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Summary
• Brief Introduction to Gamma ray Astrophysics• Brief Introduction to Gamma-ray Astrophysics

– The Main Questions 
HE G t h i• HE Gamma-ray astrophysics
– From EGRET to AGILE and Fermi

• (Brief) Introduction to AGILE data analysis
• Introduction to Fermi LAT data analysisIntroduction to Fermi LAT data analysis

– Source simulation and detection 
– DocumentationDocumentation 



Gamma-ray Experiment Techniques
• Space-based:

– use pair-conversion technique
γ

anticoincidence
shield

Pair-Conversion Telescope

Fermi
Large Area 
Telescope 

(LAT)

Burst 

particle tracking 
detectors

conversion 
foilEGRET on 

CGRO

• Ground-based (VHE shower info reaches gnd):

Monitor     
(GBM) e+ e– calorimeter (energy 

measurement)

• Ground-based (VHE shower info reaches gnd):
– Airshower Cerenkov Telescopes (ACTs)

image the Cerenkov light from showers
induced in the atmosphere.  Examples:
Whipple, STACEE, CELESTE, VERITAS,
MAGIC, HESS

– Extensive Air Shower Arrays (EAS)
Directly detect particles from
the showers induced in the 
atmosphere. Examples: MILAGRO, ARGO, 



Some key questions for 
Gamma-Astrophysics

Bl k H l• Black Holes
– Supermassive BH – AGN 
– Stellar BH – Galactic Gamma-ray binariesStellar BH Galactic Gamma ray binaries
– Stellar BH – Gamma Ray Bursts

• Compact objects
– Electromagnetic fields in strong Gravitational fields

• The origin of cosmic-rays
P ti l l ti th F i h i– Particle acceleration – the Fermi mechanism

• The Nature of Dark Matter 
• Photon propagation over cosmological• Photon propagation over cosmological 

distances



The EGRET LegacyThe EGRET Legacy



EGRETEGRET

EGRET
- 1991-2000

30 MeV 30 GeV- 30 MeV - 30 GeV
- AGN, GRB, Unidentified Sources, Diffuse Bkg 



The Legacy from EGRETThe Legacy from EGRET



EGRET Gamma ray SourcesEGRET Gamma-ray Sources



Challenge  # 1
• Need simultaneous multiwavelength data to study variability and 

emission processes



Active Galactic NucleiActive Galactic Nuclei



Challenge # 2
• Need more exposure and optimal timing (and radio monitoring) to 

discover more gamma-ray PSRs.



PulsarsPulsars



Challenge # 3
• Need fast timing for gamma-ray detection (improving EGRET deadtime, 

100 msec → 100 microsec or less).

Prompt Emission (GRB 930131)

Delayed Emission (GRB 940217)



GRBGRB



Challenge # 4
• Need arcminute positioning of gamma-ray sources (improving 

EGRET error box radii by a factor of 2-10).



Technology impact -- PSF

EGRET 
(1991-2000)
Phases 1-5

Spark chamber
• sense electrode spacing ~mm

LAT

• sensitive layer depth ~cm
• up to 28 hit over >1m 

LAT 
(2008- >2013)
1-yr simulation
Si strip detectorsSi-strip detectors
• sense electrode spacing ~0.2mm

• better single hit resolution
• sensitive layer depth ~0.4mm 

up to 36 hit over 0 8m

Cygnus region (150 x 150), Eγ > 1 GeV

• up to 36 hit over 0.8m
• converter proximity to 
minimize MCS 



Technology impact - FoV
AGILE gamma-ray sky

Cygnus regionCygnus region

3C 454.3



AGILEAGILE



AGILE AGILE 

  



AGILE instrumentAGILE instrument



AGILE: inside the cube…

HARD X-RAY IMAGER 
(SUPER AGILE)(SUPER-AGILE)

INAF-IASF-Rm 
(E.Costa, M. Feroci)

GAMMA-RAY IMAGER 

SILICON TRACKER
ANTICOINCIDENCE

INAF-IASF-Mi (F.Perotti)
INFN-Trieste

(G.Barbiellini, M. Prest)

(MINI) CALORIMETER

INAF-IASF-Bo, Thales-
Al i S (LABEN)Alenia Space (LABEN)

(G. Di Cocco, C. Labanti)



The AGILE trackerThe AGILE tracker



AGILE launch
Sriharikota launch base (India)

PSLV-C8 launch, April 23, 
2007



The AGILE skyThe AGILE sky



AGILE sourcesAGILE sources

Pittori et al. 2009



Challenge  # 1 – AGN
joint campaign with MAGIC andjoint campaign with MAGIC and 

VERITAS on Mkn 421

Donnarumma  et al. 2009



Challenge  # 2 – Pulsar
High Precision Timing (eg Crab)High Precision Timing (eg. Crab)

Pellizzoni  et al. 2009



Challenge  # 3 – GRB 

Giuliani et al. 2008



Challenge  # 4 – Unidentified

Chen  et al. in prep.



The Carina field

Tavani  et al. 2009



Fermi LATFermi LAT



The GammaThe Gamma--ray Observatoryray Observatory

Gamma-ray Burst Monitor (GBM) 

Large AreaTelescope (LAT)
20 MeV - >300 GeV

NaI and BGO Detectors
8 keV - 40 MeV

KEY FEATURES

Spacecraft Partner: 
General Dynamics

• Huge field of view
– LAT: 20% of the sky at any 
instant; in sky survey mode, 
expose all parts of sky for ~30expose all parts of sky for 30 
minutes every 3 hours
– GBM: whole unocculted sky 
at any time.
H >7 d d !• Huge energy range, >7 decades!
• including largely unexplored 
band 10-100 GeV 

• Very small deadtime, <1us 
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y ,
absolute timing accuracy 
•Large leap in all key capabilities
• Great discovery potential



GammaGamma--ray Burst Monitor (GBM)ray Burst Monitor (GBM)

BismuthBismuth GermanateGermanate (BGO)(BGO)
Scintillation DetectorScintillation Detector LAT

– spectral coverage: 150 keV – 40 MeV

(12) Sodium Iodide ((12) Sodium Iodide (NaINaI))
Scintillation DetectorsScintillation Detectors
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– spectral coverage: 8 keV – 1 MeV



Pair Conversion TechniquePair Conversion Technique

γ

photon converts to

The anti-coincidence shield vetos 
incoming charged particles.photon converts to

an e+e- pair in one of
the conversion foils

The directions of the charged

e+ e–
The energy is measured 
i th l i t

The directions of the charged
particles are recorded by particle
tracking detectors, the measured
tracks point back to the source.

in the calorimeter
Tracker: angular resolution is determined by:
multiple scattering (at low energies) => Many thin layers
position resolution (at high energies) => fine pitch detectors

Calorimeter:
Enough X0 to contain shower, shower leakage correction.

A i i id d
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Anti-coincidence detector:
Must have high efficiency for rejecting charged particles, but not veto gamma-rays



Overview of LATOverview of LAT
γ

•• Precision SiPrecision Si--strip Tracker (TKR) strip Tracker (TKR) 
18 XY tracking planes.  Single-sided 
silicon strip detectors (228 μm pitch)

Tracker
silicon strip detectors (228 μm pitch) 
Measure the photon direction; gamma 
ID.

•• Hodoscopic CsI Calorimeter(CAL)Hodoscopic CsI Calorimeter(CAL)
Array of 1536 CsI(Tl) crystals in 8Array of 1536 CsI(Tl) crystals in 8 
layers.  Measure the photon energy; 
image the shower.

•• Segmented Anticoincidence Detector Segmented Anticoincidence Detector 
(ACD)(ACD) 89 l ti i till t til

e+ e–

(ACD)(ACD) 89 plastic scintillator tiles.     
Reject background of charged cosmic 
rays;  segmentation removes self-veto 
effects at high energy.

ACD 
[surrounds

•• Electronics System Electronics System Includes flexible, 
robust hardware trigger and software 
filters.

Calorimeter
[surrounds 
4x4 array of 
TKR towers]

Systems work together to identify and measure the flux of cosmic Systems work together to identify and measure the flux of cosmic 
gamma rays with energy 20 MeV gamma rays with energy 20 MeV -- >300 GeV.>300 GeV.



LAT Construction: An International Effort LAT Construction: An International Effort 

Integration & 
Data System: USData System: US

ACD: US

Tracker: US, Italy, Japan Calorimeter: US, 
France, Sweden



LAT Silicon TrackerLAT Silicon Tracker
team effort involving physicists and engineers from Italyteam effort involving physicists and engineers from Italy 
(INFN & ASI), Japan, and the United States

11,500 sensors
350 trays
18 towers

~106 channels
83 m2 Si surface
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Fermi Launch
• Launch from Cape 

C l AiCanaveral Air 
Station 11 June 
2008 t 12 05PM2008 at 12:05PM 
EDT

• Circular orbit, 565 
km altitude (96 min 
period), 25.6 deg 
inclination.



Fermi Gamma-ray Space Telescope

GLAST renamed Fermi byGLAST renamed Fermi by 
NASA on August 26, 2008

htt //f i f /http://fermi.gsfc.nasa.gov/

“ Enrico Fermi (1901-1954) was an Italian 
physicist who immigrated to the United 
States. He was the first to suggest a viableStates. He was the first to suggest a viable 
mechanism for astrophysical particle 
acceleration. This work is the foundation for 
our understanding of many types of 
sources to be studied by NASA’s Fermi 
G S T l f lGamma-ray Space Telescope, formerly 
known as GLAST. ”



LAT as Gamma-ray detector



Observation ModeObservation Mode
The field of view of the LAT is
h 20% f th khuge > 20% of the sky.

Rocking mode provides an efficient
way of observing the entire sky with
reasonably uniform exposure on 
timescales of hours.

more exposure → greater sensitivity
more coverage → excellent for monitoring
the sky on timescales from hours to years





Fermi LAT science
2020 M VM V 300 G V300 G V

> several x 10> several x 1033 AGNsAGNs
blazarsblazars and and radiogalradiogal = f(= f(θθ,z,z))

evolution z < 5evolution z < 5

PossibilitiesPossibilities
starburst galaxiesstarburst galaxies

l l tl l t

20 20 MeVMeV -- > 300 GeV> 300 GeV

evolution z < 5evolution z < 5
Sag A*Sag A*

1010 2020 GRB/GRB/

galaxy clustersgalaxy clusters
measure EBLmeasure EBL

unIDsunIDs

1010--2020 GRB/yearGRB/year
GeV afterglowGeV afterglow

spectra to high energyspectra to high energy Dark MatterDark Matter
neutralinoneutralino lineslinesneutralinoneutralino lineslines

subsub--halo clumps; ehalo clumps; e++

+ e+ e-- spectrumspectrum
γγ--ray binariesray binaries

pulsar windspulsar winds
μμ--quasar jetsquasar jets

Cosmic rays and cloudsCosmic rays and clouds
acceleration in Supernova remnantsacceleration in Supernova remnants

PulsarsPulsars
emission from radio and Xemission from radio and X--ray pulsarsray pulsars

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

Interstellar mass tracers in galaxiesInterstellar mass tracers in galaxies

blind searches for new blind searches for new GemingasGemingas
magnetosphericmagnetospheric physicsphysics

pulsar wind nebulaepulsar wind nebulae



Fermi LAT First LightFermi LAT First Light

Four days of all-sky survey engineering data.



Fermi LAT 3 months imageFermi LAT 3 months image



LAT bright source listLAT bright source list 

Abdo et al. 2009



Challenge # 1 – AGN
Joint campaign on PKS 2155 with HESS

Aharonian et al. 2009



Challenge # 2 – Pulsars
Blind SearchBlind Search

Pulses at
1/10th true rate1/10th true rate

Abdo et al. 2009



Challenge # 3 – GRBChallenge # 3 GRB

Abdo et al. 2009 



Challenge # 4 – Unidentified
CTA 1 DiCTA 1 Discovery

50Abdo et al. 2008



The e+e- spectrum

Abdo et al. 2009



Year 1 Science Operations Timeline OverviewYear 1 Science Operations Timeline Overview

spacecraftspacecraft

LAT, LAT, 
GBMGBM
turnturn--on on 

“first light”“first light”
whole skywhole sky

Start Year 1 Start Year 1 
Science OpsScience Ops

Start Year 2 Start Year 2 
Science OpsScience Ops

ObservatoryObservatory
renamingrenaming

August 12, 2009August 12, 2009

weekweek weekweek weekweek weekweek month 12 m o n t h smonth 12 m o n t h s

spacecraftspacecraft
turnturn--on checkouton checkout

check check 
outout pointed + sky pointed + sky 

survey tuningsurvey tuning
sky surveysky survey + ~weekly + ~weekly 
GRB GRB repointsrepoints + extraordinary + extraordinary 
TOOsTOOs

gg

LAUNCH                               LL+60 days+60 days

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

initial tuning/calibrations in-depth instrument studies

2nd2nd
SymposiumSymposiumJune 11, 2008June 11, 2008

11stst LAT CatalogLAT Catalog

Release Flaring and Monitored Source Info

GBM and LAT GRB Alerts

continuous
release of new

photon data
GI Cycle 1 GI Cycle 1 
Funds ReleaseFunds Release

Fellows Year 1Fellows Year 1 GI Cycle 2GI Cycle 2
ProposalsProposals LAT Year 1 photonLAT Year 1 photon
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StartStart
LAT 6LAT 6--monthmonth
highhigh--confidenceconfidence
source release, GSSC science source release, GSSC science 
tools advance releasetools advance release

ProposalsProposals data release PLUSdata release PLUS
Diffuse ModelDiffuse Model
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Known Gamma-ray Sources Are Multiwavelength

Gamma-ray 
sources are Fermi LAT  

AGILE

nonthermal, 
typically produced 
by interactions of

AGILE

TeV

by interactions of 
high-energy 
particles.INTEGRAL 

Fermi GBM     
Swift             

Known classes of 
gamma-ray sources 
are 
multiwavelength 
objects, seen 
across much of the 
spectrum.



What Do Gamma-ray Measurements Offer?

• Huge energy range – 9+ orders of magnitude

• All-sky coverage, from both ground and space (Fermi y g , g p (
sees the entire sky every three hours)

• Excellent sensitivity compared to previous instruments 
(Fermi LAT is about 30 times more sensitive than 
EGRET on the Compton Gamma Ray Observatory)

• Good source locations – 1 arcmin in many cases, 
especially for TeV sources.

Hi h ti l ti f i di id l h t d fl• High time resolution for individual photons and flux 
variations

• Imaging for some extended sources• Imaging for some extended sources



Gamma-ray Source Identification 
Demands MW Efforts

With the exception of gamma-ray pulsars no source isWith the exception of gamma-ray pulsars, no source is 
likely to be conclusively identified using gamma-ray 
data alone. Spatial morphology is a strong indicator, 
b t i ft t i t t tibut is often open to interpretation. 

Almost by definition, identification means finding a 
counterpart at a longer wavelengthcounterpart at a longer wavelength. 

Identification is a critical step in moving from source 
detection to scientific analysisdetection to scientific analysis. 



Some Other Needs for Scientific Analysis

• Distance – redshift, Dispersion Measure, parallax, 
proper motion, column density

• Composition – spectroscopy 

• Precise source locations and imagingPrecise source locations and imaging

• Velocities

• Polarization• Polarization

• Magnetic fields

• Theories to connect the observations to physical 
models

These are all multiwavelength studies. 



Multiwavelength Approaches Being Used by the 
Fermi LAT CollaborationFermi LAT Collaboration

Three Methods:
1. Monitoring - ongoing in radio, optical, X-ray

2. Planned Intensive Campaigns (PIC) - choose a time 
based on a ailabilit of MW reso rcesbased on availability of MW resources

3. Target of Opportunity (TOO) - react to something 
seen in LAT or at other wavelengthsseen in LAT or at other wavelengths. 

Much of the information about what the LAT teamMuch of the information about what the LAT team 
is planning is public.



Radio Monitoring
Pulsar timing 

(https://confluence.slac.stanford.edu/display/GL
AMCOG/Pulsars+being+timed) signed agreementsAMCOG/Pulsars+being+timed) - signed agreements 
with the timing community



Radio Monitoring
AGN studies (http://pulsar.sternwarte.uni-erlangen.de/radiogamma/)



Optical/IR Monitoring

Also REM, Global Telescope Network, PanSTARRS, Skymapper 



High-Energy Monitoringg gy g
http://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermilasp.html

S ift t h th 23 LAT it dSwift watches the 23 LAT monitored sources.

INTEGRAL key proposals monitor a number of blazarsINTEGRAL key proposals monitor a number of blazars. 



Planned Intensive Campaigns -- PICs
P t j i i th l t tiPre-set, major campaigns covering the electromagnetic 

spectrum for sources expected to be of special interest.  
Schedule set by availability of other telescopes. 

Most complete example - Mkn 501 pre-launch campaign, 
led by David Paneque.  See

https://confluence slac stanford edu/display/GLAMCOG/Cahttps://confluence.slac.stanford.edu/display/GLAMCOG/Ca
mpaign+on+Mrk+501+%282008%2C+March-May%29

These campaigns are generally advertised in advance withThese campaigns are generally advertised in advance, with 
an invitation for any observers to join. 



Targets of Opportunity -- ToOs
Similar to Planned Intensive Campaigns, but started ad 

hoc by a transient event. All Gamma-ray Bursts fall 
i t thi tinto this category.  

An example - 3C454.3 “snapshot” campaign, led by 
L F h SLars Fuhrmann.  See

https://confluence.slac.stanford.edu/pages/viewpage.ac
tion?pageId=22743403tion?pageId 22743403

Other recent non-GRB examples - flares of PKS 1454-
354 3C273 PKS 1502+106354, 3C273, PKS 1502+106.  

These campaigns are generally announced by ATel or p g g y y
e-mail distribution lists, with a contact person noted.  



Sample ATels Sample ATels 
www.astronomerstelegram.org

LAT ATels include the name of a contact person who is a “friend 
of the source.”



Proposal Resources
https://confluence.slac.stanford.edu/display/GLAMCOG/Multiwavelength+Proposal+Opportunities



Q.  Where is there information about Fermi’s 
Multiwavelength Program? 
A. http://fermi.gsfc.nasa.gov/science/multi/ is a good starting point. 

Links to 
information 
about the Fermi 
instruments, the 
Fermi ScienceFermi Science 
Support Center, 
the gamma-ray 
multiwavelength 
mailing list, and 
public data. 



A confluence slac stanford edu/display/GLAMCOG is
Q.  Any other good resources? 

A. confluence.slac.stanford.edu/display/GLAMCOG is 
the public Web site used by the LAT team for MW, 
including campaigns. 



Q. There is a gamma-ray multiwavelength mailing list.  What is it 
and how do I get on it?

A. HEASARC at Goddard maintains this list as a service to the 
gamma-ray community.  It is an e-mail exploder aimed at 
sending general announcements to anyone interested in 

lti l th t di S di il tmultiwavelength gamma-ray studies.  Sending an e-mail to
gammamw@lists.gsfc.nasa.gov distributes that mail to the 
list and puts a copy in the archive at
htt //li t / il / i t / /https://lists.nasa.gov/mailman/private/gammamw/



Q. Can I avoid losing LAT data during my campaign?
A. Use the FSSC form to tell the Fermi Project your 
plans:plans:

http://fermi.gsfc.nasa.gov/ssc/resources/multi/reporting/list.php

This reportThis report 
informs the 
Fermi Project 

th tso that 
calibrations or 
other 
activities such 
as TOOs 
might bemight be 
avoided if in 
conflict with 
MWMW 
observations. 



HE astrophysics 

• The “golden age”?
• Extragalactic sky g y

– Population studies 
– High redshift GRB g
– Multiwavelenght studies

• Galactic skyy
– Pulsars
– Identifications of source classes 

• Search for DM in progress


