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Large Area Telescope 
(LAT) 

GLAST Burst Monitor 
(GBM) 

Launch:  June 11th 2008 
                Cape Canaveral 

1 - Fermi mission (brief overview) 

1.8 m 
1.8 m 
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  Fermi aims to perform gamma-ray astronomy

GOAL: provide experimental basis for the understanding
 of the Non-thermal Universe 

Acceleration, propagation and interaction of high
 energy particles can produce gamma rays  

Hadronic high-energy particles πo  γγ
π±  µ± ν

Leptonic high-energy particles Bremsstrahlung 
Synchrotron  
Inverse Compton  

1 - Fermi mission (brief overview) 
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Information brought by the gamma quanta: 

1 - Location of the high energy particles (source direction)   
2 - Lower limit to the energy of the high energy particles 
3 - Time information   

Gamma rays are secondary products of the cosmic accelerators 

EGRET All-Sky 
Gamma-Ray Survey 

E > 100 MeV  

High energy particles interacting with
 environment (EM fields and matter)  

Many of those Gamma rays are produced by
 the interaction of cosmic rays with the
 interstellar gas of the Milky Way  
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Gamma ray astronomy opens a new window to  explore
 the  Non-thermal Universe 

Rather young discipline 

Exploration phase Established field 

70s (SAS, COSB) 90s (EGRET) 
80-90s  
(WHIPPLE, HEGRA…) 

00s (HESS, MAGIC,  
VERITAS …) 

~ 100 sources 

Next generation
 (population studies) 

~ 1000-10000 sources ~ 10 sources 

Fermi 

CTA, AGIS 

HESS II
 MAGIC II 

satellite-borne experiments (MeV-GeV) 

ground-based experiments (TeV) 
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1 - Fermi mission (brief overview) 
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Anti-coincidence detector: 
- Segmented 
- Vetos CR background 

Tracker (16 towers): 
-  Pair conversion telescope 
  → Tungsten conversion foils 
     (0.03x12 + 0.18x4 +0.01x36) 
          = 1.5 rad lengths)   
-  Measures e-/e+ track 
  → 18x2 layers of Si strips  
  → 87 m2 of Si  

Calorimeter (8.5 rad lengths):  
- Measures photon energy 
   → 1536 CsI crystals 

~20 MeV - 300 GeV 2.4 sr FoV Main features: 

1 - The Large Area Telescope (LAT) onboard of Fermi 
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1 - The Large Area Telescope (LAT) onboard of Fermi 

LAT construction:     
 an international effort 
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Fermi LAT Collaboration
France

IN2P3, CEA/Saclay

Italy
INFN, ASI, INAF

Japan
Hiroshima University
ISAS, RIKEN
Tokyo Inst of Technology

Spain 
         ICREA and Inst de Ciencies de l’Espi

Sweden
Kalmar University
Royal Institute of Technology (KTH)
Stockholm University

United States
California State University at Sonoma
University of California at Santa Cruz - Santa Cruz Institute of Particle Physics 
Goddard Space Flight Center – Astrophysics Science Division
Naval Research Laboratory
Ohio State University
Stanford University (SLAC and HEPL/Physics)
University of Washington
Washington University, St. Louis

Principal Investigator:  
Peter Michelson (Stanford & SLAC) 

~270 Members (including ~90 Affiliated Scientists,
 plus 37 Postdocs, and 48 Graduate Students)  

Cooperation between NASA and DOE,  
with key international contributions from  

France, Italy, Japan and Sweden.   

Managed at  
Stanford Linear Accelerator Center (SLAC). 
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• Large FOV (~20% of sky), factor 4 greater than EGRET 
•  Complete Sky coverage (~3 hours) and no time lost due to
 Earth occultation  
•  Angular resol. for gamma rays (PSF)> 3x better than EGRET 
•  Large effective area > 5x larger than EGRET 
•  4 decades in energy, including Unexplored E > 10 GeV 

2 - LAT performance: improvement at GeV energies  

Results in factor > 30 improvement in sensitivity 
          > 100 above 10 GeV 

･ Smaller dead time (27 microsec; 4000x better than EGRET) 

Excellent for fast&bright transient events 

LAT is the next great step beyond EGRET in the GeV
 band, providing a huge leap in capabilities:  
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EGRET source position error circles are ~0.5°, resulting in counterpart
 confusion 
LAT provides much more accurate positions, with ~20 arcsec to ~10
 arcmin localizations, depending on brightness. 

2 - LAT performance: improvement at GeV energies  

15x15 deg image from Cygnus region (simulated
 for GLAST, NASA proposal 1999) 
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Energy Resolution: ~10%    (~5% off-axis) 
PSF (68%) at 100 MeV ~ 3.5o (thin section) 
PSF (68%) at 10 GeV ~ 0.1o 

Field Of View: 2.4 sr 
Point Source sens. (>100 MeV): 3x10-9 cm-2 s-1 

2 - LAT performance:summary 
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2 - LAT performance:sensitivity 
LAT sensitivity on 4 different timescales:          

100 s, 1 orbit (96 mins), 1 day and 1 year 

•  In survey mode, the LAT observes the entire sky every two
 orbits (~3 hours), each point on the sky receives ~30 mins
 exposure during this time. 

•  After 1 day, exposure is rather uniform (factor 2) 
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EGRET Sky  (all years) 

E > 100 MeV 

Data 
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LAT Sky (1 year) 

E > 100 MeV 

Simulation 
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• Active Galactic Nuclei (AGN)
 Probing the era of galaxy formation, optical
-UV background light 

•  Gamma-ray bursts (GRBs) 

•  Pulsars 

•  Solar physics 

~200/year in GBM 

~80/year in LAT FoV 

Only 6 identified with EGRET !! 

Solar maximum around 2011 

Careful with source dependence with z
 (Reimer 2007) 



• Super Nova Remants (SNR) 

•  X-Ray Binaries (XRB), microquasars 

•  Solving the mystery of the unidentified
 EGRET sources. Discovery of new source
 classes. Unidentified Fermi sources

•  New or exotic physics:  Dark Matter? New
 particles (axions) ? Testing Lorentz
 invariance.
Challenge is to exclude all astrophysics effects first!

Origin of Cosmic Rays ?

Small versions of AGNs ?

172/271 EGRET sources remain unidentified
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Worth stressing the large performance improvement with respect
 to previous instruments: the universe observed with new eyes 

the most exciting science might be that
 one we have not yet thought about    

The list of objects that can be studied with Fermi is very long 

Very rich scientific program !! 
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Most of the LAT AGN
 sources (expected) 
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The physics related to AGNs is not yet understood,
 despite some of these objects having been studied for
 >10 years.  

Current experimental data allow for a big inter-model and intra
-model  degeneracy. More and “higher quality” data required
 to constrain models. 
•  Leptonic vs hadronic emission models 

•  Intrinsic spectra  vs EBL-affected spectra 

•  Production of flares (which are the shortest timescales) 

•  Acceleration/cooling in single or multi-zone; close or far from BH  

•  Role of external photon fields 

•  Time-resolved  emission models   

•  etc,etc, etc … 
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Recent past and present (two “performance jumps”):  

New Generation of IACTs online (low Eth, high sensitivity) 

Fermi starts operation (30 times more sensitive than EGRET) 

Culprits for the relatively poor knowledge of these objects  
1 - Time-evolving broad band spectra 

2 - Poor sensitivity to study high-energy part (E>0.1 GeV) 

Coordination of instruments covering different energies needed   

Large observation times (with EGRET and “old” IACTs) were 
 required for signal detection  Data NOT truly simultaneous, and 
 most of our gamma-ray AGN knowledge relates to the high state  
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Time FSRQ BLLac

1 d ~60  ~15

1 w      150-200    50-150 

1 m       250-400    70-500 

1 y       800-1000 200-2000 

1 
y 

1 
m 

1 
d 

1 
w 

Stecker et al. 1996 
Mücke and Pohl 2000 
Dermer 2007 

Estimated number of blazars that will be detected with LAT 

For comparison: ALL IACTs
 together see 22 blazars (so far) 

Key features in Fermi/LAT
 AGN observation 

1- Uniform sky exposure
 (“all sky, all the time”) 

2 - Large effective area
 with small PSF Excellent for variability studies 
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0.1-10 GeV: LAT most sensitive E range 

Tavecchio 2001 ApJ 554  

EGRET 

0.02-300 GeV LAT Energy range 

No points in the LAT
 energy range  (!!) 

Mrk 501 
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EGRET high, Kataoka 1999, ApJ 514  
This is the ONLY measurement of Mrk501
 at these energies; it is a ~5 sigma
 detection (2 weeks of observation) 
K = 2.7x10-8 GeV-1cm-2s-1 ;  a = 1.3 
F(>0.1GeV) = 1.8x10-7 ph cm-2 s-1 

Time for 5 sigma detection: 0.3 days 
ΔF>0.1GeV  ~ 62%   ; Δa ~ 25% 

Low   
K = 2.3x10-9 GeV-1cm-2s-1  ; a = 1.45 
F(>0.1GeV) = 1.42 x10-8 ph cm-2 s-1 

Time for 5 sigma detection: 9 days 
ΔF>0.1GeV  ~ 74%   ; Δa ~ 21% 

0.1-10 GeV 

High 
K = 1.4x10-8 GeV-1cm-2s-1  ; a = 1.45 
F(>0.1GeV) = 9.0 x10-8 ph cm-2 s-1 

Time for 5 sigma detection: 0.9 days 
ΔF>0.1GeV  ~ 68%   ; Δa ~ 21% 

Tavecchio 2001 ApJ 554  

EGRET 

Mrk 501 
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Fermi  MW Info and Coordination
•  Multiwavelength observations are key 

to many science topics for Fermi, 
specially for AGNs

•  Fermi welcomes collaborative efforts from 
observers at all wavelengths
–  For campaigners’ information and 

coordination, see 
•  http://fermi.gsfc.nasa.gov/science/multi/

https://confluence.slac.stanford.edu/display/GLAMCOG
–  To be added to the Gamma Ray 

Multiwavelength Information mailing list, 
contact Dave Thompson: 

•  David.J.Thompson@nasa.gov
–  For Information on ongoing 

Multiwavelength campaigns see:
https://confluence.slac.stanford.edu/display/GLAMCOG/Fermi+LAT+Multiwavelength+Coordinating+Group 
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Automatic Science Processing (ASP) �
Source Monitoring and Flare Detection

–  Daily and weekly fluxes for the 
predefined list of sources are released 
weekly via a publicly accessible web site

–  For all other sources an alert will be 
issued when a  flare over 2x10-6 ph cm-2 
s-1 will be observed; will continue to be 
reported until daily flux dips back below 
2 × 10-7 ph cm-2 s-1

–  Fast communication of a flaring event 
(GCN Notice/Circular)

–  A LAT- AGN Flare Advocate will be 
available to coordinate LAT activities on 
a flaring sources

http://glast.gsfc.nasa.gov/ssc/data/policy/LAT_Monitored_Sources.html

Coordinated observations
 across the EM spectrum
 needed to understand AGNs 
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4- Status of the observatory and first results 
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http://observatory.tamu.edu:8080/Trakker/ 

Circular orbit, 565 km altitude (96 min period), 25.6 deg inclination
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~Several kHz trigger rate 
~500 Hz downlink rate 
~1 Hz source photon rate 

Software filter on board reduces
 downlink rate to ~500 Hz 

 ~ 100 GB/day !!! 

100:1 background rejection done
 on ground. Most data we send to
 ground is actually not gammas… 

Oscillations due to geomagnetic latitude variations and orbital effects 



First Light (95 hours)!

Four days of LAT all-sky survey (engineering data) 
is equivalent to EGRET’s first year



Pulsars (using early engineering data)
Geminga: P=237 ms 

Crab: P =33 ms 
Vela: P=89.3 ms 





•  The sky is dynamic, LAT is
 monitoring the sky, catching
 flaring sources over different
 time scales. 

•  Atel #1628 (3C 454.3) and #1650
 (PKS 1502-106) issued to
 announce these flares. 
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The goal is to quickly activate observations at
 other wavelengths (radio to TeV) to have a much
 better (broad band) picture of those objects 
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GRBs (~80 detected by GBM, 2 detected by LAT  ) 
Gamma-Ray burst excitements 

A burst of photons in LAT !!! 
Temporal and spectral analyses show
 a very interesting behavior… 

Onboard LAT GRB search algorithm being optimized 
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LAUNCH                                                                     L+60 days 

week      week       week      week          month                                 12   m o n t h s  

spacecraft 
turn-on checkout 

LAT,
 GBM 
turn-on
 check
 out 

“first light” 
whole sky 

initial tuning/calibrations 

pointed + sky
 survey tuning 

Start Year 1  
Science Ops 

Start Year 2  
Science Ops 

in-depth instrument studies 

sky survey + ~weekly GRB
 repoints + extraordinary TOOs 

Release Flaring and Monitored Source Info 

GBM and LAT GRB Alerts 

continuous 
release of new 
photon data 

Observatory 
renaming 

LAT Year 1 photon 
data release PLUS 
LAT Year 1 Catalog 
and Diffuse Model 

2nd 
Symposium 

August 2008 

Comissioning of the
 instrument successfully
 completed 

June 11, 2008 
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Fermi/LAT brings key data from poorly sampled energy range (0.02-100 GeV). 
However, (simultaneous) MW observations are needed to understand the 
broad spectra of many of the targets. 

Fermi (GLAST at launch time) launched successfully in June 11th  2008 

LAT commissioning completed beginning August,  yet detailed 
calibration of the instrument will be performed during the first year 

Fermi in survey mode since beginning of August, boosting our current 
capabilities to study the non-thermal universe. 

5- Concluding remarks 

Fermi welcomes collaborative efforts with instruments
 covering other energies 

Uniform exposure 
Coverage of 20% sky at any time 
Large effective area, small PSF … 

http://fermi.gsfc.nasa.gov/science/multi/

Stay tuned: we live exciting times for gamma-ray astronomy   

Already surpassed the  (9 year)
 EGRET dataset !!  

Some papers coming up soon… 
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backup 
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Launch pictures  
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Launch pictures  
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Instrument pictures  

GBM 
BGO 

Detector 

GBM  
NaI 

Detector 

LAT 
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Fermi is an excellent tool to study flux/spectral variations 

Random position of the sky 

EGRET observations (red  points) of a 
flare from PKS 1622-297 in 1995 (Mattox 
et al), the black line  is a lightcurve  
consistent with the EGRET  
observations and the blue points  
are simulated LAT observations. 

In survey mode, the LAT would detect 
a flare like this from any point in the 
sky at any moment! 

LAT data will trigger observations at other energies



10/7/08 David Paneque 46

Complement TeV obs. to cover entirely (and “close-to-
simultaneously”) the high-energy peak in the SED 

Together with simultaneous observations at X-ray frequencies, 
these new data will permit study several interesting quantities:  

LAT data (<10 GeV) will not be affected by the EBL, which 
will permit disentangling the intrinsic spectra of the 
sources. This will  help to rule out/confirm emission models, 
as well as EBL models 

- Evolution of spectra with time, displacement of peaks …   

 LAT capabilities on the bright TeV blazars 

Fermi/LAT will be “always” watching !!!  
Notify the community when things get hot 
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EGRET flux, Hartman 1999, ApJS 123  
K = 2.13x10-8 GeV-1cm-2s-1;  a = 1.60 
F(>0.1GeV) = 13.9 x10-8 ph cm-2 s-1 

Time for 5 sigma detection: 0.8 days 
ΔF>0.1GeV  ~ 63%   ; Δa ~ 19% 

High 
K = 6.0 x10-8 GeV-1cm-2s-1  ; a = 1.60 
F(>0.1GeV) = 3.9 x10-7 ph cm-2 s-1 

Time for 5 sigma detection: 0.2 days 
ΔF>0.1GeV  ~ 63%   ; Δa ~ 20% 

Krawczynski 2001 (Apj 559) 

3EG J1104+3809 

Mrk 421 
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EGRET flux HIGH 
K = 3.4x10-8 GeV-1cm-2s-1 ; a = 1.70 
F(>0.1GeV) = 2.4 x10-7 ph cm-2 s-1 

Time for 5 sigma detection: 0.6 days 
ΔF>0.1GeV  ~ 55%   ; Δa ~ 9% 

EGRET flux LOW Hartman 1999 
, ApJS 123  
K = 8.0x10-9 GeV-1cm-2s-1  ; a = 2.35 
F(>0.1GeV) = 13.2 x10-8 ph cm-2 s-1 

Time for 5 sigma detection: 6 days 
ΔF>0.1GeV  ~ 34%   ; Δa ~ 10% 
Low   
K = 3.6x10-9 GeV-1cm-2s-1   ; a = 1.40 
F(>0.1GeV) = 2.3 x10-8 ph cm-2 s-1 

Time for 5 sigma detection: 5 days 
ΔF>0.1GeV  ~ 68%   ; Δa ~ 21% 

PKS 2155-304 
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EGRET flux, Hartman 1999, ApJS 123  
The EGRET source 3EG J1959+6342 is located ~1.5 degrees away
 from 1ES1959+650, and can be considered as an upper limit for the

 average emission of this blazar 
K = 6.8x10-9 GeV-1cm-2s-1 ; a = 2.45 
F(>0.1GeV) = 13.3 x10-8 ph cm-2 s-1 

Time for 5 sigma detection: 10 days 
ΔF>0.1GeV  ~ 29%   ; Δa ~ 9% 

High 
K = 2.1 x10-9 GeV-1cm-2s-1 ; a = 1.60 
F(>0.1GeV) = 1.3   x10-8 ph cm-2 s-1 

Time for 5 sigma detection: 20 days 
ΔF>0.1GeV  ~ 81%   ; Δa ~ 19% 

Low  
K = 1.5x10-9 GeV-1cm-2s-1 ; a = 1.65 
F(>0.1GeV) = 1.0 x10-8 ph cm-2 s-1 

Time for 5 sigma detection: 40 days 
ΔF>0.1GeV  ~ 75%   ; Δa ~ 16% 

0.1-10 GeV 

3EG 
J1959+6342 

1es1959+650 
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