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FermiFermi GammaGamma--ray Space Telescoperay Space Telescope

� Launched 11 june 2008, Delta II Rocket, circular orbit, 565km altitude, 25.6 deg inclination.  Operations. Primary 

mode: all-sky survey with scan of the entire sky for 30min every 3 hours. Autonomous Repoint Request (ARR). Target of 

Opportunity (ToO). Huge field of view (2.4sr).
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Celebrations of 10 years of Celebrations of 10 years of Fermi                                                 Fermi                                                 

and the 8th International and the 8th International FermiFermi SymposiumSymposium

� fermi.gsfc.nasa.gov/fermi10/ � fermi.gsfc.nasa.gov/science/mtgs/symposia/2018/

Eighth International Fermi Symposium

Oct 14-19, 2018, Baltimore, MD, USA
The 8th Fermi Symposium (2018) follows previous symposia at 

Stanford, CA (February 2007), Washington, DC (November 2009), 

Rome, Italy (May 2011), Monterey, CA (November 2012), Nagoya, 

Japan (October 2014), Arlington, VA (November 2015), and 

Garmisch-Partenkirchen, Germany (October 2017).

Invitation for the Toulose HE Gems Conference 

participants to analyze the, public, Fermi LAT data 

and to submit abstracts to this 8th Fermi Symposium!                  

Also X-rays based science is welcome!
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The Burst Monitor (GBM)

8 keV – 40 MeV

9.5 sr FoV

The Large Area Telescope (LAT)

20 MeV - 300 GeV

>2.5 sr FoV

Fermi (formerly GLAST): two Instruments

FermiFermi GammaGamma--ray Space Telescoperay Space Telescope
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FermiFermi gammagamma--ray sources and science menu                           ray sources and science menu                           

NASA Senior Review 2016 Fermi science themes:

� Messengers (gammas, electrons, and MM/MW astroph.).

� Time (millisecond transients to multi-year 

variability/modulations)

� Dark Matter (WIMPs and axion candidates)

� Particle Astrophysics (CR acceleration sites and mechanisms).

Fermi: unique ALL-SKY + ALL-TIMES

mission for the HE cosmic 

laboratory and natural 

astrophysical accelerators. 

SURVEY � uniformity, serendipity, variability,                     

transients, cross-corr, cross-match,                             

time domain monitor.
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Different gammaDifferent gamma--ray ray FermiFermi skiesskies
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FermiFermi LAT as an AGN and LAT as an AGN and blazarblazar telescope                           telescope                           

� Active Galactic Nuclei (AGN) and 

blazars in particular (they represents 

the extragalactic sky), dominated the 

gamma-ray source counts in Fermi 

LAT general catalogs. 

� The 3rd LAT AGN catalog (3LAC) 

follows in the footsteps of the 3FGL 

catalog. It has 1773 AGN (1591 

located at high (|b|>10°) Gal. lat.). 

71% increase over the 2LAC. 2% 

are associated with non-blazar

sources.

� Association of e.m. astrophysical source  counterparts

(radio/optical/IR/X-ray) is generally the strongest statement 

that we can make: two quantitative methods, Bayesian 

method (BM)  likelihood ratio method (LRM), for assignment 

of associations in the 3FGL/3LAC.
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The 3rd LAT AGN catalog (3LAC)The 3rd LAT AGN catalog (3LAC)

Catalogs used for 3LAC source association:                          

Véron-Cetty & Véron; BZCAT; VLBA Calibrator list; 

CRATES; CGRaBs; TeVCat; ATCA 20-GHz survey; 

WISE gamma-ray blazar candidates; 1WHSP; 

NRAO VLA Sky Survey; Sydney University Mongolo

Sky Survey; ROSAT All Sky Survey Bright and Faint 

Source Catalogs.

� The 3LAC follows in the footsteps of the 3FGL (blazars dominates). 

The 3LAC is a significant improvement over the 2LAC also in term of analysis 

method/data quality. Main properties in 1LAC and 2LAC confirmed.

� Association of source counterparts is generally the strongest statement that 

we can make: two quantitative methods, Bayesian method (BM) Likelihood 

ratio method (LRM), for assignment of associations in the 3FGL/3LAC.

� The source counterpart association is like calibrated cross correlation 

between source catalogs and surveys (covering the entire sky or 

complemnetary, ex: NVSS/SUMSS/PMN/ATCA20/RASS ), providing quantitative 

probabilities of association and to controlled false positive association rate

(1,2,3FGL/1,2,3LAC catalogs we adopted P > 0.8 threshold in one of the two 

methods).

� 3LAC: LRM specific for this catalog. Association probability > 0.8 in one of the 

2 methods: 71% BM & LRM, 379 only BM, 62 only LRM, false-positive rate < 2%.

� 3LAC: 2 classification schemes for the associated AGN: 1) optical spectrum-

based (strength of broad lines, FSRQs, BL Lacs, BCUs aka Blazar Candidates of 

Unknown type); 2) Spectral Energy Distribution (SED) based (Low-

,Intermediate-,High-Synchrotron-Peaked AGN/blazars LSPs, ISPs, HSPs). 

Algorithm-/manually-controlled fit.

� Identification: strong term, based on correlated variability or spatial extent 

(in the 3FGL: 25 extended sources, 232 identified sources, 132 of which were pulsars, the 

other are mostly blazar with correlated multifrequency variability).
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3LAC sample properties3LAC sample properties

Flat Spectrum Radio Quasars (FSRQs), BL Lacertae objects (BL Lacs), blazar candidates of unknown type (BCUs)

FSRQs

BL Lacs

BCUs

95% position error radii vs TS (detection significances)

Spectral photon index vs integrated (E>100MeV) 

gamma-ray flux
Spectral photon index vs gamma-ray (100 MeV - 100 GeV) 

energy flux (less biased by the ph.index).
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3LAC sample properties3LAC sample properties

Correlation between 

gamma-ray spectral 

hardness and 

synchrotron peak 

frequency confirmed 

(also for BCUs).

Fractions of sources 

showing

significant gamma-ray 

variability

FSRQS: 69%

BL Lacs 23 %

(39%, 23%, 15%) for 

(LSP, ISP,HSP).

�Radiogalaxies/misaligned AGN in 3LAC (12 FRI, 3 FRII, 8 SSRQ/CSS). Significant increase of non-blazar

AGN population (3 new FRI, 2 new FRII, 4 new SSRQ). 
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3LAC sample properties3LAC sample properties

Spectral photon index vs gamma-ray power 

(luminosity).

Redshifts
� Slightly higher z for new 

FSRQs relative to 2LAC ones

<z>=1.33 vs. 1.17.

� Maximum redshift still z=3.1 

� 295/604  BL Lacs have no

measured redshifts (55%, 61%, 

40%)  for (LSPs, ISPs and HSPs). 

� Narrower z distribution for 

BL Lacs in 3LAC than 2LAC. 

� 134 constraints from Shaw et 

al. (2013).

� Redshift limits for BLLacs not

compatible with measured

redshifts: measured redshifts

are biased low.

Photon spectral indexes

�Little overlap between FSRQs and BL Lacs

� New FSRQs slightly softer than 2LAC ones: 

(<Γ>=2.53 vs. 2.41), and not so for BL Lacs

� BCUs’ index distribution straddling the 

two classes and extending beyond 2.5

Gamma-ray blazar luminosity 

functions: a rise in HSP density 

corresponds to a drop-off in that of 

FSRQs. Are HSPs an accretion-starved 

end state of an earlier merger-driven, 

gas-rich phase (FSRQs)?
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The next 4th LAT AGN catalog (4LAC)The next 4th LAT AGN catalog (4LAC)

Pictorial all sky map (Galactic 

coordinates) of the sky loci of a very 

preliminary list of sources for the 

4LAC catalog. 

� The 4th LAT AGN Catalog (4LAC) is the companion catalog containing sources associated 

with blazars and other AGNs counterparts being in the 4FGL general catalog. The 4LAC will 

follow the publication of the 4FGL catalog. The 4LAC will be  a reference for works on 

individual sources in the next years.

� The 4LAC catalog will be a significant improvement over the 3LAC and, preliminary, the 

first working internal releases represent about 75% of the all the high galactic-latitude 

sources in the 4FGL catalog. 
(see also D. Gasparrini at “The 7th Fermi International Fermi Symposium”).

� New candidates need to 

be checked one by one to 

confirm their "blazarness".
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The next 4th LAT AGN catalog (4LAC)The next 4th LAT AGN catalog (4LAC)

� 4LAC content: AGN/blazar source associations, redshifts, estimation of the synchrotron 

peak and, for the first time all the parameters of the synchrotron SED hump (3rd polinomial

degree SED component fit parameters), more focused discussion on the AGN class 

populations (blazar sequence, BL Lac-FSRQ dichotomy, blazar cosmological evolution). 

� Like in the 3LAC, two source counterpart association methods (Bayesian method based 

on catalogs of known source types, and likelihood ratio method using surveys in radio and 

X-ray bands).

� Probability threshold is fixed to 0.8.                                                
Possible sub-threshold releases in consideration for                         

particular purposes (ToO, GIs,…) but false positives increase.

� Classification schemes based on optical class                                          

(optical spectrum, FSRQ, BL Lac, etc.), and SED class           

(synchrotron peak estimation, HSP, ISP, LSP).

� 4LAC very preliminary counts: 

� >2900 AGN/blazars and candidates

� >2600 AGN/blazars and candidates                                                 

at high Galactic latitude (|b|>10deg).
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Twofold role of the FA-GSW duty: 1) Flare Advocate (FA). 2) Gamma-ray Sky Watcher (GSW).

The aim is to try to timely identify something interesting on the day-by-day LAT sky.

The FA-GSW LOOKS FOR:
� flares of LAT sources;

� slower brightening of LAT 

sources;

� variability trends, and 

state changes of LAT 

sources;

� new (wrt LAT catalogs) 

gamma-ray sources / 

transients (on daily scales). 

The FA-GSW WATCHS 

and OUTLOOKS:
� tables of results by FA 

scripts analysis (to be 

launched day by day);

� ASP runs and ASP 

sources in SLAC 

ASPDataViewer tables

The FA-GSW CHECKS:
� preliminary detection 

and localization;

� preliminary guess 

association with 

radio/IR/opt./X-ray 

counterparts and 

multiwavelength catalogs.

FermiFermi Flare Advocate GammaFlare Advocate Gamma--ray Sky Watcher (FAray Sky Watcher (FA--GSW)GSW)
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� The FA-GSW service communicate basic and relevant news to the external astrophysical community (ATels, e-mail to 

MW group and TeV Cherenkov telescopes), in order to increase the rate of multifrequency data following-up LAT flares, 

transients and interesting pop-up of potential new gamma-ray sources. 

� For example a lot of ToO to Swift were triggered, obtaining optimal simultaneous data in X-ray and UV bands.

� Since July 24, 2008, 430 ATels are published (3 erratums) by the Fermi LAT Collaboration in a 9.6 years. 

� Since Sept. 21, 2011,  140 GCNs are issued by the Fermi LAT Collaboration.

� News are continuing to be posted through the Fermi multi-wavelength (MW) mailing list,  Astronomer's Telegrams

(ATels), Gamma-ray Coordination Network notes (GCNs/Fermi Notices), other notes, emails and communications to VHE 

community.   www-glast.stanford.edu/cgi-bin/pub_rapid ,       www.asdc.asi.it/feratel/ (on update)  

FermiFermi Flare Advocate GammaFlare Advocate Gamma--ray Sky Watcher (FAray Sky Watcher (FA--GSW)GSW)

� FA-GSW service coordinated by people of 

the Fermi team at SSDC since 2008 joined to 

D.J.Thompson (the LAT MW coordinator)
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ASI Space Science Data Center (SSDC)ASI Space Science Data Center (SSDC)

Research topics
· Astroparticle physics  · X-ray/gamma-ray astrophysics   

· Stellar astrophysics   · Cosmology   · Large datasets         

· Solar system exploration  · Time domain astronomy

· Exploit of large archives of multifrequency data

· X-ray polarimetry · X-ray/gamma-ray cross 

correlation wrt optical/radio data   · Population studies

· Multimessenger neutrino astronomy

· Multimessenger gravitational wave astronomy

· Technical activities and software development, 

· Calibrations, simulations, modeling ·  HPS,  computing 

accelerators, artificial intelligence, data mining

� Formerly ASI Science Data Center (ASDC): multi-mission, multi-disciplinary, science operation center, 

providing data processing and archiving  support to several scientific space missions. Center built                                

on the experience acquired within ASI with the management of the Beppo-SAX Science Data                                             

Center in the late 1990s. Located at the ESA-ESRIN in Frascati since 2000, then in Rome at                   

the ASI Headquarter starting from 2013. 

� ASDC and Earth observation sections merged in the new                                                         

“Space Science Data Center” (SSDC) ASI facility established in 2016. 

� SSDC is now: 1) observation of the Universe, 2) Earth observation,                                                   

3) information and computing technologies. 

� SSDC composed by around 40 researchers. Management and  organization                                       

led by ASI involving national research institutes and industries.

� ASI Italian Space Agency

� INAF National Institute for Astrophysics

� INFN National Institute for Nuclear Physics

� Support to scientific operations

� Data analysis software, online quicklook analysis, data 

visualization, pipelines

� High level data production (ex.: spectra, light curves, catalogs)

� Mission science data archives, mirroring, source catalogs

� Data preservation and distribution

� Future scientific missions feasibility studies

� Data mining including big data (ex.: Gaia mission)

� Education and Public outreach
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FermiFermi catalogs web tables at SSDCcatalogs web tables at SSDC

� The general nFGL and nFHL catalogs are analyses over successively deeper data sets, and also represent successive 

analysis refinements, from event classification on up. There are also class-specific catalogs (AGNs, pulsars, GRBs, SNRs, 

transients, spatially extended sources, TGFs, solar flares, etc.). 

� Interactive tables of these catalogs are implemented in SSDC web pages with links and button to tools like the sky-

region data explorer. More (incremental) lists are implemented at SSDC (GRBs, solar flares, ATel sources lists).   
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Fermi Fermi catalogs web tables at SSDCcatalogs web tables at SSDC
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Table links to SSDC sky region data explorerTable links to SSDC sky region data explorer

On-line web service allowing a multi-frequency analysis of a source

Sky position Data Explorer allows the user to navigate 

through catalogs and to explore large data sets from 

radio to TeV. Subsamples, complete database of 

catalogs stored at SSDC and external catalogs can be 

explored. It is possible to refine search criteria and

create a new sky plot. Further 

services allows the user to 

browse the internal catalogs 

(grouped by energy band) 

stored for sources around the 

current coordinates, in a user-

defined search radius.

The "Search Other Services" 

panel queries external 

databases. "Access to Public 

Data Archives" button will 

expand the Data Explorer 

window.
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SED builder main menù: 

- Input data  - Models   - Fit functions  - Instrument sensitivity

- Plot options - Existing archived built SEDs - Export options

- VO interface tools  - Time data filtering 

- SSDC or external or user SED data catalogs

� "ASDC SED Builder" web 

based program (SED: Spectral 

Energy Distribution of 

astrophysical sources).

�Based on a Java code and 

MySQL database.

�Combines data from 

several missions and 

experiments. Access to ASDC-

resident catalogs and query 

to external archives (e.g. 

NED, 2MASS, WISE, SDSS, 

CSS, etc.). 

� Latest improvements (in 

V.2.2): filter data in time 

(construction of time 

resolved SEDs), several units, 

photometric redshift

calculator. Construction of 

time resolved SEDs suitable 

for multifrequency variability 

and cross correlation studies. 

� Possibility to save SED 

data as VO table.

Table links to SSDC SED Table links to SSDC SED builder+archivebuilder+archive tooltool
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� Fermi ASDC Light Curve Explorer:

1) interactive display of catalogued Fermi LAT light curves

2) on-line basic temporal analysis on the displayed light curve

First version of Variabilioty index and autocorrelation function 

implemented (work in progress).

SSDC SSDC FermiFermi LAT light curves tablesLAT light curves tables

Partial datasets (obsolete) only for tests produced by this 

method:  bright AGN light curves with adaptive time 

binning (ADB).  Lott et al. 2012, A&A 2012A&A...544, 6 
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Logical block diagram for the design 

idea of the FALCE tool with the three 

main characteristics and tasks:

� The web catalog list of ADB LCs

� The ADB LC interactive exploration 

and visualization

� The ADB LC interactive time series 

analysis tools

Light curve data exploration and 

visualization  part

(implemented for ADB P6 light curves). 

Work in progress to build the ADB P7 

database of light curves (E<Epivot

fluxes)

Light curve data analysis through 

interactive online discrete (also 

unevenly sampled) time series 

analysis (TSA) modules

(work in progress. Variability index, 

DACF, Structure Function, 

Periodogram are possibly foreseen in 

next future).

SSDC SSDC FermiFermi LAT light curves tablesLAT light curves tables
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Fermi Fermi LAT public data archive at SSDCLAT public data archive at SSDC

� FT1 and FT2 public science FITS data.  Now serving Pass-8 data. � Photon data in circular region 

retrieval and data preview (XImage) 

with MW catalogs overlay. 
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� Fermi Online Data likelihood 

Analysis (FODA) is a wrap-up of 

Science Tools using python scripts 

and web user interfaces

� FODA allows to choose a                        

2 weeks time interval from the 

TSTART time at maximum. It also 

works only for sources                              

with |b|>5 degrees.

From Fermi public FT1/FT2 data retrieval -> now there is the possibility to choose also a 

basic online data analysis, and/or calculation of highest energy photon.

SSDC SSDC FermiFermi LAT LAT quicklookquicklook likelihood analysislikelihood analysis
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Conclusions (I)Conclusions (I)

� The dynamic/variable high-energy , GeV, gamma-ray sky seen by Fermi LAT is continuing 

to be very interesting.

� The 4th LAT AGN/blazar catalog (4LAC, >2900 preliminary sources) will represent a 

significant improvement over the 3LAC, also in term of analysis, information content and 

data quality. It will be also a reference for multi-frequency/multi-messenger works on 

individual AGN/blazar sources in the next years.

� The Fermi LAT FA-GSW service is continuing to trigger important alerts and multi-

frequency follow-up (ToOs to Swift, NuSTAR, radio/optical telescopes, etc.).                              

Very important multi-frequency (radio, X-ray, optical) data simultaneous to Fermi LAT GeV

source flares, transients, pop-ups, variability trends, are now in archives thanks to the FA-

GSW service. 

� Fermi public data archive at the SSDC as partial mirror (FT1/FT2 fits main science data) 

of the NASA GSFC FSSC official archive. All the data are immediately public.                                                       

Special interactive tools related to the SSDC archive. For example a quicklook, 

approximated, maximum likelihood source analysis, interactive tables for Fermi catalogs,                   

or the sky circle (<3deg) data explorer. 
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Conclusions  (II) Conclusions  (II) 

� Scientific activities of the Fermi SSDC team involve several tasks. Among the other: 

� AGN/blazar gamma-ray source catalogs building and population studies;   

� multifrequency astronomy on AGN/blazar individual/sample sources. 

� time-domain variability analysis on AGN/blazar individual/sample sources. 

� Future development regarding data visualization, interactive exploration, quicklook

analysis, will help to find HE (and multi-frequency) gems also in SSDC mission data 

archives and source catalogs.


