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•• Brief overview of Large Area Telescope Brief overview of Large Area Telescope 
(more in Bill Atwood(more in Bill Atwood’’s talk), including s talk), including 
some historysome history

•• Science ObjectivesScience Objectives
•• Summary of early resultsSummary of early results



•• gamma rays provide a direct view into Naturegamma rays provide a direct view into Nature’’s largest accelerators s largest accelerators 
(neutron stars, black holes)(neutron stars, black holes)

•• gamma rays probe cosmological distancesgamma rays probe cosmological distances
(e.g.,  (e.g.,  γγ + + γγEBLEBL ee++ + e+ e--))

•• huge leap in key capabilities, including a largely unexplored enhuge leap in key capabilities, including a largely unexplored energy ergy 
range; great potential for discovery:  e.g. dark matterrange; great potential for discovery:  e.g. dark matter

TwoTwo instruments:   Large Area Telescope (LAT),  20 MeV  instruments:   Large Area Telescope (LAT),  20 MeV  -- >300 GeV>300 GeV
GammaGamma--ray Burst Monitor (GBM),  10 keV  ray Burst Monitor (GBM),  10 keV  -- 25 MeV25 MeV

LAT

GBM



> 2000 > 2000 AGNsAGNs
blazars and radiogal = f(θ,z)

evolution z < 5
Sag A*

1010--5050 GRB/yearGRB/year
GeV afterglow

spectra to high energy

Cosmic rays and cloudsCosmic rays and clouds
acceleration in Supernova remnants

OB  associations
propagation (Milky Way, M31, LMC, SMC)

Interstellar mass tracers in galaxies

PossibilitiesPossibilities
starburst galaxies

galaxy clusters
measure EBL

unIDs

Dark MatterDark Matter
neutralino lines

sub-halo clumps; 
e+ + e- spectrumγγ--ray binariesray binaries

Pulsar winds
μ-quasar jets

PulsarsPulsars
emission from radio and X-ray pulsars

blind searches for new Gemingas
magnetospheric physics

pulsar wind nebulae

20 MeV  20 MeV  -- > 300 GeV> 300 GeV
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AGN - blazars

unidentified
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April 5, 1991 – June 4, 2000



LAT images the sky one photon at 
a time:  γ-ray converts in LAT to an 
electron and a positron ; direction and 
energy of these particles tell us the 
direction and energy of the photon 

GBM
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LAT Silicon TrackerLAT Silicon Tracker
Silicon strip detectors from Hamamatsu Photonics and Japan GLAST
Collaboration are a key part of LAT’s success

LAT TKR performance
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assembled Tkr tower



In addition to silicon-strip detectors 
for the tracker, Hamamatsu also 
supplied

Silicon photodiodes for the 
calorimeter,

Photomultiplier tubes for the 
anticoincidence detector readout



FranceFrance
IN2P3, CEA/Saclay

ItalyItaly
INFN, ASI, INAF

JapanJapan
Hiroshima University
ISAS/JAXA
RIKEN 
Tokyo Institute of Technology

SwedenSweden
Royal Institute of Technology (KTH)
Stockholm University

United StatesUnited States
Stanford University (SLAC and HEPL/Physics)
University of California at Santa Cruz - Santa Cruz Institute for Particle Physics
Goddard Space Flight Center
Naval Research Laboratory
Sonoma State University
Ohio State University
University of Washington

~390 Members 
(~95 Affiliated Scientists, 68 Postdocs,

and 105 Graduate Students)

construction managed by 
Stanford Linear Accelerator Center 

(SLAC), Stanford University



YearsYears Ang. Res.Ang. Res.
(100 MeV)(100 MeV)

Ang. Res. Ang. Res. 
(10 GeV)(10 GeV)

Eng. Eng. RngRng. . 
(GeV)(GeV)

AAeffeff ΩΩ
(cm(cm22 srsr)) # # γγ--raysrays

EGRETEGRET 19911991––0000 5.85.8°° 0.50.5°° 0.030.03––1010 750750 1.4 1.4 ××
101066/yr/yr

AGILEAGILE 20072007–– 4.74.7°° 0.20.2°° 0.030.03––5050 1,5001,500 4 4 ×× 101066/yr/yr

Fermi 
LAT 2008– 3.5° 0.1° 0.02–300 25,000 1 × 108/yr

AGILE (ASI)

EGRET

Fermi / LAT

• LAT has already surpassed EGRET and AGILE celestial gamma-ray totals 

• Unlike EGRET and AGILE, LAT is an effective  All-Sky Monitor
whole sky every ~3 hours

CGRO EGRET



June 11, 2008
11:30 am (EDT)





June 11, 2008
12:05 pm (EDT)





GLAST Large Area Telescope                                      GLAST First Light Seminar, 26 Aug 2008

15

• ~4-day First Light 
exposure, June 30 
– July 3, 2008

• Orthographic 
projection

First LightFirst Light



Vela
Geminga

Crab

PSR B1055-52





CTA1: first high-energy pulsar detected by a blind search



CTA 1 pulsar (2 cycles, P=315.86 ms)

• γ-ray source at l,b = 119.652, 10.468; 
95% error circle radius =0.038° contains the X-ray 
source RX J00070+7302, central to the PWN 
superimposed on the radio map at 1420 MHz.

• pulsar off-set from center of radio SNR; rough 
estimate of the lateral speed of the pulsar is ~450 km/s

• exhibits all characteristics of a young high-
energy pulsar (characteristic age ~1.4 x 10  yr), 
which powers a synchrotron pulsar wind nebula 
embedded in a larger SNR.

• spin-down luminosity ~1036 erg s-1, sufficient 
to supply the PWN with magnetic fields and 
energetic electrons.
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CTA 1 supernovae remnant

RX J00070+7302

Fermi 95% error box

3EG J0010 +7309  95% error box

+



205 sources

arXiv:0902.1340v1 
[astro-ph.HE] 8 Feb 2009

-- based on first 3 months of skybased on first 3 months of sky--surveysurvey



205 Preliminary LAT Bright Sources 205 Preliminary LAT Bright Sources 

Census of Associations (not Identifications) Census of Associations (not Identifications) 

ClassClass NumberNumber
Radio/XRadio/X--ray pulsarray pulsar 1515
LAT pulsarLAT pulsar 1414
Globular cluster (pulsars?)Globular cluster (pulsars?) 11
HMXBHMXB 22
LMC LMC 11
Flat Spectrum Radio QuasarsFlat Spectrum Radio Quasars 6262
BlBl Lac ObjectsLac Objects 4646
BlazarBlazar, uncertain type, uncertain type 1111
Radio galaxiesRadio galaxies 22
Special cases (under study)Special cases (under study) 1414
UnassociatedUnassociated 3737





July 1 – Sept 24, 2008



August 3 – August 7, 2008



3C454.3
Supermassive black hole
8 billion light-years from us



•• LAT has reported 3 highLAT has reported 3 high--energy bursts  since launchenergy bursts  since launch

long-duration bursts

First detection of short-duration burst at high energy

Z = 4.35 Z = 4.35 ±± 0.150.15



Fermi GammaFermi Gamma--ray Space Telescoperay Space Telescope fully operational..  fully operational..  
In first few days of sky survey, the LAT corroborated In first few days of sky survey, the LAT corroborated 
many of the great discoveries of EGRET; now finding many of the great discoveries of EGRET; now finding 
new sources as well;new sources as well;
With 3 months of the 1With 3 months of the 1stst year allyear all--sky survey phase;sky survey phase;

large number of pulsars detected, some only in large number of pulsars detected, some only in γγ--rays;rays;
many flaring active galaxies observed; about half not seen many flaring active galaxies observed; about half not seen 
by EGRET;by EGRET;
Flaring sources observed along the galactic plane;Flaring sources observed along the galactic plane;
HighHigh--energy emission seen from 3 GRBs; first time seen energy emission seen from 3 GRBs; first time seen 
from shortfrom short--duration burst;duration burst;
Quiescent sun detected at high energies;Quiescent sun detected at high energies;
Major progress in understanding galactic diffuse Major progress in understanding galactic diffuse 
emissionemission

With time, With time, FermiFermi will probe deeper and deeper into the will probe deeper and deeper into the 
highhigh--energy Universe energy Universe 



Backup Slides



►► diffuse EBL contains unique diffuse EBL contains unique 
information about the epochs of information about the epochs of 
formation and the evolution of formation and the evolution of 
galaxies and in what environments galaxies and in what environments 
the stars of the universe formedthe stars of the universe formed

►► direct EBL measurements require direct EBL measurements require 
accurate modelaccurate model--based subtraction of based subtraction of 
bright foregrounds (e.g., zodiacal bright foregrounds (e.g., zodiacal 
light)light)

►► alternative approach:  extract imprint alternative approach:  extract imprint 
of EBL absorption, as function of of EBL absorption, as function of 
redshiftredshift, from high, from high--energy spectra of energy spectra of 
extragalactic sources    extragalactic sources    

γγγγ ee++ee-- ,, maximum whenmaximum when

εεEBLEBL ~ ~ ½½ (1000 GeV / (1000 GeV / EEγγ) ) eVeV no significant attenuation 
below 10 GeV
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EGRET observations showed excess 
emission > 1 GeV when compared 
with conventional model tuned to 
reproduce local cosmic-ray nuclei 
and electron spectra
• Variety of explanations

Variations in cosmic-ray
spectra over Galaxy
Unresolved sources
(pulsars, SNRs, …)
Dark matter
Instrumental

~100% discrepancy > 1 GeV~100% discrepancy > 1 GeV



Spectra shown for mid-latitude range → EGRET GeV excess in this
region of the sky is not confirmed

Sources are not subtracted but are a minor component

LAT errors are systematics dominated and estimated ~10% → this is 
preliminary

Work to analyse and understand diffuse emission over the entire sky
is in progress



For the first time, can For the first time, can 
study time structure study time structure 
> tens of MeV.> tens of MeV.
Feature in the LC:Feature in the LC:
—— pulse in interval pulse in interval 

““aa”” disappears at disappears at 
LAT energies.LAT energies.

Science Express, 
19 Feb 2009, pg 1

For this burst, For this burst, γγγγ
absorption arguments absorption arguments 
provide a stringent provide a stringent 
lower limit of lower limit of ΓΓminmin = 860 = 860 



SoftSoft--toto--hard spectral evolution followed hard spectral evolution followed 
by spectral softeningby spectral softening


	First Light

