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LAT sees 1/5 of the sky at any time 
GBM sees entire un-occulted sky 

Fermi spends every other 
orbit rocked either north or 
south: 3 hours to survey 
entire sky   ~100 MeV – 300 GeV 

  Large FoV 
  PSF ~45’ @ 1GeV 

        ~15’ @ 10GeV 



•  Fermi covers a 
huge interval of 
the EM spectrum 
–  Crucial and 

unique 
spectral 
coverage 

•  Complement the 
large number of 
upcoming new 
survey 
instruments from 
VHE to radio 
wavebands 
–  At the dawn of 

time domain 
astrophysics 2008 2010 2012 2014 2016 2018
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Workshop on Recent Developments in Astronuclear and 

Astroparticle Physics Trieste, 19-23 November 2012 
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1,873 sources 

based on integrated exposure 
(100 MeV to 100 GeV) from 
August 4, 2008, to July 31, 2010.   
TS > 25 
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The 3rd Fermi LAT Catalog Sky 
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Based on 4 years of reprocessed data 
• Significantly better high-energy PSF better 

localization 
• Upgraded interstellar emission model allows keeping 

up with better statistics 
• Significantly deeper than 2FGL, some 2500 sources 
• Association rate similar to 2FGL 
• Will be followed by a 5-year (contractual) catalog 

based on Pass8 (new reconstruction and 
classification of events) and another improvement 
of the interstellar emission model 
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The 3rd Fermi LAT Catalog 
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(credit: C. Dermer) 

3 months:LBAS 1 year:1LAC 2 years2LAC Abdo, et al. 2010, ApJ, 
715, 429 

Abdo, et al. 2009, ApJ, 
700, 597 

Ackermann, M. et al., 
ApJ, 743: 171, 20 
December 2011    
arXiv:1108.1420  

More than 1000 AGN! 

See Filippo’s Talk 
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•  In the 3-dimensional WISE 
IR color space γ-ray emitting 
blazars lie in a distinct 
region (D’Abrusco et al. 
2013) the “locus”. 

•  Using this method about 
150 unidentified gamma-ray 
sources can be associated 
with a WISE blazar 
candidate (Massaro et al. 
2013). 
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9 FRI radio galaxies (Cen A, 3C120, NGC1275, 3C78, NGC6251, M87, PKS0630, Cen B, Fornax A)  
4 FRII-like radio sources (3C111,3C 207, 3C 380, PKS 0943) 

See Anita’s Talk 



• 	  New	  Classifica-on	  based	  on	  
νS	  	  
	  	  	  LSP,	  ISP,	  HSP:	  low-‐,	  
intermediate-‐,	  high-‐	  
	  	  energy	  peaked	  blazars,	  resp.	  

• 	  LSP:	  log(νS	  )	  <	  14	  	  
• 	  ISP:	  14<log(νS	  )	  <	  15	  
• 	  HSP:	  log(νS	  )	  >	  15	  

This	  classifica-on	  is	  now	  
widely	  used	  in	  the	  Literature.	  

Blazar	  Class	  vs	  Spectral	  Index	  

(Abdo et al. 2010) 
12 
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See Stefan’s Talk 
(Vovk & Neronov 2013) 
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Variability	  
2LAC 
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Preliminary  
Cheung+ in  
preparation 

PKS1830-211: FSRQ subject to gravitational lens 
(measured radio delay ~26 days and magnification 
ratio ~1.5) 

No evident sign of “echo” 
gamma-ray flares caused by lens 

Abdo+2013, submitted to ApJ 

Preliminary 

B0218+357 
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See Stefano’s Talk 
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Ackermann et al, arXiv:1306.6772 3-year Data; 10-500 GeV 
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Ackermann et al, arXiv:1306.6772 

52 sources not  in previous Fermi-LAT catalogs 
84 sources have associations with known VHE sources (about 2/3 of 
all the known VHE emitters.  



     213 VHE Candidates: 129 BL Lacs, 12 FSRQs , 32 AGUs, 2 PSRs, 3 SPP, 
1 SNR (SNR G260.4−03.4), 1 LVB star (Eta Carinae), 1 radio galaxy (PKS 
0625−35), 1 Galaxy (LMC), and 31 unassociated sources. 
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Ackermann et al, arXiv:1306.6772 



•  Fermi  1FHL source List:  
–  sources get softer with increasing redshift  
 possibly due to attenuation on optical/UV photons of EBL 

»  Such trend is less clear with photon 
index from E>100MeV (2LAC paper) 
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HSP-BL Lacs (73)  
ISP-BL Lacs (27) 
LSP-BL Lacs (16)  
No-Class BL Lacs (7) 
FSRQs (71) 

See Anita’s Talk 

2LAC 1FHL 



Sikora et al. 1994 

Broad Line  
Region clouds 

IR radiation  
Hot Dust 

Donato et al 2002 

See Markus’s Talk 
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HESS 

Fermi 
RXTE 

Swift ATOM 

PKS	  2155-‐304:	  	  BLLac-‐HSP,	  z=0.116	  
First	  simultaneous	  
SED	  including	  	  GeV-‐TeV	  data	  

Unexpected	  correla-ons:	  
• 	  Strong	  correla-on	  between	  
op-cal	  and	  TeV	  fluxes	  

• 	  X-‐ray	  flux	  varies	  independently	  of	  
TeV	  flux	  

• 	  Correla-on	  between	  
X-‐ray	  flux	  and	  GeV	  photon	  index	  

(Aharonian,	  F.	  et	  al.	  	  2009,	  ApJL,	  696	  L150)	  

20 

Challenge	  simple	  SSC	  models	  
usually	  used	  to	  model	  the	  	  SEDs	  of	  BL	  Lacs	  
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Extensive multiwavelength campaign on 
MKN 421 (from 2009 Jan. 19 to 2009 Jun. 1) 
SED emerging from this is the most 
complete and accurate representation 
of the low/quiescent state of Mrk421. 
Two scenarios are proposed:  

  Hadronic and Leptonic 

No indication of a correlated activity 
between X-ray and Gamma-ray 

During this campaign, Mrk 421 showed 
a low activity at all wavebands 

[Abdo et al. 2011 (Fermi-LAT + MAGIC)] 

Multi-frequency light curves (X-ray:RXTE/ASM, 
Soft-Gamma: Swift-BAT, Gamma-ray: Fermi-LAT) 



Physical ? Selection bias ? 

Ghisellini et al.  1998-2012 Giommi, Padovani et al. 
2012 

Simulations of observational 
biases 

Problem of many Fermi BL Lacs with no redshift (but see Shaw 
et at. 2013 and Ajello et al. 2013 submitted)   
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Meyer et al 2011 – different structure  
of the jet in FSRQ/FRII and BLLac/FRI 

Ghisellini et al 2009,2012  
sequence of accretion rates. 

Finke 2012 – this correlation is quasi  
Indipendent from redshift; uext, B, beaming 



•  Spectral departure from a pure power-law ~ few GeV have been 
found in the γ-ray spectra of many LSP FSRQs and BL Lacs, most 
prominently in the extremely bright 3C454.3. 
‒  γ-γ attenuation from He II line photons (Poutanen et al. 2010, 2011)  
–  intrinsic electron spectral breaks (Abdo et al 2009, ApJ 699, 817) 

24 

See Boris’s Talk 
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Simultaneous flares Knots passage through core 

Radio/Gamma Co-spatial, transparent to radio   
Flares: 43 positives, 13 negatives (34 Fermi blazars)  

Jorstad 2011, Marscher et al 2011-2012 

3C 454.3 
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•   Very  fast  variability 
observed by MAGIC in the 
FSRQ PKS  1222+216(4C
+21.35) 
•   Doubling  flux  scale      

 9  minutes  approx 
 Very compact emission 
region  (no E>50 GeV ph 
could escape if source 
inside the BLR) 

MAGIC Coll. ApJL 730 (2011) 

Single spectral component from 
2 to 400  GeV  
cutoff excluded at E < ~130  
GeV 



BLR(UV) Hot Dust (IR) Disk, Corona 

>100 Rs                                                ~10-20 pc  

Open Questions  
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? ? ? 

2)  One-zone leptonic model crises?  

1) Location of the emitting region 



•  More than 1000 blazars are now detected also in the MeV- GeV band  
•  Many new non-blazars sources have been detected (Radio galaxies, 

NRLSy1, NGC 1275, etc.) 
•  Baseline catalog of possible TeV source candidates to be investigated with 

the present and future VHE faciliities 
•  AGN Physics: 

–  Investigation of blazar spectral properties (correlation of photon index 
with blazar class, spectral breaks) and variability time scales 
(observed ranging from sub-day to several months)  

–  Some cases with evidence for large distances gamma-ray emission 
regions from BH although the location of the gamma-ray emitting region 
in the jet is still ambiguous  

–  Radio-to-gamma-ray SEDs are forcing us to look for models beyond 
the standard one-zone leptonic models 

–  Many multifrequency studies have provided time-resolved SEDs and 
interband (radio, optical, X-ray, TeV) temporal correlation 
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SED with two broad bumps:  
Synchrotron and IC in leptonic models.  
Also hadronic scenarios have been 
considered (e.g. Mannheim, Boettcher, 
Reimer, Dermer). νF
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•  One of few cases with SED modeled with 
one-zone SSC  
•  Indication of a correlation between 
Optical and VHE 
•  Anticorrelation between X-ray fluxes and 
Fermi-LAT spectral indices 


