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L” Universo e’ “IL LABORATORIO” in cui si possono osservare tutte le leggi della natura all’opera, spesso
in condizioni limite che non possono essere riprodotte all’interno dei laboratori terrestri

O Applicazione delle leggi note per descrivere fenomeni in condizioni estreme
1 Scoperta di nuove leggi della fisica sulla base delle osservazioni sperimentali

[ L’'osservazione del “laboratorio cosmico” ha lo svantaggio di non poter permettere, nella
maggioranza dei casi, la verifica sperimentale e la ripetibilita dell’esperimento, ma in cambio
fornisce il vantaggio dell’evoluzione, Per ogni sistema astrofisico e per ogni classe di sorgente ed
oggetto I'Universo ci fornisce istantanee di tutte le sue fasi di vita ed evoluzione. L'osservazione
del cosmo € intrinsecamente una ricerca scientifica in 4 dimensioni e dinamica.

Nuove leggi della fisica derivate dall’ osservazione astronomica:

OSSERVAZIONI

U  Tycho Brahe misura il moto dei
pianeti

U Leggidi Keplero

U Osservazione dello spettro delle
stelle  (nane bianche)

U  Formula di Balmer

O  Perdita di energia per

radiazione gravitazionale in
sistemi binari

LEGGI

U  Keplero scopre le leggi del moto
dei pianeti

U  Newton: gravitazione universale

U  Scoperta della serie di Balmer
per I'atomo di idrogeno

U  Teoria di Bohr dell’atomo

O Relativita’ generale di Einstein

Esdc) stefano.ciprini@asdc.asi.it — ASDC Roma

“La filosofia e’ scritta in questo grandissimo

libro che continuamente ci sta aperto
innanzi agli occhi (co I'universo) , ma
non si puo’ intendere se prima non si
impara ad intendere la lingua, e
conoscer i caratteri, ne’ quali e’ scritto.
Egli e’ scritto in lingua matematica, e i
caratteri son triangoli, cerchi ed altre
figure geometriche, senza i quali mezi
e’ impossibile a internderne umana
parola: senza questi e’ un aggirarsi
vanamente per un oscuro labirinto”

Galileo Galilei
Il Saggiatore 1623
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L’Universo ad alta energia e’ fatto di particelle

SCOPERTA DELLE PARTICELLE SUB-ATOMICHE

O Maxwell, 1864: Teoria dell’elettromagnetismo
O Hertz, 1884: conferma I'esistenza delle onde elettromagnetiche
O Crookes, 1879: conduzione nei gas (buoni tubi a vuoto - Geissler-) + (alta tensione -
Rumhkorff-) “raggi catodici”
O Thomson, 1895: e/m 2000 volte piu’ piccolo che per I'idrogeno usando un tubo di
Crookes con un vuoto ancora migliore
L Rontgen, 1895: raggi X emessi da un tubo di Crookes
O Becquerel, 1896: radioattivita’ naturale
O Rutherford, 1898: a, 3
O Villard, 1900: vy
SCOPERTA DEI RAGGI COSMICI
L 1900: gli elettroscopi si scaricano
O Wulf, 1910: ma sulla torre Eiffel durano di piu’! (migliore elettroscopio dell’epoca)
0 Hess 1912, Kolhorster, 1914: ma sopra 1,5 Km durano di meno! Radiazione ionizzante che proviene dallo spazio
O Millikan, 1925: li chiama Raggi Cosmici
O Skobeltsyn, 1929: alcune tracce in camera a nebbia sono molto rigide - B secondari dovuti alla radiazione vy di
Hess (?)
O Geiger-Muller, 1929: osservazione istantanea delle particelle ionizzanti
O Bothe, Kolhorster, 1929: tecnica della coincidenza (0,01 s) | raggi cosmici sono a) carichi b) penetranti c)

energetici (10 °-10%eV) ----- >Nnon sono Y non sono [3, non sono o

( E@ ; stefano.ciprini@asdc.asi.it — ASDC Roma INAF-OAB, “Mera-TeV School’, Merate, Oct. 2011 3



v Cosmic Rays are
subatomic particles and
radiation of extra-
terrestrial origin.

v First discovered in 1912
by Austrian scientist
Vietor Hess, measuring
radiation levels aboard a
balloon at up to 17,500
feet (without oxygen!)

v Hess found increased
radiation levels at higher
altitudes: named them
Cosmic Radiation

(Y

Energy of
Cosmic Rays
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v Cosmic Rays have
been observed with

S
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SCOPERTA DELLE PARTICELLE ELEMENTARI

Wilson, 1910: Camera a nebbia, i nuclei hanno massa multipla del protone
Bothe, Becker 1930, Curie, Joliot 1932: radiazione neutra dalla radioattivita’

Chadwick: sono dei neutroni
Anderson, 1930: camera a nebbia, scoperta del positrone (predetto da Dirac)
Blackett,Occhialini, 1933: camera a nebbia tecnica di coincidenza Geiger, alta statistica di positroni nei RC

COoO000C

Anderson, 1936: ma ci sono particelle positive e negative piu’ penetranti e di massa intermedia (mesoni,
massa 20-400 volte la massa dell’elettrone) (Yukawa aveva predetto i pioni)

Rochester, Butler,1947: camera a nebbia , osservazione decadimenti di K e A nei RC, vita media lunga 108 -
10105

Powell, 1947: pacchi di emulsione llIford, produzione e decadimento dei n+ e 7-
Manchester Group, 1952 :camera a bolle, scoperta della =~ sul Pic du Midi
Italian Group, 1953: scoperta della =

dal 1953 avvento degli acceleratori per studio particelle elementari

cooo O

m m
-110‘15 02 928 10f 10° W R0? W 107 W2 WP 8 WA 0 2“.
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Photons: After 1945 .... Radio band

Photons: Until 1945: Optical Band

THERMAL EMISSION Long wave: Synchrotron radiation
vmax = 10! (T/K) Hz Photons A ~ 73cm
aimax T = 3 10° nmK - v~ 408 MHz o
A ~ 300 —800 nm Microwave: Bremstrahlung radiation CBR
T ~ 3000 -10000 K A ~5§.(7}Em
Vv~ Z
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What is a gamma-ray?
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The term is historical and not descriptive. It
refers to a portion of the electro-magnetic
spectrum (but they didn’t know it at the time
the name was invented!):

Einstein (1905) light quantum hypothesis:
electromagnetic radiation is composed of discrete
particles (later called PHOTONS) whose energy is
E=hc/\, where h is Planck's constant (4.1357x10-15 eV
s), A is the wavelength, and c=3x108 m/s.

Luce visibile

Basse energie

Alte energie

Lunghezza d’'onda (m)

Energia (eV] 1meV 1eV : 1keV 1MeV
|
Frequenza [s71) : i
3x1010 3x1012 3x1014 3x1016 3x1018
' l ' l ‘ l ' l ' l ' Question: why do particle
?andc:s Microonde Infrarosso Ultravioletto| Ragpi X g:?ng'r%\ia physicists want to build
more powerful
10|—1 1c1|—2 10|—3 10|—4 107> 10|—5 10|—7 10|—8 10|—9 10|—10 10|—11 accelerators?

f..édg stefano.ciprini@asdc.asi.it - ASDC Roma
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strumenti da usare per larivelazione. Mentre le onde radio e la luce visibile

sono ben rivelabili a terra, i raggi gamma lo sono solo a energie pid alte di

una cinquantina di GeV, come sciami elettromagnetici.

Razzi e satelliti

~400 km iﬂ“‘f &
Palloni \
~40 km
Aeroplani i
~10 km ":
Osservatori in L

cima a montagne

~4 Km

Livello del mare

Microonde Infrarosso Raggi X Raggi gamma
0 km Ottico (luce visibile)
1ueV 1meV leV 1KeV 1MeV 1GeV 1TeV

bt i\ s il i atver B antlanc et Lortabeon bt druma bk b b dacd. — et ikt cn ot
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Gamma ray
attenuation

Relation between the temperature
of a black body and the frequency
at which most of the energy is
emitted

Transparency of the atmosphere for
radiation of different wavelengths.
The solid line show the height
above sea-level at which the
atmosphere becomes tranparent.
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Why study gamma-rays ?

Gamma-rays carry a wealth of information:
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O vy rays do not interact much at their source: they offer a direct view into Nature’s largest

accelerators.

O similarly, the Universe is mainly transparent to y rays: can probe cosmological volumes. Any

opacity is energy-dependent (light interacts with light!).
L conversely, y rays readily interact in detectors, with a clear signature.

L vy rays are neutral: no complications due to magnetic fields. Point directly back to sources, etc.

The Flux of Diffuse Extra-Galactic Photons

The Grand Unified Photon Spectrum (GUPS) c.a. 1990, Ressell and Turner
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Fermi/GLAST do fundamental

science, with a very broad menu i
that includes: N
L Systems with supermassive black :1
holes 5
0 Gamma-ray bursts (GRBs) 6.
O Dark Matter 7.
O Solar physics g
O Origin of Cosmic Rays '
O Probing the era of galaxy 10.
formation
O Discovery! Hawking Radiation? ié
Other relics from the Big Bang? — 13:
Huge increment in capabilities. "

Fermi/GLAST draws the interest of |5
both the the High Energy Particle |¢.

Physics and High Energy 17.
Astrophysics communities. 18.
19.
20.
21.

Esdc) stefano.ciprini@asdc.asi.it — ASDC Roma

GLAST Science Topics List

Galactic Diffuse Radiation and Emission from Normal Galaxies
Gamma-ray Emission from Molecular Clouds

Extragalactic Diffuse Radiation and LogN-LogS of Extragalactic Sources
Gamma-ray Emission from Plerions

Cosmic Ray Acceleration and Gamma-ray Emission from SNR shells
High-Energy Emission from Galaxy Clusters

Particle Acceleration and Gamma-ray Emission in Pulsars
High-Energy Emission from Neutron Stars in Binary Systems
Gamma-rav Emission from Blazar AGNs: Emission mechanisms.
multiwavelength spectral studies and time variability

Luminosity Evolution of AGN Blazars and spectral cutoffs: population
and EBL studies

High-Energy Gamma-ray Emission from Seyfert and Radio Galaxies
Unidentified High-Energy Sources: Population Studies

Unidentified High-Energy Sources: Radio/Optical/X-ray identifications
High-Energy Emission from Stellar-Mass Galactic Black Hole Candidates
The Galactic Center

Spectral Searches for Dark Matter

Search for Signatures of Quantum Gravity

Search for Primordial Black Hole Evaporation

Gamma-Ray Bursts: Testing Emission Models

Gamma-ray Bursts: Afterglows and Multiwavelength Observations
Solar Flares

INAF-OAB, “Mera-TeV School”, Merate, Oct. 2011 12
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r=0.3"
-

3EG

50 LAT __ 1911-2000

Source
r=7

\
L LAT 95%

¥
L

N
Solar flares

5038 so0dte’ sz’ s01"is
Courntesy of Fabrizio Fiore and the BeppoSAX Team

Microquasars Gamma Ray Bursts  Dark matter, cosmology, particle physics

0.01 GeV 0.1 GeV 1 GeV 10 GeV 100 GeV 1TeV
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Photons with E>10 GeV are attenuated by the diffuse field of UV-Optical-IR extragalactic

background light (EBL)
Opacity (Salamon & Stecker, 1998)

102

opacity 1

EBL over cosmological distances is
probed by gammas in the 10-100 GeV
range. 10 ¢

with metallicity correction

In contrast, the TeV-IR attenuation
results in a flux that may be limited to
more local (or much brighter)
sources.

1 A dominant factor in EBL models is
the time of galaxy formation --
attenuation measurements can help
distinguish models.

' EY (GeV)

No significant attenuation below ~10 GeV.

( Eﬁ@; stefano.ciprini@asdc.asi.it — ASDC Roma INAF-OAB, “Mera-TeV School”, Merate, Oct. 2011 14
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~30 km
~103 g cm?

ForE, <~ 0O(100) GeV, must detect
above atmosphere (balloons,
satellites, rockets)

For E, >~ 0O(100) GeV, information
from showers penetrates to the
ground (Cherenkov)

0.10
06
T 0.08
= _
£ 0.4 0.06
5 g
" 0.04
v 0.2
S —0.02
Photo-electric
0 I it Pt _
1 10 100 1000

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 = Io exp (-0x), where x is the path length in radiation
lengths. (Review of Particle Properties, April 1980 edition).

E=mc?. If 2x the rest energy of an electron (~0.5 MeV) is available (i.e., if the photon energy is
large enough), in the presence of matter the photon can convert to an electron-positron pair.

Esdc) stefano.ciprini@asdc.asi.it — ASDC Roma

INAF-OAB, “Mera-TeV School”, Merate, Oct. 2011 15



Gamma-ray Detection and Measurement

/‘l

‘s ermil

Gamma-ray

v Space Telescope

Interaction of electrons and photons with matter

Fractional energy loss for e* and e~ in lead

TR T T T T T TTTTT T T TTTTT
W —0.20
| Positrons Lead (Z=82) i
| Electrons \, )
_I,T 1.0— ) 10,15
g Bremsstrahlung ij n'loo
; I E
33 To.10 £
=K [onization i
I L o
0.5 Meller (e7) _
AM\#
annihilation\r\_L —
0 | | L1 L1l
1 10 100 1000
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Photon total cross sections
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Detector Technology: X-ray vs. Gamma-ray

X-rav (0.5 - 10keV)
Focusing possible

v

Large effective area
Excellent energy resolution
Very low background
Narrow view

X-ray mirror focussing telescope

e—e+ shower tracker/calorimeter

Gamma—ray proximity telescope

[ —

Gamma-ray(0.1-500GeV)
No focusing possible

\

Wide field of view
Limited effective area

Moderate energy resolution
High background

@-:/ Ssleidliv.viprinniyasuo.dasl. it — AoV NUIlId |NAF-OAB, “Mera-TeV SChOO|”, Merate, Oct. 2011 17
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Gamma-ray Detection and Measurement

Elements of a pair-conversion telescope

charged-particle '\.’
anticoincidence ‘
shield ' * photons materialize
\ ' into matter-antimatter pairs:
E, --> m,c*+m.?

pair-
COnversion
f()l]s ................................................ Py electron and pOSitron
..................... carry information about
.................................................................................................. the direction, energy and
particle- = polarization of the y-ray
tracking " o
detectors
calorimeter =
(energy measurement)
INAF-OAB, “Mera-TeV School”, Merate, Oct. 2011 18
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Effective area
(total geometric acceptance) X (conversion probability) X (all detector and reconstruction
efficiencies). Real rate of detecting a signal is (flux) X A«

Point Spread Function (PSF)

Angular resolution of instrument, after all detector and reconstruction algorithm effects.
The 2-dimensional 68% containment is the equivalent of ~¥1.5c (1-dimensional error) if
purely Gaussian response. The non-Gaussian tail is characterized by the 95%
containment, which would be 1.6 times the 68% containment for a perfect Gaussian

response.
2000 T T T T 5
1 68%+ 959, r 5 1
OWer 3 | | ugpe . AR . 8
| |
[ ] 1 1 I
1000 I | 1 v ol _|
| I
|1-‘ I ’
i o *
Ny i y |
0 -5 1 -3 i 5
0 1 2 3 4 5 ~s ! 5
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/]
Incoming gamma ray i

!
1

I ) Turgsten foil
| 7 |
| l J00-500micron thick /
e | i et
. | 7 | ™ Silicon strip
S0-500micron wide VLSI amplifier HEEEEEEEEEEEEEEN//EEN I EEEEE detectors
Stable particle tracker that allows micron-level tracking of gamma-rays | ! 1
NN EEEEE AR iR
VLSI : f '
Low-noise, Low-power e / l et

Amplifier/Discriminator
(S/N typically > 20)

Al Strip
Electrodes Coupling

Cap

™\._/p* Implant Strips [ 200 um

at Ground -+

Depletion region

* Charged particle Silicon Strip Detector

Principle

n— Bulk
~5kQ—cm

produces ~32,000
electron/hole pairs.

|=— 400 um —

k Al Backplane
at ~+90V “Mera-TeV School’, Merate, Oct. 2011 20
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Expanded view of
converter-tracker:

At low energy,

measurements at

all these hits, or suffer

| trim converter to cover

| 5
first two layers completely Y At 100 MeV. opening \
dominate due to multiple angle ~ 20 mrad All detectors have some
scattering-- MUST have \ dead area: if isolated, can
| —

factor ~ 2 PSF degradation. x

only active area; if

If eff = 90%, already only vy
keep (.9)= 66% of

potentially good photons.

== want >99% efficiency.

distributed, conversions
above or near dead
region contribute tails to
PSF unless detailed and

\ \

efficient algorithms can ID

Low energy PSF X

and remove such events.

completely dominated by Y
multiple scattering effects:

\\ 1\

?S;éfag}ffif Fled] pg‘i_’/”E At higher energies, more |J_Ian_es contribute information:
Foll-over and asymptote (&, M # significant planes

High energy PSF set by ;/ and §p) depend on design 100 MeV 2

hit resolution/plane 1 GeV ~5

spacing: 10 GeV =10

Go~ 1.8 mrad. E

é.,.nﬁdsy stefano.ciprini@asdc.asi.it — ASDC Roma
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10000 4 —
9
“l | E
EGRET = T
1000 - 2| |«
COS-B
E 100 A D
> 0S0-3 ¢,¢ 5
@ 10 4 e
& COMPTEL =
s}
INTEGRAL E
1 - HEAOD-3 K
SIGMA/GRANAT
OSSE/BATSE Swift
0.1 4 VELASs
T T T T T
1970 1080 1000 2000 2010

Date

Some space gamma-ray missions, showing enerey coverage and the time frame of the mission.

UThe first gamma-ray telescope carried into orbit, on the Explorer Xl| satellite in 1961, picked up fewer
than 100 cosmic gamma-ray photons. These appeared to come from all directions in the Universe,
implying some sort of uniform "gamma-ray background".

UAdditional gamma-ray experiments flew on the OGO, 0SO, Vela, and Russian Cosmos series of

satellites. However, the first satellite designed as a "dedicated" gamma-ray mission was the second
Small Astronomy Satellite (SAS-2) in 1972.

Esdc) stefano.ciprini@asdc.asi.it — ASDC Roma
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Gamma-ray Bursts:

d Vela Program : A Bomb or Not
a Bomb? (Vela Program,
1969-1979)

d A few hundred events, a few
hundred theories

Gamma-ray Sources:
(d SAS-2 —discovered 2 pulsars

(1972)
(J COS-B - about 25 sources
(1975-82)

d Most unidentified,
but 1 quasar

d Diffuse extra-galactic
background

( éﬁ?ﬂc stefano.ciprini@asdc.asi.it — ASDC Roma INAF-OAB, “Mera-TeV School”, Merate, Oct. 2011 23
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O Cos-B é stato il primo satellite per I'osservazione dello spazio (telescopio spaziale astronomico) lanciato
dall'Agenzia Spaziale Europea (ESA) il 9 agosto 1975 per lo studio dei raggi gamma galattici e cosmici, in
particolare per rispondere ed investigare le sorgenti e gli inspiegati livelli di radiazione gamma scoperti dai
primi satelliti americani (come la serie Vela, 0SO-3, e sopratutto SAS-2). | contributi scientifici includono il
catalogo 2CG contenente circa 25 sorgenti puntiformi di raggi gamma e una mappa della Via lattea. La sonda
osservo anche la pulsar Cygnus X-3 e Geminga.

GALACTIC SAMMA- ALY EMISE O
wnTER

Mission Characteristics

e Lifetime : 9 Aug 1975 - 25 April 1982

e Energy Range : 2 keV - 5 GeV

e Payload : Magnetic-core, wire-matrix,
spark chamber gamma-ray detector (~30
MeV-5 GeV), eff. area 50 cm2 at 400 MeV
a 2-12 keV proportional counter mounted
on the side of the gamma-ray detector

Science Highlights:

eObservations of gamma-ray pulsars,
binary systems.

eGamma-ray map of the Galaxy.
eDetailed observations of the Geminga
gamma-ray pulsar.

( Eﬁ@ ; stefano.ciprini@asdc.asi.it — ASDC Roma INAF-OAB, “Mera-TeV School’, Merate, Oct. 2011 24
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2,
The Compton Gamma-ray Observatory, CGRO, Mission (1991 - 2000)

O The Compton Gamma Ray Observatory was the second of NASA's Great Observatories. Compton, at 17 tons,
was the heaviest astrophysical payload ever flown at the time of its launch on April 5, 1991 aboard the space
shuttle Atlantis. Compton was safely deorbited and re-entered the Earth's atmosphere on June 4, 2000.

O Compton had four instruments that covered an unprecedented six decades of the electromagnetic spectrum,
from 30 keV to 30 GeV. In order of increasing spectral energy coverage, these instruments were the Burst
And Transient Source Experiment (BATSE), the Oriented Scintillation Spectrometer Experiment (OSSE), the
Imaging Compton Telescope (COMPTEL), and the Energetic Gamma Ray Experiment Telescope (EGRET). For
each of the instruments, an improvement in sensitivity of better than a factor of ten was realized over
previous missions.

0 The Observatory was named in honor of Dr. Arthur Holly Compton, who won
the Nobel prize in physics for work on scattering of high-energy photons by
electrons - a process which is central to the gamma-ray detection techniques
of all four instruments.

Sources of gamma-ray Emission discovered and classified:
e Black holes

e Active Galaxies

e Pulsars

e Gamma-ray bursts

e Diffuse emission

e Supernovae, ¢ Unidentified

Esdc) stefano.ciprini@asdc.asi.it — ASDC Roma
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Burst and Transient Source Oriented Scintillation Spectrometer

Experiment (BATSE) Experiment (OSSE)

Imaging Compton Telesco Energetic Gamma Ray Experiment
(COMPTEL) R Telescope (EGRET)

26



‘l

(G ;
S ermil
Gamma-ray
' Space Telescope
| 4

Fluence, 50-300 keV (ergs cm™)

CGRO/EGRET All Sky Map

Third EGRET Catalog
E > 100 MeV

- S ———

& Active Galactic Nuclei m Pulsars
@ Unidentified EGRET Sources LMC
@ Solar FLare
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Table 1. Performance characteristics of EGRET.

Q Apr 1991 - Jun 2000 Property Value

Q30 MeV - 30GeV Energy range 20MeV to 10 GeV

d 667%=5_85°(100 MeV/E)0-534 Peak effective area 1500 cm? at 500 MeV
Energy resolution 15% FWHM
Off-axis effective area  25% of peak at 30°
Timing accuracy <100 s absolute

ANTI-COINCIDENCE
SCINTILLATION
DOME

CLOSELY SPACED Pair Converter/
SPARK CHAMBERS Spark Chamber §

WIDELY SPACED
SPARK CHAMBERS

Time of Flight
Triggering

TIMIE OF H ; /

FLIGHT

COINCIDENCE
SYSTEM \
l PRESSURE VESSEL

7y T= /£
Nal (TL) ENERGY B - ELECTRONICS Total Absorption
MEASUREMENT || Shower Counter [

GAMMA RAY OBSERVATORY

COUNTER
Q @ GAS REPLENISHMENT
SYSTEM

Figure 4. Composite photo showing a cutaway view of EGRET.

. A T The major subsystems are identified.
(Eﬁ?ﬁc stefano.ciprini@asdc.as.it - ASDC Roma INAF-OAB, “Mera-TeV School’, Merate, Oct. 2011~ 28
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Data from April 5, 1991 to October 3, 1995 CGRO mission 1990-1999

Third EGRET Catalog __——— o

:‘ e * ‘. L %
+180 - = c
- . ™
+'. L + ¢
A LMC - .
m Pulsars
® Solar Flare

¢ Active Galactic Nuclei \

T—

® Unidentified EGRET Sources r -

L
.
*

GRO Instruments
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172 of the 271 sources in the EGRET 3™ catalog are “unidentified”

EGRET source position error circles are
~0.5°, resulting in counterpart confusion.

GLAST will provide much more accurate
positions, with ~30 arcsec - ~5 arcmin
localizations, depending on brightness.

56 LAT 1911-2000

Source

r="F

L LAT 95%

@® Rosat or Einstein X-ray Source Cygnus region (15x15 deg)
® 1.4 GHz VLA Radio Source
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EGRET and 3C279

v

Prior to EGRET, the only known extra-galactic point source was 3C273; however, when
EGRET launched, 3C279 was flaring and was the brightest object in the gamma-ray sky!

EGRET discovery image of gamma-ray blazar 3C279 (z=0.54)
E>100 MeV (June 1991)

EGRET: 3C279/3C273 VARIABIL TY: EGRET has
seen only the tip of the
= iceberg.
E‘ B 1 I L] I | I 1} I L I | I E a
- 30279 Flux .
— % [ (> 100 MeV) % B
o - ]
5 . | F -
£ o I n ]
5 < - E
E s L, E T ._P S
Lh] b E + E
_ =.F b + L
> R 2]
5LET k&
25 B - I T R T S T B -
W 166 168 1¥0 17¢ 174 176 178 T80
el | 8 2EED s MM ;;:‘;I“ __:;ifl_.!m::i L1E) [ L] (£ o] L&l Da}f‘ Of ‘!991
(.E,_'-‘:"PQC stefano.ciprini@asdc.asi.it — ASDC Roma INAF-OAB, “Mera-TeV School’, Merate, Oct. 2011 31
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SAS-2, COSB (1970’s-1980’s) exploration phase: established galactic diffuse flux
EGRET (1990’s) established field:

O increased number of ID’d sources by large factor;

U broadband measurements covering energy range ~20 MeV - ~20 GeV;,
U discovered many yet-unidentified sources;

Wdiscovered surprisingly large number of Active Galactic Nuclei (AGN);
Wdiscovered multi-GeV emissions from gamma-ray bursts (GRBs);
Udiscovered GeV emissions from the sun

EGRET All Sky Map (>100 MeV}c 179

Cygnus
Region

Crab

PKS 0528+134

Cosmic Ray
Interactions

Cé:_:,d(‘_ stefano.ciprini( With ISM PSR B170644 PKS 0208.512 Merate, Oct. 2011 32
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EGRET Data Products, and Data Analysis: http://heasarc.gsfc.nasa.gov/docs/cgro/egret/egret doc.html

There are three areas where it is important to know the instrument performance:

»the point-spread function, or the distribution of the measured fl-ray incident angles as a function of true incident angle
»the sensitive (or effective) area, or the physical area for collecting fl-rays multiplied by the efficiency, as a function of
position on the sky at any given time;

sthe energy dispersion, or the distribution of measured energy as a function of the true energy.

Point Spread Function - PSF(q)

From the calibration data it is seen that the point-spread function is roughly azimuthally symmetric
then:

PSF(0) === j j E"“PSF(0,E"YEDP(E,E"YdE'dE

The point-spread function PSF(q) is the integral of the true-energy dependent point-spread function,
weighted by the spectrum, integrated over the measured energy band from E min to E max, and
integrated over all true energies, weighted by the energy dispersion function. This reflects the fact that
there is some probability that a gamma-ray of any given true energy will have a measured energy
between E min and E max.

A reasonable approximation to the point-spread width
assumes a relatively simple functional form. The

half-angle which defines a cone containing , 68% of the (968 = 50.85(E/100Me V)_0'534
gamma-rays from a point on the sky may be taken as

( Eﬁ@ ; stefano.ciprini@asdc.asi.it — ASDC Roma INAF-OAB, “Mera-TeV School’, Merate, Oct. 2011 33
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' Counts — Exposure - Intensity
If a detector has exposure E; to a source with photon flux F(ph/cm?sec) , then the
number of counts N which will be measured is

Magneiopause
s
Cusp 2

N = FET Solar

where »

F(AE) = [I(E)dE

AE is the energy range being considered and I(E) is the differential flux as a function
of energy (ph/cm?secMeV).The differential number of counts that will be detected by
EGRET from a source of intensity I(E) is

dN = 1 (E)A(E)dEd!t - neaa 03**

ooty
where A(E) is the energy-dependent effective area of the instrument, and dt is the ﬁ“ﬁ,ﬁﬁﬁu&m}m;‘ﬂf&mﬁzﬁﬁfﬁﬁﬁm
differential unit of time. T

Taking into account the energy dispersion of the instrument, the correct expression South Atlantic Anomaly

for the number of counts that will be measured is

Earth Albedo

N(AEO.¢.m) =T (0. p.m) [dE' [ dEI(E)SAR(E-0.¢,m)EDP(E. E'.0.$.m) o T
AE 0 P IMeY

T(6.¢.m) =isthe amount of instrument livetime spent observing a source at (0,¢) o g L _

200 |- .

EDP(E,E’;Q,@,H'I) = Prob. of true energy E will be measured with an energy E’ £z . : , k A

solving for exposure: S s Eu:- 1000 MeV i E

E (AE.0.¢)=>T(0.¢.m)SAR(E.O.,¢$.m) 60 (-

m 40 - | ]

N v N/ - ’ 20 - | -

SAR(E.6,¢.,m) = (AP .G-03m) = average effective area of EGRET L ]

[ dEI(E) 0

0 20 40 60 80 100 120 140

C‘E““@ S I(E)=IEF" phcn'fZS*lﬂfeI‘hI =source photon spectrum 5 ~ -2 () “Mera-TeV School”, Merate, Oct. 2011 34



Gamma-ray Astronomy (The Short Story...):
current space missions s el

‘ , \"'\._
‘ "\ UVOT
XRT  \
\'~.
‘ Hi.}:d_{_‘l_'tl‘.';ll'l

/

‘Eermi

’ - - - - - £ ’ e , :_'.. S i;_ s -
S e Lo & q--! s ol
'NTEGRAL kg B, Gamma-ray
: \ J f " 1/ Space Telescope

( .Eé?;‘c stefano.ciprini@asdc.asi.it — ASDC Roma INAF-OAB, “Mera-TeV School”, Merate, Oct. 2011 39




/9
Recent and ongoing gamma-ray projects e T

Gamma-ray

/ Space Telescope
L

CAT CANGAROO

i ] T

i R R i M

I MeV H TS o —— O R i

100 KeV ¢

10KeV E

1KeV

1992 1994 1996 1998 2000 2002 2004 2006 2010 2012

Aldo Morselli v.5 /0803

Year 56
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Sensitivity of y-ray detectors
107 p—r—r T L LS

i |
» All sensitivities are at 5G

for a high latitude background

(2107 ph em™ sr! (100 MeV/E)'!)

Source differential photon

spectrum 15 assumed to have a

power law index of -2.

!
1
T
PV

== EGRET |

aMsa v AGILE

100 ENAMSo CELESTE,
: Crab I'_"J:?hlllﬂ STACEE

* Cerenkov telescopes
sensitivities {Ventas, MAGIC,

Whipple, Hess, Celeste, Stacee,
o MILAGRO Hegra) are for 50 hours of

L aassul

107°

observations.

Large field of view
detectors sensitivities
(AGILE, GLAST,

Milagro, ARGO, AMS

are for 1 year of observation.

Integral flux (photons cm™ s )
P!
-
>
W
]

10—11 E_

1{]—12 [

VEEIRITAS = *» MAGIC sensitivity based on the

i 5 availability

Large field of View experiments w of hgh efficiency PMT’s
Cerenkov detectors in ﬂperaﬁm_{ - ‘

Past EXP'EI:-llIlEﬂIE; HEGRA HESS

Future experiments

1{]—13

-14 wal

107 10 10° 10° 10° 10
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Aldo Morsell 8/04
o Complementary capabilities
r’g I E | ] ground-based* space-based
2 o0 CELESTE,; angular resolution  good good
_E_ ' STACEE {  duty cycle low excellent
Z ov | TLAGRO]. area HUGE ! relatively small
% g 1. field of view small excellent (~20%
o0 it i " . of sky at any instant)
= ] energy resolution good good, w/ small
o | : systematic
: VERITAS uncertainties
1072 | e— Large field of Vi.gew experiments
f s Cerenkov detectors in operation e i K .
e Past cxperiments HEGRA pros air shower experiments have excellent
ot e, fnmeeempeniments |l duty cycle and FOV, and poorer energy
10" 10° 10' 10 10° 10° resolution.

The current new generation of ground-based and space-
based experiments are well matched.
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AGILE on PSLV-C8 Sriharikota, India
April 2007 T R | The AGILE

~ Payload: the
- most compact
;-:,..li-nstrument for
~ high-energy
- astrophysncs.

only ~100 kg
e 60 x 60 cm







AGILE: inside the cube...

& L

HARD X-RAY IMAGER
(SUPER-AGILE)

' Energy Range: 18-60 keV

' SILICON TRACKER
GAMMA-RAY IMAGER

(GRID)

/
N\ > f 4

2 4
£

(MINI) CALORIMETER
Energy Range: 0.3-100 MeV




Main topics and AGILE discoveries
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O Bright gamma-ray blazars

(3€C454.3, PKS 1510-089, TX 0716+714,

Mrk 421,...)

(] Several new pulsars (one
millisecond pulsar in the globular
cluster M28)

] Discovery of E > 100 MeV emission
in PWNs (Vela X) (A. Pellizzoni et al.,
Science, 2010)

U Discovery of y-ray transients in the
Galaxy

U Colliding Wind Binary gamma-ray
emission (1-Car), Microquasar studies
(Cygnus X-1 and Cygnus X-3)

(J SNRs and origin of cosmic rays
(W28) (A. Giuliani et al. A&A 2010)

 GRBs, millisecond triggers,
Terrestrial y-ray Flashes

asdc)

« Carina region: y-ray detection of the colliding wind
massive binary system n-Car with AGILE

.:I'n\'ani et al., ApJ, 698, L142, 2009 (arXiv:0904.2736
« Cygnus region micrdquasars:

+ AGILE observations of Cygnus X-1 gamma-ray
flares Sabatini et al., ApJ 2010, Del Monte et al., A& A 2010

» AGILE detects several gamma-ray flares from
C gnus X-3, and also weak persistent emission
ove 100 MeV

Tavani et al., Nature 462, 620, 2009
(arXiv:0910.5344 )

» Detection of Gamma-Ray Emission from the Vela
Pulsar Wind Nebula with AGILE

Pellizzoni et al., Science 327, 2010

The Eta Carinae region

(] Extensive AGILE observations of
the Galactic region hosting the
Carina nebula and the colliding
wind binary Eta Carinae (n-Car).
One flaring episode in Oct 2008.

O AGILE result: first detection
above 100 MeV of a colliding wind
binary system, confirming the
efficiency of particle acceleration

Dee:b AGILE integration: Jul
2007-Jan 2009 @& "

AXP 1E 1048,1-5837

@1 Eta Carinae
‘\j

IGR J10447 6027

:
Doooas noond aoos ooos oo ooos ooioss ooor g the h|gh|y non-thermal nature

of the strong shock in a CWB.
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MeV and several gamma-ray flares from Cygnus X-3
microquasar for the first time:

= 16-17 Apr 2008 (AGILE first gamma-ray
detection above 100 MeV!!)

=  2-3 Nov 2008
= 11-12 Dec 2008
= 20-21 Jun 2009

AGILE discovery of a pattern in the gamma-ray
emission: flares are all associated with special CygX-3
radio and X-ray/hard X-ray states

Gamma-ray flares usually before major radio flares !!

Pattern confirmation: Cyg X-3 gamma-ray flare
expected from X-ray/hard X-ray monitoring observed
on May 27, 2010 !!l

Fermi confirmation and 4,8 hours orbital modulation
measured!

Other flaring events: Feb 1, Feb 8 and Mar 26, 2011
3 ATel.

fsdc) stefano.ciprini@asdc.asi.it — ASDC Roma
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OFGL J203z.2

=

‘ﬁ"-!.i'.ll'f.ifll | IE\Z-'..JZ.Z‘(IC‘-’ : IEI‘J.'JL'FO‘ it

23213 iw-]‘]ﬁ,i :-'.I 2030+375
‘ 0

One-day integration E> 100 MeV

INTEGRAL confirms evidence that
Cygnus X-3 has been transitioning to
its soft state. Gamma-ray flare (E>
100 MeV) expected: AGILE and Fermi
detection of the expected flare!

INAF-OAB, “Mera-TeV School”, Merate, Oct. 2011 44
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L Normal lightnings involve a potential difference ~ 500 kVolts

U Terrestrial Gamma-Ray Flashes (TGF) involve DV > 100 MVolts !

L Models: Relativistic Runaway Electron Avalanche (RREA) with relativistic feedback (Dwyer 2008).
Bremsstrahlung + Compton scattering

L RHESSI cumulative spectrum compatible with a production altitude of 15-21 km (just above tropical
thunderstorms)

U AGILE MCAL: an optimal detector for TGF

 MCAL energy range is extended up to 100 MeV

O Efficient trigger at ms and sub-ms time scale (the TGF time scale)

L AGILE equatorial orbit at 2.5° inclination is optimal for mapping the equatorial region, where most of
the events take place — . cutoff PL mode
O A real-time monitoring and alert system can be N riting wih XSPEC
implemented for correlation with other meteo
resources (work in progress) T

F(E) ~ E< eEE0

Ja=04+/-0.3
E,=85+- 16 MeV
red. chi*2=1.4
(18 d.of)

ﬁﬁ =. ﬁ H +1| JrJr A {
‘| _\:FF + |T$ +' i[ AGILE-MCAL

1000 2000 5000 10 2x10* - W
Eneray (keV) contribution
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FIRST PUBLIC ANNOUNCEMENT
Sept. 22, 2010: AGILE issues the
Astronomer’s Telegram n. 2855

. 200

announcing a gamma-ray flare 1 ;
from the Crab Nebula _ 1oy

7 1200 | v:; 800

¥ 1000 - [

E S 600 [

: 800 E L

S 600 T 400

g 400 h L i .

:- DT S Z0 S S S S o B — 200 M B L B

55;40 55:160 55480 54340 ' ' 54I360 ' ' ‘ 54530 ' ' 54400
Time ["JD] Time [MJID]
Science Express (6 January 2011) .
The Crab Nebula: a star}:iard candle...?

AGILE DISCOVERY OF THE CRAB NEBULA VARIABILITY IN y-RAY? L f "'-" :”&(

Tavani et al., Science, 331, 736 (2011)
Fermi confirmation:
Abdo et al., Science, 331, 739 (2011)
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,o
Fermi Gamma-ray Space Telescope @ <>

Gamma-ray

" Space Telescope
. p

Fermi (formerly GLAST): two Instruments (and two Collaborations):

The Burst Monitor (GBM)
f64.nsstc.nasa.gov/gbm/
Pl: W.S. Paciesas (NASA/U.Alabama)
Co-Pl: J Greiner (MPE)

8 keV — 40 MeV

9.5 sr FoV

The Large Area Telescope (LAT)
www-glast.stanford.edu
Pl: P. Michelson (Stanford University)
20 MeV - 300 GeV
>2.5sr FoV

Gamma Ray Burst Monitor (GBM):

correlative transient observations
keV - 30 MeV

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

Spacecraft
www. nasa. gov/ferm - ferm.gsfc.nasa.gov - fgst.slac.stanford. edu

@‘; stefano ciprini@asdc.asi.it - ASDC Roma INAF-OAB, “Mera-TeV School’, Merate, Oct. 2011 47



US Team Instituitions
SuU Stanford University, Physics Department, GLAST group
SU-HEPL Hansen Experimental Physics | aboratory
SU-SLAC Stanford Linear Accelerator Center (SLACY), Kavli Institute
for Particle Astrophysics and Cosmology
NASA Goddard Space Flight Center, Astrophysics
GSFC . £49)
Science Division
NRL U. S Maval Research | aboratory, 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
SSuU Department, GLAST group, Education and Public
Qutreach
uw University of YWashington
Denver University of Denver
Purdue Purdue University - Calumet
talian Team Institutions
ASI talian Space Adency
INAF-ASF Istituto di Astrofisica Spaziale e Fisica Cosmica, Milano
CNE
INFN-Bari INEM Sezione di Bari
Bari Universita e Politecnico di Bari
Perugia INEI and IUniversity of Perugia
Pisa INEM and University of Pisa
Rome INEM and University of Rome 2 (Tor VYergata)
Trieste INEM and University of Trieste
Udine INEMN and University of Udine

Esdc') stefano.ciprini@asdc.asi.it — ASDC Roma
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| e French Team Institutions
E CEAIDAPNIA Service d'Astrophysique, DAPMIA, CEA Saclay
. CESRICNRSIUPS | Centre d'Etude Spatiale des Rayonnements, Toulouse
I IN2P3ILLR Laboratoire Leprince-Ringuet de [Ecole Polytechnique
IN2P3ICENBG Centre d'Etudes Nucléaires de Bordeaux Gradignan
. . IN2P3ILPTA kﬂ%bnctjraetlﬁg? de Physique Théarique et Astroparticules

Japanese Team Institutions

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

Swedish Team Institutions

KTH Royal Institute of Technology

Stockholm Stockholms Universitet

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

LAT instrument construction managed by the Stanford
Linear Accelerator Center (SLAC).
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U Precision Si-strip Tracker (TKR) y racker

18 XY tracking planes with tungsten foil
converters. Single-sided silicon strip
detectors (228 um pitch, 900k strips)
Measures the photon direction; gamma ID.

(4x4 array of towers)

(J Hodoscopic Csl Calorimeter(CAL) Array
of 1536 Csl(Tl) crystals in 8 layers. Measures
the photon energy; image the shower.

J Segmented Anticoincidence Detector
(ACD) 89 plastic scintillator tiles. Rejects
background of charged cosmic rays;
segmentation mitigates self-veto effects at
high energy.

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

g Calorimeter
modular - 4x4 array
3ton — 650watts

The systems work together to identify and measure the flux of celestial gamma
rays with energy between ~20 MeV and above 300 GeV.
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2,
Instrument must measure the direction, energy, and arrival time of high

energy photons (from approximately 20 MeV to greater than 300 GeV):

Energy loss mechanisms:

- photon interactions with matter in GLAST

energy range dominated by pair conversion:
m) determine photon direction ol
m) clear signature for background rejection

- limitations on angular resolution (PSF)
low E: multiple scattering => many thin layers

0.2

Cross section (L,?;d)

high E: hit precision & lever arm o[ Bhsto-electrie—o L
o o 1 10 100 1000
v Pair-Conversion Telescope E (MeV)
,' . . . Fig. 2: Photon cross-section ¢ in lead as a function of photon energy. The intensity of
ll - ant1001n01dence photons can .be expressgd as [ = Ip exp (—‘ax), whex:e' x is the path length in radiation
' > hleld lengths. (Review of Particle Properties, April 1980 edition).
S
1
............................... :' e« instrument must detect y_rays with
.............................. :J ‘\\ Conversion foil h igh efficiency a nd reject the m uch
/\ ........................... \\ higher flux (X N104) Of backgrou nd
......................... / \ ™ particle tracking Cosmic_rays’ etc.;
detectors
e energy resolution requires calorimeter
- ~ calorimeter of sufficient depth to measure buildup

of the EM shower. Segmentation useful.

(energy measurement)

( Eﬁ@; stefano.ciprini@asdc.asi.it — ASDC Roma INAF-OAB, “Mera-TeV School”, Merate, Oct. 2011 90
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Primary Design Impacts of Science Requirements Sc‘fm”
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Y Background rejection requirements drive
the ACD design (and influence the
calorimeter and tracker layouts).

EffeCtive area and PSF erasesssmssssssssssssssssssssstesseasanseasansansansaneannnnns
requirements drive the ‘

converter thicknesses and || T m—
layout. PSF requirements also /\ ................................
dr|Ve the deSIgn of the ......................... /l \ ...............................

>4’-— Field of view sets the aspect
ratio (height/width)

mechanical support. / ....... \ .............................

Energy range and energy = _
resolution requirements set SIS | Time accuracy provided by electronics

thickness of calorimeter / and intrinsic resolution of the sensors.

On-board transient detection requirements, and

on-board background rejection to meet _ .
telemetry requirements, drive the electronics, Instrument life has an impact on detector

processing, flight software, and trigger design. technology choices.

Derived requirements (source location
determination and point source sensitivity) drive

the overall system performance.

INAF-OAB, “Mera-TeV School”, Merate, Oct. 2011 51
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O 4x4 array of identical towers
Advantages of modular design. 4 x4 Array l
O Precision Si-strip Tracker (TKR) ' g=e, Anticoincidence
) 7 Detector
Detectors and converters arranged in _
18 XY tracking planes. Measure the :
photon direction.

1 Hodoscopic Csl Calorimeter(CAL)
Segmented array of Csl(Tl) crystals.
Measure the photon energy.

 Segmented Anticoincidence Detector
(ACD First step in reducing the large
background of charged cosmic rays.
Segmentation removes self-veto
effects at high energy.

QO Central Electronics System Includes
flexible, highly-efficient, multi-level
trigger.

Systems work together to identify and measure the flux of cosmic gamma rays with
energy 30 MeV - >300 GeV.

Em._.:,dc' stefano.ciprini@asdc.asi.it —- ASDC Roma INAF-OAB. “Mera-TeV School”, Merate, Oct. 2011
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LAT Construction: an International Effort

v Space Telescope

=FR0 0= @ 1RACKER details:

Integration & DAQ: US [ 16 tower modules: 37x37cm?
- A active cross section/layer
Wi 5

SN | 0183 m?of i

; @ (] 11500 Single Strip Detectors, ~

f 1M channels, strip-pitch: 228um

o 4 U 18 xy layers per tower

.4 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 x and y oriented
detect.

Trays stack and align at their
corners

O Electronics on sides of trays:
minimize gap between towers

| o LS

Tracker: US, ltaly, Japan Calorimeter: US, France, Sweden :
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Anti-Coincidence (ACD):
e Segmented (89 tiles + 8 ribbons)
e Self-veto @ high energy limited
¢ 0.9997 detection efficiency

’O

< sermi

Fermi LAT: Tracker, Calorimeter, ACD “><

Space Telescope
. p

Tracker/Converter (TKR):
e Si-strip detectors
e ~80 m? of silicon (total)
e W conversion foils
¢ 1.5 X0 on-axis
e 18XY planes
e | * ~106 digital elx chans

e Highly granular
e High precision tracking
e Average plane PHA

......
Ly TR

Calorimeter (CAL):
e 1536 Csl(TI) crystals
¢ 8.6 X0 on-axis

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

* Hodoscopic (8x12)

e Shower profile recon

e leakage correction

e EM vs HAD separation

. Wicia-TeV School”, Merate, Oct. 2011~ 94
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LAT Calorimeter and ACD i

’« Space Telescope

Modular Csl Calorimeter O Calorimeter Concept

(PCBs and slructure removed O Modular design matches GLAST Tower Concept

L Hodoscopic Imaging of EM Showers

O Csl(Tl) Detectors with long space history

O PIN photodiode readout for reliability and compact design
U Calorimeter Hodoscopic Design

O 8 layers of 12 Csl blocks in each tower

O Custom dual-PIN photodiode on each end

O low-power front end electronics supporting large dynamic range
(~10°)

ACD
L ACD Segmented plastic scintillator with wave-shifting fibers +
photomultiplier readout; each segment (tile) has a separate light-tight

1.0

§) housing.
2 05 USeparate tile housings provide resistance to accidental puncture by
S micrometeoroids.
0 N LWave-shifting fiber readout provides the best light collection uniformity
y Postion '+ (A~ B)  within the space constraints and minimizes the inert material
Position= 0.5+

(A+B) JACD “hat” covers the top and the sides of the tracker down to the
Position Measurement calorimeter, covering the gap between tracker and calorimeter where the
grid is located.
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Field of View and Instrument Aspect Ratio -

* Space Telescope
" P P

o o
EN o
I I

Effective Area/On-axis
Effective Area
(@]
o
|

[
Relative Area

GLAST

vs. Angle of Incidence

0 20

Angle of Incidence (degrees)

40

60

“note: “peripheral vision” events useful at low energy, but

are not included in performance calculations.
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For energy measurement and background
rejection, want events to pass through the
calorimeter”.
The aspect ratio (Area/Height) then governs the
main field of view of the tracker:
EGRET had a relatively small aspect ratio
GLAST has a large aspect ratio
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LAT Simulation and Data Analysis Goroy
v Space Telescope
1
L Geometry Detail 1000 R S S
- > 500k Volumes, spacecraft details,electronics, gaps, dead material, detector otal ol 'CO" ostrip :
’ sap Detector Area, [m{ @ CMS
response PO I e e
U Geant 4 Interaction Physics ; : E ATLAS
U Propagation, Full treatment of multiple scattering ! ; : i i
@5 3 [ e NOMAD ~-DD~~"~ gomsees AMS
SiMmulation 5 | | A S o

5 ® o m :glle 02

amma-ray sky model background fluxes : ; ' LEP Al\l‘% . i
g ' g d_‘ eal LAT data 1 froreernmeee SR . C’ e 1 S S

Particle Generation and Tracking

¥ oq LM iCOF P T R
Instrument Response '® : : Feihia
(Digitization), Formatting i , i i
0.01 li Ll s ena LA A o dle s e 0D A sl s
1985 1990 1995 2000 2008
_ Year
- — : , Apart of LHC-CMS, the GLAST-LAT has
Detector | s> Event Reconstruction \ . the Iarger quantlty of silicon strip
Callbration + ngl)-leve! ngh energy y interacts in LAT
Event Classification | s Erc::;;:z y
+ /
| Performance
™
"-_\.%_

Eio‘ |
|
bt SR ™ Blue: Recon Tracks
= /'/,/' | 1 ! FEaa N Black: Charged Particles
f‘i":;’ '.}7'{_14_; * \ h 4 hite: Photons
e it ] AR .
S T .

TINAT-UAD, IVIETd-TEV SCIOOT , IvieTdle, UCL ZUTI1 ‘)7




Level 1 Trigger | I

Hardware trigger based on special signals
from each tower; initiates readout

Function: ¢ “did anything happen?”
* keep as simple as possible
] * TKR 3 xey pair

! . *%
— planes in a row

workhorse y trigger
OR

[

 CAL:
LO -

independent
check on TKR trigger.

— indicates high
energy event —»ground

/ }E

[
Sk

Upon a L1T, all towers are read out within 20us

A

Instrument Total L1T Rate: <5 kHz>

rates are orbit averaged; peak L1T rate is
approximately 10 kHz. L1T rate estimate being revised.
“*ACD may be used to throttle this rate, if req.

Esdc) stefano.ciprini@asdc.asi.it — ASDC Roma

Level 2 Processing | EEE> Level 3

Function: e reject background
efficiently & quickly with
loose cuts,

* reduce computing load

* remove any noise triggers

 tracker hits ~line up

* track does not point to
hit ACD tile

L2 was motivated by earlier DAQ
design that had one processor per
tower. On-board filtering
hierarchy being redesigned.

‘_l

Instrument Triggering and Onboard Data Flow = 2o

v Space Telescope

Processing

L3T: full instrument

Function: reduce data
to fit within downlink

e complete event
reconstruction

 signal/bkgd tunable,
depending on analysis
cuts:
y:cosmic-rays ~ 1:~few

Total L3T Rate: <30 Hz>

(average event
size: ~7 kbits)

On-board science analysis:

transient detection (AGN \

flares, bursts)

Spacecraft
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Fermi Launch

v Space Telescope

Launch: 2008, June 11
5 year mission life &
(goal: 7-10 years) j
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Fermi Launch

" Space Telescope
. p

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.

 GLAST liftofi |
Wed 11 June 2008
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Fermi Mission Elements

Mission Operations
Center (MOC)
e d
oRE A 1
Coordinates
Network

LAT Instrument
Science

Operations Center

GLAST Science

Support Center

HEASARC
GSFC

.

godc.) stefano.ciprini@asdc.asi.it — ASDC Roma

GBM Instrument
Operations Center

‘I

s ermi

Gamma-ra:.'

Space TEEescopE

INAF-OAB, “Mera-TeV School”, Merate, Oct. 2011 61




/‘l

‘s ermil

Operating mode: All Sky Scanning Survey

v Space Telescope

5c Sources from Simulated Pra- |aunch simulation 100 Sec 1 02y
One Year All-sky SurveY z
-

1 [

1 Orbit 1 Year

)
Flux > 100 MeV ( phot cm? s1)

Ll
—
Q

2,

@ AGN @ Galactic Halo
@ 3EG Catalog Galactic Plane

O LAT has a huge field of view >20% of the sky (>2.5 sr)
Excellent for “catching” GRBs and blazar flares.

O 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:

O The LAT, as an all-sky hunter and surveyor for high-energy transients, flares, and
variability of the restless and violent high-energy Universe, is producing evenly
sampled light curves for the brightest gamma-ray sources in the sky.

O Multiwavelength observations joined with the LAT are limited only by the ability to
coordinate to other observations in other wavebands.
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Year 1 Science Operations Timeline Overview  <semi

Gamma-ray

v Space Telescope

e —tAUG) U1 il 220 0 O

art Year Start Year 2

LAT, “first light” Science Ops Science Ops
GBM whole sky Observatory
turn-on renaming

spacecraft check * _ K

turn-on checkout oyt pointed + sky SKY survey + ~weekly GRB

£y survey tuning repoints + extraordinary TOOs
week week week week month < 12 months ——
LAUNCH L+60 days 2nd

June 11, 2008

Esdc') stefano.ciprini@asdc.asi.it — ASDC Roma

Symposium
@ial tuning/calibratioK in-depth instrument studies >
1st LAT Catalog

I . Release Flaring and Monitored Source Info
I . GBM and LAT GRB Alerts

A 7 continuous

vAy \v>
Gl Cycle 1 — <.> 4 ¥ < release of new
Funds Release ~ "%a¢ ‘X‘ £/

< o> vy photon data

v
LAT Year 1 photon
data release PLUS
LAT 6-month Diffuse Model

high-confidence
source release, GSSC science tools release

£TA < )
/ v "‘

Gl Cycle 2
Fellows Year 1 T Proposals
Start

INAF-OAB, “Mera-TeV School”, Merate, Oct. 2011 63



"\

Fermi LAT First light (July 2008) 2
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s ermi

/ ‘Cramrn.a-ra‘;I
/ Space Telescope

Spr:n:u: Tu:‘[csc-:upc

Fermi Gamma-Ray Space Telescope
(previously known as GLAST)

The new name,
Fermi Gamma-ray
Space Telescope,
honors Enrico
Fermi (1901-
1954), a pioneer
in high-energy
physics
First-Light Sky map: initial 4 days of sky survey
has already achieved EGRET 1 yr source sensitivity

See http://www.nasa.gov/mission_pages/GLAST/news/glast_findings_media.html for the full press release information
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Enrico Fermi

| o Mystery of Ultra-High Energy Cosmic Rays

Fermi Accaleration Mechanism

Stochastioc enecgy gain in collisioas with
plasma clouds

Znd ordar
randomly distributed magnetic mireors

2
R .
f*l -

i Y

[ e e W
e o3y
..fﬂ.—"' e, g ¥\

r° Flasma clowd E

! 2 Voo e
pe = " % |d
E I f e

[Slow and insfficient]

it order
g acoeleration ino Et.r{:rngr'__l shoock wavee
(supernova =jecta, RE hot spots. o .)

=,

!
e =
- S 4
? b o
—

e
-

How are they accelerated?

We’'re not sure. ..

Some plausible theories based on
ideas of Enrico Fermi:

g
£
-9
T
*
-9
.
a2
i
-
. @
- @
-
L 9

March 22, 2000 Charles C. H. Jui
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Fermi-LAT Instrument Performance

Space Telescope
| 4

—
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The Large Area Telescope on the Fermi

Gamma-ray Space Telescope
Atwood, W. B. et al. 2009, ApJ, 697, 1071
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Gamma-ray
Space Telescope

e Gamma ray bursts

e Supernova remnants

e Pulsars

e X-ray binaries ad microquasars

e Solar flares and solar system objects

e Normal galaxies, clusters of galaxies

e Unidentified sources/new populations

e Study of diffuse gamma-ray emission

e Cosmic-ray acceleration & propagation

e Study of Extra-galactic background light (EBL)
e Search for Particle Dark matter/ tests of new physics
e Test Quantum Gravity (?)

Draws the interest of both the High Energy Particle Physics and High Energy
Astrophysics communities.
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The first 3 months

NASA'’s Fermi telescope reveals best-ever view of the gamma-ray sky

PKS 1502+106

®
S?Jn SSn
R October 30, 2008 August 4, 2008
Q)
LS| +61 303 | Unidentified . S Gemi.ngi
o) . - i —— . 0
Vela ¢
Crab
o
NGC 1275 O
Unidentified
v 3C%4.3 O
(]
ermi
‘ SpoeeTeope Credit: NASA/DOE/Fermi/LAT Collaboration

5 top sources within our Galaxy 5 top sources beyond our Galaxy
» the quiet sun (moving in the map) * NGC 1275 — the Perseus A galaxy
* LSl +61 303 - a high-mass X-ray binary » 3C 454.3 — a wildly flaring blazar
* PSR J1836+5925 — a gamma-ray-only pulsar * PKS 1502+106 — a flaring 10.1 billion ly away blazar
* 47 Tucanae — a globular cluster of stars « PKS 0727-115 — a quasar

 unidentified, new and variable, OFGL J1813.5-1248 « unidentified known, OFGL J0614.3-3330
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The first 3 months o cronl

' Space Telescope
| 4

- N

Public release highlights of the first three
months

5 top sources within our Galaxy

* the quiet sun (moving in the map)

* LSI +61 303 - a high-mass X-ray binary
* PSR J1836+5925 — a gamma-ray-only
pulsar

* 47 Tucanae — a globular cluster of stars
« unidentified, new and variable, OFGL
J1813.5-1248

5 top sources beyond our Galaxy

* NGC 1275 — the Perseus A galaxy

» 3C 454.3 — a wildly flaring blazar

* PKS 1502+106 — a flaring 10.1 billion ly
away blazar

* PKS 0727-115 — a quasar

« unidentified known, OFGL J0614.3-3330
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Fermi LAT High Confidence Source List (OFGL) o

v Space Telescope

O Unassociated

+ X-ray binary

X AGN

V Globular cluster

¢ Pulsar

3 months LAT data — 205 sources with > 10 ¢ significance. Only 60 associated with EGRET
sources - Varl‘-aetm{ltl!arge Area Telescope Bright Gamma-ray Source List - 2009,

(E“@ Stefano.ciﬁﬁ}\]@as']jaasiﬁlﬁ ASDC Roma

INAF-OAB, “Mera-TeV School”, Merate, Oct. 2011
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Variable sources in the LAT OFGL List

v Space Telescope

o variable
X steady

e Based on 1 week time scales
e 68/205 show variability with probability > 99%
e Isotropic distribution = blazars
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The first year of Fermi LAT survey (>1000 sources) <«<sermi

Gamma-ray
oo Toloc oo

Py .W Sp— e ’

1-year Fermi LAT sky.

E > 200 MeV in Front events E > 200 MeV, Back
o/ - events E > 400 MeV, log color scale
0.3°/ pIX6| Galactic coordinates, Aitoff projection
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Gamma-ray

Space Telescope
| 4

e Below 108 ph/cm?/s outside the Galaxy (|b]| > 30°)
e Strong dependence on spectral index

10-° ph/cm?/s

45

— |35

40

— |30

25

— |20

15

10

Flux > 100 MeV required to reach TS=25 for average E-%2 spectrum

Galactic coordinates, Aitoff projection
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The First LAT Catalog (1FGL) < sermi

Gamma-ray

v Space Telescope

11 months of data 100 MeV to 100 GeV, 23.3 Ms livetime

10.6 M events over the whole sky

Improved diffuse model and calibration with respect to OFGL high-confidence 3-month list
Very uniform exposure (factor 1.25 between north and south)

Detection based on integrated data (not on flares)

Precise localization

Characterization: spectral, variability

Association with external catalogs

Content of the LAT source catalog (1FGL)

Source coordinates and error ellipse at 95% confidence

Source significance and overall spectral index

Fluxin 5 energy bands 0.1-0.3-1-3-10-100 GeV

Flux per month, variability index

Extension flag

Quality flag: sensitivity to diffuse model, confusion, error ellipse not well defined
Associations with known sources (external catalogs)

( Eu@ ; stefano.ciprini@asdc.asi.it — ASDC Roma INAF-OAB, “Mera-TeV School”, Merate, Oct. 2011 14
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1FGL Analysis Challenges < s ermi

Gamma‘ra),r
1FGL paper
In the Galactic ridge and toward prominent J About 1400 sources above about 40 significance threshold
interstellar clouds, sources are close to each other, o Extends OFGL to much fainter sources

are not bright above the background <3 GeV, and

. 0 - . . .
the Galactic diffuse model has uncertainties on small Typical 95% error radius is 10arcmin. Absolute accuracy is <larcmin

scales . At least 17% of the sources show evidence of 1-month bin scale variability
The affected sources (~150) have a special . About half the sources are associated positionally, mostly with blazars and pulsars
designation, and warnings against using them *  Other classes of sources exist in small numbers (XRB, PWN, SNR, starbursts,
::;’;:‘g‘:;t detailed analysis. Identified sources are not globular clusters, radio galaxies, narrow-line Seyferts)
J Uncertainties due to the diffuse model, particularly in the Galactic ridge, should be
kept in mind for low-latitude and local cloud studies
. The Catalog is an analysis product but also a useful input for many other studies
with LAT data

Crosses indicate Galactic ridge
positions of 1FGL
sources

+40+ +
o W e
#_F_ﬁfl':gf‘-ﬁ +i -
y gt s nedh Yellow flagged
el d A [ gt . e Green not flagged
G+ +j_ft + +
& ++ _|‘_|‘_|_ #*
{-+_|_++ ‘%:FF _:j-'_ o .
L e S Orion and o Oph
fj; H clouds visible
<" +++++++.c+ Sources outside the
+ .
= }+ i Gal. ridge can be
+ handled individuall
o e y
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1-year Pulsing gamma-ray Sky < ermi

CTA1

k)
o @

Dragonfly

i .
v

Fermi Pulsar Detections

asdg stefano.ciprini@asdc.asi.it — ASDC Roma

Gamma-ra;,r
Spacu‘-_‘ Teiescope

Geminga

Pulses at

th
© New pulsars discovered in a blind search 1/ 1 O true rate
@ Millisecond radio pulsars
@ Young radio pulsars

© Pulsars seen by Compton Observatory EGRET instrument
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New pulsars discovered only in gamma-rays e

Fermi Telescope Discovers Gamma-Ray-Only Pulsar

Read More

RX JO0070+7302

Fermi 95% error box

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

90

TOf -
60[---

50[---

CTA 1 supernovae remnant

Number of counts

A0 |- A o IR

30f--

20}

Q y-ray source at /6= 119.652, 10.468;

O 95% error circle radius =0.038° contains the ROSAT N L i [l 1

X-ray source RX J0O0070+7302, central to the PWN

superimposed on the radio map at 1420 MHz U CTA 1 source exhibits all characteristics of a young
U pulsar off-set from center of radio SNR; rough estimate of high-energy pulsar (characteristic age ~1.4 x 10 yr),
the lateral speed of the pulsar is ~450 km/s which powers a synchrotron pulsar wind nebula

Q spin-down luminosity ~103%6 erg s, sufficient to supply the embedded in a larger SNR.

ngith magnetic fields and energetic electrons.
sdc/ stefano.ciprini@asdc.asi.it— ASDC Roma INAF-OAB, “Mera-TeV School”, Merate, Oct. 2011 77
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Pulsars Models < ermi

Gamma-ray

v Space Telescope

O An open question (before Fermi): where do the emission come from?
0 Model predictions:

 “Polar cap” : the emission come form the magnetic poles, where the magnetic fields are
higher. The spectrum should roll-off steeply (faster than an exponential cut-off)

O “Outer Gap”: emission comes from particles in region with lower magnetic field (outer
magnetosphere): The spectrum has an exponential cut off. Radio beam misaligned w.r.t.
the gamma emission.

. Young radio pulsar +““_.,‘rw-*"w-‘r]'+ _
" -
— Radio ephemerides... knowing the period, we |-+ 1 +4F-

can “fold the data” and look for temporal _

structures (peaks) * %

X (dE (erps om

. Blind Search Pulsars, discovery ' T
—  We can select a target, and “search for pulsation = 1o \ ‘ XE';‘O A A et . 2009, Ap
blindly”... the phase space is very. big: | — 696, 1084
* Development of new analysis technique il oL
(“Time differentiating FFT”) made this 107 10 N 107
possible FremmGe
— Some of them might not emit in radio -

e s Evidence of y-ray emission in the outer

*  Millisecond Pulsars, T theseare | T magnetopshere (exponential cut-off)

made by
photons!

« N\

—  Extremely rapidly spinning NS,
— “Recycled pulsar” through accretion. (accretion
increases the rotational speed)

— Thanks to Fermi, we know that they also emit
gamma-rays ;

( Eﬁ@ ; stefano.ciprini@asdc.asi.it — ASDC Roma INAF-OAB, “Mera-TeV School’, Merate, Oct. 2011 78

— Radio and g-ray fan beams separated

..and this is
background

| Pure Polar cap model ruled out!

w

— gamma-ray only PSRs
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o\ Ay 5 Fermi LAT X-ray/y-ray) binaries: microquasars or pulsars? S

Y b pace | elescope

MICROQUASAR

Relativistic jets

LSI +61 303

o

" Compact object
. q-—ll—-—e-.-—-l - of center
LS 5039
Ultraviolet and | Accretion disk
optical emission

: L, Microblazar
B, .
10 = | Average spectrum: -
~ Ay Index: 2.21, Cutoff: =10 HET
(N 6.3 GeV T
w 107 # § -1 T
:} —'v_ ﬁﬁ ﬁH E —1_ oy oy {{;JJ.
- l “ﬁ g ¢'¢f i TI#} |
10712 LSI +6 I ° 303 lw F w2 l!i b JI' + i” E
10% L[;“ 1{32" IL(I}""" 1{;Eﬂ 1LI}'~’T LS 50391 H y
v (Hz) 113 . .l‘ 5 1 1
8 0 1" 12 13

e Exponential cut-offs are reminiscent of the Fermi Los(E/aV)
spectra; is this a sign of magnetospheric emission in these systems?
e How to connect to TeV? More than one emission mechanism

Further investigation required, but the emerging scenario is the binary pulsar

E ) stefano.ciprini@asdc.asi.it - ASDC Roma

INAF-OAB, “Mera-TeV School”,

BINARY PULSAR

Average spectrum:
Index: 1.9, Cutoff: 2.1
GeV

pulsar

Merate, Oct. 2011 19
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Diffuse Emission: Nailing the EGRET “GeV Excess” < sermi

Gamma-ray
Space Telescope

v

100 MeV - 10 GeV o 0° <1< 360°, 10° < Ibl < 20°

2 -
s ¢

—_

-~

[
L

JT (E.() (MeV cm’

2
b

E

| ® LAT 2 [

A Jsotropic — Bremsstrahlung

= Sources ZA Total
= 7-decay
-4 - A R A . A, NI
10 ’
10 10° 10*
EY[MeV)

0 One mystery from EGRET was that the diffuse emission seemed to have too many high-
energy gamma rays

This "GeV excess" had potentially profound implications for Dark Matter (more later)
With the LAT one early study was a search for the GeV excess in a 'simple' region of the sky

Not seen - the diffuse emission was consistent with expectations based on space and
balloon-based measurements of cosmic rays

U OO
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Many places to look for dark matter signals

4!

(G ;
S ermil
Clal'l'lrl'la-ray
Space Telescope
| 4

— (}f(I);, (E 9) 1 < c,., V) (L\*fB Particle Physics
THE KNOWLEDGE OF THE IR Yt
4 z g v
FOREGROUND IS NEEDED TO A% Dk Eore XI. ) dQ'I, /.72 (’7(17 Qrﬁr)}ﬂ
UNDERSTAND IF SOMETHING IS 20(¢.0)
MlSSlNG... DM ﬁistl‘il)tlti0|1
, ; Gamma-rays
" 49 Atoms \\{\. w F’ZJ'CL*H
Gamma-ray indirect emission: Galactic Center WIMP Dark ““‘;r-—«\‘-’
satelli Good Statistics but source Matter Particias | 77 ) — _":.H._.ﬂ
atellites _ confusion/diffuse background EGM"‘WGGE%_{;’M H"“-n..___‘ ETC _—
Ilgorfl be:cktgfu:d andt‘-goohd S-OUI|C|: |d|; . Milky Way Halo ~y W/Z/a ; a+y
ut low statistics, as |or ysical backgroun Large statistics but diffuse " Neutrinos
background N Vi
1y
VuVe
e N
| A;I'r-‘*kl‘-‘"““lf’ < Dark Matter + a few p/p, d/d
sumuared Fanuna ray sources can also An“-ma“er

signal from DM
amuhilation (Baltz
2006)

produce features in
the local Cosmic
Ray Electron
spectrum

Spectral Lines
No astrophysical uncertainties,

good source id, but low sensitivity
because of expected small BR

Extra-galactic
Large statistics, but astrophysics, galactic
diffuse background

Sd&) stefano.ciprini@asdc.asi.it — ASDC Roma
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Decaying or annihilation of
DM particles signal can be
searched in gamma-rays
(and electrons)
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Lo Search for DM Subhalos : Two Kinds ) Gamera
\ ' pace | elescope

DM substructures: very low background targets for DM searches
Never before observed DM substructures (DM Satellites)

O Would significantly shine only in radiation produced by DM annihilations
or decays
Q Blind search for promising candidates in the gsmssky,g

Optically observed Dwarf Spheroidal Local Galaxies (dSph) L.
O Most are expected to be Renik
free from other NGC
astrophysical gamma ray e e ]
sources and have low Leoll
. Ll YT o NGE Nac
content in dust/gas, very Dwarf ,. W M110
few stars ‘ ;,'L —~ ' ." u:m
Q Given the distance and i PIMRE e 17
. £ U aE G SR
the LAT PSF, they are aG.c # Galay
. 5 5 pg22" = ; : - M32
e>f|0ecte.d t(_) be cc?n5|stent 5 :i = T""‘“‘"’"‘*Aru
with pointlike objects  Phoens op SRy end
ONLY UPPER LIMITS SO FAR.... 18a\\ \ et
| Tucana: Cobs: | \ LGS
Stay tuned! Dwarf Dvarf: |\ e

deC ) stefano.ciprini@asdc.asi.it — ASI SagDIG
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Cosmic electron spectrum measured by the LAT < sermi

Gamma-ray

v Space Telescope

.=
|8 Selected for a Viewpoint in Physics o :
PRL 102, 181101 (2009) PHYSICAL REVIEW LETTERS § MAY 2005 T The LAT has 8.reat pOten'-UE"
e to tag electrons in the multi-
Measurement of the Cosmic Ray e™ + ¢~ Spectrum from 20 GeV to 1 TeV 100GeV range
with the Fermi Large Area Telescope 10007 ' ' L B '
CT T T L LN f T T T T ] soo L : — rhghr Data.
A Kobayashl (1999 I ' 1
EoA I-IEATY(ZOD1() ) - [ +++++ . un ]
& BETS (2001) 600 i ,r-H+_ L
T o AMS (2002) AE/E<T 5% 7 [ #th U cuf'wlue Uc++ 4 !
m ATIC-1,2 (2008) _ pE=, 10% r ’J *f{ 1
|« PPB-BETS (2008) - 400 I nH, e 1
5 T HESS (2008) F e e‘ i +’H++,¢0ﬂm,+ hadrons ]
T ® FERMI (2009) % % } - El & - 1
‘T‘m §, % @ _ﬁ §_ = % - E - { 1 | : i o o PO :J
£ r @ - -'}: oy & ,i - 15 20 25 30 35 40 45 50
% ) [ - =E e 5 r ¥ Shower transverse size (mm)
e ool F~d. A O The LAT tracks electrons!
Lot L S~ | .
& I A sl g L Local Cosmic Ray electron
[ ™ spectrum measured with high
L TN precision:
— — — — conventional diffusive model .
- : - O no prominent spectral features
L e A I between 20 GeV and 1 TeV
10 100 1000

E (GeV) O significantly harder spectrum

: - _ _ , o than inferred from previous
o High statistics 4.5M events in 6 months: systematics dominate but small wrt existing

literature measurements (Constraln
e Not compatible with pre-Fermi diffusive model: E versus E33 injection spectrum, diffusion and
e No evidence of the dramatic ATIC spectral feature: Conservative statistical+systematic interaction of CR with the matter

error allow good fit with a simple power law P
o s and radiation)
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E%(E) (GeVm™s™'sr™)

E*(E) (GeVm™s™'sr™)
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CE(E/ Sleidiiv.uipii II@ECgSS

107

Some possible interpretations

P

0
< s ermi
Gamma-ray

" Space Telescope
. p

L™ SeVerar papers aiready puplisned to explain electron speccram.——

d Together with other observations (positron fraction, diffuse gamma-ray)

Pulsars

¥ HESS (2008)
® FERMI (2008}

<+ HEAT (2001)
L~ BETS (2001)

O AMS—01 (2002)
L mATIC-1,2 (2008)

» PFE=BETS (2008)

W HESS (2008)

n@iﬁgmf g1

'Grasso et al. 2009

| I1II0‘ IIIO; 1 l
E (GeV)
Secondary CR acc.

[T v rrrg
O AMS (2002)
~ @ ATIC-1,2 (2008)
| % PPB-BETS (2008)
7 HESS (2008)
. ® FERMI (2009)

EREEE:
A

% Tang et al (1984)
2 Kobayashi (1999)
¢ HEAT (2001)
o BETS (2001)

¢

¢ &L

Blasi 2009

1l N L4 a4l Pl L 1>

10 100 1000

V)

E'te” +e* )Ge V' femsec

C.dsl.IL — ADULU RwuIiiad

Dark Matter

[ FERMI
HESS08

0.03

0.01

0.003

Strumia et al.
2009

10 10°

10°

Energy in GeV
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E® J(E) (Gev’m™%s~'sr™")

100}

Source stocasticity

Grasso et al. 2009

LAT data + HESS data

100 1000
Energy in GeV
[ SNR as electron sources
U Propagation of time-
dependent distribution of
SNR in the Galaxy (all fluxes
normalized at 100GeV)
(following Pohl+ Esposito 98;
Pohl et al. 03)
U Ao = 0.2 equivalent
spread on spectral index
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Gamma-Ray Bursts e o

v Space Telescope

EIRammm .
the destructive end of massive stars in the early -
Universe
ULong vs short bursts:
Udo they have the same progenitor?
UDo they share the same characteristics?
WPhysics of “colliding relativistic shells”
UBefore Fermi: 7 GRB known above >100 MeV
from EGRET and AGILE

.Gu'h\ergI"r.w.i[im

LOCAL MEDIUM

R ~3x1012cm 1. 3::103'5

R~1014em T -1 fﬁ
Fermi Gamma-Ray Burst Monitor (GBM) r-103 - D
0  Monitor the entire sky not occuljced by the Earth. "Typical" Prompt GRB Spectrum
200-300 GRB per year (260 the first year) 102 E— : | | | | | |
O Nal:8keV-1MeV :
O BGO: 150 keV - 40 MeV — 10'E IL E
‘0 (TT1T:
0 GBM Collaboration: ‘}‘E 10° r LAT -
O University of Alabama in Huntsville ; 10" - ]
O NASA Marshall Space Flight Center E Ta
O Max-Planck-Institut flr extraterrestrisch = 1072 - I ‘\‘ 0 -
Physik e F ! \
R ]
O W.S. Paciesas (PI) :
O J. Greiner (Co-Pl) 10* ' L L L L ' ' '

10° 102 107 10° 10" 107 100 10' 10°
o N Photon Energy (MeV)
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Fermi gamma-ray bursts i

Gamma-ray

’« Space Telescope

10°Tong and 2 short pursts detected by LAT at GeV energies auring the rirst year
— GRB Catalog paper almost completed

Both types of GRB show similar phenomenology at high energies

An X-ray telescope (Swift) has detected emissions from the 4 brightest LAT bursts resulting in
the determination of the burst redshift/distance.

One year since Fermi GRBS as of 090713

GBM first W RIS
trigger g e "'--I,';;.-.-. W
; -r‘:'" Crdere R Bl T T Y - NS
v i = Am . " L S :
o x ".-'!. ---- e Bema » !...,...'..‘..l....". ------ -‘.--'""'."“!‘5‘ y
% w . . » 5 - .
e . - i, - x LA » L .u- a
I.' .'.- -_i. > .. - T »
=B oo s ranaasey %- -:. --------- -'.--i--.’-------: ------- -i---;.if.-'-----‘--.-; --------- i1 LREEE “. ----- .--5 -------- 180 RA
w *‘ X : L w & i " = » --.‘ o
" ; w #¥ ¥ oy . .’ Sn »y -
- et % ' ] S m _.'
. M r TR L " Shhhhh L W e W Piiad L bl & -
» » . -l""' » S ; " e ‘ﬂ S ¥
.-.'. L ", - .’-.---.1----’ ------ ol ."". v " o’
e o L I e -
St B AN T
252 GBM CGRBs ~00 Ouc
9 LAT GRBs

In Field—of-view of LAT (138)
Out of Field—of —view of LAT (114)
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Counts/bin Counts/bin Counts/bin

Counts/bin

Counts/bin

Example of a |

‘l

ong burst: GRB 080916C < sermi

Gamma-ray

Space Telescope
| 4

g A Q‘ O First high-energy GRB (>100
T sineetrigger(®) & MeV) with known redshift

- U Largest sample >100 MeV

d High energy photon
(E=13.2 GeV after 16.5 s)
from GRB

% - | _ (114 events >1 GeV
7 : :

Abdo et al.,
Science 323, 1688 (2009)

"~ GBM Nal, + Nal, T 500
1500 |- (8 keV-260 uev}‘? u:-? & 8 keV - 260 keV S1000 |
» . £
T 500 .
1000 - ! e 3
i ! (it
.k'
500 |- §
L i e P
r GBMBGO, i @ - 260 keV — 5 MeV |5 0
400 | (260 keV-5 MeV) | i | ! g "
(1 - 8 -
200 [ i ! oG
C ! ! : Timp since trigger (s
Gl Co ! '
g LAT : : : : :E 300 T ; : -
300 [~ (no selection) : : : : LAT raw : ﬁ 200 i i : Z
E . ! 'E ; i !

: il i ' 3 100 ! : P
200 K ! '3 ' -
C il ! i G '"Jyys 16 iE
100 | : : ! : : Time §ince trigger (s) -
oF e ! | !

" LAT : : : : | I :.E 10 ' :
"p10omey | i ji 1 LAT>100 MeV g N |
Coi ! |2 ; i
= 1o 1 | =] i
o 5 . E |
0 T ; ; ;
3F Lar o G o g is— fE
(> 1Gev) Lo | LAT >1GeV \E 1 : 7L: L
o R o5 1) =
: b . i 3 N7z IR
10 9 L m : ! 5 10 (-
: \ i I | i | |I | | I i Time since trigger (s) i :
O — e Y
-20 0 20 a0 60 80 100

Time since trigger (s)
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Testing Einstein’s Theory of Special Relativity < ermi

Gamma-ray

v Space Telescope

e The Principle of Invariant Light Speed (Lorentz Invariance) -
Light in vacuum propagates with the speed c (a fixed constant) in terms of any system of

inertial coordinates, regardless of the state of motion of the light source and regardless of
the photon energy.

e Consider a race between two photons traveling a very large distance at slightly different
speeds. The slower photon will arrive later.

— To do this we need
e Distant object (10° years light travelling time!)
e Very bright (GRB can be brighter than the remaining sky)
e Well defined start time (GRB lasts only few seconds)

e |If the dispersion relation depends on energy: we want to make this test at the highest
possible photon energies.

— Some models of quantum gravity predict that space itself might be distorted by effects
of guantum gravity (quantum foam).

At = d+n) Z E K / 1+2) dz'
QHD ( \[QC’ ”’ \/Drn ] + Q”&.
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 This GRB is a perfect case for studying Lorentz

d

Invariance Violation

O z=0.9(5.381 Gyr)
d Emission of 31 GeV photon after 859 ms since

the trigger
Intrinsic delay?

d Onset LAT-GBM
O Evolution of the spectrum

O Only conservative assumption!
O the HE photon is not emitted before the LE

photons, at different events.

Mg> 1.2 M

plank

Table 2 | Limits on Lorentz Invariance Violation
# tsan=To  Limit on Reasonipg for choice of tgan ET Valid JLower limit on
(ms) |At] (ms) or limit on At or |AVAE]| (MeV) fors,* | Mag 1/Mpianck
(a)* =30 <859 start of any <1 MeV emission 0.1 1 >1.19
(b)* 530 <299 start of main <1 MeV emission 0.1 1 >3.42
(c)* 648 <181 start of main > 0.1 GeV emission 100 1 >5.63
(d)* 730 <99 start of > 1 GeV emission 1000 1 >10.0
(e)* — <10 association with < 1 MeV spike 0.1 =1 >102
(f?* - <19 If 0.75 GeV* y-ray from 1% spike 0.1 -1 >1.33
(9)* |AVAE|<30ms/GeV lag analysis of > 1 GeV spikes — +1 >1,22
———

UNIVERSIDAD AUTONOMA| WALV W dllipYiialicy, viadiidg, 2pranl, W Jaill
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Active Galactic Nuclei with the Fermi LAT .-

Space Telescope

U Fermi has discovered hundreds of new sources, proving that blazars dominate
the extragalactic sky :
J  BL Lac objects (x~20 with respect to EGRET), many being HSPs :
O  Flat Spectrum Radio Quasars ( x~5 wrt EGRET) Synchrotrg 24
O majority of TeV AGNs. Ambient Proton-induced

photon or “Shock cascade
synchrotron ra

making detailed population studies possible.

Inverse-Compton
scattering

U Important spectral properties (correlation of photon index with blazar class,
spectral breaks, relative constancy of photon index with flux)

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

O Many multifrequency studies heve been triggered by Fermi observations, providing

time-resolved SEDs and interband (radio, optical, X-ray, TeV) temporal correlation. -l Narrow Line
Region
L The emission of gamma-rays from the lobes of Cen A has been discovered. Bedion

L Many new non-blazars sources have been detected (Radio galaxies, Accretion
NRLSy1, Cen A giant radio lobes). v i Disk

L Constraints on EBL opacity have been obtained. s

Obscuring
Torus

O Alot of novel features and correlations to digest, but ultimately a better
understanding of gamma-ray emitting AGNs will emerge.
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LAT source monitoring and Flare Advocate activities

O Automated Science Processing (ASP)

g

g

a
Q
Q

.,.,.:—: D;Ei%qeﬁg):ﬂ ﬁﬁéﬁgﬁgﬁ%ﬁﬁﬁ%&%ﬁgﬁﬁ%gﬁi?t behaviors (rapid pulse

@

Transient detection: uses source detection (pgwave) to find all point sources in data from each epoch (6hr, day,
week)

Follow-up monitoring: Runs full likelihood analysis on list from source detection step + “Data Release Plan” (DRP)
sources

10-% ph cm=2 s~1threshold (daily) for public release of light curves of non-DRP sources

Flare Advocates:

LAT scientists mainly from the AGN LAT science group. They examine output from ASP pipeline and perform an
outlook and follow-up analyses, produce ATels, compile the Fermi gamma-ray sky public blog, and propose ToOs
and multifrequency campaings.

~60 Astronomers Telegrams (ATels): discovery of new gamma-ray blazars, flares from

known gamma-ray blazars,
a few galactic plane transients

e e

a0 PKS 1510-08 FERMI GAMMA-RAY SKY

| (daib) +
+

we 3G 454.3

(daity

Fermi LAT Weekhy report Ne. 69

vl et e S 3 B S

= 3 33 comsm e e, Th S e

Tlux(phjfema2 fs)

Tuxh/imA2fs)

fuxtphfom®2 js)

thiy |

—
Tux{phfema2 fs)

.

.

+. 0t Yy

i3 T

Sep Mov Jan Mar
2008 2009

¢
‘[T]I'I"rl'rl'+ s

Mar May

May + + +
20 1 10 Wi
Dec

10

1 Jan
2008Nov 2005

Light curves of blazars produced by the ASP trending monitoring task. These light
curves are only a first preliminary and automated quick-look to some LAT sources.
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The Fermi FA-GSW service

U Twofold role and work of the FA-GSW:
= Flare Advocate (FA): for sources above threshold of 1E-6
ph/cm2/s, or new and interesting; ATels, internal emails to
science groups, ToO requests for multifrequency
observations, multifrequency campaings, source
friendship, papers on flares.
= Gamma-ray Sky Watcher (GSW): outlook to daily and 6h
interval all sky maps and ASP data; daily confluence report
with highlights; weekly summary of the shift on the public
Fermi sky blog; EVO summaries; looks for 1) flares or
slower brightening trends of sources (FA duty), 2) new
sources detected (with respect to Catalog list or ASP
confirmed sources), 3) outlook and validation of ASP
sources, through likelihood check for detection and
localization.

U Supply a first and prompt human outlook service to the

quicklook automatic science processing (ASP) products and in

general to the Fermi LAT gamma-ray sky, day by day.

U Look for flares, transients, pop up of new sources, brightness

trends, in general for something of interest/ unusual on short

time scales (<1 week).

0 Communicate basic and relevant information and news about

the LAT to the external community and internal science groups.

Esdc) stefano.ciprini@asdc.asi.it — ASDC Roma
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Flare Advocate (FA) :
- source is above 1E-6 phicm2/s

FA-GSW
routine

- Astronomical Telegram issued

/ - possible ToO MW campaigns \
~

likelihood analysis LAT MW papers, or LAT paper
of the ASP sources on single sources in general

b /

Gamma-ray sky watcher (GSW) :
- Report of:
+ Trending/brightening of known sources
+ New sources detected
+ Fading of previous flare

INAF-OAB, “Mera-TeV School”, Merate, Oct. 2011
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UNews from the Fermi GeV gamma-ray sky:
http://fermisky.blogspot.com

O ATels (159 Fermi-LAT ATels in about 3 Years):
http://www.astronomerstelegram.org

O Contact information for individual flaring
sources

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

O Fermi LAT multiwavelength coordinating group
https://confluence.slac.stanford.edu/x/YQw

Esdc) stefano.ciprini@asdc.asi.it — ASDC Roma

The Fermi FA-GSW service
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-] _ Condividi  Segnala una violazione Blag successivos

Creablog Entra

FERMI GAMMA-RAY SKY

MOMNDAY, JANUARY 10, 2011 LAT DATA

LAT First Catalog

LAT Monitored Source List Light
Curves

LAT Bright Source List

Browse interface to monitored

LAT Mission week: 135.57-136.57 source data

Contact Information by Individual
Sources

Fermi LAT weekly report 135

Covered period: 2z011.Jan.3 - zon.Jan.g

+ 1510-08g detected with daily flux around 0.5 X 10,

i i BLOG ARCHIVE
+ PKS 0537-441 detected with daily flux in the range 0.3-0.9

P ¥ 2011(11)

Xio'.
» Fabruary (5)
+ PES 1622 253 detected with daily flux in therange 0.6-1.4 ¥ January (8)
X 155, Fermi LAT weekly report N.

1§ Average rate of Fermi LAT ATels:
in 2011 = 1 Atel per 6.5 days
in 2010 = 1 Atel per 5.8 days
1§ in 2009 = 1 Atel per 8.5 days
L] — "‘HE‘Q I Fin 2008 = 1 Atel per 11.2 days

10

Days between consecutive ATels

INAF-OAB, “Mera-TeV School”, Merate, Oct. 2011 93



159 ATels in 3 years i

v Space Telescope

J 159 ATels posted on behalf of the LAT collaboration from July 24th, 2008 to
Aug.29th, 2011 (MJD 54671- 55802, i.e. 1131 days). From ATel #1628 to ATel
#3580.

d Most of them followed FA activities (hew gamma-ray blazar pop-up or bright
flares of known gamma-ray blazars), other followed science activities by the
galactic, pulsar, solar, LLE working group independently by the FA service.

d Most of the ATel have blazar targets.

d 18 ATels are Swift quicklook results only (from ToO observations triggered by a
LAT flare and issued on behalf of the Fermi collaboration).

(1 3 ATels are about joined Fermi-Swift results.

(1 1 ATel is about joined Fermi-Integral results.

(1 1 ATel is about joined Fermi-optical results.

(d 1 ATel is about joined Fermi-HESS results.

(1 18 ATels are about likely galactic sources.

(objects/regions: 3EG J0903-3531, Cygnus Region, Cygnus X-3, J1057-6027,
J0109+6134, V407 Cyg, J1512-3221, Cygnus X-3, binary system PSR B1259-63,
Crab Nebula, PSR B1259-63, Galactic center region, binary 1FGL J1018.6-5856).

(J 3 ATels are about the Sun.
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High confidence list: blazar population properties iy

v Space Telescope

e Aug/Sep/Oct 2008 high confidence list: 205 sources with >10c detection
e 132 with |b| > 10° (7 pulsars, 14 unid)
— 111/125 are bright, flat spectrum radio sources
— 98/111 have optical classifications, 89/111 PhOton'ndeX V§ Ifllux

w

have redshifts g | B
. 23_— . ] ESRQs
— CRATES (all-sky radio catalog), CGRaBS e X E
o b = 20°, 80° C . ]
FSRQ (all-sky optical spectra) s . J
BL Lac EF  f . ;
.§ 22 : A -
£ . . I
T : ERE L
- s
E<3GeV_ [ ]
1‘67— y —
-8 — .-7I5| — -7 — ‘-SI.SJ - I-lﬁ — I-Evf:
log(Flux [E>100 MeV] ph cm? 57
v
p—— [ |— rme
glo— -
.
I N [ LT RARN
° " Resshins ? e Photon spectral index I ?
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The First LAT AGN catalog (1LAC -1 year release) “sermi

amma-ray

v Space Telescope

e 11 month data set

e 1079 TS>25, |b|>10° sources

* 668 AGNs (P, .>80%)

+186 candidates

e Census: 1 R <) " ; O 2 .kl" . )
e 286 FSRQs L -Lfﬂ- _Ufﬂ_ - E‘:E'- VS E ’lﬂ_ - Q-0 60 =90 _—_L:Z_D_—_].TEI_I:I_—_l

e 284 BlLacs
(141 with measured z)

e ~10 Radio galaxies

Differences between Northern Hemisphere and
Southern one (FSRQs: 7%, BLLACs: 25 %)
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Relative constancy of photon index

o Space Telescope

.:E sE- + 3C454.3 __Mean flux over 11 months
- s .
P daily /.c.
weekly |.c. ( F P ++++ Y
%_2__ 3C454.3 from 09/05/09 to 09130109 i ‘% +++ ++++
I £ 3_% +++%+
2_5 R B L B B B 3—_ Mean index over 11 months 2_ %m
25¢ E : e
E 2-42_ + _z 2.8:— Time (day in September)
£ 23F E S <::|“ -
E = 2.6 T - = .3 _Mean index over 11 months
;:E 2.2 E_ —f— _E L [ | E 3__ 3C4543 _M d 11 month
= 21f I —t 7 E 24f L ' E +
2F : s [T 1
1_9 :—. T T I I | ,_: 2_2; T ;|'»-L‘+ TT+ LL T%—L T TTTTLLLI
0 0.1 0.2 0.3 0.4 0.5 i g T +T1+ I _HI T +1T]
FIU:[E*JH“HH“{"HI‘EFhﬂmeﬁ'{l Lo bivn b b bvna b b b b 2-2:_
20 1 2 3 4 5 6 7 8 2
Flux [E>100 MeV] (10° ph cm? s) N R S B L
° " " = Time {zﬂsay in Seplemb‘zg}
-2-8 - L L L L L ': ; — Mean flux over 11 months
27F 3 ¢ L gai x
= o 3 g a// / C T L0 3C273 from 09/05/09 to 09/30/08
£ 26f T = 4 =4
; E '_I_| E é + i —— Mean index over 11 menths
'E 25 3 —— E € + ’H' 3.5
S 24 5 E Ry ;
2-32‘.........................‘3 R . Aimisl
6 02 04 05 0.8 1 1.2 |:> e ] 2t
Flux [E:-Jﬂl'.l Hl‘ﬂr] {1n.-5 ph l:l'l"l'zs"rl E ean index over 11 months i #i + l
2.5 ot
« Harder when brighter » effects observed + i Jf‘ —H—
but moderate variations (A" <0.3) seem to + M' T
be the rule 1 - 2r

Process stabilizing the spectral shape?
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AD 0235+164

Garnrna-ray

SF £
e General feature in FSRQs and many E I I
LSP-BLLacs 107 1F
e Absent in HSP-BLLacs ; : LSP-BLLac
e Broken power law model seems to . {, : - -w*xﬂl,l%
be favored - E | N f g +
e AI'*1.0 > 0.5 — not from radiative | e E (Mev)
cooling e e —
e Possible explanations: il s
— feature in the underlying : M
particle distribution I ]
— Klein-Nishina effect
— y—y absorption effect e e e e
e Implications for EBL studies and - ‘w‘*‘ﬂfﬁk +@*+++T“ | et ig
blazar contribution to extragalactic & Em.:é‘? T I " —
diffuse emission
HSB-BLLacs

Esdc) stefano.ciprini@asdc.asi.it — ASDC Roma

Challenge for modelers to account for the break
and the relative constancy of spectral index with time
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Some Fermi LAT results for individual AGNs / G

2
; Spai:n: TEEescopE

Mkn 421 ——-

3C 279

PKS 1502+106
/ PMN J0948+002

PKS 2155-304
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Multi-waveband variability of gamma-ray blazars -

Space Telescope
| 4

Q Variability found everywhere in blazars: on all
time-scales in all photon frequencies. ————— T
O Multi-wavelength (MW) variability: measures in 0F MW variability PDS-SED-plane
the PDS-SED-plane (i.e. timescale-energy plane). ] _ _
O Physical parameter space of multi-wavelegth
(MW) variability for blazars: (L, v/c, D, mg,, B, ...)

L Mono-band (mono-mission) studies: variability
behaviors, broad Power Density Spectra/Structure
Functions, PDS slopes/breaks, local analysis
(wavelets, flare pulse fitting,...).

—> Standalone Fermi LAT data.

O Broad-band MW studies: cross-correlation and
time lags. MW Spectral Energy Distribution (SED)
modeling. Gamma-ray-synchrotron amplitude ratio

o
T T T T
|

(o))
T T T T

Log Timescale [sec] "PDS axis"
-

studies, orphan flares, Physics of the gamma-ray er : ]
emission in AGN, identification of newly discovered ' bright flares only

gamma-ray sources, spectral index hysteresis, etc. 0\

- Fermi LAT and MW coordinated observing 0 10 15 20 25
campaigns (ground-based and space-borne Log Frequency [HZ] "SED axis"

instruments/telescopes, from radio-band to X-rays
and TeV Cherenkov showers).
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L NGC 1275: Classic example of a “cooling core”
cluster. Voids or “bubble” seen in the X-ray must
be inflated by some central source of power, i.e.,
an AGN.

Fermi-LAT detection of NGC 1275 (Per A, 3C 84)

‘_n

v

CHANDRA X-RAY [3-CoLor]

‘s ermil

Gamma-ray
Space Telescope

NGC1275

I

O Variable emission on month to year time scales
= AGN. Cannot be dark matter or diffuse
cluster emission.
O Inferred blazar luminosity, L ~10*-10% erg s™%, is
consistent with power needed to inflate the
voids.
L SED fitted with single zone SSC model (solid 0-9 [
curve) and spine-sheath model (dashed)
T oot o @ 10710 |
% i)
: 3x10”7} . E
& ® © -1 |
2 o | E >100 Mev N > 10
so F T T T T T T T ] %
— %‘ L.S 10—12
2w} T - o
® o
=] -
20 |- 1
14.5 GHz .
1970.0 197;.0 198.0.0 wsls.n lssllo.o 19;5.0 zn:)o.o zolos.o 2010.0 108 1012

Time [year]

Esdc) stefano.ciprini@asdc.asi.it — ASDC Roma

1016 1020 1024

Log: Frequency (Hz)
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LAT detection of PMN J0948+0022 (a narrow Line Seyfert 1) and ““sermi

Gamma-ray

very large outburst from 3C 454.3 g SrceTeesre
T

PMN J0948+0022 3C454.3
O Seyfert galaxies are not normally associated with O OVV quasar, very active since 2000; z =

blazar emission o ' 0.859; VLBI, superluminal motion, o ~ 25
L PMN J0948+0022 SED is similar to an FSRQ’s, but O Brightest blazar during first few months of

at much lower luminosity. operations and variability time scales of < 3
 Seyfert galaxies have lower mass BHs (~10’M,) & days = 8 >6

NS1s have high accretion rates = Eddingtonratio O Fjrst definitive evidence of a spectral break in
is a key determinant of SED characteristics. the GeV range: E,, = 2 GeV, I,=2.3, I,=3.5
. r ’ | "

T O AI'=1.2 > 0.5 = not from radiative cooling.
_11 | PMN J0948+0022 1 L This feature could either arise from
L 2=0.5846 146 “intrinsic” absorption, e.g., via yy opacity
= I . from accretion disk photons or it may
o - i 1 = represent a characteristic energy in the
P | , Y s 145 2 underlying particle distribution.
z I H J,.-'f PN o\ 4 8 E——.,.
g L 1 L — | . = s
= 13 Y i ‘“ 1., 3 . b E
s [oelif] | 1" = 5 E é
2 L& ,-'A' i 1 3 £ °F =
1) L * Syn ! % . o = =
S _14 F s / : ! M=1;5x10%M, 1 3 % ‘E } [ EH} =
o I 1 i . - -
L :; "llr 'I *; Lﬁﬂ=-iu'4*]"l‘l | g ’ E_I} % _E
i i i : % °E t # E
-15 J.= | E J..l.. 1 jl j - i [ -1 | - w 1£{ {h{ ;} 21 &3 #Ei ﬁl:?ll! }h}{fﬂ iiﬁfiﬁ ]!mé
10 15 20 25 E : FEIRT g i
Log v [Hz] T R T T T B TR o T
MJD
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3C 454.3 the blazar of the record ki

- Space Telescope
I —

. . . . 10‘9_ ! ! ! T TTI ' ! ! ! T II ! =
The brightest gamma-ray extra-galactic source observed in the first - ]
3 months Fermi-LAT survey I :

- !*vmﬁ‘fﬁ“ .
Pl % :
E 10 | — "."T—< —
2 10 F *]‘,J._T :
W [ Abdo, A.A. et al. 2009, ApJ 699, ]
~ L 817 (2009) 4
Super-massive black hole 1 .
8 billion light-years from us 107 e 0
E (MeV)

[T T T L T rrTT rrr L ™
e'}En 2 { E 13 { :% —
s £ £,F it ERETSIT: E
8 1of { X ? ; }E E .
e E i E B
; 8 :_ { ;} } {i} E— * i13¢ E _:
é : E&L 00 54?‘05 54}10 54}15 54'?.":: 54725 :
% 6 f}{ h}} ]
w E m
x 4 iﬂ if }i} —]
G J i, i £ WL g

1. PN T T | . | vl v b e by Ly T

D5465{] I I5-4613(} 546?0 54680 54690 54700 5471 0 54720 54730 54740
MJD
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Fast flaring blazars:

(] PKS 1454-354: factor ~5 increase of >100
MeV flux in 12 hours; achromatic flux
variations

Fluis [10-+ ph irr# 571

25 0 ﬂﬁ 1 15 2 15

d = weak radiative cooling regime, GeV
variability driven by seed photon changes
(cf. PKS 2155-304)

2

Phyabor Iruders

1.5

PKS

1454-354 and PKS 1502+106

| 4

G

r"

S ermi

Gamma-ray

Space Telescope

++++

’+__+_—¢—_+_ ......

+“+H

25 3 35 i
Tirmaa [MUID - S470)

4.5

J PKS 1502+106: z=1.839, factor 3 increase in <12 hrs, highest AL/At in GeV

band. Enduring gamma-ray brightness and substantial variability shown.

Multifrequency campaign developed (see the dedicated poster).
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3C 454.3 the blazar of the record <5 ermi

Gamma-ra:.'

Space TEEescopE

Blazar 3C 454.3’s Record Flare

Blazar 3C 454.3’s Record Flare

December 2, 2009

November 3, 2009

November 3, 2009

Daily photon count maps
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The big outbursts of 3C 454.3
(Dec. 2009 and Apr. 2010)

O Correlated spectral-temporal properties of 3C 454.3 during two very strong flaring
episodes (it was the brightest object in the gamma-ray sky during the peak)
studied.

Blazar 3C 454.3’s Record Flare

Photon spectral index

‘l

(@ s r
> ermi
Gamma'ra}’
' Space Telescope
| 4

+ e - 1 @
3C 4543

_ 90 af o ]
- E r PR RS | RPN N PPN B SR P
Nh : 10 4Flux [?Z>E1 I\?e\f] (1100'6 ph llzn'zs-']‘ 1.
: Vela pulsar IE | o 8 C -
0 e s SR o @ O 40— 15¢ 63 S ]
3C 454.3 r~ - JRE | | : —
o | ] T8 4 ! Al L -
% 2¢ 3h and 6h bins .
[ n C 1 | 1 . | 0 C 1 | | -
: 30 — 55164 55166 55168 55170 55172 55192 55194 55196 55198 55200 —
December 2, 2009 ;l — —
@ L _
= : N
(=]
o 20— _
- - |
A - —
Vela pulsar E. L
% -
E —
u b
[ ]
=
|

L
|

November 3, 2009

55200
Time [MJD]

55100 55150

55300

Figure 1. Light curve of the flux of 3C 454.3 in the 100 MeV-200 GeV band (red) between MJID 55,070-55,307 (2009 August 27-2010 April 21). The solid (dashed)
lines mark the period over which the PSD {CWT) analysis has been conducted. The light curve of the 2008 July—August flare, shifted by 511 d. is shown for comparison
{black). The insets show blow-ups of the two periods when the largest relative flux increases took place. The red. blue. and green data points in the insets correspond

to daily, 6 hr, and 3 hr averaged fluxes, respectively. The fit results discussed in the text are displayed as solid curves.
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The big outbursts of 3C 454.3 s 1o
(Dec. 2009 and Apr. 2010) o e

T 32 T T
4 B
i 4 E
o =
H =
A g
nRe #
2 :
Y 3
! 'y &
- i:d e
35100 35150 5200 55250 55300 55100 £5150 55200 58250 55300
Time [MJD] Time [MJD]

Figure 3. Top: light curve of the flux in the 1 -200GeV band. Botlom: variation of the daily
(blue points) and weekly (black points) photon spectral index derived
from a PL fit. The black line depicts the mean weekly spectral index.

First-order structure function (SF), power density spectrum (PDS), global
methods, and Morlet continuous wavelet transform (CWT), local method,
are applied to the unprecedented-resolution gamma-ray light curve of 3C
454.3 (interval MJD 55140-55260).

Break around 6.5 days is hinted (power-index slopes o = 1.29%0.10
between 3 hr and 6.5 days and o = 1.64+0.10 between 6.5 and about 26
days. PDS confirms values (oo = 1.40 == 0.19 and a = 1.56 = 0.18).
Steepening toward longer lags (flattening toward higher frequencies).
Morlet-CWT (best tradeoff between localization and period/frequency

resolution), showed only marginal features below timescales of 1 day. The -
big outburst of Dec.2009 well localized and decomposed in a chain of mino

CWT power peaks. 6.5 day timescale confirmed by the major power peak
still out of the finite-series cone of influence (at about MJD 55166)

Another energetic peak in this period is found with scale of about 2.5 days

log,{SF)

d [days]

rioc

Pe

N 1 |2l= T rI ||| l‘ T .I Irl ‘I =I L 1 I L} T L} T I T T Ll T |
S8 & ] -
Y g
5.6t "
- 8 2f 3
S4- 5t =
S| OTIOTURYTITIY | i 1
-25-20-15-1.0-05 0.0 0.5
5.2 log() [days~]  gieed n
5.0F i -
Cs 8 o
4'8 _I I 1 L L 1 I 1 L L 1 I 1 L 1 1 I 1 L 1 L I 1 L 1 I_

-0.5 0.0 0.5 1.0 1.5
log,{At) [days]

CWT power ||\|'\l'1,|[s)||2/uz [x 10_]5]

0.CE+C00 1.4E+0086 2.BE+008 4,2E4+0086 3.5E+4006 6.9+(

i
o

T T 7T I ! T—T T I 1T = =TT

55160 55180 55200 55220 55240
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Figure 2. Top panel: SF of the 3 hr bin flux light curve for the period MID 55.140-55.260 and corresponding PDS (inset). Bottom panel: plane contour plot of
the continuous Morlet wavelet transform power density for the same light curve. Thick black contours are the 90% confidence levels of true signal features against
white,/red noise background. and cross-hatched regions represent the “cone of influence.” where spurious edge effects become important.
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PKS 1502+106: < ermi

(JEHHHBWEY

the Fermi-Swift ToO multifrequency campaign g SouceTessare
Q A non PTC ot planned i advance) But 160 Campaign based ona (AT Tare TN ]

L . The variable daily Fermi
and the Flare Advocate activity. ATel sent, ToO to Swift performed (Pl LAT sky R

discretionary time), and a MW campaign started. The fisrt ToO Fermi campaign
U Observatories involved: Swift (a 16-day monitoring), VLBA (through the
MOJAVE program, USA), Owens Valley Radio Observatory 40m (USA), Effelsberg-
100m (Germany), Metsahovi-14m (Finland), RATAN-600 (Russia), Kanata Higashi-
Hiroshima (Japan). DOY 218 (Aug.05)
O Archival unpublished observation analyzed too (INTEGRAL, Spitzer, XMM-
Newton).

- PKS 1502+106

Fermi - Swift 2008 multifrequency campaign:

3C 4543

gl MW analysis: DOY 219 (Aug.06)
Fermi GST ; U simultaneous [ |
: 4, . MJD |[days
Eﬁelsbergﬂlﬂﬂm Me (MW COOrdInatEd 54680 54700
- 5 = k T T T T T

Kanata Telescope

: campaigns),
. Higashi-Hiroshima Obs. . °
i QO forward in time

(= post outburst
MW monitoring),
O back in time

(= archival mission
databases) too.

'

x-1.8 " 4 "
E =2.0 A . 4 l
522 i T4
= _;': +T1
o =2, »
+ | -28 1
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PKS 1502+106, a new and distant gamma-ray blazar . ;

° ° [ Clarnrrla-ra),r
in outburst discovered by Fermi LAT o/ So Tesare
...
O A new and luminous gamma-ray blazar (not seen by EGRET). - sas80  54690™° HS¥Sh  sazio savac

. .r T o 3.50F ' 1 : ' L =
O 1. new gamma-ray source to be identified, + 2. variability shown, + 3. e 3000 M, (Fzgqggh-e\l;ﬁT .
peculiar properties (high gamma-ray dominance, z= 1.839) & needs fora  %2%: . 4
multifrequency synergy. v+ ST, Mt ite et teT Tered b ]

. . . . . . . . . » 5.00 ‘I. : f . I
O Simultaneous Fermi-Swift monitoring. The first Fermi-Swift campaign ' ,o0c ! g}g'_f'f;(ng ;
made. (started on Aug.7, 2008). Swift follow up for 16 days. S 300 ) 3
O Ground based radio-optical snapshots (VLBI structure and radio-mm 2 *%¢ ey ]
tari ; ; . 3 R ' ' ift—UVOT 3
spectra) and monitoring (radio-optical flux). R ] on " St Eﬁ‘?g; ;
- ;/,— -____\\ 3 015 T“‘ N O s _é
= 0.10F W =
__PKS 1502+106 s g oL 8038 E
[+ {~@@=TemiLAT 080 | " Swift—UVOT -
\ [ Bwift J(RTJ | -~ - ov ]
A /f:s"f 7 oh .E E LT 2 3
\\ \\______/" /"95% o 0,40:_ AAA D " AU _;
L o s 0.20F , 0800y , ]
2.00; T T T .l 3
L ] 1.50 - . . 3
1 arcmin 'g 1 UGE— -'. * _;
. E_Koncfcl . ' . _E
3C 454.3 [ Rather asymmetric outburst seen  °*Fem v ¢ * 3
DOY 218 (Aug.05) 0.00F 0 ¥ , E
ICEESe| by the LAT g 190F 00 &1
Et E [o] 6 [=] © a
g 10.0F & o E
O Multifrequency localization + i . T ¢ |
. & TTESW o ol ]

: _ multifrequency correlated 2.00 F e &4 ——
v a‘ﬁ-ﬂmh.‘ P R varlablllty (ﬂare) was seen. - :::2 A EFF—100m (2.84/10.45/14.60 GHz) ) :
: . . epe . E LI0F 4 . o-? Yetaeo * s . 1
O - Firm identification! 1.60 F- . .

1.50 : s A i ,

3C 454.3 . 210 220 230 240 250
DOY 219 (Aug.06) O - 4-days time lag between GeV Day of year 2008 [days]

and UV-optical flare peak.
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PKS 1502+106, a new and distant gamma-ray blazar

< sermi
° ° ° Gamma-ray
in outburst discovered by Fermi LAT o SrceTemane
- ...
MJD [days]
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1 — ! ! | ! ' ! 1 ! ! I ! ! I ! ! ' I ! ! ' ] ! —
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outburst(l/f"(l.3) variability). s4sao 54700 54720 547[401'44750 547an 54800 54820 14-""'"'""_‘;Il'u'""]"",'"",'J""'_-
T - ~ -0.20 FLE
| Gamma-ray-radio connection well _ 3; @ OVRO-40m (15 GHz) ‘#Metsahovi—14m (5? GHz) I _‘3 0 121 %;?ﬁ A 6;’ ‘::_E
investigated: 3 MOJAVE VLBA O e 1 2 il o R R RTRTRTrE
mapping with Fermi on flight. OVRO- 4 ,4E : .,' J255 € °f 000 -
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{ e It i 1
15 GHz. Metsahovi-14m weekly 218 L et e e 08 ) N T
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band snapshots.
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PKS 1502+106, a new and distant gamma-ray blazar
in outburst discovered by Fermi LAT

‘_l

Gamma-ray

| 4

O PKS 1502+106 (OR 103): a luminous gamma-ray blazar, distant (z=1.839), powerful HE-emitter (photons till 50 GeV).
Huge gamma-ray dominance in the SED: = External Compton model in addiction to SSC (external-jet photon seeds).

O Bright BLR (huge intrinsic absorption) > powerful central engine (and/or jet) emission!
U Curved gamma-ray spectrum (accumulating and averaging on 4-months) and

outburst characterized by a fast-rise with a slower decay, with a plateau of 2.5 days.

O Variability, modulation 1-months cycles + faster fluctuations. 1/f~(1.3) variability.

O Cross- correlation among gamma-ray, X-ray, UV, optical, near-IR observed.
Hinted 4-days time lag between the gamma-ray and UV-optical emission.

U VLBI: rotation of the electric vector position angle. Flares tend to occur after
the ejections of superluminal radio knots and outburst in the VLBI core, with

‘s ermil

Space Telescope

accompanying increlases in polarized radio flux and a field ordering and alignment.
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PKS 2155-304. Es, ML
Fermi-HESS MW campaign (Fermi, HESS, ATOM, RXTE Swift) 5 oy
O X-ray and VHE fluxes are not correlated, in contrast _% E: ' + } :E
to July 2006 flare ® :%: ‘ ' :%
d Lack of spectral variability in HESS band (AI'\,,c < 0.2) SE- 4 ¢ ¢ t | =
— weak radiative cooling regime ‘" Hess(0210Tev) _ + | t E
 Signifcant spectral variability in X-rays (Al'y ~ 0.5) — ) “E— o a """""" - =R %
strong cooling regime 5 o= =25
L = Electrons producing the X-rays have higher . ”E_ i ##iiﬁ Efi
energies than those producing the TeV. DE + #—gn
O Optical and VHE fluxes are correlated ) i mm'mmcm _E:ﬁ -
@ Optical is driving the TeV variability % ’:;: : ‘? - * 29 £
d Lack of opt-GeV correlation £ E ¢ . . ’ 21
O X-ray flux and HE photon index are correlated ® s e . . v 28
d  Multizone SSC models are required. ) 2p RXTE, SWIFT@10kaV) s .
- @ %i% k : R ” s .
: m"ig 1E- ATOM an # - .
W 3 04 10 12 ujlam

E [MeV]
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Multi-wavelength campaign on 3C 279 <. o

Gamma-ray

Space Telescope
| 4

:’.:T" 1u_a Y-ray (~200 MeV) +
5 +++++ ’+ i
. '%L Sy {-ﬁ,, o *iﬁﬁ o {%* -{nﬁ'& m; . ]
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MW campaign on Mrk421 < >ermi

Gamma-ray

v Space Telescope

* 4.5 months long (Jan 20" — June 1st, 2009)
» ~20 instruments participated covering frequencies from radio to TeV
« 2-day sampling at at optical/X-ray and TeV (when possible: breaks due to moon, weather...)
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Most complete SED collected for Mrk421 until now
First time that the high energy bump is resolved without gaps from 0.1 GeV to almost 10 TeV
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BL Lacertae, characterizing the low-activity state of
the eponymous blazar

/‘l

o
Csermil
Gamma-ray
¢ Space Telescope
| 4

BL Lac Coordinated Multifrequency Campaign (P1C) and
Long-term Monitoring Observations

PIC (48 days) Energy Range 2008 Epoch Range Mo. of
Instrument Observations
VLBA 4.6-43.2 GHz Sep2 7
Metsihovi 37 GHz Aug 20-Oct 6 22
OAGH JHEK Sep 6-0Oct 6 18
MDM UBVRI Oct 6-10 15
Swift-UvVOT W2 M2 W1 UBV Aug 20-Oct 2 141
Swift-XRT 0.4-8 KeV Aug 20-Sep 18 24
RXTE-PCA 3-18 KeV Aug 20-Sep 8 19
Fermi-LAT 100 MeV-100 GeV Aug 19-0ct 7 48 days
18 months Energy Range EpochRange (MID) Mo. of
Instrument Observations
Tuorla R 54709.8-55191.8 162
Steward v 54743.2-55213.1 89
Fermi-LAT 100 MeV-100 GeV 54682.7-55070 78 weeks
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BL Lacertae, characterizing the low-activity stateof .. ;

th nymous blazar S To
e epo y ous aza \'- pace | elescope
...
E., [MeV]
7

10-° 10°® 10=° 10~* 1072 1 10 10* 10° O Gamma-ray flux factor 20 lower than the 1997 EGRET
& 9 (e Aug.20-5sp.09, 2008 : ' ' e " — outburst. A significant shift toward lower energies
£ - Fermi—RXTE—Swift—VLBA campalgn _9'{') ] 'E . . .
5 - o %4} . 11045  (maximum photon energy detected in 18-months is about
- =10 g - . .
'n r A L : v 20 GeV) preventing detection by ground-based TeV
o [ & S e I~ 140-5 :
5 11 & ‘& 319 7% telescopes. This was a TeV (MAGIC) detected source.
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PKS 1830-211, a gamma-ray loud, distant, <

s ermi
° ° Gamma-ray
absorbed, and gravitationally lensed blazar o SpeTascon
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 ' [ [ ' ' + |-I _
_PI_:'I 150 ‘_SME_A 2 hour b E : .
“.‘E o
v [
X, 100 [, oo t ]
g | .
§ L 55150. 551‘51) 55170 5518‘& 55480 55490 55500 55510 5‘5‘55'0 “.';.’;5!-9 55570 555;;) + + + ++
4 sofF \ m'\ﬂaf\; + + .
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0 +Tﬁ “"'-lﬂ'“.#+ HI 1 T} i. .—I T
54800 55000 55200 55400 55600

MJD [duys]

O Intense gamma-ray outburst from the blazar PKS 1830-211 (z =2.507) in October
2010, followed by high activity and other flares. Variability analysis still ongoing.

O A gravitationally lensed, highly dust-absorbed and reddened (by our Galaxy) flat
spectrum radio quasar, peaked at MeV energy band.

O Analysis of 3-year Fermi LAT observations and simultaneous Swift observations
(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.

O 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.

3.0ct.201 1.Novw.2010 1.Dec.2010 1.Jan.2011 1.Fab.2011 1.Mor.2011
T T T

Flux(E>200Mev) X107

55480 55500 55520 55540 55560 55580 55600 55620
MJD [doys]
CWT power IW,{s)1%/c® [x 107"

Period [days]

55480 55500 55520 55540 55560 55580 55600 55620

me [MJD]
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RX 1713.7-3946 e

RXJ1713.7-3946

. [ hadronic
- GeV y-ray excess above diffuse | iy
emission correlates with TeV ys <
- Broadband spectrum favors leptonic ¢ | /
origin as the emission mechanism : |/ /
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Fermi LAT achievements during the 1t year s ermi

Gamma-ray

v Space Telescope

W Detected the moon and the quiet Sun (solar disk and extended emission)

UDetected 46 high confident pulsars: 16 Gamma ray selected; 24 discovery through radio timing solutions (8 are
milliseconds PSRs); 6 EGRET Pulsars confirmed

UDetected orbital variations in gamma-ray emission from the binary systems LSl +61 303 and LS 5039
UDetected emission from the globular cluster 47 Tucanae

UDetected pulsar wind nebulae (PWNs)

U Observed extended emission from supernova renmants (SNRs)

UDetected a glitch in PSR 1706-44 (first detection of a glitch in gamma-rays)

UResolved the gamma-ray emission from the LMC

UDetected the radio galaxies NCG 1275 and Cen A

UDetected 9 GRB >100 MeV, including detection of high energy gamma-ray detection of a short burst.

W Put constrain on the speed of light excluding linear LIV models

UDetected large population of gamma-ray bright AGN (mostly blazars)

Udetermine luminosity function and contribution to the unresolved extragalactic diffuse emission.
UDetected spectral differences between FSRQ and BL Lac populations

WMany flares and new gamma-ray blazar discovered (never seen in the GeV range). A few radiogalaxies detected.
Several wide multifrequency campaigns planned and completed. Flare advocate activity is performing well.
UHE synergy between Fermi and Swift and among Fermi and TeV telescopes demonstrated. Radio-gamma-ray
connection promising.

WMeasured the high energy spectrum of the diffuse Galactic emission

Udoes NOT confirm the GeV excess seen by EGRET (nailing down the diffuse galactic GeV emission)
UMeasured the e-e+ spectrum from 20 GeV to 1 TeV

Udoes NOT confirm the excess seen by ATIC.
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Gamma-ray light curves of Fermi-detected blazars S>ermi

Gamma-ray

v Space Telescope

O The first dataset of Fermi AGN/blazar light curves: = sample: Fermi LAT 3-month high confidence list
of blazars (LBAS, 106 AGN/blazars); = 11 months of all-sky survey observations; = integral photon
fluxes (E>300 MeV); = weekly timebins for all (and 3-/4-day bins for the 15 brightest one).

O For the first time a consistent and homogeneous sample of MeV-GeV gamma-ray light curves of
AGN/blazars is presented.

QA first systematic outlook and characterization of gamma-ray blazar variability. This was preparatory
for deeper analyses through improved sampling (fixed/adaptive time binning) and longer baseline (3-
year of all-sky survey now) on single bright sources and specific sub-samples.

O On the basis of the chi”*2 test and excess variance, variability was detected in 68 over 106 high-
confidence Fermi-detected blazars of the LBAS sample.

Q 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.
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One of the best light curves obtained. One of worst light curves obtained.
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Other examples (1-week bin, first 11 months of survey) = >ermi

amma-ray

v Space Telescope

Ll—\:ll.tugm o .Du:.!l}ﬂl {Il.Dlln.mﬂ I'.ll.l'-:a.lm o .Aplr.m Ill..lu:u.!m { DI.Ang 2008 O1 Oul 2008 o1 Du:.!{lﬂl o fﬁm 01. Aplrm 01.. Juu: .2009 = £ 01.Aug.2008 O1. ﬂ:! 2008 01. Du 2008 01.Fal hm I:I'I.Aprm 01.Jun. ’ .2009
1‘; [ OFGL J0217.840146 (0D 26) E -.-; 1ol © OFGL J0220.9+3607 (ss 0218 35) é 'rE 40 - OFGL 10222,6+4302 (sc 66A)
LF # ﬂﬂ 114 ! EQE 1 b
SARL H H ANTRRLY s H+++ Y 11t
3 3 3 ++ + t
g2 HH [ H+ N + Ht +++ t g 10f- + 4+ 44+ 1
¢ ...+. .......... { iy 1 T T.F LT AT TR B s
a 54700 54750 54800 348[30 ]54900 54950 55000 " 54700 54750 54800 ;:4?‘510 ]54900 54950 55000 " 54700 54750 54800 054?30 ]54900 54950 55000
MJ ays MJ ays MJl ays
e DI.Angm o ouum ﬂ|.0l= 2008 01.1 F-h 2008 01 Apr.2008 01.Jun.2008 .:._‘ 0|.Angm 01.0ct.2008 01.Dec.2008 01.Feb.2009 01.Apr.2008  01.Jun.2009 %-'1:1 .u.gzm 01. ﬂd 2008 01.1 Dn:.ZDﬂB 01.Fab.2009 Dl.hprm 01. J .2009
-.-; SOE-oFGL .I0238 6+1636 (m ozss+1s4) E 1-; 10 J—oF‘GL 10245.6-4656 (PKs 0244'—4?0) ' ' —; 1‘; *E” oFoL 40303.7-2410 (PKS 0301]-243)
L T T oLef t 1 L
= 30 + +++ + = X 6 _'_— —: E
e 11t : Pl T T A
" _ + 4+, + = o) == A E -.—i ++ + + + ++++ +
P et oA Vel et T A A T
= 54700 54750 54800 54?50 ]54900 54950 55000 = 54700 54750 54800 54«?50 ]54900 54950 55000 = 54700 54750 54800 54—5{50 ]54900 54950 55000
MJD [days MJD |days MJD [days
o 01.Aug.2008 01 Du! 2008 O1. Doe 2008 01.Feb.2008 O1 ..ip r.2008  O1 J 2008 '—'0|.Aug 2008 01 Do! 2008 D1, Dlo 2008 oww 2009 MAprm 0 J .2009 1—01.&:9.200! 01.001.2008  01.Dec.2008  01.Feb.2008 01.Apr.2008  01.Jun.2008
-.-; 15~ OFGL, J0320.0+4131 (uoc 1275) ~ 'r; 5 E- OFGL 10334.1-4006 (sz a::z—ws) 1'; 8| OFGL J0349.4-2102 ; (PKS o.u?l—zu) ' 3
| +H++5 * ﬂ | 'f-i"ﬂ” :
= ] =3 - g ]
IR B ARG ) LA,
- T YR AT H O L ki IR S A WA
= 54700 54750 54800 54-?:50 ]54900 54950 55000 " 54700 54750 54800 548[50 ]54900 54950 55000 = 54700 54750 54800 54-?50 ]54900 54950 55000
MJD [days MJD [days MJD [days
."." 01.Aug.2008 O1 Do! 2008 01. Dce 2008 01 F.h 2009 D1.Ap r.2008  O1. J 2009 T—‘ 01.Aug.2008 01.0ct.2008 01.Dec.2008 01.Feb.2009 01.Apr.2008 01.Jun.2009 = 01.Aug.2008 D1, Dc‘l 2008 01 Dce 2008 O Fobm Di,lpr 2009 D!..I 2009
.-; 25 oreL 10428.7-3755 (PKS 0425-330} = -.-; 10 f_omL 10449,7-4348 (PKS uu?'-aaj & : _f -:; 40 E-OFGL 10457.1-2325 (PKS 0454—-234)
L 4, t, %
Esp t 4 ++ ++ o T N E + + + + = + ++
§ o1 Hy K ERE: g bt 4
g it t ++++H+++ H t ¢ +++++++_; : :;} ++ H+ ++ ++H» ++ + + t ++H++++ t * - ++++++++ ++++ i Htag ty ++++H
¢ F E &
c? 547:'0;). I5I4-‘.|IFSIB‘ I5‘48I|J‘0. I5.48;5ID‘ ]54;00 I54;5;}I IS‘E(QG;} = a 54?0.[)‘ .5I475III)I ISIwD;'J‘ .5I48[5I0I ]ISI490IIJ‘ .5‘495ID. I5ISODIII) c? 5.4?'0;}l I5‘4?5‘O. ‘5.430‘0. 548[.50]54900 I5.495‘l1l ‘5500‘0
MJD [days MJD [days MJD [days

( Eﬁ@ ; stefano.ciprini@asdc.asi.it — ASDC Roma INAF-OAB, “Mera-TeV School’, Merate, Oct. 2011 121



‘_n

SF and DACF of weekly LAT blazar light curves «<semi

Gamma-ray

v Space Telescope
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SF, DACF, PDS of LAT blazar light curves
v Space Telescope
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Flare pulse fitting of Lat blazar light curves

4!

‘s ermil

Garnrna-ray

Space Telescope
| 4

O Blazars light curves (3-day/4-day bin), fitted with a

phenomenological function defined as the sum of two

exponential terms

0 Two parameters which describe the flares characteristics

Flare symmetry

]:g + 7 -1 <€ < +1
T, -1 So > 0 if decay
slower than rise

flare length /. e.
T, =2T,+1;) widthat~20% of
peak flux)

tn— t—tp
F(t) = Fy + Fy ( N e )
where T, and Ty is rise and decay time

O High states exceeding one fourth of the
duration of entire observations window are
absent.

O Most of the sources were bright over a time

3C 4543

150
L

400

100
L)

FAX(E >100MaV) [£10-* ph am-45-'s)
FRIX(E >100MeV)[X10-* ph cm-5-'5)

]

PKS 0454-234

interval shorter than the 5% of the total range.
O Flares shapes are principally symmetric.
O Only very few flares are markedly asymmetric

L LAT blazars shows two different temporal

0

profiles:
1) sources with a stable baseline and sporadic

flaring activity ( = rare events or
intermittence ?)

2) sources with a strong activity and complex
and structured patterns (= more Brownian
behavior, longer timescales, flare vent

¥ ¥
o ¥
5 & 1§
& &
S S
£
] ;
| ]
w w
(-] i
400 300
MJD - 1 January 2008 MJD -
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1 January 2008

superposition, different underlying physics ?)
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Gamma-ray variability of Fermi-detected blazars: some < sermi

Gamma-ray
conCIUSions v Space Telescope
2,

O Low gamma-ray brightness states observed too. High flux states are less than 1/4 of the light curve duration (most
sources active in periods shorter than 5%).

O  FSRQs and LSP/ISP BL Lac objects: the largest variations. HSP: lower variability but persistent emission (all bins
detected)

O PKS 1510-08, PKS 1502+106, 3C 454.3, 3C 279, and PKS 0454-234 (all FSRQs): the brightest and most violently

variable. In a few cases this was true also for BL Lac objects (3C 66A and AO 0235+164). PKS 1502+106 (OR 103), 4C

38.41 (S4 1633+38), and 3C 454.3 were also the most intrinsically gamma-ray powerful during the first 11-month of

survey.

Different DACF patterns, zero crossing times (4-13 weeks with peak at 7 weeks), SF power-law indices imply different

variability modes (flicker-dominated or Brownian-dominated). 1/(f*a) trend with oo mostly distributed between 1.1-

1.6.

AO 0235+164 and 3C 454.3 fully Brownian. Other powerful gamma-ray sources half-way behaviour.

For the brightest sources (3- or 4-day bin analysis) the average PDS is described by a power law without evidence of a

break. Average slopes o =1.5.

Generally, gamma-ray PDSs have slopes similar to those obtained from long-term optical or radio light curves.

Fermi-detected blazars: essentially steady sources with perturbations or with a series of discrete, though possibly

overlapping, flares produced, for example, by traveling shock fronts. Emission might be produced in multiple regions

(inhomogeneous blazar emission zone) or in an essentially homogenous region (all particles are accelerated).

Random walk processes, such as instabilities and turbulence in the accretion flow through the disk or in the jet, can

origin intermittent behavior. Stochastic processes characterized by a large number of weakly correlated elements.

Flare temporal shapes confirm different temporal profiles: stable baseline with sporadic flaring activity or strong

activity with complex and structured temporal features.

O Symmetric shapes: also explained by the superposition of a series of peaks. Marked asymmetric profile can mean fast
injection of accelerated particles and a slower radiative cooling and/or escape from the active region.
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Il Fermi Symposium in Roma (May 2011) S

//‘
“=emi Enrico Fermi and the other “ragazzi di Via Panisperna”

T3y
I / Space Teescope

October 1934: discovery of a
radioactivity induced by slow.n

Discovery: Saturday 20.10.34 (")

First paper: Monday 22.10.34

1 0 £ v e P atont: Friday 26.10.34

9212 May, 2011

ven  04-05-2011

3 Alessaggero ke 29

Fogio 1/ 2

SCIENZA Verranno presentati alla Sapicnza i risultati dell Osservatorio intitolato al premio Nobel. Una sfida anche italiana

Da Roma all'universo
sotto 1l segno di Fermu

un contributo fondamentale di strumenti e
| risultati dellOsservatoric Fermi (lanciato nel  scienza, Centinaia di astrofisici provenienti da
9 ugno | 2003? saranno presentati a Roma nel- it il mendo discuterznnoil nuovofantastico

dall’l ita La Universo svelato da Fermi, Giovedi 12, alle
dal 9 al 12, si terra il Torzo Simposio Fermi. 18.30, sempre nell'Aula Magna della Sapienza,
U'Osservatorio spaziale, che studia il cielo in l'astrofisico Giovanni F. Bignami terrd una
raggi gamma, nellultimo anno ha gia dato dei  gonferenza pubbilica sul tema «Da Roma al-
risultati che sono delle primizie mondiali e ha - Universa: Fermi in orbitas. Fermi intaso co-
vinto il Premio Bruno Rossi 2010 della Ameri- - me eroe dei due mondi, dalla fisica alla astrofisi-
can Aswonomical Society. Ha un‘impronta  ¢a da Roma a Chicago. La sua ereditd rivive in
molto italiana: Asi, Inafe Infn hanno infattidato  orhita in una nuova collaborazione ltalia-USA.

buito alla sua realizzazione, Semeal suo pit giovane colle-  di ed altr, alla nascita della -

di GIOVANNI F. BIGNAMI Tenso che Enrico, anzi il pro- 2% Bruno Rossi, Rossi, anche  scienza spaziale in ltalia ¢ in aldl tal k
NRICC Fermi arriva a [ess0r Fermi, una persona no- Jui chreo, fuggi dal fawlmn Europa. ﬂ

Eg\fw York da Stocoo]ma \oriamente dificile da accon- come Fermi (ed Enrico lo Beppo avevs gidl, comun-

- e tentare. ne sarelibe malio fieli-  asnettava all'attraceo dellana-  aue. inviato in America il suo

O. D’Agostino E. Segré E. Amaldi F. Rasetl.'l E FE"‘I‘II

+ B. Pontecorvo = The boys of Via Panisperna
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« ~170 billion LAT event triggers
« GBM Triggers: 1194 (654 GRB, 141 TGF, 174 SGR, 56 solar flare)
« # Autonomous Repoint Requests (ARR): 58

. —

. _—

g
g
g

nest-z LAT GRB: 4.35

nest-energy photon from a GRB: 33 GeV (at 82s, z=1.82)

nest-z LAT AGN: 3.1

# Gamma-ray pulsars: 88

— # MSPs: 27

— # Gamma-ray-only ( blind) pulsars: 26
— # new radio MSPs due to LAT data: 31

 Public data access: >81TB

Esdc) stefano.ciprini@asdc.asi.it — ASDC Roma
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2nd Fermi Catalog (2FGL) < permi

Gamma-ray

Space Telescope
| 4

1888 entries
Data 2FGL Table  [1FGL: 1451]
28 M |
\\\/\
Exposure: 52 Ms L~

Two years (excluding 3 GRBs) %J..E;'Jf

Light curves,
“Pass7 processing”

NEWS + SED pilots,

associations
[1FGL: 11 months]
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2nd Fermi Catalog (2FGL) P i
2F GL Classifications

Type Number Percentage of total
Active Galactic Nuclei 832 44%

Candidate Active Galactic | 268 14%

Nuclei

Unassociated 594 32%

Pulsars (pulsed emission) | 86 5%

Pulsars (no pulsations yet) | 26 1%

Supernova Remnants/ 60 3%

Pulsar Wind Nebulae

Globular Clusters 11 <1%
Other Galaxies 7 <1%
Binary systems 4 <1%
TOTAL 1888 100%

Very Preliminary - Work Still In Progress

:‘Eaéck J SlCialiv.vipiinnyasuu.asl.it — Aviv N\VUllia INAF—OAB, “Mera-TeV SChOO|”, Merate, OCt 2011 130
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Gamma-ray bubble in our Galaxy < >ermi

Gamn‘la-ra
_ Space TeEesiooe
O Continue observation of Fermi
0O XMM-Newton data coming soon
So {m there appear to be a pair of giant (50 degree O  The eROSITA and Flanck experiments will provide
ll t”lj JOmIma-ray h!fll I| l[L."s ol 1 _7 (:.JL‘\«;‘ LETIL{ J[}-,(;huhh impraved medasurements Qf th_e X.Ta}ys ﬂnd micfowaves
up to at least 50 GeV. ) i : | :
: respectively, associated with the Fermi bubbles
What are they?
Black hole “brerp” O Magnetic field structure of the bubbles
Superwind bubble? O Study of the origin and evolution of the bubbles also has the
Dark matter? (Dobler et al arXie: 1102.5095) potential to improve our understanding of recent energetic
events in the inner Galaxy and the high-latitude cosmic ray
population.

Gamma-ray emissions

Cralactic wind!

X-ray emissions

© 50,000 light-years

Milky Way

e

—

) Cialacric disk

WA 5cnca ey caeter s o S Ny IVINIMA I WY N U I N g IV VAR ) S e = 1



SUMMARY
The M2-class solar flare, SOL2010-06-12T00:57, was
modest in many respects yet exhibited remarkable
acceleration of energetic particles.

The flare produced an ~50 s impulsive burst of hard X-and

gamma-ray emission up to at least 400 MeV.

The gamma-ray line fluence from this flare was about ten
times higher than that typically observed from this modest
class of X-ray flare.

Analysis of the combined nuclear line and high-energy
gamma-ray emissions suggests that the accelerated proton
spectrum at the Sun softened from a power-law index of
~-3.2 between ~5-50 MeV, to ~-4.5 between ~50-300 MeV,
to one softer than ~-4.5 >300 MeV ( ).

(st oy canker

‘_n

‘s ermil

The Sun in gamma-rays

o Space Telescope

e
«.emi  (Gamma-ray emission region e
[
LT T
=
£
ko
=
i
a
SDO/193 A image
Right Ascension
Sigificance map (so-called TS map) was produced for the LAT data
accumulated during the whole duration
Green lines show the 1sigma, 2sigma, 3sigma contours
The LAT HE photons came from the North-western part of the Sun, from
where M3.7 flare was emitted (active region 11164) o
-
— Summary
[
g

*  Fermi-LAT detected the longest HE emission from the Sun following
the 2011 March 7 flare. The duration was ~12 hours.

* The LAT emission came from the North-West part of the Sun, from
where the M3.7 flare is emitted

* The LAT spectrum showed clear turnover around 200 MeV,
suggesting that pion decay is promising

= The March 7 flare is associated with a fast CME of 2200 km/s

*  We considered three possible scenarios which might explain the long-
lived LAT emission

* Further quantitative discussion is ongoing, and paper is now being
prepared

INAF-UAD, IVieid-1eVv OCIIVUI , Ivieldle, UCL. LU I |
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Fermi GBM triggers < permi
GBM Triggers/Month

M GRBs ™ Particles ®TGFs SGRs ™ Solar flares Other

100
90
80
70
60
50
40 l =
i

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr
Month (starting Jul 2008)

 Nov 9, 2009 - add new TGF trigger
« TGF trigger rate increased by factor of ~10 to 1 per 3.7 days

 Feb/Mar 2011 - solar activity

30

Number of triggers

2

o

1

o o
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Terrestrial gamma-ray flashes " A

Gamma-ray
C-ace Telescope

Terrestrial Gamma-ray flashes

TP -
'-I- -i’. | TP" -

i - TGFs are concentrated in the tropics near
i ] ' thunderstorms | | . |
1a1u!'H€QJ‘ 100-
g ] Tl |1 : 0
- - '—- i = 80~
‘; 100 E LI_ F E
= ] TH ; L B0-
£ LL‘ 3 g
s I ‘ £ 40-
] - U
{ [ 20 4
10730 ‘ 3 0 ‘hw | - | v T ' ' ' !
] ———— L T E -10 0 10 20 30 40
1000 10000 Tima (ms)

Energy (keV)
Antimatter from Thunderstorms!
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2-year LAT AGN catalogs (2LAC) “nermi

Gamma-ray

Space Telescope
| 4

LAT Br:ght AGN Source List (LBAS) First LAT AGN Catalogue (1LAC) Second LAT Catalogue (2LAC)

>100, August 2008 - October 2008 FSRO TS>25, August 2008 - July 2009 FSRO TS=25, August 2008 - August 2010 FSRO
BLLAC BLLAC BLLAC
o i N,
: - e T b _°. s;_-'.'""iﬁir-,_ T e ﬁ.
WS : STy ANATE S RN ‘-*“""“ } N Ry
e I:{ '..; R 2 ) ;-‘;._ ; '-CE"'"':- . :: ;--:. ,.1}-7."" -. - ﬂh . 4.. -;- \:}'i‘
(CCETTRTI I TS WS GEEININ RN e Dn LN Nl e
o dle S B g e Ul N Y AL RO o VAL« T it
Lty ) :{':.;f‘;- SIS e 5 ::'?.f.,-?.. ':‘:’ LD~
Abdo, et al. 2009, Abdo, et al. 2010,
LBAS /700 o7 1LAC 15429 2LAC faceiodd
# FSRQ BL Lac LSP ISP HSP
|b|>10° (FSRQ + BL Lac) (only BL Lac) | (only BL Lac)
LBAS 106/116 58% 34%
1LAC 523/599 47.4% 52.6% 59% 12% 29%
44 4% 55.6%

(592/670) ( °) ( °) — More correlated observations
2LAC to answer “where”
preliminary , , , — Move from “where” and

Caveats: characterization of sources to
0 LAT preference for hard sources -> HSP are favoured wrt LSP connect to primary goals
0 LAT selects radio sources fainter than those in radio catalogs of flat radio sources _ 2| AC correlations
(eg. CRATES) -> many optically unclassified source (but blazar candidates) which -
will be targets for optical follow up. — Allthose gorgeous LAT I:ght
In the 1LAC sample we had 60.8% of BL Lac without redshift. curves begging analysis!
— Breaks

In the 2LAC sample we are having the same proportionality.
— Compact region emission
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Gamma-ray flaring Crab nebula

= High Energy Activity from the Crab

/ SpluTnin:np'

AGILE detection of enhanced gamma-ray emission from the
Crab Nebula reginn

Verrecchia (A \l.l.?{h A. Argan, A, rrcvu, G. D¢ Paris, V., Vitterind, F. D .-l.rrrmmlda_, 5,
Sabatini, G. Piano, E. Costa, I, Dunm.ﬂamma M. }erm: L. J"an iani, E. Del Monte, F.
Lazzaromo, P'. Soffina, V. Evangelisia, [. I how (TN h L
Giadiani( INAF-IASF-Milano ), M, Marizaldi, G, Di Cocce, C, Lﬂbllﬂ#;-r chmﬂv.‘l’ Calli
(INAFIASF Bolognal, P, Caraveo, §. Meregheiti, F, Perotii (INAF/TASF Milano), G.
Pucella, M. Rapisarda (ENEA-Romal, §. Vercellone (IASF-Fa), A. Pellizzoni, M. Pilia
ifﬁ'df.".?-‘n‘fﬁfﬁﬁ(h; G. ﬂﬁ:-"bkﬁﬁm} f:. Lenge (INEN Triestel. P} f'!'ﬂh‘.:ﬂb Morselli [{"'Fa
i 7 ] (egraita 'Ins i THI hd I

Zanello

Roma-1), P.W, Cattanes, A, Rappoldi (INFN Pavia), P. Giommi, P. Santolamazza, F.

Lucarelli, 5. Colafrancesco (ASDC), L. Salowi (A1)
on 22 Sep 2010; 1445 UT
Distributed as an fnstant Email Notice [Transients)
Passwerd Certificarion: Marco Tavani (tavani® g sf-roma inafi)

Subjects: Pulsars
BReferred to by ATel #: 2856, 2858, 2861, 2866, 2867, 2868, 2872

AGILE is detecting an increased gamma-ray flux from a source positionally consistent with
the Crab Nebula,

Integrating during the period 2010-09-19 00:10 UT to 2010-00-21 00:10 UT the AGILE-
GRID detected enhanced gamma-ray emission above 100 MeV from a source st Galactic
coordinates (Lb) = (184.6, -6.0) +/- 0.4 (star.) /- 0.1 (syst.) deg, and flux F > 500 ¢-8
ph/cm2/sec above 100 MeV, corresponding to an excess with significance above 4.4 sipma
with respect to the average flux from the Crab nebula (F = (220 +/- 15)e-8 phicm*2/sec, Pittori
etal., 2000, A&A, 506, 1563),

We strongly encourage multifrequency observations of the Crab Nebula region.

No corresponding flare in X-rays with

INTEGRAL (Atel # 2856), Swift (Atel #
2858, 2866), or RXTE (Atel # 2872) or

NIR (Atel #2867). No evidence for active
AGN near Crab (Swift, Atel # 2868).

@c / SLEIdNO.CIPrni@asuc.asl.it — ASUL KOITid
ASI Sclence

Fermi LAT confirmation of enhanced gamma-ray emission
from the Crab Nebula region

ATel #2861; B, Buehler (SIACIKIPAC), F. D'Ammando (INAF-JASF Palermo), E. Hays

(NASAIGSFC) on behalf of the Fermi Large Area Telescope Collaboration
on 23 Sep 2010; 17:34 UT
Distributed as an [nstant Ematl Notice (Transients)
Password Certification: Rolf Buehler (buehler@ slac stanford edu)

Subjects: >GeV, Pulsars
Referred to by ATel #: 2866, 2867, 2868, 2872

Following the detection by AGILE of increasing gamma-ray activity from a source

’!

< sermi

Gamma-ray

’« Space Telescope

positionally consistent with the Crab Nebula occurred from September 19 to 21 (ATel #1855),

we report on the analysis of the =100 MeV emission from this region with the Large Area
Telescope (LAT), one of the two instruments on the Fermi Gamma-ray Space Telescope.

Preliminary LAT analysis indicates that the gamma-ray emission (E >100 MeV) observed
during this time period at the location of the Crab Nebula is (606 +/- 43) x104-8 phicm2/sec,
corresponding to an excess with significance >9 sigma with respect to the average flux from
the Crab nebula of (286 +/- 2) x104-8 ph/icm2/sec, estimated over all the Fermi operation
period (only statistical errors are given). Ongoing Fermi observations indicate that the flare is
continuing.

The flaring component has a spectral index of 2.49 4. 0.14. Iz position, Ra: 83.59 Dec:
22.05 with a 68% error radius of 0.06 deg, is coincident with the Crab Nebula.

Fermi will interrupt its all-sky scanning mode between 2010-09-23 15:49:00 UT and 2010-09-

30 15:49:00 UT to observe the Crab Nebula. Afterwards regular gamma-ray monitoring of
this source will continue, We strongly encourage further multifrequency observations of that
region.

For this source the Fermi LAT contact person is Rolf Buehler (buehler@ stanford.cdu).

The Fermi LAT is a pair conversion telescope designed to cover the energy band from 20
MeV 10 greater than 300 GeV, [t is the product of an international collaboration between
NASA and DOE in the U.S. and many scientific institutions across France, Italy, Japan and
Sweden.
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Enrico Fermi, 1049

The 2011 outburst

-
-

August 2008 - April 2011 12-18 April 2011

L4

e Three day Crab synchcrotron curve

During the flare, the Crab was the brightest source in the gamma-ray sky
(Abdo et al 2011, Tavani et al 2011, Balbo et al 2011)

& 1ol
L Synchrotron Nebula :
rE 3 day binning April 2011 flare
w  BOP
" I
+ We’re just beginning... = r — 2007 flare by AGILE :
- Exposure continues to increase ; BO -
+ Fainter sources become detectable g a0 _ Feh. 20009 flare
+ Increasingly detailed studies of bright sources py I Sept. 2010 flare
+ Catalogs become deeper and more detailed e o0l i ; 1 *{ i
, ; . ; A r i
- Time domain studies enter longer regimes v r bﬂ‘; |Bl i i %
- Solar cycle beginning to warm up 2 el AR Boptana e Bin fot B i
- Plus, efforts continue to further improve performance and L. s s ! s . . L . . . s . . . . . . | . .
. . . . 54800 55000 55200 55400 55600
enhance analysis, particularly at low and high energies Time (MJD)
+ The longer we look, the more surprises we will see I

Average flux ~6 107 ph/em¥s above 100 MeV, whith three flares as extreme
persistent variability. Flux increase by ~5 during 2009 and 2010 flares.
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A Last cumulated all-sky gamma-ray map .~ .
(E>100MeV) P

The Fermi LAT Gamma-ray Sky

®GMMD5|M
i

Ol ——w-—-——--—-.;..

Hova V4OT Cygni .
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Fermi LAT Publications

e H
> ermi
Gamma-ray
Spaqc Teiescope

 Publications by Fermi-LAT members
(Cat I+II+III, as of mid-Sep. 2011)

30

20081 2009
25__ .........................................................................

2010

20_ ...........................................................

15_ ...............................................

# per 3 month

10_ ..............................................

2011 -

~200 papers already
publised

6-7 papers/month

Sy 0o My iy oS o5 D0y My S oD My iy Sy 7

1o
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2FGL.:

2FGL Catalog

‘n

‘< s ermi

Gamma-ray

v Space Telescope

Second Source Catalog

« 1873 sources (~4c significance)
— 127 firm identifications and 1170 reliable associations

— 576 unassociated with known y-ray source class

please pay attention to flags (e.g., 126 possibly confused

with diffuse emission)

R e -l'='-:II.IE1 =
IR e R

o
Eﬂ:—‘lﬂ t

Abdo+, ApJS submittec
arXiv:1108.1435

oo

1 Preliminary

o Possible association with SNR or PWN

o No association

<~ AGN = Pulsar
+ Starburst Gal @ PWN
+ Galaxy o SNR

& Globular cluster
@ HMB
+ Nova
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Fermi GRBs after 3 years

’!
< sermi

Gamma-ray

Space Telescope
. p

Fermi GRBs as of 2011-08-01

 In 3 years

— 682 GBM GRBs (345 in LAT FOV)
— 32 LAT GRBs (19 with >10 photons >100 MeV) ~0.6/month

~0.6/day

o _'_'_:6_-_.-_:._ _...-‘?:;H:'T_rﬂ:: T fEWEf‘ Thﬂﬂ
o E'jhj‘%‘,;:l .-ﬂc:__ -u,{ﬂ/ :;.r:ri:;'"'f—‘u ¢ D\‘ _ ':'_’_U':i_._-c,_Ef |:| " EXPEC?Ed
P AT il ey T o B S SR S S
A G e T R e (Band+09)
o Jﬂﬂ. o W e R0 L b

il ; Eu'"_l:i : j .-. : = £ oo
i Ef‘_-\ : i - s o Dl:! S - .'f-';‘. = Df" Lt DD'ﬁ ‘:'_ i £ F 4:?‘ -

O S Y T ALY g

-mhp e, =g .gjcr 60 | 330 ° Soo ke it T P

oo ﬂ'l’."‘ %‘M ﬂw ¥ o ';."Fj?g—.-fi& - B £

. M‘ﬁb ("o 00 .
- 3-?5 St T
; — TR a;. = f}*T—.*f‘gf'ri.;: SO 03]
11 months Fermi LAT count map e AN e e e

Preliminary
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E- F(>E)[TeV/cm’s]

1072

10—13

1 0—1-4

Fermi and ATCs’ sensitivity

‘_l

o
Csermil
Gamma-ray
¢ Space Telescope
| 4

Point Source Sensitivity

.. +IACTs 50 hrs (~0:06 sriyr)
Whipple -

.
a,

e =
..........
L]

s

m New extragalactic sources need Cherenkov
telescopes follow up for spectrum and light curve.

m Fermi able to pick sources with E>10 GeV which
can be followed by Cherenkov telescopes.
Trigger warning up TOO has to be defined.

m Fermi made first survey of ALL Galactic plane at
E>100 GeV. Very complicated background. Can
be interesting study of morphology of known
sources + new candidates.

EAS 5 yis(=2nsr) |

3

— “H.E.S.S/VE
E ‘.'0. N ..i::‘::: ; ) .¢’E:\@
- CTA/AGIS QP
= [l [ L1 1 11] I | | L1 1 1 11 | ] [l I I ] 1 L1 1 111
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10 10 10 10° [ lgev; 10
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Prospects for CTA from Fermi P

Space Telescope

« # of sources increases in GeV
« Future: 1000 sources in TeV by CTA!?

10°

TeVy

Kifune Plot

Year

10°

10*

Number of sources

10°

102

10
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1=I—-II Lo .':I T R R I S S
1960 1970 1980
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._| Gamima-ray bur

st
v’l Coordinates Metwork (GCN}I

‘l

GEM_Matices
{e.., Suzaku,
Swiift)

‘s ermil

Gamma-ray

Level O
Archive

Merge Events
Extract Context
E:xtrack EBF

See: L1Dats Processing Shift:

Tools an

See: Data Quality Monitor Shift:

d Resources

Burst Alert ¥
Processar LAt
(BAP) GBM LAT Delayed Motices/
Alert  Alert circular
L
MOC ¥
Real Time GEM
LAT [
Stored Data D'a&g :t;s':ucs | MocTicker |Monitor: o | Alert
ey - Lol
(vca,3,8) (VC0,1,10) - Telemetry Table User I/F Lﬂlt_l'gt
- Low Rate Science {LRS)
- Strip Charts
- Alarm Handler
¥  Alerts:
IS0C aers | - GRB
e - Load Shed
Database| _ Limit viclation
- Other
triggerAsSP
k ASP
. Cron Lz
HalfPipe Dipeline IT job far daily Wiewer
T o ) blazar analysis ¥ !

L1 Processing

[
Persistency seruvice
and Mtuple service

L1DP
C [/

~digi fil
DT | [ e

-event clazsification
-data analysis ntuples

Tools an

d Resources

See:

0 Astro Server

o Astro Server Help
o Standard Datasets

Data Catalog

' ’—f“._
1:"'_][L-i FT1, FT2

Files

FT1, FTZ
Files
L ¥
.| 1socs
L1 Archive Fermi LAT
(FT1.,FTZ —ata Fortal al
Files]

M|

Automated
Science Processin
ASP

Burst
Aduocate (BA)
rllL_ g

- Space Telescope
-
L Fermi LAT data flow and analysis

SOUTCES

steps (in the Fermi collaboration)

.
-

Processes

LAT User Workbook - CMT Archive | >

Site Map glossary

Advanced
(CHT ARCHIVE)

THIS IS THE ARCHIVED CMT VERSION OF THE WORKBOOK.

LAT Science Tools [ »

F Y

Y,
i

Flare
Advocate (FA)

Site Map glossary

L1 Data

Data Quality

Processing (L1DP) — M.E. Monzani & %, Focke

Monitor (DQM) — Anders Borgland
Burst Advocate (BA) — J. Racusin %V Wasileiou

Crata
Access

Shcilfters Neﬁdfd'

and you can helplll

To learn more, contact
the coordinator(s) for the
role you are interested in:

tomep SEARCH Fermi:
Flare Advocate (FA) — 5. Ciprini # D, Gasparrini GODDARD FC Homepoae e
; SPAGE FLIGHT CENTER A

Your Data

¥

Fermi Science
Support Center

(FS5C)
Data Portal

¥

Scientific o
Community

Also see: Original MOC/ISOCData Flow Diagram

N/ scence Gasy Geesr

SeiencelGroups!

Fermi ’
Science Support C r

+ FS5C Home Fermi Dala

This is the portal to the Fermi data and the saftware to analyze them. Sefore the data or software are
released, they are described here

the Fermi science data

Science
Tools

Software

+ ¥

Cata Policy . the software to analyze Fermi data
e — . summary of the palicies gaverning the release of Fermi science data
IRF= ﬁnal_l'f'sc"s w| Speaskers oats Anslysis cle-3 propasers the Fermi LAT cansartium, thraugh an agreement with NASA, has
ethods
- atalog based on data fram the Girst year af the mis:
Diffuse Bureau Cavests
Models ¥ Newsleiter
Catalogs Lzer | Science Projects H Confluence FaQ
Contributed

Curatar: Myers
Responsible NASA Official: Phil Newman
NASA Science Official: Neil Gehrels

Eublication Last Modified: Mon, Feb 01, 2010

LAT
o rata Analysis
g

Boat

Papers
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Fermi @ ASDC g~

Gamma-ray
cace lalascope

ogenzia spazicle

italiona

. ASI Science Data Center

-

#AS| Science Data Center

Home  About ASDC  Public Outreach  Quick Look  Missions  Multimission Archive  Catalogs Tools Links  Bibliographic services

About Fermi  ASI HQ Fermi Homepage  Fermi Data Retrieval Fermi Science Support Center  Advocate Activities  Fermi Catalog @ASDC

Fermi Communications  Download public software

The Fermi
Telescope

Fermi,formerly GLAST, is a powerful space observatory that will open a wide window on the universe,
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 will
enable 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 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. Latest Fermi News
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AN

] L]
Fermi LAT Photon and Spacecraft Data Query anC ;
n
ASI Sclence
The Photon database currently holds 558405336 photons collected between 04/08/2008 15:43:37 and 24/05/2011 04:32:18 apace verscope
(239557418 and 327904340 seconds Mission Elapsed Time (MET)). '

F

NOTE: For gueries encompassing the whole sky (or close to it), please use the pre-generated by Heasarc Weekly Allsky Files.

Email:
Enter your e-mail address to receive notification when done

Search by Name

Object Name " mxna21

Coordinates Equinox [ j2000 [$ D Ferml LAT pUb“C data download
SR (FT1, FT2 fits event-filles) @ ASDC

RA "" 188113542

Dec *"  33.2085588

Galactic Coordinates

L 179852439 O Fermi LAT data selection and
i preview (count maps, point sources)

Ecliptic Coordinates

Lon  151.217076 @ AS D C

Lat 20.503225

Radlus | degree -:] 20

... and/or search by date?

Observations | Gregorian | %
Dates:

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

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

... 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.)

FERMI Data
™ Photon Data ™ Spacecraft Data

- Clear Submit
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ASDC Fermi LAT data preview < sermi

Gamma-ray

v Space Telescope

LAT Data Query Results anC

The submitted query parameters for query ID=L11052506574 34 were:

ASI Sclence
Search Center (RA,Dec) = (166.113542,38.2085568)
Radius = 20.0 degrees
Start Time (MET) = 3.12400652E8 seconds (2010/11/25 17:57:30)
Stop Time (MET) = 3.26035452E8 seconds (2011/05/25 16:57:30)
Minimum Energy =100 MeV
Maximum Energy = 300000 MeV

The filenames of the result files consist of the Query ID string with an identifier appended to indicate which database the file came from. The identifiers are of the farm: _DDMNN where DD indicates the database and MM is the
file number. The file number will generally be '00° unless the query resulted 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
» 5C - Spacecraft Pointing, Livetime, and History Database

File Mame Number of entries Size (MB Status
L1105250657434_PHOO fits 1641965 14412 Available
L1105250657434_PHO1 fits 877135 76.99 Available
L1105250657434_SC00 fits 436011 5B.65 Available

Data Preview WORKING

To get the results from another query, enter the query 1D string below:

[ Submit }( Reinizializza |

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.
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#" FERMI Imaging Tool
Image parameters:
Source Name (‘Search )
RA  1e6.11375 Dec  3s.z08889
-

LIl 179.83243 Bl 65.031366
Image size (deg)
Emin 100
Emax 300000
Catalog Overlay -—=
Ximage smoothing parameters:
Smoothing filter wave |5
sigma 3.
back 4
Ximage display parameters:
Color scaling sqrt )
Minimum level displayed 4
Ximage detect parameters:
Probability threshold 5.e-3
Source box size (deg) 0.3
Signal-to-noise ratio threshold 2.
Skyarid Equatorial | 3]

(Run ) ( Reset to default )
@t - Ximage detection file
— '; - Ximage On-line User's Guide

asdc

ASI Sclence Data Center

Esd(:> stefano.ciprini@asdc.asi.it — ASDC Roma

4\

s ermi

Clarnma-ra).f
Speh:t_' Te[cscopc

Entry SOURCE 1 ---
R.A.(J2000) = 11 04 O7.0 (166.0292 deg) |1=179.82
Dec (J2000) = +38 14 12.3 (38.2368 deg) b=64.96
Galactic nH = 1.92E+20 (em"2)

ASDC

48] foumca Dave

Error clrcle EXPLORER Source Dotalls
TUTORIAL HELP
- Default catalogs
3 always selectod)
Sclectable eatnlogs
Default selection i i
H o L)
B -] idio [select
- " [waint
X-Roy [melact
AT (80 €
0 0 0 [select]

|Selacted caplogs Listxs
slze (arcmin) 30 3
Create new Image

1=179.82
b=64.96

Pasition selected
for the analysis:

R.A.=11 04 07.0 (166.0292 dag)

Dec=+38 14 12,3 (38,2368 deg) L

148

Reset Posit |on|

Galactic nH= 1.82E+20 (cm"-2)



‘l

‘s ermil

Gamma-ray

The 1 Year Fermi-LAT AGN
Catalog asdc

. . @ ASDC v1.0
Bright Source List J=—

Fermi Catalog @ASDC

(turn on) Help

Cone Search
Source Name

Resolve name |
& RA Dec " Lg _Clean

{e.g D02 346,53 01 102 0r DEL417.-53.015)

radius|5 ~|arcmin_Search |
Resetfiltar |

Showfhide columns |

Advanced filtering |

Print current view of table I

Print complete table |

Reset all filters |

% = ¥ =
SBM GREB list
This is an interactive version of the Fermi-LAT 1-year AGN Catalog extracted

from Abdo et al 2010

= .
|_ T [J H E;. | I_S_t This catalog contains the AGN counterpart of 1st Fermi LAT Source Catalog
Export Current view of Table in:  Latexformat | FITS format | Raw text format | CSV text format |
Fermi Pulsar Catalo -
- ¥ i
=1 I ul=ar atald g { Previous Page MNext Page * Page Size (# of lines) |50 x| Refreshpage | Reset all filters | Show all entries |
RA Dec -
Flux Spectral Optical
Counterpart Counterpart iati : z -
nE“mtIr)ver Source name Other name (]Zﬂl)l)l-):} (JZOIW!’:) ?’sr:‘:::;:: peevToficey B dshift classsillglgation dlassyication
|hh mm ssdj |dd mm ss.dj |ﬁux1_1DD+errj |sp_|r|dexj IOpllcaI classif 'l
Selection
mode:

. include | (][¥] (][¥] (][¥] (](v]([a]fe] s [ [al[elf[#][@]] sms || [#][¢] ses | [ 4](] 1]

as o

ASI Sclence F i
1 5¢ Da r 1M ASDC dats Explorer | 1FEL 1000%.7 BKS0002-478 00 04 35.5  -47 36 18.5 0.99 (8+/-3) e-10 2.56 0.88 Lsp BZQ (FSRQ)
2 1FGL
ASDC dataExplorer | | 1FOL  B20003+28A 00 0557.1  +38 20 15.1 0.99 (6+/-3) e-10 2.86 0.229 Lsp BZQ (FSRQ)
v
3 M ASDCdataExplorer | | IFGL  RXJ0008.0+1450 0008055  +14 50 23.3 0.7 (8+/-2) e-10 2 0.045 - AGN
4 v 1FGL
ASDC data Explorer | | 4FSL  CRATESI0000+0628 0000 03.8  +06 28 21.2 0.02 < 8e-10 2.28 0 Lsp BZB (BL Lac)
5V 1FGL
ASDCdataBxplorer | | 1FEL CGRaBSI0011+0057 00 1130.4  +00 57 51.8 0.96 (6+/-2) e-10 2.51 1.492 Lsp BZQ (FSRQ)
> i
6 ¥ ASDC data Explorer HEEL S PKS0010-401 0012 59.8 -39 54 25.8 1 (5+/-3) e-10 2.09 0 - BZB (BL Lac)

3952

v L
7 ASDC data Explorer TREL TG BZB10014-5022 00 14 11.2 -50 22 32.6 1 (6+/-2) e-10 2.23 0 HSP BZB (BL Lac)

. inrini 5022
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Fermi LAT data analysis resources o i

Gamma-ray

v Space Telescope

ASDC Fermi page, data retrieval and preview
e http://fermi.asdc.asi.it

Fermi Science Support Center
e http://fermi.gsfc.nasa.gov/ssc/

Data analysis portal
e http://fermi.gsfc.nasa.gov/ssc/data/analysis/

Overview: LAT Data Analysis "Science Tools"

GODDARD + NASA Homepage

@ SPACE FLIGHT CENTER £ Ferm Homepage

Fermi ’
Science Support Céenter

HOME s DATA

0BS

PROPOSALS LIBRARY HEASARC

+ F55C Home ~ EEEGIlgg-d)]

e http://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/overview.html

LAT user workbook (extensive and detailed) - Science Analysis section
e http://glast-ground.slac.stanford.edu/workbook/scienceAnalysis Home.htm

Esdc') stefano.ciprini@asdc.asi.it — ASDC Roma
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~
Fermi LAT data analysis resources e cron

Gamma-ray

’« Space Telescope

Analysis Threads
e http://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/

Likelihood Analysis with Python
e http://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/python tutorial.html

LAT user workbook (extensive and detailed) - "ScienceTools" section
e http://glast-ground.slac.stanford.edu/workbook/sciTools Home.htm

LAT user workbook (extensive and detailed) - Science Analysis section
e http://glast-ground.slac.stanford.edu/workbook/scienceAnalysis Home.htm

@? stefano.ciprini@asdc.asi.it — ASDC Roma INAF-OAB, “Mera-TeV School’, Merate, Oct. 2011 151



@? stefano.ci|

Fermi Data Analysis: LAT Science Tools

’l

Gamma-ray

< s ermi

v Space Telescope

Photon Simulation
Database grorbsim
gatobssim
Event Data
Spacecraft Data
Utilities
Data Selection »| Stixis
gtselect grihsum
grmkrime gtpst
Light Curves Likelihood Pulsar GRBs
Counts Maps Analysis Analysis arRan.
Spectra gtlike gthary LERPIRR
gthin grltcuhe gtpasarch gthbkg
atbindef grexpeubel JLRSPRG GLRMESLLAL
grexposure gLexpmap ghophase XSPEC
ghsrcmaps grpphase
grtamap gtephem
ghmade.l girulsardn
grdiffrsp gtptest
grtfindsre
modeleditor
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