fields,
high diffuse emission Galactic plane regions -> pointing data are
still a ‘gold mine’ to discover (see e.g. MWC656). PSF in spinning
mantains nominal performance and allows to carry out crucial
studies of galactic soft transients (quicklook alerts in 2-2.5 hr).

* The nature of the gamma-ray emission (leptonic vs hadronic) is
still not clear in galactic transients: improving sensitivity below 100
MeV is crucial for this.

* New blind searches in our database can populate the new class
of gamma-ray binaries and give a crucial contribute to the study of
these sources in the 100-400 MeV range.

THANKS FOR YOUR ATTENTION



