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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 

 

 

 



AGILE 5.5 year all sky map 

5.5-years exposure g-ray sky (E > 100 MeV) 
2007, July – 2012, Dec 
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...several pages of candidates! 

 

 

 

Gamma-Ray Galactic Transients 



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 

100 - 400 MeV 

400 - 1000 MeV 

Sabatini et al., in prep 



Gamma-Ray PSF: AGILE vs. Fermi (front-LAT) - Crab 
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AGILE AND FERMI_LAT-front  
HAVE THE SAME PSF ! 

 

Sabatini et al., in prep 



VELA 
AGILE Fermi 

Sabatini et al., in prep 



Gamma-Ray Galactic Transients 

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

• AGILE detection of several candidates (usually low-energy) 
• Cygnus transients  

• Crux Region transients 

• Carina Region transients 

• Eta-Car 

• Galactic Center transients (March 09) 

• Unidentified (l= 17, l = 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 
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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 

 

 

 

 

 

Θ (degrees) β Γ LX/LE γ/TeV 

Cyg X-1 30? ? ? 0.1-1 YES        

Cyg X-3 <  14 > 0.8 > 1.6 0.1-1 YES 

SS 433 80 0.26 1.03 0.01 no 

GRS 1915+105 70 0.92 2.5                      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 

LS I 61 303  ? ? ? 10-4 yes 

LS 5039 < 80 > 0.2 ? 10-4 yes 



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). 
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Compact 
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  
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BH 

Companion O9.7 Supergiant, L  ~ 1039 erg/s Wolf Rayet, L ~  1039 erg/s 

Companion 
wind 

 ~ 10-6 M


/yr,    v  ~  2000 km/s   ~ 10-5 M☉/yr,    v ~ 1000 km/s 

Period 5.6 days,  orb. r.  ~  3.4 x 1012 cm 4.8 h,    orb. r.  ~  3 x 1011 cm 

Inclination 
Angle 

     30?  < 14 

Tavani et al. Nature 2009 

 

 bright soft X-ray states  (soft-to-hard 

state transitions) 

 state preceeding strong radio flares. 

REPETITIVE PATTERN !! 
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 bright soft X-ray states  (soft-to-hard 

state transitions) 

 state preceeding strong radio flares. 

REPETITIVE PATTERN !! SPORADIC  

2 episodes: 

 Hard state 

 Hard-to-soft transition 

Sabatini et al. 2012 
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behaviour can be expected in the two systems  
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Cygnus X-3 is unique in orbital separation, luminosity of 
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behaviour can be expected in the two systems  

 

The nature of the emission (leptonic vs hadronic) is not 
clear yet.  
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– first detection by Fermi in 2011 (V407 Cyg, ATel 2487) , challenging 

theoretical models of Novae 

– gamma-ray novae are not as rare as originally suspected: Fermi 
discovered Sco 2012 (ATel 4284), Mon2012 (ATel 4424), V745 Sco 
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Fermi-LAT detection of the symbiotic system 
V407 Cygni (March 2009) Abdo et al. Science 2010 



Fermi-LAT detection of the symbiotic system 
V407 Cygni (March 2009) Abdo et al. Science 2010 

 

AGILE detects a 3-4 sigma source in 
spinning, the reason is the hard spectrum 



Main results on Gamma-Ray Galactic Transients 

• Microquasars:  
– Gamma-ray emission is rare or undetectable in microquasars 
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• 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) 
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• 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) 

 

 

 

 

 

 

 

 

 



qua metto la PSF in funzione dell’energia 

 

e poi subito dopo anche la PSF in confronto con Fermi 

AGL  J2241+4454 (MWC656?): AGILE ATel 



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



AGL  J2241+4454 (MWC656?): AGILE ATel 2671 

significance: 5s 

Fg (> 100 MeV) = 1.98+/-0.7 10-6 ph/cm2/s 



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) 
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MWC656: follow up analysis 

Nature, 2014 



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. 
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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.  

 

 

big discovery potential for blind searches in 

gamma-ray data 

 

 

 

 

 

MWC656: follow up analysis 



• Further search for transient emission in our 

database, revealed 10 other (low significance) 

candidates of gamma-ray activity 
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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   

 

 

 

 

 

 

 

AGL  MWC656: gamma-ray follow up analysis 



Other prominent candidates: 
Unidentified transient sources 



ATEL n. 3059, Bulgarelli et al. ( 2010) 
 

σ=7.3; Flux=(330+/-80)10-8 ph cm-1 s-2 
(27 Nov. – 1 Dec. 2010, 4-days integration)  

Unidentified transient sources 



Unidentified transient sources 

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



l=8 transient: 10-13 April 2009, 10143-10180, 
bin =0.2, B17b, FT 

E > 100 MeV E > 400 MeV 

Unidentified transient sources 
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Consolidated results and surprises 

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

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

• Gamma-ray Novae (V 407 Cyg, ...) 

• “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  

 

  

 

 

 

 



 

• AGILE observes variability and detects new transients on time 

scales of 1 day at flux levels of 10-6 cm-2s-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.  

   

    

CONCLUSIONS II – lots to do... 

THANKS FOR YOUR ATTENTION 


