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The Fermi Gamma-Ray Space Telescope .
ﬁ Launched on June 11, 2008 . .

Large Areq Telescope
(LAT) ’

“ Pair conversnon ielescope

20 MeV > 300 GeV
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Gamma-ray Burst Monitor
(GBM)

14 Scintillator detectors (12 Nals, 2 BGOs)
8 keV - 40 MeV

8 keV 40 MeV 100 MeV 10 GeV
Energy (keV)
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= Spacecraft and insfrument performance is

excellent at 16 years
o 2 maneuvers (2013 and 2024) to avoid close
approaches to other spacecrafts

= Last NASA Senior Review (SR) in 2022

o Fermirecommended for continuation for 3

years until next SR in 2025
«  “Fermi provides unique access to the gamma-

ray portion of the electromagnetic spectrum
and the largest simultaneous field-of-view of
any space telescope.
Its datfa give us a time-domain view of the
entire gamma-ray sky and are a crucial asset
for gravitational-wave and multi-messenger
astrophysics.”

Lifetime of orbit extends infto the mid-2030s
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National Aeronautics and Space Administration
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Fermi Six-year Sky Map

This all-sky view, centered on our Milky Way Galaxy, is the
deepest and best-resolved portrait of the gamma-ray sky
1o date. It incorporates observations by NASA’s Fermi
Gamma-ray Space Telescope from August 2008 to
August 2014 at energies greater than 1 billion

(Gev).

What Has Fermi Found?
Fermi's Large Area Telescope (LAT) has
cataloged

visible light falls between 2 and 3 electron volts.
Lighter shades indicate stronger emission.
NASA/DOE/Fermi LAT Colloboration

The gamma-ray sky isn‘t dark even any other wavelength, and their
far away from bright sources. natures remain unknown,

Some of this radiation arises close RN

to home, when high-velocity . isiars
protons (cosmic rays) interact
with interstellar gas and
starkight. Much of the emission
originates beyond our
galaxy and is thought to be
the glow of sources
too faint to detect directly.

Unknown

Non-blazar
active galaxies

Supernova remnants,
pulsar wind s

s have different 0
@ flare, it will appear in the other after 3 detay:

js of nearly 12 days in 8021
t gammardy measurements of
NASA/ESA ond afie Hubbie Legacy Archiy

e
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F

Cygnus X
Monster stars in & region called

times a minute, pulsar 11823-3021A is

25 millon years old, less than 3 percent
the typical age.

NASA/DOS/Ferm AAT/Collaborason

PSR J1311-3430 \\
Gamma-ray pulsar

material often blocks the pulsar’s radio beam. |
NASA's Goddord Spoce Fight Center/Crue deWiide \
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Lofebomtion S FS/ARPACIASE // On gt 27, 2013, a/blast of light from a dying star in a distant
became the focus of astronomers around the world. The

3casa3
In December 2009, 3C 454.3 was

briefly.the._brightest object In_the /
gamma-ray sky. The gamma rays /
come from a jet powered by / <

matter falling toward the galaxy's

supermassive black hole. In this /
case, we're looking almost right /5
down the barrel of the jet, which /
means the blazar can be especialy - 1
bright despite lying 7 billion kght-years e |
Fovay. NASA/DOEfFermi LAT Colabarotion /

|
Fermi sees gamma rays from star-forming regons ke 30 |

/ Doradus in the Large Magellanic Cloud (LMC). More stars | S ———
/ / | are forming in this “star factory” than in any similar location gar o
/ in the Milky Way, leadng to intense gamma-ray emission. Way's plane. actity of
/ / / | NASA/DOEFermi LAT Collosaraticn J ___galany’s heart, NASA/DOI Férrs LAT Collsborarion
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LAT Transient Factory (LTF) : oai .
Pipeline Likelihood Around GBM/BAT triggers Fomul Ql-siy Yariatiliey Annlyscs (FAV:Y

SR o Aperture Photometry, 1 week
seconds to orbits ‘ N
Method ATels, FAV catalogs

Fermi LAT Light Curve Repository
Likelihood LAT Catalog Sources

LAT Team - Results in GCNs
Triggered + Blind Search

Timescale
Distribution

LAT Burst Advocate Tool 3 davs. Weekly
Status Likelihood Around GBM/BAT triggers . — X
100's. 1000 S . Fermi LAT Monitored Sources
GBM Targeted Search LAT Te Fosyfls I Gt Daily, Weekly above 106 cm2s™!
ground search eam - Results in GCNs
ms - s LAT Automated Science ‘;‘
Temporal/Spatial Input GBM Onboard Triggers Processing (ASP) + Flare | ALt OgY
rate triggers Advocates Likelihood, associations
GBM Untarggted Search 16 ms - minutes Likelihood , FGL, FHL, LAC, FLE, PSR
grou?]d search GCN Notices 6 & 24 hour ,
ms - ) % N
< »ATels, GCN notices (Qn AGN
GCN Notices - ~ QALY )

> o .
<3 >

us ms - S minutes hours days months years
ulsars
Solar Flares Novae
Photon All Sky y-ray Binaries
Timing

Not to scale

Cadence -
Blazar Flares
Magnetar Flares et Crab Flares

Terrestrial y-ray
Flashes

Transients Timescale Pipelines




The Fermi-GBM sky

Credit: NASA/Fermi LAT Collaboration

2024

2008

GBM 10yr GRB spectral Catalog

GBM 10yr GRB frigger Catalog (4FGBM)
GBM 10yr Accreting Pulsar Catalog
GBM 8yr TGF Catalog

GBM 6yr GRB trigger Catalog (3FGBM)
GBM 5yr Magnetar Burst Catalog

GBM 4yr GRB time-res. spectral Catalog
GBM 4yr GRB spectral Catalog

GBM 4yr GRB trigger Catalog (2FGBM)
GBM 3yr X-ray Burst Catalog

GBM 3yr EOM catalog

GBM 2yr GRB spectral Catalog

GBM 2yr GRB frigger Catalog (1FGBM)

latest version is 2.0.4



https://astro-gdt.readthedocs.io/en/latest/

Fermi GBM GRBs in first ten years of operation
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Fermi-GBM trigger history

GREBs mParticles mTGFs SGR

: "1||!I'||'!III"II||

V404 Cygni

Solar Flares

5 Solar Flares Other

Swift J0243.6+6124

Terrestrial
Gamma-ray Flashes

Fermi-GBM Collaboration 2024



The Fermi-LAT sky

Credit: NASA/Fermi LAT Collaboration

2024

2008

LAT 14yr Point Source Catalog (4FGL-DR4) (7194 sources)

LAT 12yr Pulsars Catalog (3PC)

LAT 12yr Point Source Catalog (4FGL-DR3)
LAT 10yr Point Source Catalog (4FGL-DR2)
LAT 8yr Solar Flare Catalog

LAT 10yr AGN Catalog (4LAC)

LAT 10yr GRB Catalog (2FLGC)

LAT 8yr Point Source Catalog (4FGL)

LAT 7yr High-Energy Source Catalog (3FHL)
LAT Extended Sources in the Galactic Plane (FGES)
LAT All-sky Variability Analysis Catalog (2FAV)
LAT éyr High-Energy Source Catalog (2FHL)
LAT 4yr Point Source Catalog (3FGL)

LAT 4yr AGN Catalog (3LAC)

LAT 3yr GRB Catalog (1FLGC)

LAT 3yr SNR Catalog

LAT 3yr Pulsars Catalog (2PC)

LAT 3yr High-Energy Source Catalog (1FHL)
LAT 2yr AGN Catalog (2LAC)

LAT 2yr Point Source Catalog (2FGL)

LAT 1yr AGN Catalog (1LAC)

LAT 1yr Point Source Catalog (1FGL)

LAT 6month Pulsars Catalog (1PC)

LAT 3month Bright Source List (OFGL)

0/1/2/3/4FGL:
full energy range
(50 MeV-1 TeV)
1/2/3FHL:

“ high-energy only (> 10/50 GeV)

Each generation uses
improved data/calibration:
P6 > P7 > P7Rep = P8

*4.53 billion LAT events
available at FSSC

latest version is 2.2.0



https://github.com/fermi-lat

300 gamma-ray pulsars

D. A. Smith et al 2023 Ap) 958 191 ) ehy i

e N
-
O .
CTA' 1 PSR JO751+1807
s . Geminga
bir 1 BRI
o ‘2m48+6’02"| " % PSR JO734-1559 © Crab
(0) : (o) p
. . ® . PSR J0613-02'00
0} o |
PSR J0357+3205 . D)
1 14-3329
(©) . ;
PSR J0034-0534 NASA VIDEO Youtube channel

https://www.youtube.com/watch?v=J912hL8BD E

NASA Goddard Media Studios
Credit: NASA/Fermi LAT Collaboration https://svs.gsfc.nasa.gov/14434



https://www.youtube.com/watch?v=J9I2hL8BD_E
https://svs.gsfc.nasa.gov/14434

Active Galactic Nuclei

O
4C +29.48

refined best-fit direction |C170922A
== |C170922A 50% - area: 0.15 square degrees
== |C170922A 90% - area: 0,97 square degrees

NEUTRINO

|
FROM ABLAZ /

Multimessenger observations
of an astrophysical neutrino
source pp.115,146,& 147

Y f‘ \\/

Declination
o
o

o
=N
o

78.4° 78,0° 77.6° 77.2° 76.8°

Credit: NASA/Fermi LAT Collaboration

Right Ascension

4FGL-DR4
Fermi-LAT Collaboration 2024

-~ Blazar candidates: 1624

Unknown: 2577

34% unassociated

SNRs & PWNe: 191
Pulsars: 320
Other galactic: 79

™ BL Lacs: 1490

Other extragalactic: 94 “ Fs RQs: 820

original GCN Notice Fri 22 Sep 17 20:55:13 UT

A
\:‘ i l’/ J V/ // ; V\

KN

SN

Fermi-LAT Counts/Pixel

NASA Goddard Media Studios
https://svs.gsfc.nasa.gov/12994

76.4°

Artsen+2018



https://svs.gsfc.nasa.gov/12994
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Fermi-LAT Observations of the Gamma-Ray Burst GRB 130427A — Ackermann+2014
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Gamma rays, 50 to 300 keV GRB 170817A

5 1.500;

c

(o}

(&)

o

$ 1,000

1]

c

b |

8

500

Gravitational-wave strain GWI170817

= 300

z

>

Q

(=

Q

Z

® 100+

m -1
L
6 7 -2 0 2

Time from merger (seconds)




| 12 10 -8 -6 -4 220 2  a4_—¢ 400 600 1000 2000
wavelength (nm)
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NS merger X-ray Radio

Short GRB afteilow
\ X
» t0 1.7s +5.23hrs \10 .87 hrs +9 days +16 days

-100 -50 050

LHV sky localization UV/Optical/NIR Kilonova ()

LVC + astronomers, ApJL, 848, L12

Multi-messenger Observations of a Binary Neutron Star Merger — Abbott+2017 [REE v|[11.40n 2|l | e Radio




Energy flux (erg cm=2 s71)

H.E.S.S. (100 GeV - 440 GeV) 1

Fermi-LAT (100 MeV - 10 GeV)
Fermi-GBM (8 keV - 10 MeV) }
Swift-BAT+XRT (0.3 keV - 10'keV) +§
Optical (r - band) ]

Abdalla+2019

sa™ "

68-110 s

Flux (erg cm= s7")

wil Ay il

110-180s

Flux (erg cm2 s7)

Acciari+2019

A

"W &%t + ¥ -hpe
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Time since GBM trigger (s)

Article | Published: 20 November 2019

A very-high-energy component deep in
the y-ray burst afterglow

H. Abdalla, R. Adam, [...] O. J. Roberts

Nature 575, 464-467(2019) | Cite this article

3478 Accesses | 382 Altmetric | Metrics

Abstract

Gamma-ray bursts (GRBs) are brief flashes of y-rays and are considered to
be the most energetic explosive phenomena in the Universel. The
emission from GRBs comprises a short (typically tens of seconds) and
bright prompt emission, followed by a much longer afterglow phase.
During the afterglow phase, the shocked outflow—produced by the
interaction between the ejected matter and the circumburst medium—
slows down, and a gradual decrease in brightness is observed”. GRBs

typically emit most of their energy via y-rays with energies in the

106 109
Energy (eV)

nature

DOI: 10.1038/s41586-019-1750-x

Article | Published: 20 November 2019
Teraelectronvolt emission from
the y-ray burst GRB190114C

MACGIC Collaboration

Nature 575, 455-458(2019) | Cite this article
4230 Accesses | 493 Altmetric | Metrics

Abstract

Long-duration y-ray bursts (GRBs) are the most luminous
sources of electromagnetic radiation knownin the
Universe. They arise from outflows of plasma with
velocities near the speed of light that are ejected by newly
formed neutron stars or black holes (of stellar mass) at
cosmological distances2. Prompt flashes of

megaelectronvolt-energy y-rays are followed by a longer-
-




The «BOAT» GRB 221009A

Astronomy Picture of the Day
15 October 2022

https://apod.nasa.gov/apod/ap221015.html?fbclid=IwAR0dtOruGl8Z0g9a-

AhjcLkfPfvsok C5Dvn-sJK7YpBQOB5Pt RShYsUE . I . .
] - JRE — Image Credit: NASA, DOE, Fermi LAT Collaboration, R.Pillera
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Saturation effects

Definition of Bad Time Intervals (BTIs)
« GBM PPU corrections
- LAT Modified reconstruction algorithm
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All caveats can be found here:
https://fermi.gsfc.nasa.gov/ssc/

data/analysis/grb221009a.html

T
INF N Gisabetta Bissaldi — 13" CRIS-MAC Conference — 17 June 2024
~ BARI

= Normal data taking conditions
Before Ty+217 s and after T,+280 s

= Bad Time Intervals

21


https://fermi.gsfc.nasa.gov/ssc/data/analysis/grb221009a.html
https://fermi.gsfc.nasa.gov/ssc/data/analysis/grb221009a.html
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ermi Is it the B.O.AT.? THE%\ERWOF

Gamma-ray ALABAMA IN HUNTSVILLE

Space Telescope (4 Mmeasures )

*

GRB 221009A GRB 221009A
GRB 090323A GRB 110918A
GRB 130427A GRB 2106198
GRB 111005A GRB 160625B
GRB 170817A GRB 980425

1071 2 1071
Redshift Redshift

GRB Distribution
Emm GRB 221009A

GRB Distribution
Emm GRB 221009A

Fluence ~ 0.2 erg cm? Peak Flux ~ 0.02 erg s cm™2

GRB Frequency
GRB Frequency

55 years of data
' Burns+2023

Slide courtesy of S. Lesage, Fermi-GBM | GRB50




ermi Is it the B.O.AT.? THE%\ERWOF

Gamma-ray ALABAMA IN HUNTSVILLE

Space Telescope (4 Mmeasures )

Redshift

GRB Distribution
Emm GRB 221009A Emm GRB 221009A

%4 measures
of brightness

arg cm2 arg st cm?

GRB Frequency

55 years of data
B u r n S+202 3 ) ) Pig:Flux terg-sl’ol_-dcm’:)

Slide courtesy of S. Lesage, Fermi-GBM | GRB50



B Narrated Tour of Fermi's 14-Year Gamma-Ray Time-Lapse

GAMMA-RAY

R TIME-LAPSE

“*‘ 8.»--0

WITU CPIENTIST C(]MMENTARY

Guarda su 3 YouTube

https://science.nasa.gov/centers—-and-facilities/goddard/nasas-fermi-mission-creates-14-year-time-lapse-of-the-gamma-ray-sky/



https://science.nasa.gov/centers-and-facilities/goddard/nasas-fermi-mission-creates-14-year-time-lapse-of-the-gamma-ray-sky/

National Aeronautics and Space Administration

OUR
HIGH-ENERGY UNIVERSE

https://science.nasa.gov/missions/ferm
i/explore-the-universe-with-the-first-
e-book-from-nasas-fermi/

"%y PDF

"%, EPUB

WITH TF& e
FERMI GAMMA-RAY SPACE TELE Jo

i S

WWW.Nasa.gov ' " THE DISTANT UNIVERSE



https://science.nasa.gov/missions/fermi/explore-the-universe-with-the-first-e-book-from-nasas-fermi/
https://science.nasa.gov/missions/fermi/explore-the-universe-with-the-first-e-book-from-nasas-fermi/
https://science.nasa.gov/missions/fermi/explore-the-universe-with-the-first-e-book-from-nasas-fermi/
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' e |latest LAl pulsar catalog S
i
= 294 gamma-ray pulsars 00 [
o Half of them not known before —— Millisecond pulsars 3PC
Fermi e
o Emission region location: outer-gap L Moot KAT MSPs begih
model preferred with respect to g 20
the pOICIr—gOp i pe First FAST MSP
o Discovery of gamma-ray 150 Huntsman
millisecond pulsars (MSPs) : + AN
o Pulsars, considered stable sources, & 100 poteintons
were discovered to be variable! Al FH_‘_,_JE’_'*
50 4
B mm?md binary MSP hmt MSP
Public list of LAT pulsars B O VA S

https://confluence.slac.stanford.edu/display/GLAMCOG/Publict+List+ Year

of +LAT-Detected+Gamma-Ray+Pulsars
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https://confluence.slac.stanford.edu/display/GLAMCOG/Public+List+of+LAT-Detected+Gamma-Ray+Pulsars
https://confluence.slac.stanford.edu/display/GLAMCOG/Public+List+of+LAT-Detected+Gamma-Ray+Pulsars

= Excess in the diffuse emission detected between 1 GeV up to 50GeV

= Fermi Bubbles properties:
o Extension for ~55° above and below the Galactic plane
o Same morphology as the WMAP microwave haze with a magnetic field between 5

and 20 uG = common origin
o Likely created by some large energy injection in the Galactic Center, such as a past

accretion event onto the central black hole SgrA in the last ~10 My

Integrated intensity, /< = 0.1 — 1.0 GeV Integrated intensity, / = 1.0 — 10.0 GeV Integrated intensity, /2 = 10.0 — 500.0 GeV

(T T T —— T T 1T
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s, crmi Science with the Fermi-LAT

- GRBs (see G.

. “us) Pillera’s talks)

{ Principe and R.

Radio Galaxies

- Starburst Galaxies
Globular Clusters

N : :
\)00?’ Sun: flares & CR interactions n

Terrestrial y-ray Flashes

Moon
Earth Limb
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