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The Fermi Satellite 
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Large Area Telescope (LAT): silicon 
tracker, CsI calorimeter   
Gamma-Ray Burst Monitor (GBM): 
NaI and BGO detectors 

Key Features 
•  Huge field of view 

•  LAT: 2.4 sr (20% of the sky) 
•  GBM: 8sr (whole unocculted sky) 

•  Broad energy range 
•  LAT: 20 MeV – >300 GeV 
•  GBM: 8 keV – 40 MeV 
•  Total of >7 energy decades 

•  Spatial resolution: 
•  LAT: <1° above 1GeV 
•  GBM: 5-10°, GCN within 1min, 3-5° 

improved localization (few hours) 
•  Every photon can be time tagged 

•  1 ms accuracy  

Launched on June 11, 2008 
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fUnassociated Sources 

(1010 of 3033) 



The Gamma-Ray Sky … 

… is variable 
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Sources & Time Scales 
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Fermi-LAT All-Sky 
Variability Analysis 

Fermi-LAT Flare 
Advocate Service 

GBM burst trigger 

Pulsar periodicity 
search 

Fermi-LAT catalog 
light curves 



Fermi Science Covers Huge Space 
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Solar Flare/ GRBs TGFs 

Point Sources 

Galactic Diffuse  Isotropic Diffuse &  Dark Matter 

Different data selections for different science cases 



Pass 8 

•  Released in summer 2015 
•  Radical revision of the entire 

event-level analysis 
–  Event reconstruction 
–  Event selection 
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•  Improvements 
–  Reduced background 

contamination  
–  Increased effective area 
–  Better PSF 



Observing Profile 

•  Mostly – uniform sky survey 
•  Dec 2013 – Dec 2014, transitioned to galactic center biased survey for 

1 year 
•  Target of opportunity observations generally between 1 day – few 

weeks in duration: flaring AGN, Novae, Sun, Crab, Binary systems, etc. 
•  2.5 hour autonomously commanded pointed observations following 

detection of bright hard-spectrum GRB 
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The Fermi Sky 

A. Franckowiak 9 

3033 
sources 

1873 
sources 

1451 
sources 

Acero et al. ApJSS, 218, 41 (2015) 



Identified Sources 
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Source Classes 

AGN 
58% 

Unassociated 
31% 

Pulsars 
6% 

Other galactic 
5% 
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2FHL 
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360 sources 

AGN 
73% 

Unassoc. 
13% 

SNR & 
PWNe 
10% 

Others 
4% 

Ackermann et al. 
arXiv:1508.04449 



2FHL 
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2FHL 
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HESS 



SNR Catalog 
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•  3 years Pass 7 data, 279 ROIs studied, 102 detections 
•  Population studies, spectral and morphology studies 
•  Diffuse emission modeling systematics 

arXiv:1507.03633, 
published in ApJS 



Radio-GeV Index 

•  If radio and GeV emission arise from the same particle 
population, under simple assumptions, the GeV and radio 
index should be correlated 
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•  Young SNRs seem consistent 
•  Others, including interacting 

SNRs: softer than expected 

Data challenge model 
assumptions! 

π0 decay or bremsstrahlung 

Inverse Compton without cooling 

Inverse Compton with cooling 

arXiv:1507.03633 

Young 
Interacting 



TRANSIENT SOURCES 
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Galactic Novae 

•  Serendipitous discovery of gamma-ray transient at the time and 
location of V407 Cyg – found something that we were not looking for! 

•  Later found 4 more, largely due to target of opportunity 
•  Nova catalog in progress 

Ackermann et al. Science 345, 2014 



Type IIn Supernovae 

•  Search for gamma-rays from ensemble of 147 type IIn SNe 
•  Stacking of subsample of brightest and closest 16 SNe 

A. Franckowiak 19 Ackermann et al. ApJ, 807, 169 (2015) 



AGN Flares 
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Record flare of 3C 279 in June 2015 



Gamma-Ray Bursts 
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•  GBM detects ~240 GRBs per year 
(~10% LAT detected).  

•  On-board trigger starts autonomous 
re-point recommendation (ARR) 

•  Time for trigger to reach ground ~5s, 
GCN notice send out.  

GBM position 
uncertainty: 
5-15°, 3-5° 
improved 
localization 
(few hours) 
 



VARIABILITY MONITORING 
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Fermi GRB Observation 

•  GBM triggers (TDRSS, GCN in sec.) 
–  Onboard localization (5-10° radius) 

•  Followed by automatic ground       
localization (3-5° radius) 

–  If high peak flux, or high fluence criteria are met: automatic 
repoint request (ARR) 

•  LAT centers GRB in FoV for 2.5h (if not occulted) 
•  LAT observation begins 

–  Onboard trigger  
–  Data comes to ground, processed in ~8-12h 
–  Ground analysis finds positions (automated scripts + 

humans) 
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The Flare Advocate Service 
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Sources found 
in 4.5 y 

 arXiv:1111.6803  

•  Shifter scan the sky for flares in 6h, 24h and weekly time bins 
•  If source flux above 100 MeV > 10-6 ph cm-2 s-1 ATel is sent 

within ~day 

LAT scans the sky every 3h, one point is seen 15-40 min 

230 ATels in 4.5y 



The Flare Advocate Service 
Fermi Blog 
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LAT Monitored Sources 

A. Franckowiak 26 

Daily and weekly light 
curves for ~100 sources 
 
send out automated 
GCN Notices for flaring 
sources 

Note: Early flux 
estimates do not 
include systematic 
uncertainties and do 
not have an absolute 
flux calibration 

http://fermi.gsfc.nasa.gov/ssc/data/access/lat/msl_lc/ 

Public, 
updated daily 



Fermi All-sky Variability Analysis (FAVA) 
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•  Comparison of observed emission with 
average emission 
–  Independent of diffuse emission 

modeling  
–  Computationally inexpensive 
–  Detection of negative variations 

•  Weekly time intervals 
•  Two energy ranges: > 100MeV, > 800MeV 
•  Light curve for every pixel in the sky 
•  First flare catalog: 

–  40 month of Fermi-LAT data 
–  215 sources 

•  Second catalog under development (7y) 

ApJ, 771, 57 (2013) 



Second FAVA Flare Catalog (Preliminary) 
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associated 
unassociated 

Preliminary 



FAVA Web Page (to be published soon) 
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•  Public FAVA data repository will be released as part of the 2FAV catalog 
•  Instant access to FAVA light curves, new weekly analysis, and 1FAV/2FAV results  
•  URL: http://fermi.gsfc.nasa.gov/ssc/data/access/lat/FAVA/  
 



Fermi Target of Opportunity 
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In survey mode the whole sky is scanned every 3h, 
each region is on average seen 30 min. 

 
http://fermi.gsfc.nasa.gov/ssc/observations/too/ 



Fermi Guest Investigator 
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The Fermi GI program can award optical, radio or high-energy gamma-
ray observations through Fermi’s joint programs with NRAO, NOAO, 
Arecibo, VERITAS, and INTEGRAL. 
 
Deadline: January 22nd, 2016 



Summary 

•  GBM  
–  Covers 8keV to 40MeV 
–  Provides fast trigger (GCN) with 5-10° resolution 
–  GRB catalog 

•  LAT covers 
–  Covers 30MeV to >300GeV 
–  Full sky monitoring: great for archival searches 
–  Source catalogs for correlation studies 
–  Flare monitoring on several time scales 

•  6h, 1day through flare advocate (notifications within a 
few hours) 

•  1 week with FAVA (public soon) 
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BACKUP 
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FAVA – weekly analysis movie 
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Motion of the sun appears as variable source along 
the ecliptic: flares within 15° of the sun are excluded 



Second FAVA Flare Catalog (Preliminary) 
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Preliminary 



Flare Advocate – Examples 
Solar Flare 
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2010, June 12 
solar flare 
arXiv:1304.0798 
 

dip in efficiency of 
transient class due of 
ACD saturation 



Flare Advocate – Examples 
Solar Flare 
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2010, June 12 
solar flare 
arXiv:1304.0798 
 

GBM 

LAT 



Flare Advocate Example – Nova detection 

Novae were not 
anticipated to be 
gamma-ray sources 
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arXiv:1304.3475 



Catalogs 
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Catalog Energy Range Interval 
(months) 

Sources Event Selection Release Date 

2FGL 0.1-100 GeV 24 1873 P7V6 SOURCE Aug. 2011 

3FGL 0.1-300 GeV 48 3033 P7V15 SOURCE Jun. 2015 

4FGL 0.1-300 GeV 72? P8 SOURCE TBD 

1FHL 10-500 GeV 36 511 P7V6 CLEAN Jun. 2013 

2FHL 50 – 2000 GeV 80 360 P8 SOURCE Aug. 2015 

LAT GRB >20 MeV 36 35 P6V3 
TRANSIENT & 
LLE 

Mar. 2013 

FAVA > 0.1 GeV 47 215 P7V6 SOURCE Apr. 2013 

GBM GRB 8keV – 40MeV 24 491 Jan. 2012 

2PC > 0.1 GeV 
 

36 117 P7V6 SOURCE May 2013 



Fermi LAT 3rd Source Catalog (3FGL) 

•  48 month, 100MeV – 300GeV 
•  3033 sources 

–  AGNs (mainly blazars) 
–  Pulsars, PWN, MS pulsars 
–  Massive stars, binaries 
–  Globular clusters 
–  SNRs 

•  ~25% found to be variable on 
monthly time scale 

A. Franckowiak 40 flux 10−7 erg cm−2 s−1 sr−1  

100MeV – 10GeV 

Astrophys.J.Suppl. 199 (2012) 31 

Type Number Percentage 
of total 

AGN 832 44% 

Candidate AGN 268 14% 

Unassociated 594 32% 

Pulsar (pulsed 
emission) 

86 5% 

Pulsar (no 
pulsations yet) 

26 1% 

SNR/PWN 60 3% 

Globular 
Clusters 

11 <1% 

Other galaxies 7 <1% 

Binary systems 4 <1% 

TOTAL 1888 100% 



PASS 8 EVENT CLASSES (I) 

•  Pass 8 Fermi-LAT data is public, tools for analysis are provided 
–  Transient classes  

•  TRANSIENT10 (BG ~ 1 x IGRB) 
•  TRANSIENT15 (BG 1.5 x IGRB) 
•  TRANSIENT20 (BG 2.0 x IGRB) 

–  Source class (BG ~1Hz): recommended class for most analyses, 
provides good sensitivity for analysis of point sources and 
moderately extended sources 

–  Clean class (BG ~0.1Hz): identical to SOURCE< 3 GeV, 2-4 
times lower background rate at >3GeV, slightly more sensitive to 
hard spectrum sources at high galactic latitudes 

–  Ultraclean 
–  Ultracleanveto: lowest CR contamination, for investigation of the 

IGRB and diffuse emission at intermediate to high latitudes 
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http://fermi.gsfc.nasa.gov/ssc/data/access 

Arrival time, direction 
and energy for each 

photon 



PASS 8 EVENT CLASSES (II) 

•  Event types are available (in addition to FRONT/BACK) 
–  PSF classes: using an event-level quantity indicating the quality 

of the reconstructed direction, the data is divided into quartiles, 
from the lowest quality (PSF0) to the best quality quartile (PSF3) 

–  Energy dispersion classes 
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Particle Rate Reduction 
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Factor of > 105 in bkg. reduction is achieved in several stages 
 

About 50% γ-ray efficiency inside fiducial volume from 1-100 GeV 



Energy Range 
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Gamma-ray sources 
are non-thermal, 
typically produced in 
interactions of high-
energy particles 



FAVA – weekly analysis movie 
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Motion of the sun appears as variable source along 
the ecliptic: flares within 15° of the sun are excluded 



FAVA Sources 
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Maximum significance detected in each pixel either in the > 100 
MeV or > 800 MeV energy bands during 47 months of Fermi 
observations 

x only low energy flares 
+ flaring source with at least one high energy flare 
 
Sources: 177 AGNs, 4 brightest GRBs, 
three novae, 3 binary systems, Crab nebula 



Analysis Strategies 

Forward folding analysis 
•  Background dominated 

–  On/off method to estimate 
and subtract background, 
only works for transients 

•  Spectral analysis by 
fitting spectral model in 
least squares fit 

Likelihood analysis 
•  Single photons 

–  Energy 
–  Direction 
–  Arrival time 

•  Model source and 
background using 
instrument response 
functions 

•  Obtain best model 
parameters in likelihood fit 
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Fermi-GBM Fermi-LAT 

analysis technique determines the available data products 



The Fermi-LAT 
Large Area Telescope 

A. Franckowiak 48 

•  Anticoincidence detector (segmented in tiles) 
–  Separate charged particles from gamma-

rays 
•  Tracker-converter (silicon stripes) 

–  Convert gamma-ray to e+/e- pair and track 
the arrival direction 

•  Calorimeter (1536 CsI crystals, 8.6 rad. length) 
–  Determine the energy of the gamma-ray 

Energy:   20MeV – 300GeV 
PSF:   <1° above 1GeV 
Eff. area:  ~6500cm2 at 1GeV 
Field of view: 2.4 sr at 1GeV 

Nearly continuous all-sky 
observing mode 


