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Catalogues 
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Catalogues 

Adapted from Urry & Padovani, 1995 
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5 years 
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Crucial ingredient : 

look at the right 
source at the right 
time! 

5 years 



•  Fermi LAT is a permanent all-sky survey, allows a good 
coverage of the sky (scans the whole sky in ~ 3h)  

•  A prompt alert, an automatic pipeline to release scientific 
relevant information almost in real time (gamma-ray blazar 
flares, unidentified transients)  
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Flare Advocate (FA-GSW) 

Fermi All-sky Variability Analysis (FAVA) 

Energy range: < 100 MeV to > 300 GeV 



•  Quick look data analysis: data automatically processed (ASP) every 6h 
and 24h, potentially interesting sources are pointed out  

•  Multi-mission/multi-frequency tools and archives linked to ASP and 
provided by the Asi Data Center  

•  Great effort by Flare Advocates (http://fermisky.blogspot.it/)  
•  Threshold to issue ATels on flaring sources: FE>100MeV > 10-6 ph cm−2s−1  
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Outline of the all-sky map distribution, of the new gamma-ray sources, flares 
and transients found by Fermi LAT and announced through Astronomer's 
Telegrams. Most of these sources follow the FA-GSW service. 

Galactic coordinates 

http://www.asdc.asi.it/feratel/ 
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The 265 Fermi LAT (ATels) published on behalf of the LAT collaboration from 2008 
July 24, to 2014 February 19 (i.e., in 2036 days of Fermi mission) 

Blazar / AGN flares 
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Leaders: R.Buehler (DESY), M.Ajello (Cleamson), 
A.Allafort (Stanford), D.Kocevski (NASA/GSFC), S. Funk 
(Stanford) 

An example of positive flare is shown for the 
Crab whereas a negative flare (quiescence) is 
shown for 3C 454.3 

Number of gamma rays observed in a given time 
window to the number of gamma rays expected 
for the average emission detected from that 
direction 

Method used in  
!  weekly time intervals  
!  two energy ranges, E>100MeV and 
E>800MeV 
derived a list of 215 flaring gamma-ray sources 
(Ackermann et al. 2013,ApJ, 771, 57A) 
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A total of 215 sources were detected with significance greater than 5.5σ. 

Sources for which at least one flare was detected in the low and high energy 
band are shown in yellow and red respectively. 

https://www-glast.stanford.edu/pub_data/585/ 
http://www.asdc.asi.it/fava/  

Galactic coordinates 
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27 sources are detected at Galactic latitudes <10°. Of these, 4 sources coincide with known 
variable Galactic sources, 15 coincide with blazars, 1 is associated with an unknown compact 
radio source. 

"   FAVA detects an average of ∼1 new transient source in the Galactic plane 
 (|b| < 10°) every 8 weeks. 

"   ToO observations with Swift and Chandra to follow-up on these new 
 transients planned to constrain the nature of their counterparts.  
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•  PKS  1222+216 (FSRQ, aka 
4C+21.35, z=0.435) 

•  MAGIC  detection  (2010)   
during  high  activity 

•  Simultaneous Fermi-
LAT 2.5hrs  
encompassing MAGIC obs. 
•  Very  fast  variability  

•  Doubling  flux  scale of 9  
minutes  approx 

! Constraint on the emission 
region: location and size 
(R=1014cm)  

MAGIC Coll. ApJL 730 (2011) 
Tanaka+ ApJ, 733, 19 (2011) 
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VHE (>200GeV) 

HE (>100MeV) 

X-rays  
(2-10 kev) 

Optical 

Radio 37 GHz 

no significant 
variability 

3 distinct flares 

modest variability  

3 distinct EVPA 
Rotations >180°  

New knot 

Preliminary 
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•  The HE and VHE spectra connect smoothly 

Preliminary 

Aleksić+ submitted 



•  The HE and VHE spectra connect smoothly ! suggests radiation 
originates from a single emission region located far from the 
central region 

•  the HE variability indicates that within the larger emission region, 
there must exist more compact emission regions producing the 
fast variability  

•  Several emission sites were also suggested by Nalewajko et al. 
(2012), Barnacka et al. (2013)  

•  The model turbulent plasma flowing at a relativistic speed down 
the jet and crossing a standing shock, would naturally lead to 
such behavior (Marscher 2014) 

•  The common variability patterns seen in the HE and 37 GHz 
light curves + ejection of a new component from the 43 GHz VLBA 
core support this emission scenario 
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Optical Gamma-ray 

Gamma-ray/optical Preliminary 

Preliminary 

(Buson+ submitted) 

Fermi-LAT 

Optical 

Preliminary 

A     B1 B2     C 

•  different optical – gamma-ray 
trend for flaring episodes 

•  upwards shape of the LAT spectra 
in the SED  



ATel #4343 
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ATel #2943  

ATel #4158 

ATel #4361 
Fermi LAT Detection of Gamma-ray Flaring 

from Gravitationally Lensed Blazar 
S30218+35 

ATel #4371 

ATel #4411 
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Gamma rays (Fermi-LAT) can not resolve the two images but can 
estimate the time delay between components of lensed  AGN 

Massive object 
(lens) 

Object 

2nd 
Image 

Image 



•  FSRQ at z=2.507;  
•  lens separation of 0.98”; 

Einstein ring 
•   Lensing galaxy z=0.886 
•   Intervening galaxy z=0.19 

•  Radio delays claimed: 26+/-5 
days, 24+/-5 days 

•  magnification ratio ~1.5 

•  z = 0.944  
•  Smallest separation lens 

from CLASS survey (0.335”); 
Einstein ring 
–  Lensing galaxy z = 0.6847   

•  Delay 10.5 +/- 0.4 day (95% CL, 
Biggs et al. 1999) 

•  Associated with LAT gamma-
ray source (2FGLJ0221.0+3555)  
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A B C 

Preliminary 
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A B C 

Gamma-ray lensing delay claimed: 
27.1+/-0.6 days (Barnacka et al. 2011)  

Signal feature at 53.4-day timescale: precession period of 
the spacecraft orbit ! systematics by effective area 
variation in P6 data/IRFs (27 day delay claimed is the first 
harmonic of that).  

Preliminary 
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No evident sign of delayed gamma-ray flares caused by lens  
(The Fermi-LAT coll., submitted) 

To be noted:  
- Different spatial origin of the emission at 
different wavelengths 

-  Magnification ratio different for radio and 
gamma-ray emission 
-  Lower limit of ~6 in the gamma-ray flux 
ratio ! upper limit on the size of the 
gamma-ray emitting region (in agreement 
with SED modeling) 
-  ALMA remarkable frequency-dependent 
behavior of the flux ratio of the two images 
(Marti-Vidal et al. 2013) 

Preliminary 
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Structured gamma-ray light curve 

A
C

F 

Lag (days) 

A
C

F 

Lag (days) 
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Flare emission divided by the observed flux ratio of 1.16 and shifted by 
+11.46 days to match the delayed emission 

Delay estimated = 11.46 +/- 0.16 days  
Flux ratio = 1.16 +/- 0.07 

Magnification ratio = 1.32 +/- 0.09  Cheung+ 2014, 
ApJL, 782, L14  



•  Incrementing the number of objects helps to draw a better 
picture of the population  

•  The high duty cycle and sky-survey capabilities of the Fermi 
LAT have allowed us to follow up many AGN in flaring states.  

•  Correlated variability studies at different energy bands 
(especially simultaneous) promise substantial progress in  
gaining insights in the intrinsic object physics 

•  Near future for Fermi, major upgrades: 
–  Pass 8: larger acceptance, better Point Spread Function at 

high energies and a wider energy range  
–  will provide a dramatic improvement in capability for time-

domain high-energy astronomy 
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