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0S0-3 (1967-1968)
- > 350 MeV

SAS-2 (1972-1973)
- 20 MeV -1 GeV

COS-B (1975-1982)
— 30 MeV -5 GeV
- 242keV

CGRO (1891-2000)
- EGRET:
« 30 MeV -10 GeV
- COMPTEL
« :0.8-30 MaV
OSSE:
0.005 - 10 MeV
BATSE:
20 - 1000 kaV

Milky Way
— Extended emission

I .

First pulsars
— 8,000y

Pulsars: Vela, Crab and
Geminga AGN 3C273

— 200,000 y

L -“-'-ll [

Blazars
GRBs are Iisotropic
- ~1.500.000 v (EGRET)

T e

Why to study gamma-rays from space?

Gamma-rays carry a wealth of information:
1. Gamma-rays do not interact much at their
source: they offer a direct

view into Nature's largest accelerators.

2. Similarly, the Universe is mainly
transparent to gamma-rays: can probe
cosmological volumes. Any opacity is
energy-dependent (light interacts with light).
3. Conversely, gamma-rays readily interact
In detectors, with a clear signature and are
easy to detect (compared with neutrinos ,
and GW).

4. Gamma-rays are neutral unlike charged
cosmic rays: no complications due to
magnetic fields. Point directly back to
sources, imaging and astronomy is easy.

5. Gamma-rays are produced by
interactions of high-energy particles, not in
thermal equilibrium implying tracing of the
most violent and energetic processes in the
Universe.
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EGRET 95% —

/ :

A3
[ 3EG e, ‘
= A 1911-2000 Obscirn

Sounjce
r=7
LLAT95%
Diffuse, Molecolar Clouds,
SNR, Cosmic ray accelerat.

Pulsars

Microquasars ==& e
Gamma Ray Bursts

0.01 GeV 0.1 GeV 1 GeV 10 GeV
— U
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Fermi Gamma -ray Space Telescope | 2o
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Fermi (formerly GLAST): two Instruments Tracker (4x4 array of
The Large Area Telescope (LAT) - :.ov\{e_rs)s_ i Tracker (TKR
20 MeV - 300 GeV the LAT e ke,
>2.5 sr FoV foil converters. Single-sided silicon
modular - 44 array Sititacs 220 L o S0
The Burst Monitor (GBM) 7 ton — 650watts I direction; gamma ID.

8 keV — 40 MeV
9.5 sr FoV

The systems work together
to identify and measure the
flux of celestial gamma rays
with energy between about
20 MeV and above 300 GeV.

ACD

Segmented
Anticoincidence Detector

Gamma Ray Burst Monitor (GBM): (ACD) 89 plastic

correlative transient observations scintillator tiles. Rejects

~ 8 keV —30 MeV Large Area Telescope (LAT): background of charged

cosmic rays; segmentation
~20 MeV --> 300 GeV mitigates self-veto effects

at high energy.

alorimeter
Hodoscopic Csl Calorimeter
(CAL} Array of 1536 Csl(TI)
crystals in 8 layers. Measures the
photon energy; image the shower,

Electronics System

Includes flexible, robust hardware
trigger and software filters.
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{
-Spacecraft Partner:
- —=General Dynamics

 —

Large Area Telescope (LAT)
20 MeV - >300 GeV

Gamma-ray Burst Monitor (GBM)
Nal and BGO Detectors
8 keV - 40 MeV

KEY FEATURES
* Huge field of view

—LAT: 20% of the sky at any
instant; in sky survey mode,
expose all parts of sky for ~30
minutes every 3 hours. GBM:
whole unocculted sky at any time.

e Huge energy range, including largely
unexplored band 10 GeV - 100 GeV.
Total of >7 energy decades!

e Large leap in all key capabilities.
Great discovery potential.
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Overview of the Large Area Telescope (LAT) Pmarmi
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Tracker/Converter (TKR):
* Si-strip detectors

» ~80 m? of silicon (total)
* W conversion foils

* 1.5 X0 on-axis

» 18XY planes

Anti-Coincidence (ACD): | e « ~106 digital elx chans
» Segmented (89 tiles + 8 ribbons) Bl JEEEES « Highly granular

» Self-veto @ high energy limited
* 0.9997 detection efficiency

* High precision tracking
* Average plane PHA

Calorimeter (CAL):
» 1536 CsI(TI) crystals
* 8.6 X0 on-axis

* large elx dynamic range
(2MeV-60GeV per xtal)

» Hodoscopic (8x12)
» Shower profile recon
* leakage correction
* EM vs HAD separation
P




LAT Construction: an International Effort

Tracker: US, 'Italy, Japan

. Sl

Calorimeter: US, France, Sweden

TRACKER details:

section/layer

O 83 m? of Si
U 11500 Single Strip Detectors, ~ 1M channels,

strip-pitch: 228um

O 18 xy layers per tower
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O 16 tower modules: 37x37cm? active cross

19

“tray” structures, 12 with 3% X, W on top, 4 with
18% X, W on bottom, 3 with no converter foils.
Every tray is rotated by 90° with the previous
one: W foils followed by. x, )y plane of detectors,
2mm gap between xand y oriented detect.

between towers

Detect

Total Silicon Mi ost rip
or Area[

U Trays stack and align at their corners
U Electronics on sides of trays minimize gap

by

y
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Large Area Telescope: Experimental Technique

‘c

< s ermi

Gamma-ray

Space Telescope
v

Instrument must measure the direction, energy, and arrival time of high energy photons

(from approximately 20 MeV to greater than 300 GeV):
- photon interactions with matter in Fermi LAT
energy range dominated by pair conversion:
=) determine photon direction

mm) clear signature for background rejection

- limitations on angular resolution (PSF)
- low E: multiple scattering => many thin layers
- high E: hit precision & lever arm

}

-1
rad

Cross section (L

Elements of a pair-conversion telescope

Energy loss mechanisms:

Wﬂ'it ]
, o

1 10

t 1 bt

1000

100
E [MeV)

Fig. 2: Photon cross-section o in lead as a function of photon energy. The intensity of
photons can be expressed as I = Iy exp (-0%), where x is the path length in radiation
lengths. (Review of Particle Properties, April 1980 edition).

charged-particle ® photons materialize

anticoincidence into matter-antimatter pairs:

2 2
E, --> m.c*+m.c

shield \

® electron and positron

e instrument must detect

pair' N e e e carry information about gamma_rays Wlth hlgh effICIenCy
?0.]1] Yem(m the direction, energy and anq reject the much
OIS [l e e vemaniven s et sen a e eweisisio po]arization of the y-ray hlgher ﬂux (X "‘104) Of
- background
i M; cosmic-rays, etc.;
partlc e- Gamma -ra : . .
tracking &  energy resolution requires
detectors 274 calorimeter
e of sufficient depth to measure
= buildu
calorimeter = e+ P

N
(energy measurement) '

o (Edo)

QED Process

of the EM shower.
Segmentation in tiles useful.8
=
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Launch: 2008, June 11 »
5 year mission life
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Launch from Cape
Canaveral Air Station
11-June-2008
at 12:05PM EDT

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

[Nasaf

GLAST liftoff |
Wed 11 June 2008




‘«

< sverml

Gamma-ray
Space Telescope

>

Y

on Operations SLAST Science HEASARC

™~ oy - R Y B . i - ~ - =
Center (MOC) Support Center GSFC

— 1




US Team Instituitions
suU Stanford University, Physics Department, GLAST group
SU-HEPL Hansen Experimental Physics L aboratony
SU-SLAC Stanford Linear Accelerator Center (SLAC), Kavli Institute
for Particle Astrophysics and Cosmology
MASA Goddard Space Flight Center, Astrophysics
GSFC : e
Science Division
NRL U. S Maval Research Laboratory, High Energy Space
Environment (HESE) branch
osu Ohio State University, Physics Department
University of California at Santa Cruz, Physics
ucsc
Department
Sonoma State University, Physics & Astronomy
sSsuU Department, GLAST group, Education and Public
Dutreach
uw University of Washington
Denver University of Denver
Purdue Purdue University - Calumet
Italian Team Institutions
ASI talian Space Agency
INAF-JASF Istituto di Astrofisica Spaziale ¢ Fisica Cosmica, Milano
CHE
INFN-Bari INEM Sezione di Bari
Bari Universita e Politecnico di Bari
Perugia INEMN and University of Perugia
Pisa INEM and University of Pisa
Rome INEM and University of Rome 2 (Tor Yergata)
Trieste INEMN and University of Trieste
Udine IMEM and University of Udine
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French Team Institutions

CEAIDAPNIA Service d'Astrophysique, DAPMNIA, CEA Saclay
CESRICNRSIUPS | Centre d'Etuds Spatiale des Rayonnemsnts, Toulouss

IN2P3/ILLR Laboratoire Leprince-Ringuet de 'Ecole Poltechnigue

IN2P3/ICENBG Centre d'Etudes Nucléaires de Bordeaux Gradignan

IN2P3/LPTA Laboratoire de Physique Théorique et Astroparticules
MWontpellier

Japanese Team Institutions

Tokyo Tech Tokyo Institute of Technology
ISAS Institute for Space and Astronautical Science
Hiroshima Hiroshima University

Swedish Team Institutions

KTH Eoval Institute of Technology

Stockholm Stockholms Universitet

0 Cooperation between US NASA and DOE, with key contributions
from Institutions and Government Agencies in France, Italy, Japan, and
Sweden.

O LAT instrument construction and instrument data processing
managed by the SLAC National Acceleration Laboratory.

0 Goddard GSFC Fermi Science Support Center (FSSC) runs the
guest investigator program, creates and maintains the mission time
line, provides analysis tools for the scientific community, and archives
and serves the Fermi data.

Currently the LAT scientific collaboration includes more than 400 scientists and students
—p- iSdC) at more than 90 universities and laboratories in 12 countries. 12:-
— — —



Fermi LAT - TeV Telescopes Agreements

‘c

< s ermi

Gamma-ray

Space Telescope
' p p

U TeV telescopes observe with high timing and spatial resolution at the higher energies.
O Fermi LAT provide information before, during, and after the times of TeV observations.
U The GeV - TeV communities work together with longer-wavelength observers to build a more complete

picture.

U The key to making this approach work is communication. The Fermi LAT team has agreements with the
four major TeV telescopes operational now.

Fermi

Gamma-ray Space Telescope

Home Science

Science
b Overview
¥ Science Support Center

» Multiwavelength
Observations

» Meetings & Workshops

b Other Resources

National Aeronautics and Space Administration
Goddard Space Flight Center

FS5C General Public

Multiwavelength Observations
+ Gamma-ray Multiwavelength Mailing List - please visit the list page or contact Dave Thompson or J D Myers to be added to

« Gamma-ray Multiwavelenoth Mailing List Archive (Must be a member ofthe list)
+ Old Gamma-ray Multiwavelength Mailing List Archive

- Multiwavelength Observations Reporting Form

+ Data Released by the LAT Team During the First Year

« LAT Multiwavelength Coordinating Group

- Science Requirements Document

+ Large Area Telescope (LAT) Properties

« Gamma-ray Burst Monitor (GBM) Properties
« Science Support Center

+ Global Telescope Network

« Multiwavelength Contact Dave Thompson

Fermi » HEA! Sciences and Exploration

»

Students/Teachers
the mailing list

= LAT Monitored Sources
= Data Access

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

. Sl

Browse ~ Stefano Ciprini ~

» GLAST LAT Multiwavelength Coordinating Group

T Multiwavelength Coordinating Group

& Edit  dr Add ~ £ Tools ~

.x Fermi LAT Multiwavelength Coordinating Group

&5 Added by MattLangston, last edited by David Paneque on Nov 30, 2012 (view change)

Purpose

Provide information about resources and points of contact for multiwavelength observations involving the Fermi Gamma-ray Space Telescope Large Area Telescope (LAT).
Coordinate multiwavelength observations needed by the science groups. Maximize use of supporting observations and minimize duplication of effort.

N.B. This area can bhe viewed (but not edited) by the PUBLIC, although some links require a password.

Multiwavelength Planning

The Fermi Gamma-ray Sky Blog - Information about Recent Activity in the Gamma-ray Sky

Some Known Multiwavelength Campaigns

Source (link to more information) Time Interval

Mrk421: Multi-frequency campaign 2012 Dec - 2013 June - Current

Mrk501: Multi-frequency campaign 2012 Feb - 2012 July

Mrk421. Multi-frequency campaign 2011 Dec - 2012 June

Mrks01: Multi-frequency campaign 2011 March - 2011 Sep.

2010 Dec - 2011 Dec

Mrk421- Multi-frequency campaign

PSRB1259-63/552883 2010/2011 MW Campaign 2010 Nov. -2011 Feb.

Mrkd421: Multi-frequency campaign 2009 Dec - 2010 Dec

https://confluence.slac.stanford.edu/x/YQw

13



‘«

< s ermi

Gamma-ray

Space Telescope
' 4

Event statistics (at April 2012) o — e
= Over 230 billion triggers in orbit \ e
= 45 hillion events down-linked to ground g % /’M“\
= 680 million gamma-ray candidates made public ae] '\\v_//
All subsystem working properly, no performance e
degradation My li
= 0.06% of the TKR strips masked (out of 884,736) \..'_ Senttoground e
= One readout on one CAL crystal (out of 1536) failed, £ N PUAE N
using redundant o N RS
More than 99% up-time collecting science data (out of the R
South Atlantic Anomaly) standard y selection " l-} [
= Including detector calibrations/hardware issues : ||H’ih|ﬂw”*{“w ’w
. Cumulative LAT Trigger Count i -;#Mr _FL: it .| | ‘F* J"l}g l ‘{1{ ik "‘#’!*Ifl ! | | m” )lm
- / / O Average input rate at detectors: ~2500Hz
1Ee11 O Downlink rate (sent to ground): ~450Hz
se+10 / O Gamma-ray event rates (after event
selection):~Hz
& LSS fﬁ R £ # Q Ia_jlezgbea1(‘:rlz(31g;;rt:)ounn31.c the events sent to ground

e 14



2012 NASA Senior Review

Fermi planned as a 10-year mission with

a 5-year prime phase

* Prime phase ending in August 2013.

* NASA considers Mission extensions through Senior
Review process every two years

* All operating missions in (or about to begin) their
extended phase participate.

» Senior Review committee evaluates the anticipated
science productivity of each mission over the next four
years, focusing on the next two years.

The first Fermi SR just finished

* http://science.nasa.gov/astrophysics/2012-senior-review/

‘The Senior Review Committee recommends funaing at the desired
level of augmentation to provide for full operation s through FY14.
We recommend an extension through 2016 (1) witha r  eview in

2014.”

o 1000[ 5 ]
@ i : ~
(1)2016 is the S gook : .
horizon as far as the _Sf i % : 1
2012 SR, so this is E 600 T .
not the same as = . 8 ]
recommending that o 400F r b
the mission ends at bs i S ]
that point. g 200f : ]
= i ]
U 0 L i Il 'l ]
2009 2010 2011
= "% Year

2012

N Objects Detected by Fermi

4000

3000

2000

1000
1000

800F

600

400

Year of Mission
2 4 6

8

(@

| 4

‘c

Sermi

Gamma-ray
Space Telescope

10

200
100k
100f
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60f
40F
20f

Prime Mission

Extended Mission 1

- -
-
-

-
-

-

-
-
-
-

-
- o
- -
-
-

4000

3000

2000

. 11000

Figure 2:
emitting objects by nearly an order of magnitude compared to
previous experiments, and has added several new source classes
not previously known in this energy range.
objects in source classes as a function of time (solid lines) are
continuing to increase, and predictions with additional exposure
(dashed lines) demonstrate the varying detection rates.

-

2010

2012

2014
Year

2016

2018

1000
800

600
400

200
100

1100
180
160
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Fermi has increased the number of known ~-ray-

The numbers of
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(i) Continue doing what we’ve been doing: O Fermi covers a huge swath of the EM spectrum
» deeper exposure; - Crucial and unique spectral coverage

. PUTS 0 Complement the large number of upcoming
more statistics; new survey instruments from VHE to radio

* increasing fraction of pointed (target of wavebands _ _ _
opportunity and planned) observations. - At the dawn of time domain astrophysics
(i) Improve on what we’ve been doing in

the prime phase and maximize Survey ALIGO (GW)
. ee Pointing :

the scientific reach of the observatory: s e —

* better understanding of the instrument e

(reduce systematic uncertainties);

e better calibrations: 10 LSl VERITAS VERITAS | 107

e event reconstruction improvements = ///
(better PSF, larger energy range); Fermi //
e event selection improvements (largere 3 1

ective area, less background); S o e R R TR 10
« analysis improvements (e.g., LLE); & - e s~
 operational improvements (new
instrument configurations); 10
 external inputs (e.g., pulsar timing

solutions, inputs to the DGE
smodeling...); 2008 2010 2012 2014 2016 2018

_:- @s@ Year

4 102-1

\
2
(zH) fousnbai4

" 1015

= 1012

10°




‘t

< s ermi

Source detection threshold >

Space Telescope
\' p p

Power-Law Detection Threshold

i1 TR - ;
] Fermi LAT
—Low energy 5, ” —High energy
Bkg. dominated I\ oy e VP8 Nl Photon counting
N : nearly oc t

o< v/t

10 years
107" L8 e g g o g g e
0.1 1.0 10.0 100.0
Energy (GeV)

Envelope of the minimum detectable power-law spectra over the full
band, varying the spectral index (i.e, not a differential sensitivity plot).
(accounts for uncertainties in the background and source density, P7SOURCE V6 IRFs, bkg. and

exposure weighted over |b| > 10)
—Low energy is Bkg. dominated (proportional to sqrt(time))
—High energy is Photon counting statistics dominated (linearly with time)

T Re—> 1/
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U Continuous effort by the LAT collaboration to make public the advances in the understanding of the detector
QO First new event classification since launch (Pass 7 data) released in Aug.2011

- Greater and more uniform acceptance

- Significant enhancement at low energy (below about 100 MeV)
U End-to-end reworking of the event reconstruction, analysis and classification (Pass 8 data) ongoing

- Larger effective area, better bkg rejection, extended energy range
U Extending observations to higher energies for cosmic ray electrons
U Tracker reconstruction using event-by-event errors as opposed to an average PSF parametrization

- project covariant error ellipse into the sky and aim at improving the angular resolution by using all
the available information
0 Calorimeter event reconstruction

- it has some imaging capability at the level of about 1deg above 10 GeV, substantial increase of
effective area at high energy
O Applying the standard likelihood analysis below about 100 MeV proved to be more challenging than
anticipated (steeply falling effective area and poor energy resolutlon)
O LAT Low Energy (LLE) analysis can fill the gap between ¥ T T T o
the GBM and the LAT (30-100 MeV) for short G T R e s
transients (e.g., GRBs and solar flares).
Use a loose event selection and statistically
subtract the background (not an event-by-event analysis).

Acceptance [m? sr
%]
|

: g PTTRANSIENT V6 Total 7
-e- PE_V3_THANGSIENT Total —
— P7SOURCE_VE Total

-s-P6_V3 DIFFUSE Total
—— PTCLEAN_V6 Total 4
-e- P& V3 DATACLEAN Total
i w5 i ogeuil A e | R WA | n

10° 10° 10" 10

- ,_3@ Eﬂersgv[MeV] 18:-
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Fermi LAT as an all-sky survey and time monitor = >

Gamma-ray

Space Telescope
\' p p

1 Orbit

2FGL Catalog

Nolan et al. 2012 ApJS 199

. : o

o
iy
|
. X..
hexx T W
o X,

I O |

3
Flux > 100 MeV ( phot cm?s1)

-
o
B

1 Year

10®
o No association o Possible association with SNR or PWN
x AGN % Pulsar A Globular cluster
* Starburst Gal & PWN x HMB
+ Galaxy o SNR * Nova

O LAT has a wide field of view >20% of the sky (>2.5 sr) = Excellent to “catch” gamma-ray GRBs, AGN/blazars flares, galactic
transients, and to monitor variable bright gamma-ray sources.

O Insurvey mode, the LAT observes the entire sky every 2 orbits (~3 hours). Each point on the sky receives ~¥30 minutes
exposure during this time.

L LAT is an all-sky hunter and surveyor for high-energy transients and flares, and all-sky monitor for variability of the restless

and violent high-energy sky, producing (mostly) daily/weekly-sampled light curves for dozens of bright GeV gamma-ray
sources.

O In some cases, like Crab nebula or blazar 3C 454.3, we obtained 3h/6h-bin light curves, while for about 70-80% of the other,
weaker, sources, 1- or 3-month time intervals have significant maximum likelihood detections in each light curve bin.
Q

Multiwavelength observations limited only by the ability to coordinate other observations.
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Fermi LAT space observatory is operating smoothly
— instruments and spacecraft operate as designed, no degradation in science performance since launch
- 4-year sky map, >1 GeV, front converting (best psf) (4.52M events)

(E>1 GeV, 4 Years)

Aitoff projection of the Sky in Galactic Coordinates

- ..%!.%@ 2 O:-



Fermi Highlights and Discoveries

Highligh coveries

Radio Galaxies

| 4
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Starburst Galaxies

Globular Clusters

LMC & SMC

' Fermi Bubbles

' SNRs & PWN

N

¥ l-“g.l‘i - 2

L y-ray Binaries

Pulsars: isolated, binaries, & MSPs

— Sun: flares & CR interactions

Terrestrial y-ray Flashes

Unidentified Sources
(577/1873)




Multifrequency variability of blazars

—> Variability: the “range of change” .

- Time series: sequence of observations.

Variability = Time series analysis

Blazars: irregular/aperiodic variability, at all the frequencies

- also seen in GeV-energy gamma-ray emisson
(observed by CGRO-Egret, Agile and Fermi missions).

random behavior...) or is interesting (the power of unexpected,

emergence of complexity, modulations, characteristic timescales, long-

term memory...) instead?

Irregular blazar variability is boring (no correlation, no memory, full

Observed flux temporal variability (radio, optical, X-ray bands) of blazar-

like AGNs shows 1/f% power spectrum decline in a wide range of
frequencies f=1/t. Power/scaling law index a generally is placed

between about 1 and 3. = Between flickering (pink-noise) to shot-noise

(red/brown/Brownian/relaxation noise).

. Narrow Line
-~/ Regl
7 eglon

Broad Line
/ Region
/

Black
Hole

Accration
Disk

Obscuring

Torus

‘t

0
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s o o =]
— T ——————T——

Log Timescale [sec] "PDS axis"

LI L B A RN L B A N A A L
MW variability PDS-SED-pIane ]

bright flares only
i o I [y o o (o) [ P r——
9 10 15 20 25
Log Frequency [Hz] "SED axis"
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g
.
0
' S
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- Measure spectral variations
- Daily continuous light curves (although most

- Correlation amplitudes and time lags
- Wavelength dependent flare shapes
- Follow correlations with time

- Also help for source identification

vF, [erg em2 s7!]

108

10-10

10-1L

10-12

10-18
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Variability of gamma -ray blazars with Fermi LAT Tl
' SpaceTelesiope
Gamma-ray band variability studieg with Fermi only: A B CDE F @ H
- Catch flaring sources (and so to find weak sources) ¢ ). " i R
. .- . -1 Hx1077] f#*f f |++ p E>200 MeV (F‘erml LA']?)
- Study variability on timescales of hours to years e b + {m 3 ,ﬁ
= 5 W w *& # } * 4
— o (b;**'lﬁk.,*w ' """‘"% ot ¥ N *’“\‘W\’M
;m 15 f{x 10-12] X-ray [2-10 keV]
sources need longer integrations to be detected). E 1wf W& ’ 3 L N : ]
. : _ 4 “ ® ‘
- Shortest time scale?: Down to a few hours but g YoV N ¥ “"" FIVY Yk o
depends on definition, (Shortest significant, with some NiQ) w‘ 'R band
. . . S V band
amplitude e.g. factor 2, flare rise or decay time). £ e J ;. ..§ . .3 wzobana
Multiwavelength multi-mission variability studies: ;-;d)ﬁ e S vy ‘f'“e;-:‘fi-,,m....
40 F
= a3k .Q.‘V Polarization degree
‘E' 20 F # ) * # + ++
o 10F :‘ﬁ '+ : ¢ .
— 0 F—t— : * -+
- Differences between objects and source classes AR b Poleriationengle
Energy [eV] T“°° ____________ “f ._o.!‘_. . ___ ._ _ :L L e —
54Ia'rla?_al I } o 13:;1; (2tlnoalr?|: ] 1|09 191_210“ ?: ;(.f*)‘*l‘ Mlﬂ;h (’f‘.’gﬁ.f“.’ oo Ij B GHZ Ky
; 2:3§§:::::2 o o ?’ﬂ: + ] 10 T H. e%s, g0 . . '. S : - e -:M"‘I”‘/
E D: 5488054885 r < 10% < 5 ! L L ° .. 1
F * E = 700 800 800 1000 1100 1200 1300 ]400
X) . ¥1f+' T E <
R # ‘ ] i~ [MID — 54000]
3 '3 \ ) f H 104 m
oy F | % Hayashida etal. 2012 ApJ 754 114
3 ‘t 410
| L L 1 1 L L 1 1 L L 1 L L 104.4
10° 1012 1018 1018 102t 1024 107

= N

Frequency: v [Hz]

2 3



Examples: weekly bins, first 11 months of survey
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1 Aug 2008 01 0:1 2008 O1.| D .2008  01.Feb.2009 01.Apr.2009  01.Jun.2009

T
r OFGL J0217 8}0146 (OD 26)

% it
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——
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>
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Gamma-ray variability of bright Fermi-detected blazars = 2>

Space Telescope
' p p

200 ' ' ' '
O A first systematic look and characterization of gamma-ray blazar — 7
variability through a homogeneous sample of GeV gamma-ray light S s
curves of AGN.
Q 2/3 of sources are variable. (This fraction is increasing with time)
O High states < 1/4 of observation time
O Relative variance is larger for FSRQs than for BL Lacs. Maybe
also LSPs relative to HSPs (but selection effects.) o 2708
O DACF timescales ~ 4 to > 10 weeks 3 Pes tosgotiop S exs 150100

.CTA 102

Q Averaged PDS slope ~ 1.5 (halfway between flickering and B HvAvetRT Lt — -
Brownian noise variability) * .22 L47 [el:gs s7] ®o
0 No evidence for a persistent characteristic time scale or - : : -
periodicity

O Flare profiles: symmetric (on average)

0 Modest variations in spectral index

O Variability amplitude of low synchrotron frequency peaked (LSP)
blazars tends to be generally larger than for the intermediate/high
synchrotron frequency peaked (ISP/HSP) blazars. .
O Different autocorrelation patterns, zero lag peak amplitudes, ** oG nzauiney oom)

temporal slopes implying different variability modes for different — o rightest FSRQs

(8]
o
T
]

.PKS 1510-08
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L 3C 273 _
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@55 0716+71
mOT 81 pass
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50 oY 287
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»
T

=)
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!

LOG POWER/(I"I'FREQ.UNIT)
6o

Averaged P[?S

-0.5 0.0

g
=3

""" 6 Brightest BL Lacs 3

o
n
T

gamma-ray blazars (more flicker-dominated or more shot-noise E | =13 Moderatly bright FSRQs
dominated). For example very Brownian variability (more power is  § "°§'
observed on long term time scales / lower frequencies) for blazars & *} 1
like 3C 434.3, and AO 0235+164). § TP
Abdo etal. 2010 ApJ 722520 .t AverseedPDS T

_: @@ p 30 25 3 oégn EQUEthc - ,D-;‘.’t)) 05 0.0 25:
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LAT source monitoring and Flare Advocate service oo

Gamma-ray

Space Telescope
' 4

A twofold service:

= Flare Advocate (FA) : look for flares, transients, sources above 1E-6 FERMI GAMMA-RAY SKY
ph/cm2/s; ATels, internal emails to science groups, ToO requests for MW

observations, MW campaings, source friendship, papers on flares: rieiprimiier e e —
= Gamma-ray Sky Watcher (GSW) side : outlook to daily and 6h interval B S

all sky maps and ASP data; daily confluence report; weekly summary in = Soredeeriod: 2000 Sep-a1- 20095027 Ramdacheeadil
the public Fermi sky blog; new sources detected (with respect to i o T h e
Catalqgs), validatiqn of ASP pgwave sources through gtlike run for et e T
detection and localization. for the et the ek v oy

O Astronomer’s Telegrams: 203 ATels published in period Jul. 24, 2008 "Xt camoee T

— Aug. 28, 2012 (4.1 years). - The FSRQ By 1343+ 45t fared the ente week 3

Fermi LAT Weekly report
whith a flux of ~1 X 10"-6. This corresponds to an Wi
increase of a factor ~15 in flux with respect to the first g

http:/lwww-glast.stanford.edu/cgi-bin/pub_rapid o rrvee e i
03 S source such high fluxes are very rare and

B S > July (5)

Atel #2217 was sent out.

g A, http://fermisky.blogspot.com

AL R B BEet e L it T /7 200 ' T ‘ T T ' i

e ) L I : 1 g ., . A . L
@ A4 e’ ! : & : ; ; e I GF. o

% ham B N S 1001 ]
@FsRQ . @ Solar flare ° s0 :— -
M BL Lac ¥ Unidentified 3
A Other AGN @ Galactic /low b o i

200 400 600 800 1000 1200 1400
Days from first ATel

http://lwww.asdc.asi.it/feratel/ Ciprini et al. 2012 AIP Conf. Ser. 1505 697

ol (EEdc) 20
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Fermi LAT AGNSs

Space Telescope
' p p

50—

“°3::mﬂfﬂ‘f

- S5F 3 3hand 6h bins

O Fermi has discovered hundreds of new sources, proving that blazars
dominate the extragalactic sky (detailed population studies, detailed
spectral and variability temporal studies possible):

O BL Lac objects (x~20 with respect to EGRET), many are HSPs
O Flat Spectrum Radio Quasars ( x~5 wrt EGRET)
Q majority of TeV AGNSs. - A

O Important spectral properties (correlation of photon index with blazar class, m%.ﬁ # \
spectral breaks, relative constancy of photon index with flux, but there are 4 'nm[m]

exceptions: 3C 454.3, Mkn 501, etc.) Ackermann et al. 2010 ApJ 721 1383

Variability time scales were observed ranging from sub-day to several months.

Many multifrequency studies heve been triggered by Fermi observations, Blazar 3C 454.3's Record Flare

providing time-resolved SEDs and interband (radio, optical, X-ray, TeV) -

temporal correlation.

The emission of gamma-rays from the lobes of Cen A has been discovered.

Many new non-blazars sources have been detected (Radio galaxies, NRLSy1,

NGC 1275, etc.).

Gamma-ray flares from gravitationally lensed blazars discovered.

Constraints on EBL opacity have been obtained.

A lot of novel features and correlations to digest, but ultimately a better

understanding of gamma-ray emitting AGNs is emerging.

The cause of the gamma-ray spectral break is still a mystery, although several

causes have been proposed.

Large variability events might be thought to be initiated by sporadic accretion
events with clues as to how AGN engine works.
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Fermi LAT AGNSs

Space Telescope
' p p

Q First Fermi obsrvations provided some evidence, independent of redshift, that there is an anti-correlation
between Compton dominance and the peak value for blazars a key component of the “blazar sequence”.

On the other hand new high-power and high synchrotron peaked blazars are discovered.

U It is certainly is possible in the future that high gamma-ray luminous and flat sources will be found as
more redshifts are available (potential selection effect involving sources with unknown redshifts).

0 Some cases with Evidence for large distances gamma-ray emission regions from BH.

0 Gamma-ray flares appear to be correlated with 43 GHz VLBI flux of the core, while gamma-ray vs cm
radio flux light curves finds strong correlations and results consistent with cospatial emission regions on
parsec scales.

U The location of the gamma-ray emitting region in the jet is still ambiguous, although gamma-ray variability
may be the key to resolving this issue.

0 Fermi and multi-wavelength observations and simultanous radio-to-gamma-ray SEDs are forcing us to
lnnls far Mmndale hovinnAd tha ctandard nna_72nna |epton|c models
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T T T T T T “ 2009-01-21 ]
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P :‘.r:r?m RXTE CSwift-VLBA compalgn ‘ BL lea.?ertae ] e “.: 10" quiegscent state
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I Fe—> Abdo et al. 2011 ApJ 730 101 Abdo et al. 2010 ApJ 721 1425 28_:_



‘c

Gravitationally lensed blazar: PKS 1830-211 @ «<sem!

amma-ray

Space Telescope
' p p

01.Aug.2008 01.Jan.2009 01.May.2009 01.Aug.2009 01.Jan.2010 01.May.2010 01.Aug.2010 01.Jan.2011
[ TPKsS 1830211 ! ! ! ! ! + !
- = - 1 week bin
17 150 .
5
PKS 18302112 % L
=, 100 4 ]
i i
§ 55150 55160 55170 55180 ‘\ 480 55490 55500 55510 55550 55560 55570 §5580 + + |
S sof af i
§ 7 preimt ‘,‘e\\m +++ A o *++++ .
= + t +++ $ n ++ ]
I +++ ++T+++T R ++++ * ++“++ +++++*’ + 'W +++*++T++ # ++“’ B t LS
O 1 1
54800 55000 55200 55400 55600
MJD [dqys]
O Intense gamma-ray outburst from the blazar PKS 1830-211 (z =2.507) in OCtOber © wumo s  iowass  cmon  vmzon sz

> 300F

2010, followed by high activity and other flares. Variability analysis still ongoing. gz

2200'
0150>

QO A gravitationally lensed, highly dust-absorbed and reddened (by our Galaxy) flat S I el My -
spectrum radio quasar, peaked at MeV energy band. T D e e el oo SSeon swem
O Analysis of 3-year Fermi LAT observations and simultaneous Swift observations m
(ToO during the LAT outburst) between Oct. 15 and 24, 2010.

O Swift-UVOT: only upper limits. Swift-XRT: no sign of a simultaneous X-ray flare.
0.3-10 KeV flux rather stable = Uncorrelated daily flux (but low count rate).

0 No evident sign of echo gamma-ray flares caused by the lens.

QO External-Compton (where seeds photons are from dusty torus) can fit the
collected SED data. X-rays data are very similar to what was seen by Chandra in
2005 while gamma-rays are flaring = X-rays can origin from a different region or

radiation mechanism. 55480 55500 55520 55540 SS560 55580 55800 55620

Time [MJD]
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Second Fermi-LAT Catalog: “s ermi

Gamma-ray

“Fermi Is a blazars telescope !” | S Teson

Fermi is a blazar telescope! :
P What has Fermi found: The LAT two-year catalog
. ) T W f Supernova
The Second Fermi LAT Catalog: QB TeTanS  Globular clusters
i ifi i il ‘ = ° high-mass binaries,
« 1,298 |dent|f|§d or associated sources 6% gt BT TR
* 575 unassociated sources Non-blazar o
active galaxies - . )
i /‘ :
Unknown Blazars
31% 57%
s “-'Or'l:J"-' L oa e g tand ‘B
L TS T ST ol i TN o P ol R
D S L LAy
arb e Tace® b e 3705 Tar Fa JiCe
'E'f ook gt el Fa ast w8 e d0Ty <
.-."A_GP Q , .t A4 % L | ® 0 “._og.
ATt e s e, o kg o Vot e e
Gte0gB g T W o o B o %" '-;'C'ﬁ.o ® a #’o'."oﬁ’.
o 000‘0 ® - : 0.”_‘ IDD o0 ® CS 0&8 L _ﬁ? 5 [_{=] %l e . Credit: NASA/Goddard Space Flight Center
@.._.1_?3@)&,‘9479. .@@ e JRE o O.-.;_s.;\.o..g-f.ég.sgg'_.. o *Oc, P9 imo
. : = wi ® - ? ne ¥ 0‘90 & 00 oay ._-' o =
Sl P 3 TN U oo SARFL N W kT R o .. .
L e 'ﬁ-,h LAY K ,j" Phia . S www.asdc.asi.it/fermi2fgl
=FSRO"§..'.."-IR} = }..;} p* -Ef.. '¢O'O . ..._;:. EY C;‘. ‘_goo‘f o"...‘o"'. : X SSRQ
A Other 40N o em,® -ﬁ '.a_-[l"'-‘._-'--i'-'._:b-ia%,-'---og‘-"é ,5 L S':frﬁfsr::
¢ fadlogal T AIR gn e WO, SRt e Q acu
=Sy gal ..o ' {.%5&‘?""3:‘"& o0 Unknown

Fermi AGN cumulative master list of published
LAT AGN-associated sources (preliminary)
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Fermi AGN Catalogs R

www.asdc.asi.it/fermibls www.asdc.asi.it/fermillac www.asdc.asi.it/fermi2lac
A o 08 Seevarso ) rena et v SR Aot s Slcet 2610
BLLAC
Ao v
Ry
: Sy m WA
; 1 i Y . \ e o gl Pa. gl
LT A e i?j;-’"’f"'33,°='."s§b-a'".Eaué"'zfs-_'zfof'i 0 RNy . AR M ot B
GG S A RN O Y R 8 Y Al T
N e A S R R e ToeT W S ST W T
'\‘!}"!_‘;?"s\ .'-..:\_d "'.l'."‘ ,‘-.}5’/:#.;%:,;&4; ."‘. : ’.. /’:ﬁﬁ/’ o
by JF '\*!.-T: .’ . .1_‘"/-.,/' . J P ‘:"'“:". . ,/"h
. = e AL 3 ,.,ii,,_a‘i!‘,«iﬁ‘
LBAS-high latitude: 1LAC-clean sample: 2LAC-clean sample:
58 FSRQs 248 FSRQs 310 FSRQs
42 BL Lacs 275 BL Lacs 395 BL Lacs
6 AGNs 50 Blazars with unknown type 156 Blazars with unknown type
26 AGNs 24 AGNs

(2LAC clean sample include 286 more sources than the 1LAC clean sample, i.e. 48% increase
OBL Lac outnumbers the FSRQ =>Fermi-LAT detection limits

OSmaller error ellipse due to longer integration results in a fewer multiple associations with respect
to 1LAC

OThe fraction of unknown type objs has increased dramatically =»due to improved association
procedure
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SED Classification /=

oton spectral index

-l:||||||||:||hff‘|_||"|||||||||||:|||||||||:

=4

Ackermann et al. 2011 ApJ 743 171

OFSRQ: <logvSpeax>= 13.02+0.35

OBL Lac: spread the whole parameters space from
LSP to HSP

(OResults consistent with Abdo et al 2010 (ApJ 715,
429) and Giommi et al 2011 (A&A,541,160)

(o

LAT range

vFv

vFv

vFv

v
Portion of the high-energy

bump covered by LAT depends
on the blazar SED classification

32 cmm
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Features of Fermi-LAT AGN spectra | .

Abdo et al. (2011), ApJ, 733, L26

Iu-.l- 1'I1I [
: 10° i
o M ] ]
| ‘*‘l-g-..ph.___._‘_“ 3C 454.3 - J
g 0 ; J"“._‘:‘_' K I :
"f" : ."J.‘ ] E :

5 w
| \ - S 10" ]
|||1 L i eihmosol l.h“- :‘
1%
e Mev) a :
wohE | CVREESETTT E
E (MeV)

(Spectral breaks at ~ a few GeV have been found inthe  y-ray spectra of many LSP FSRQs
and BL Lacs, most prominently in the extremely bright 3 C454.3.

vy attenuation from He Il line photons (Poutanen etal . 2010)

»intrinsic electron spectral breaks (Abdo et al 2009 |, ApJ 699, 817)

R 33



GeV-TeV Connection:
case of PKS 2155 -304

PKS 2155-304 (Aharonian et al 2009) H.E.S.S+LAT
' =

e

L1 lJII:J.Il
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[0ne of few cases with SED modeled

with 1-zone SSC

OlIndication of a correlation between Optical
and VHE

CJAnticorrelation between X-ray fluxes and
Fermi-LAT spectral indices
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Gamma-ray

Space Telescope
v
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GeV-TeV Connection: s erm
case of MKN 421 ) STon

‘I_'_" [r}‘ E LI | L | ¥ I T '| L) | ¥ I T 1 L] I L] I T I T I ¥ I L] -I L} I L] I L] I L} F ] I L] I IE
g Foa v Abdo et al 2011, ApJ 736, 131,22
E [ . e Extensive multi-wavelenght campaing on MKN 421
gm SRR UEY 3" 2 .#t =
== = W Mstesboy] £y = . .
£ [ oa tew 3 I way ’ L= (SED emerging from this is the most complete and
L + = .
% el ::;;:1’::‘““ s % accurate representation of the
ol & =g .
‘ E & i l {' 3 low/quiescent state of Mrk421.
- RaTan e . OTwo scenarios are proposed:
™ & Medicns ® SwildlvorT L] I = : .
ot v Envsbery ROVOR R = Hardonic and Leptonic
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GeV-TeV Connection:

case of MKN 501
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Gamma-ray

Space Telescope
v
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case of radio galaxy M87

12[ M87 LAT

F(>100 MeV) [10"cm ™ s
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[Single SSC with a viewing
angle > 10 deg

OBulk lorenz factor ~ 3

OSuch SSC model also

reproduce well the broad

band SED of Per A and Cen A
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No significant variability in the

Date [yrs]

MeV/GeV regime

Gamma-ray emission appears to
be correlated to the compact

radio core.
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Extragalactic background light attenuation <oermi
in Fermi-LAT data i
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(Such trend is less clear with photon index
from E>100MeV (see 2LAC paper)
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Challenging the one zone leptonic model | &=z,

PKS 1222+216 (Tavecchio et al 2011) eHuge Compton dominance
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The Fermi Gamma-ray Space Telescope

cientific Page (italian)

Fermi ASI S

Fermi, formerly GLAST, is a powerful space observatory that is opening a wide window on the universe
through the undestanding of gamma rays. Gamma rays are the highest-energy form of light, and the
gamma-ray sky is spectacularly different from the one we perceive with our own eyes. With a huge
leap in all key capabilities, Fermi data are helping scientists to answer persistent guestions across a
broad range of topics, including supermassive black-hole systems, pulsars, the origin of cosmic rays,
and searches for signals of new physics.

Mission Objectives:

* Explore the most extreme environments in the Universe, where nature harnesses
energies far beyond anything possible on Earth

* Search for signs of new laws of physics and what composes the mysterious Dark
Matter.

* Explain how black holes accelerate immense jets of material to nearly light speed.

* Help crack the mysteries of the stupendously powerful explosions known as gamma-
ray bursts.

* Answer long-standing questions across a broad range of topics, including solar flares,
pulsars and the origin of cosmic rays. Fermi News
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Fermi,formerly GLAST, is a powerful space observatory that is opening a wide window on the universe
through the undestanding of gamma rays. Gamma rays are the highest-energy form of light, and the
gamma-ray sky is spectacularly different from the one we perceive with our own eyes. With a huge
leap in all key capabilities, Fermi data are helping scientists to answer persistent questions across a
broad range of topics, including supermassive black-hole systems, pulsars, the origin of cosmic rays,
and searches for signals of new physics.

Mission Objectives:

Explore the most extreme environments in the Universe, where nature harnesses
energies far beyond anything possible on Earth

Search for signs of new laws of physics and what composes the mysterious Dark
Matter.

Explain how black holes accelerate immense jets of material to nearly light speed.
Help crack the mysteries of the st y powerful ions known as g

ray bursts.

Answer long-standing questions across a broad range of t

ics, including solar flares,

The 2 Year Fermi-LAT Sources Catalog
(2FGL)

Bibliographic services

Fermi Catalog @ASDC

Help

Capia Bright Source

LBAS

1st Fermi LAT

2nd LAT AGN
GBM GRB list

LAT GRB list

Second LAT Gmalog
TS>25, August 2008 —

B VO mode: off
_tumon) [t
Help Cona Search
Sourss tame
‘Show/hide columns
Resatve name
Advancedfitering
Pont curert view of table @rapesc e Cen
Firt complee tobie e
Reset al flers e[S Flurcme Seach |
fiter
LUl i Biazare FsRs] Pulsars] =] Unassociated |
This is an interactive version of the Fermi-LAT 2-year Catalogue extracted from Abdo et al 2011
preprint)
in 2 difforent content) at the Fermi Science Support Canter & NASA-GSFC
The companion second LAT AGN catslog (2LAC) iz svailable here
1¢"designator may be confused with intarstellar iffuse emission.
Export Current view of Table in: _laexfomat | ©75fmal | Rewietfomat | CSVietfomat |
ious Page Next Page PageSize (= oflines)[50 =] Refreshpage |  Ressbalfiters | GShowalenties |
Entry Source name G—’m_ RA (320000 ussmj Gorma Assoc (o Pl oyl [
numbar [rzme v assocl = b mm ss.d =] dd mm ss.d =] = aGL =] foct 100+ e Sesctinlides Error [Optia oset =}
Selaction
mode:
Include | [7][3] (]3] [1][¢] [][¥] [t[¥][1][8) Sais [+]le] st [1][4]

asdc/

Advancedfitetng
Print curent view of table
Print complete table:
Reset ol fiters HS

Entry
rumbar
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moda:

Include

ol

15

SED Classificstion LE:
1<

termedi

List

catalog

2nd Fermi LAT catalog

1st LAT AGN catalog

catalog

Fermi Pulsar Catalog

ue (2LAC)

ugust 2010

i Syncrotron Bazk

ate Synchrotron Peaked

igh Synchrotron Pesked

Fermi Catalogs @ASDC

This is an interactive version of the Fermi-LAT 2-year AGN Catalog extracted
from Ackermann et al 2011 (preprint)

Tables from the paper: Table 3, Table 4, Table 7, Table §

Column description

Document

This catalog contains the AGN

Expart Current view of Table in: _Latexformat | FI75i0mal

2nd Fermi LAT

| Rawtedfomat |

CSVier format |

4 Previous Page NextPage’ PageSize (= oflines) |50 7| Refeshpage | Resetaliftes | Showaledies |
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News:

1) New GBM GRB catalog
online

2) New FA ATel sources
online

3) AGN ADB light curves
(Benoit) lists (P6 online, P7
in construction) oline (LAT
coll password).

Fermi-GBM GRB list of detections
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Columns description
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http://www.asdc.asi.it/feratel/

Incremental list with usual links to ASD
sky position and data archives tools

Columns

Source name

*2FGL name

*RA/Dec

eDate reported for the flare

eredshift

eFlux 1Gev-100 Gev 2FGL (ph/cm2/s)

eFlux (E>100MeV) reported in ATel (1e-8ph/cm2/s)
ePhoton Spectral index

eOther Gamma ATel

eFirst Second Third follow up X-ray ATel

eFirst Second Third follow up Optical ATel
eFirst Second Third follow up Radio ATel

eFirst Second Third follow up Friends of source

o |
Show/hide columns
Advanced filtering
Print current view of table
Print complete table
Reset all filters

List of Sources in Fermi LAT ATeIsi

@ ASDC v2

W VO mode: off
(umon) | Help
ol T e A ek g W T, e B
g ‘.-. 'y W !‘;" . Cone Search
@ g - Source Name
° t S
i e Resolve name
180, i150 2. 210
: ‘ 4 ‘03 @ RaDec CLp Clean
* A e [] i oY I
. 4 Som o3 Mazste g0 WzcrasHIT 301
. . 1
i S radius |5 Tlarcmin_Search
@FsSrRQ .~ @ Solar flare Resetfiter
M BL Lac ¥V Unidentified s
A Other AGN @ Galactic/low b

This is an interactive version of the Fermi LAT sources subjects of LAT Astronomer's
Telegrams. All the LAT Atels are reported for each source

Astronomer's Telegrams website
LAT Astronomer's Telegrams

Fermi Gamma-ray Sky Blog

Export Current view of Table in: _ Latexformat | FiTSfomiat | Rawtestfomat | C8Vietormat |
4 previous Page NextPage } Page Size (= of nes) [50 ¥]_ Refieshpage | Resetallfiters | Showalleniies |
-~ | RA Dec Flux . ___ OtherGamma Other X-ray Othe
Entry Source name  2FGLname _(12000.0) 112000.0! ATel Date of redshift leHlHD Flux ATel (1e-  Spectral _ATel  ATel Y ']
muifibes hhmmssd v [ddmmesd »| Number - Flare Gev 2FGL  8ph/cm2/s) ot First  x Fist = Firs
: (ph/cm2/s)
mode:
include [2][¢] (] lle] el alfe] (e ()] s [i{r]{e] s [|{p]{a] s [|(p][8] st [ [#){4] st || (0[] s | 414
Al
o
LE ASDC Dy 2FGL i July 10-21
elect ata Explorer 3C 454.3 12253.041600 22 53 57.7 +16 08 53.5 ATel#1628 5008 0.85900003  9.6500003e-8 2.2263935
o
i r ASDC D 2FGL August 4-6 .
ot ata Explorer PKS 1502+106 31504.3+1020 1504 249 +10 29 39.1 ATel#1650 5008 1.83 4.0100002e-8 200 2,147137
o
3«;'7 ASDCD: 2FGL September s
ot ata Explorer PKS 1454-354 11457.4-3540 14 57 26.7 -3539 09.9 ATel#1701 4 3008 1.42 1.19e-8 200 2.1062145
~
1 ;01 ASDC Dy 2FGL September s
X ata Explorer 3C 273 31229.1+0202 1229 06.6 +02 03 08.5 ATel#1707 £ 2008 0.15800001 1.509999%e-8 200 2.4524012
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O FT1 and FT2 public science FITS data. Now serving Pass-7 data.

Version 122

[ Data Rol retrieval and data <55 ASDC Sky Explorer Q/ .
preview (XImage) with MW Fsde)

source catalogs overlay. LAT Data Query Results e =

The submitted query parameaters for query ID=L1106131257475 were:

ecn

'] TINBIY H™
HIViT Imagiil

Search Center (RADec) = (194.046667,-5.78944444) RA, [194.046667 Dec  |578944444
Radius = 20.0 degrees LIl 305104572 Bil 57.062272
Start Time (MET} = 2.52460202E8 seconds (2000/01/0100:00:00) | mage size (deg) —
i = I :00)
Stop Time (MET) 3.26579202E8 seconds (2011106101 00:00:00) | o
Ema 300000
Fermi LAT Photon and Spacecraft Data Query Catalog Overlay E &
the Query ID string with an identi
The Photon database currently holds 558405338 photons collected between 04082008 15:43:37 and 241052011 04:32:18 jat?“fse ag.‘j "\":"St“e file NUM  image smoothing parameters
up Into multpie nies.
(239557418 and 327904340 seconds Mission Elapsed Time (MET)). P P Smoothing fiter [eaussEl
MNOTE: For queries encompassing the whole sky {or clase to it), please use the pre-generated by Heasarc Weakly Alisky Files. sigma 1
Email: and History Database S g
Enter your e-mail address to recelve notification when done
Search by Name Ximage display parameters:
7] = Color scalin log =
‘Object Name MINAZ . | '5_PHOO fits g g
Coordinates Equinox (12000 18) O Fermi LAT publlc data download '5_PHOA fits Minimum level displayed 1
RA-Dec - '5_PHOZ fits
I8 i (FT1, FT2 fits event-filles) @ ASDC prE A —
e @ 5 PHO4 fits Probability threshold fe3
8 2008088 R
= inates '6_PHO5 fits Source box size (deg) 01
Galactic Coordina ;
L 178833430 D Fermi LAT data iglgghgﬂ and 5 _PHOBfits Signal-to-noise ratio threshold |1
'5_PHOT fits
B s i i = Skygrid Equatorial =
- preview (count maps, point sources) 5 8C00s s o
Coordinates
Lin, [RESTN @ ASDC be generated running XIMAGE ¢ B ftasatio el
Lat  9.503235 help the user in any possibile in
The XIMAGE detect task runs Wiun pie-nacu vaiues, yUu Lall Ligiige HIei Usiiy Uie UeW0a e U, ve T U IS UGSEE tial Uie
Radius | degree (8] 20 Jer Fermi ST.
... and/or search by date?

Observations [ | ( Gregorian i8)
Dates:

1If you do not enter anything, it will return results from the past 6 months.

For Gregorian dates, please enter in the format YYYY-MM-DD HH:MM:SS, with the start and (optional) end time
separated by commas.

For MET (Mission Elapsed Time), enter any Integer values >= 0, separated by commas.

If you would like to search from the beginning of the mission, put in START instead of a start value.

If you would like to search up untll the most recent point, put in END instead of an end value.

i the query 1D string below:

... and/or search by energy?
Energy Range: MeV
Enter the minimum and (optional) maximum energy, separated by a comma.
(By default, only data between 100 MeV and 300 GeV is returned.)

ol (ESdc) VA Vi W—
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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.

FERMI Data
v Photon Data v Spacecraft Data

FERMI Data Online Analysis
T4 GTLIKE %# T4 Highest Energy Photon

Clear Submit

( 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.

U Highest energy photon will be extracted using the predicte d PSF in function of
enerqgy (htip.//vwww.slac.stanford. edwexp/glastygroups/canda  /lat Performance. htm)



‘n

FT1/FT2 data retrieval i

Space Telescope
| 4

LAT Data Query Results

The submitted query parameters for query |D=L130205144 1179303 were:

Search Center (RA Dec) = (166.113542,38.208559)

Radius = 20.0 degrees

Start Time (MET) = 378518403 seconds (2012/12/30 00:00:00)
Stop Time (MET) = 378691203 seconds (2013/01/01 00:00:00)
Minimum Energy = 100 MeV

Maximum Energy = 300000 MaV

The filenames of the result files consist of the Query D string with an identifier appended to indicate which database the file came from. The identifiers are of the form: _DDNN where DD

indicates the database and NN is the file number. The file number will generally be ‘00" unless the query resuited in a very large data return. In that case the data is broken up into multiple
files.

The values of the database field are:

+ PH - Photon Database
+ SC - Spacecraft Pointing, Livetime, and History Database

File Name Number of entries Size (MB Status
L1302051441179303_PHOO fits 28672 2.6 Available
L1302051441179303_SC00.fits 4868 0.71 Avallable

Clicking on "data preview™ an image will be generated running XIMAGE detect task on the Fermi count map, produced with standard ST In the queried time Interval. It aims to provides a preview of the
source field to help the user in any possibile improvement of the data query before to run the likelihood analysis. The map Is Interactive: move the cursor on image to explore it. WARNING The XIMAGE
detect task runs with pre-fixed values, you can change them using the dedicated menu. We remind the user that the data analysis should be run with the proper Fermi ST.

Highest Energy Photon:

MKN421

44823.7 MeV 0.202954340167 deg 0.0441396376193 deg

=% 4 Ocmm
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Posta in Arrivo: ASDC tools: Fermi Lat Archive : GTLIKE (25709 di 25721)
| Contrassagna come: 'I aposta Eupia| Questo messaggio a 'I

Elimina | Rispondi~ | Inoltra ~ | Reindirizza | Visualizza per Argamento | Intestazioni Messaggio | Salva con Nome | Stampa | Intestazioni ~
Data: Tue, 5 Feb 2013 14:57:01 +0100 [05/02/2013 14:57:01 CET]
Da: noreply@asdc.asi.it 1§
A: cutini@asdc.asl.it
Oggetto: ASDC tools: Fermi Lat Archive : GTLIKE

Your reguest is completed.

Chiject Hame: MEN421

Search Center (RA,Dec): 166.113542,3B.20855%9

Radins = 20.0 degrees

Start Time (MET)= 3.78518403E8 seconds (30/12/2012 00:00:00)
Gtop Time (MET)= 3.78691203E8 seconds (0L/01/2013 00:00:00)
Minimum Energy = 100 MeV

Maximum Energy = 300000 Mevw
Click on the link below to download : http://tools.asdc.asi.it/fermi/results.isp?id=L1302051441179303
GTLike Result :
MENLZ]l RA=166.113542 DEC= 38.2Z08559% TS5= B9.60198BABARG3

Time Interval (MJID) 56291.0000347 56293.0000347

Flux 3.05595780901e=07 B.BA1BO00727%9e=08

Spectral Index = 1.B19763B9735 0.167887E99255

One email will post you results (after some <30min time).
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Fermi GBM GRB catalogs @ ASDC

The Fermi GBM Gamma-ray Burst Catalog:

Update of the 2Y Fermi GBM GRB
catalog .

LUpdate of GBM incremental list of
detected GRBs

The First Two Years

Help | e

( Help )

( showitsde calumns )

Cone Search

e
([ Advanced filtering )
Sbsoiniridloin 5

e - -
[ Print current view of tanle |
e e

Print comalete table )
—

| Reset all finers |

Source Name

il

A
B L
Ve

Besolve name

-
Qo
s

S RA, Dec DLB [ Clean )
_— e

B OO L Y 15 e B BT

Fermi-GBM GRB list of detections

radus| & Wibwernin

Iels )

T AR
how/hide columns |

()
( Reset Fies )

Cone Search
Sowre hame

dvanced filtering )
_—

rint current view of table )
rint complete tabie

e
eset all filkers )

Click here for an updated detection list

Resohve name
Download the relevant papers:
W. 5. Paciesas et al, 2012 (arXiv:1201.3099) and A. Goldstein et al. 2012 (arXiv:1201.2981).

@AM Doz OLA [ Clean )

Columns description

000 34 5 100 e LB, 41 Doy
radius | 5

2 arcmin
Search |
Reset filter |

Export Currant view of Table in: [ Latex foemat ) 1175 format ) ( Raw text farmat ) { €5V text farmat

UPDATED TO August 1st 2012

1 Previous Page MNext Page* Page Size (# of lines) s B erfresh page ([ Resetall fners ) Staw all enries )

This List is based on GCN Circulars issued by the GBEM collaboration

The list is monthly updated

Ta0

2 (5 Columns description

O] (ergfem3)

Export Current view of Tabile in: |

Latex: formar ) (| VTS foervat | { Raw teact farmnt ) {_ €5% et Format )
S tids e , Vil i b s iiiatolsi e

|

oie) oiol ojeles|oisloiclea]oiooial{oia alo] ool

“ Previous Page MNext Page* Page Size (# of lines) | s« B8 efreah muge ) Reset alf fness ) Shaw all entries )
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The Fermi Gamma-ray Space Telescope

Fermi ASI Scientific Page (itali:

(v}

Fermi, formerly GLAST, is a powerful space observatory that is opening a wide window on the universe
through the undestanding of gamma rays. Gamma rays are the highest-energy form of light, and the
gamma-ray sky is spectacularly different from the one we perceive with our own eyes. With a huge
leap in all key capabilities, Fermi data are helping scientists to answer persistent questions across a
broad range of topics, including supermassive black-hole systems, pulsars, the origin of cosmic rays,
and searches for signals of new physics.

Mission Objectives:

Thank you very much

energies far be
+ search for sign

for the attention

* Help crack the
ray bursts.

* Answer long-standing questions across a broad range of topics, including solar flares,
pulsars and the origin of cosmic rays. Fermi News
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EBL with Fermi LAT AGNS <> ermi

Gamma-ray

Space Telescope
v

» AGN produce VERY high energy y’s

»7V’‘s at high energy and large red-shift
DON’T survive trip to Earth

» Pair Cascades off Extra-Galactic
Background Light (EBL)

» History of Galaxy Formation

determines EBL
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Analysis
> 3 Bins in red-shift:
0-0.2,.2-.5,.5-1.6
» 50 Sources each bin
» Fit each to Intrinsic
Spectra * Common
Absorption

History of Galaxy Formation
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Gilmore, Somerville, Primack and Dominguez (2012)
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Why do we understand stars so well but not blazars?
» Anisotropic emitters

 Highly variable on human type scales (as short as hours or minutes)

* Energy generation mechanism (involving black hole) not well understood
* No way to know if different AGN are the same age

* Fully ionized non-thermal plasma, composition cannot be determined from optical spectroscopy

Blazars also classified based on the position of their synchrotron peak (Second LAT
AGN Catalog; Ackermann et al. 2011, ApJ, 743, 171).

» 10" Hz < v, high synchrotron peaked (HSP)

+ 10" Hz < v, <10 Hz: intermediate synchrotron peaked (ISP)

* v < 10" Hz: low synchrotron peaked (LSP)

LUAlmost all FSRQs are LSPs.

WAbout half of BL Lacs in 2LAC do not have a measured redshift. Could be due to nonthermal continuum
overwhelming line emission, or

UBL Lacs having intrinsically weaker lines. Giommi et al. (2012), MNRAS, 420, 2899

3c279 BL Lac
20 w
- oo ¥ 1 '

46
46

44

Log vL(v) (erg s1)

42
Log vL{v) (erg s1)
44

42

10 15 20 25 N

- | Sd(',) Log Frequency v (Hz) Log Frequency v (Hz) 5 2:




‘a

Single zone SSC ot

Synchrotron J; C omptﬂn

H;"f \\ Total

low-energy
hoton

.
\L )~ =

glectron

1 keV 100 GeV 50 TeV



