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LAT as Transient Machine ... [ Garnpace
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Space Telescope

 The Fermi/LAT telescope
— A brief history ...
— Science main topics
+ A few key decisions
— Data processing
— Data dissemination
 Multimessenger results in Fermi
— GRB and GW
— AGN and neutrinos
— Solar Physics and CR
— Diffuse emission and CR / neu
— Dark Matter
— LAT as CR instrument

« Challenges and prospects for MMA with Fermi
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A brief of history ..

RECOMMENDED PRIORITIES FOR NASA'S
GAMMA RAY ASTRONOMY PROGRAM
1996-2010

UNIVERSITY OF CAUFORNIA
RIVERSIDE

JUNO 6 1997

7 BUBLCATONS DEPT.
GOVERNMENT P .
1§, DEPOSITORY

Report of the Gamma Ray Astronomy Program Working Group
April, 1997

23

Space Telescope
\/ P p

R.Caputo @ 2" CTAO symposium

RECOMMENDED PRIORITIES FOR NASA'S
GAMMA RAY ASTRONOMY PROGRAM
2024 - 2040

UNIVERSITY OF CAUFORNIA
RIVERSIDE

JUN O 6 2024
UBRARY oot
GOVERNMENT PUBLICATIONS DEPT.
1.5, DEPOSITORY

Report of the Gamma Ray Astronomy Program Working Group
April, 2024
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KEY QUESTIONS IN GAMMA-RAY
ASTRONOMY FROM 1997

What is the origin and nature of gamma-ray
bursts?

What are the physical conditions and
processes near accreting black holes and
neutron stars?

How does matter behave in extreme conditions
like those in neutron stars, supernova
expulsions and active galactic nuclei?

How do astrophysical accretion processes
work and what are their instabilities,
periodicities and modes?

What is the nature of the jets emanating from
galactic black holes and AGN and how are the
particles accelerated?

What is the origin of the diffuse gamma-ray
background?

What is the nature of the unidentified high
energy gamma-ray sources?

What are the sites of nucleosynthesis?

How do supernovae work? What are the
progenitors and explosion mechanisms? What
has bene the rate in the last several hundred
years?

What and where are the sites of cosmic ray
acceleration?

Rt RS eSSy TS 202
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A brief of history ..

" Space Telescope
/ P P

R.Caputo @ 2" CTAO symposium
Why did they recommend these
missions?

* They developed a series of Key Science
Questions that pointed to the need for this
diverse set of missions.

* Lesson: Lead with the Science

» Lesson: Don’t shy away from the big
problems

* Lesson: Make strong/bold recommendations

 Many of these questions are still open but we
have made significant progress.
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Detector Project o

’;’« Sources Classes Predicted for GLAST

N.Gehrels - SWG presentation ~ 2002

Source Class

Basis for Prediction

Active Galactic Nucler (AGN)
Diffuse Cosmic Background
Gamma Ray Bursts (GRBs)

Molecular Clouds, Supernova
Remnants Normal Galaxies

Galactic Neutrons Stars (NS) &
Black Holes (BHs)
Unidentified Gamma-ray Sources

Dark Matter

EGRET quasars
EGRET. Theory
EGRET, BATSE, Milagrito

COS-B. EGRET, Theory

COS-B, EGRET
COS-B, EGRET

Theory

F.Longo
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Key Features /ST e

Two instruments:
— LAT: Large Area Telescope (LAT)

e high energy (20 MeV - >300 GeV
— GBM:
e l[ow energy (8 keV — 40 MeV)

Spacecraft Partner:
General Dynamics

] ] Gamma-ray Burst Monitor (GBM)
Huge field of view

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

Huge energy range, including largely unexplored band 10 GeV - 100 GeV
Large leap in all key capabilities. Great discovery potential.

F.Longo The Fermi LAT — A multimessenger instrument 8
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Fermi Gamma-ray Space Telescope P

GLAST renamed Fermi by NASA on
August 26, 2008

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

“Enrico Fermi (1901-1954) was an
Italian physicist who immigrated to
the United States. He was the first to
suggest a viable mechanism for
astrophysical particle acceleration.
This work is the foundation for our
understanding of many types of
sources to be studied by NASA’s
Fermi Gamma-ray Space Telescope,
formerly known as GLAST. ”

F.Longo The Fermi LAT — A multimessenger instrument 9



Fermi Reveals the High Energy Universe
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Scientific Highlights of the LAT

National Aeronautics and Space Administration

Fermi's Decade of Gamma-ray Discoveries

OGRB 130427A

Fermi 10-year Sky Map

This allsky view, centered on our Milky Way galaxy, is the deepest and
best-resolved portrait of the gamma-ray sky to date. It incorporates
observations by NASA's Fermi Gamma-ray Space Telescope from

visible light falls between 2 and 3 electron volts.
Lighter shades indicate stronger emission.

(@)

‘GRB 170817A

o,

Ic4s3

CrabNebula (®

PSR 17847619 o)
s 05061056

GRB 1304274

OnApr27,2013,ablastofghromadigstring
became th o of e
o y s and desoted GG g Fermi Bubbles
for s 20 o The = Fermi data revealed vast gammairoy bubbles extending tens of thousands of
T bl ’ § ; oyt o he ik Woy's . To P sl iy be reld
elinds S50 g (o) ‘& : o sty o th permasve Hock ol ¢ our g any st

detected from a GA Solar Flare

Solar Flare

Although our Sun is
notusually 2 bright gamma.

erupting on the sice of the
t0 the spacecraft. The flares produced
d particiesthat fell onto the
sideafthe Sunfacing Eartn resulting
ingammarays Fermi could detect
Galactic Center

The central region of the Milky Way s brighter in gamma

mystery and will b part of Ferm!s ongoling tudies.
-

1C 443, the Jellyfish Nebula
PSRJ1744-7619

Discovered by Einstein@Home, 3 distributed
computing project that analyzes Fermi data ] they slar arby
using home computers, PSR 11744-7619 Is the g5 clouds, gamma rays are produced. Fermi detects this
fist gamma-ay milisecond pulsar that has no emission, confirming that supernova remnants accelerate high:
detectable radio emission. Crab Nebula energy cosmic rays
The Crab Nebula, a
young - supernova _remnant
containing o pulsar, surprised Fermi
astronomers with gamma-ray fares driven
by the most energetic parciles ever traced to @

ASASSN-16ma

Fermi has discovered several novas, outbursts powered by
thermonuciear eruptions on white dwarf star. This was  surprise MU e

s waren't cpected This landmark_event_represents_ the Among.the nearly 2000 actve
camma rays. One event, dubbed ASASGN-16ma, shows that both first ime light was seen fom a source that produced I Fermi moniors, TXS 05064056 sands
gamma rays an visile ight seem to be produced by the same ravitaional waves, Fermy’s Getection of GRb 170817 concided LR K b R o Fave S Aa
hyical process. Wih a signal fom mergingnection sars detected by he GO and Neutrnos
Vigo pravtatonal-wave abservtores. ineractwith materand ae thught 0 b produced i the same exreme
hysca anvitonments s gamma rays. n July 2018, Fermiinked tis alay
JceCube New

specific astronomical _object. To -account for_the.
scientists say electrons near the pulsar must be accelerated to
energles 3 thousand trillon (109) times greater than visble light
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Outline -

Space Telescope

 The Fermi/LAT telescope
— A brief history ...
— Science main topics
+ A few key decisions
— Data processing
— Data dissemination
 Multimessenger prospects for Fermi
— GRB and GW
— AGN and neutrinos
— Solar Physics and CR
— Diffuse emission and CR / neu
— Dark Matter
— LAT as CR instrument

« Challenges and prospects for MMA with Fermi
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Data processing
Space Telescope
® Bllacs ® GRBs (Pass6) ol e mmin
© FSRQS * new GRBs (PassB) = Salamon & Stecker - w corr.
== Salamon & Stecker - w/o corr.
T= 1 = Stecker et al. - baseline
== Stecker et al. - fast evol.
Stecker et al. - empirical
Ackermann et al.
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>
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Atwood at al. 2013
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https://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm
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Data Dissemination e

Gamma-ray Space Telescope

Home Support Center Observations Proposals Library HEASARC

Data Currently Available Data Products

» Data Polic
4 The Fermi data released to the scientific community is governed by the data policy. The released instrument data for the GBM, along

» Data Access with LAT source lists, can be accessed through the Browse interface specific to Fermi. LAT photon data can be accessed through
the LAT data server.

+ LAT Data

+ LAT Catalog The FITS files can also be downloaded from the Fermi FTP site. The file version number is the 'xx' in the characters before the
+ LAT Data Queries extension in each filename; you should keep track of the version numbers of files you analyze since the instrument teams may
+ LAT Query Results update them.

+ LAT WeekKkly Files

+ GBM Data Note that the LAT and GBM data are accompanied by caveats about their use.

» Data Analysis « LAT Photon and Extended Data

» Caveats o LAT Data Server (updated with P8R3 data 26-Nov-2018)
o LAT Low-Energy (LLE) Data (Browse table)
o Products available on the FTP Site (current processing version of the data).
» FAQ = Weekly Photon Files
= Weekly Spacecraft Files

» Newsletters

https://fermi.gsfc.nasa.gov/ssc/data/access/

F.Longo The Fermi LAT — A multimessenger instrument 16
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Data Dissemination e

« PData from Fermi

Fermi

Gamma-ray Space Telescope

Home Support Center Observations Proposals Library HEASARC

Data Currently Available Data Products

» Data Polic
4 The Fermi data released to the scientific community is governed by the data policy. The released instrument data for the GBM, along

) Data Access with LAT source lists, can be accessed through the Browse interface specific to Fermi. LAT photon data can be accessed through
the LAT data server.

+ LAT Data

+ LAT Catalog The FITS files can also be downloaded from the Fermi FTP site. The file version number is the 'xx' in the characters before the
+ LAT Data Queries extension in each filename; you should keep track of the version numbers of files you analyze since the instrument teams may
+ LAT Query Results update them.

+ LAT Weekly Files

+ LAT Light Curve Repository Note that the LAT and GBM data are accompanied by caveats about their use.

+ GBM Data

» LAT Photon and Extended Data
o LAT Data Server (updated with P8BR3 data 26-Nov-2018)
Caveats o LAT Low-Energy (LLE) Data (Browse table)
o Products available on the FTP Site (current processing version of the data).
= Weekly Photon Files
= Weekly Spacecraft Files
= Mission Long Spacecraft File
= Weekly 1-second Spacecraft Files
= Filtered Weekly Photon Files with Diffuse Response Columns

-

Data Analysis

-

-

Newsletters

» FAQ

o Previous processing versions available on the FTP site
= Pass 8 (P8R2) Weekly Files
= Pass 7 (V6d) Weekly Files
= Pass 7 (V6) Weekly Files
= Pass 6 (V11) Weekly Files
= Pass 6 (V3) Weekly Files

o SSDC data server (external)

https://fermi.gsfc.nasa.gov/ssc/data/access/

F.Longo The Fermi LAT — A multimessenger instrument 17
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Data Dissemination e

« The Fermi Catalogs

« LAT catalogs and associated products (high-level products only)

o LAT Source Catalog

= LAT 14-year Source Catalog (4FGL-DR4)
= LAT 12-year Source Catalog (4FGL-DR3)
= LAT 10-year Source Catalog (4FGL-DR2)
= LAT 8-year Source Catalog (4FGL)

= Preliminary LAT 8-year Source List (FL8Y)
= LAT 4-year Source Catalog (3FGL)

= LAT 2-year Source Catalog (2FGL)

= LAT 1-year Source Catalog (1FGL)

= LAT 3-month Bright Source List (OFGL)

o Light Curve Repository
o Aperture Photometry Light Curves
= Aperture Photometry Light Curves for LAT 10-year Catalog Sources (Updated Weekly)
= Flaring Sources in the LAT 10-year Aperture Photometry Light Curves (Updated Weekly)
= Aperture Photometry Light Curves for LAT 4-year Catalog Sources
= Flaring Sources in the LAT 4-year Aperture Photometry Light Curves
= Aperture Photometry Light Curves for the LAT 2-year Source Catalog
= Flaring Sources in the LAT 2-year Aperture Photometry Lightcurves
o LAT High Energy Source Catalog
= LAT Third High Energy Source Catalog (3FHL)
= LAT Second High-Energy Source Catalog (2FHL)
= LAT First High-Energy Source Catalog (1FHL)
o LAT Third Catalog of Gamma-ray Pulsars (3PC)
o The First Fermi-LAT Solar Flare Catalog (FLSF)
o Fourth LAT AGN Catalog (4LAC,4LAC-DR2,4LAC-DR3)
o LAT Monitored Source List Light Curves
o LAT GRB Catalog
o Extended Sources in the Galactic Plane (FGES)
o Fermi All-sky Variability Analysis Catalog (FAVA)
o 1st Fermi-LAT SNR Catalog
o LAT Second Catalog of Gamma-ray Pulsars (2PC)
o Other useful LAT related products
= List of LAT GRBs announced via GCN notices (external)
= List of LAT Sources announced via ATels
= LAT List of Detected Gamma-Ray Pulsars (updated frequently)
= LAT Pulsar Ephemerides from Publications
= LAT Background Models

https://fermi.gsfc.nasa.gov/ssc/data/access/

F.Longo The Fermi LAT — A multimessenger instrument 18
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Data Dissemination e

Fermi

Gamma-ray Space Telescope

Home Support Center Observations Proposals Library HEASARC

Data LAT 14-year Source Catalog (4FGL-DR4)

» Data Polic
Y The Large Area Telescope (LAT) on board NASA's Fermi Gamma-ray Space Telescope (launched June 11, 2008) surveys the entire

» Data Access sky each day. This web page presents an incremental version (4FGL-DR4, for Data Release 4) of the fourth full catalog of LAT
sources, based on 14 years of survey data in the 50 MeV-1 TeV energy range. For a full explanation about the catalog and its
construction see the DR4 document . The DR4 data analysis is similar to 4FGL-DR3 (with a few differences explained in the text), so
the reference is still the DR3 paper . Please cite both documents when you use this data release.

+ LAT Data
+ LAT Catalog
+ LAT Data Queries

+ LAT Query Results The source designation is the same as 4FGL, 4FGL JHHMM.m+DDMM(c,e,i,s) where the 4 refers to the fourth catalog (1FGL was
+ LAT Weekly Files released at 1 year, 2FGL at 2 years, and 3FGL at 4 years) and FGL represents Fermi Gamma-ray LAT. The "DataRelease" column
+ LAT Light Curve Repository set to either 1, 2, 3 or 4 tells when a source was introduced in the catalog. The optional "e", "i* and "s" designators are explained in
+ GBM Data the caveats below.

» Data Analysis
LAT Catalog Data Products

» Caveats

» Newsletters The LAT 14-year Source Catalog is currently available as a FITS file to be used for data analysis within the Fermitools. Supporting
tools and documentation have been provided and are linked below.

» FAQ

o LAT 14-year Source Catalog (4FGL-DR4 in FITS format)

e LAT 14-year Source Catalog (BROWSE table)

e LAT 14-year Source Catalog (XML format)

e LAT 14-year Source Catalog Paper

* Map of the 14-year LAT Detection Threshold (in FITS format)

https://fermi.gsfc.nasa.gov/ssc/data/access/lat/14yr_catalog/

F.Longo The Fermi LAT — A multimessenger instrument 19
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The Fermi Catalogs

2024, October 22

F.Longo

# B % o

No association Possible association with SNR or PWN
Pulsar A Globular cluster + Starburst Galaxy
Binary + Galaxy o SNR
Star-forming region B Unclassified source

~ AGN
¢ PWN
# Nova

The Fermi LAT — A multimessenger instrument
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N\A\ National Aeronautics and Space Administration Search: s
\S)A Goddard Space Flight Center Fermi « FSSC « HEASARC
Sciences and Exploration

-1dl = Y

L \ \ \\
Gamma-ray Space Telescope SR | s
Home Support Center Observations Proposals Library HEASARC
Data Data Analysis
» Data Policy

The Fermi mission provides a suite of tools called the Fermitools for the analysis of both LAT and GBM data. This suite was
developed by the FSSC and the instrument teams. Originally called the ScienceTools, the suite was renamed when the software
hosting and distribution were changed to use Github and Conda. In addition, the GBM team has developed specialized tools for
» Data Analysis analyzing GBM data, and the FSSC maintains a library of contributed software developed by the Fermi user community, such as
Fermipy, that may be useful to your analysis.

» Data Access

+ System Overview
+ Software Download
+ Documentation
-+ Ciceror]e « Download currently released Fermitools
Tl Th_rea_ds « Download currently released GBM software
+ User Contributions i

« Download user contributed software

You may want to look at this overview of how the Fermitools work and what they do. Then, you can:

-

Caveats
Once you have the software, you should go to the FSSC documentation section. Besides the overview, it provides a number of

Newsletters resources including:

-

¥ FAQ ¢ A getting started guide
« Adetailed description of the analysis environment and its methodology
« Step-by-step guides to various analyses

You may also want to subscribe to the fermi-soft mailing list to keep up with new software releases and related notices.

F.Longo

https://fermi.gsfc.nasa.gov/ssc/data/analysis/
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Photon Simulation
Database gtorbsim
\ tobssim
Event Data Utilities
Spacecraft Data gtvcut
1 gtirfs
Data Selection gtitsum
gtselect »| gtpsf
gtmktime gtsrcid
f ¥ ¥ 1 v
Light Curves Likelihood Timing GRBs Solar System
Counts Maps Analysis Analysis gtbin Analysis
Spectra gtlike gtbary gtrspgen gtitcubesun
gtbin gtltcube gtophase gtbkg gtitsumsun
gtbindef gtexpcube2 gtpphase gtburst gtexphpsun
gtexposure gtexpmap gtephem gtburstfit gtsuntemp
gtsrcmaps GBM Data tools
gttsmap
gtmodel
gtdiffrsp
gtfindsrc
gtsrcprob
modeleditor

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

The Fermi LAT — A multimessenger instrument
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. A g ' TR .,..“.
Fermi | ¥ o

Gamma-ray Space Telescope

Home Support Center Observations Proposals Library HEASARC
Data User Contributions
» Data Policy S A et : :
The FSSC welcomes contributions to the Fermi Science Tools from the scientific community. If you have developed an extension to
» Data Access the science tools or any other tool useful for Fermi data analysis, please let us know and we will post it on this website. While the
FSSC will work with the developer to resolve any issues with the software the contribution is provided "as is" and may not work after
» Data Analysis a software or data upgrade (e.g. to pass 8 data), updating the tool or script remains the responsibility of the developer. For the

+ System Overview moment, please direct any communication to the Help Desk.

+ Software Download

+ Documentation Program Purpose Read Me Last Update | Author
+ Cicerone

+ Analysis Threads jrag-timing.py The jrag timing script allows to | README September L. Nieder
+ User Contributions do joint radio and gamma-ray 20, 2024

pulsar timing using the PINT

b Caveats pulsar timing software.
¥ Newsletters gtpsmap.py The gtpsmap python script README June 03, P. Bruel
» FAQ compares the data and model 2024

3D maps of an ROI and
quantifies the level of deviation
by computing the PS map.

LATSourceModel (replaces Produce XML spatial-spectral | Text July 19, T. Johnson
make4FGLxml.py) models of gamma-ray sources 2023
within a specified region of the
sky for analysis of Fermi LAT
data (works with 4FGL-DR4).

https://fermi.gsfc.nasa.gov/ssc/data/analysis/user/

F.Longo The Fermi LAT — A multimessenger instrument 23
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Multiwavelength Opportunities S

* Fermi Timeline

Gamma-ray Space Telescope

Home Support Center Observations Proposals Library HEASARC

Observations Observing Timeline

» Observatory Status . ) ) . . . L
In this section you can determine where Fermi pointed in the past and is scheduled to point in the future. Also, you can learn the

» Observing Timeline status of target-of-opportunity (TOO) observations that have been approved.
* Timeline Posting Timeline Utilities
+ Target-of-Opportunity Status
+ Predicted Pointing (FT2) The following are utilities that provide you with these capabilities:

» Observation Types « Timeline posting - through this webpage you can determine Fermi's pointing history in the past, and find future observing

» Multiwavelength plans. The most accurate observing information available is used.

Observations » TOO status - the status of accepted TOO requests is reported here. The utility presents all available information at the time of
a query.
» Targets-of-Opportunity « Time system conversions - different utilities and tools use different time systems (e.g., Mission Elapsed Time, calendar date,

modified Julian date). Note that Fermi and Swift use the same 'Mission Elapsed Time' conventions. This is a HEASARC tool.

« Coordinate conversions - this utility can convert between source names and coordinates for single sources and lists of
sources. This is a HEASARC tool.

Overview of the Timeline Process

» Alternate Observing
Strategies

https://fermi.gsfc.nasa.gov/ssc/observations/timeline/

24
F.Longo The Fermi LAT — A multimessenger instrument 24
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https://fermi.gsfc.nasa.gov/ssc/data/access/lat/FAVA/

F.Longo The Fermi LAT — A multimessenger instrument 25
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FAVA tool
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High Energy Light Curve (800 MeV - 300 GeV)
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https://fermi.gsfc.nasa.gov/ssc/data/access/lat/FAVA/
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Data Dissemination ‘Fermi

https://fermi.gsfc.nasa.gov/ssc/data/access/lat/LightCurveRepository/about.html
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Space Telescope

« The Fermi/LAT telescope
— A brief history ...
— Science main topics
« A few key decisions
— Data processing
— Data dissemination
 Multimessenger prospects for Fermi
— GRB and GW
— AGN and neutrinos
— Solar Physics and CR
— Diffuse emission and CR / neu
— Dark Matter \d
— LAT as CR instrument v
« Challenges and prospects for MMA with Fermi
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LAT GW Follow-up Pipeline

) ) [ETPER——-
Fixed Time —
Interval
Analysis Report
Adaptive Time
Interval
GW skipped | [ Get Data and Plot and Show ' | Results are
Db, = G0% Coverage Results e e
LAT Low Energy
§g Events
.
@&? PGWAVE
KAGR
GW Table

N. Di Lalla et al.
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Fermi-LAT Gravitational Waves Table

This page displays the outcomes of the Fermi-LAT automatic follow-up analysis pipeline used to search for electromagnetic counterparts of gravitational waves
(GW). For a detailed explanation of the analysis techniques, please refer to 2017ApJ...841L...16V. Furthermore, the Fermi-LAT Collaboration has published
additional papers on GW events such as GW150914, LVT151012 and GW 151226, GW 170104, and GW 170817

Click on the following buttons to access the table associated with the corresponding observing cycle:

z

Stop your mouse cursor over the table headings to view a short explanation of the columns in the table or check the legend here.

* Information taken from GraceDB (LIGO-Virgo-KAGRA Collaboration).

GaenE" FAR  |Highest Has NS? 'Has Remnant? Has MassGap? Inst. Coverage FTITS ATITS Flux UB

T ge

ace® Hz)®  |Probability”  |(%)* (%) (%) (%) max  max (erg/em2/s)

$240917ch (2)8_2147' 13:02:37  |Link 54e-08 |BBH: 96.0% 00 00 59 SAA 235 244 6.8¢-10 Link (vO1)
$240916ar 38_214(; 18:43:52  |Link 1708 |BBH: 98.7% 00 00 38 59.0 13.8 137 7.6e-10 Link (vO1)
$240915bd (2)‘9)_2145' 10:51:51  |Link 33e-14 |BBH:1000% |00 00 10.1 30 240 250 8 4e-10 Link (v02)
$240915b 3‘9)_2;‘5' 00:13:57  |Link 32¢-10 |BBH:859% |00 00 15 SAA 41 42 3.5¢-10 Link (vO1)
$240910ci (2)‘9)_2;‘6 10:35:35  |Link 32e-10 |BBH:69.1% |00 00 49 319 135 127 9.2¢-10 Link (v02)
$240908dg (2)‘9)_238' 12:51:34  |Link 72008 |BBH:950% |00 00 00 00 114 115 7.1e-10 Link (v02)

http://fermigrb.stanford.edu/GWTable/
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(A) (B)
original GCN Notice Fri 22 Sep 17 20:55:13 UT 10
6.6° refined best-fit direction IC170922A 6.6°
i == |C170922A 50% - area: 0.15 square degrees 9 2
= |C170922A 90% - area: 0.97 square degrees 8
6.2° o 6.2° S
Sy (&)
2] c C
S 6 € S S
= = w© 5.8° =
© 5.8° o g 5 ‘T
= 5 O 5 o
3 2 & 5
O 4 4 5.4° (%)
5.4° g <
3 5 =
w
o 2 o0 - PKS osoz+o4§
5.0 @ N
PKS 0502+04 1 b
MAGIC PSF
0 4.6°
4.6° 78.4° 78.0° 77.6° 77.2° 76.8° 76.4°
78.4° 78.0° 77.6° 77.2° 76.8° 76.4° Right Ascension

Right Ascension

Icecube coll. et al. 2018
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LAT as CR detector
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Space Telescope

 The Fermi/LAT telescope
— A brief history ...
— Science main topics
« A few key decisions
— Data processing
— Data dissemination
 Multimessenger prospects for Fermi
— GRB and GW
— AGN and neutrinos
— Solar Physics and CR
— Diffuse emission and CR / neu
— Dark Matter |
— LAT as CR instrument v
« Challenges and prospects for MMA with Fermi
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Challenges and Prospects... ==

Space Telescope

Cosmicrays

Neutrinos

y-rays

X-rays

Multi
wavelength

Visible and
near infrared

Infrared

Radio waves

Gravitational
waves

Stratta et al 2018
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Challenges and Prospects... e,

Gamma-ray Astronomy 6

Revolutionizing Astrophysics through continuous observations

e Discoveries: new classes of transients and flares (GRBs, magnetars, novae, AGNs,
multimessenger), large-scale/extended structures (Fermi Bubble), CR acceleration sites
(SNR), particle interactions and accelerations (pulsars, jets etc.), constraints on DM.

Issue: current major missions are all in their decade+ extended operational. Only
smaller-scale missions have been funded.

Action: Reassess current and future priorities for a gamma-ray vision towards 2040.

NASA Astrophysics Missions

Swift
Fermi
Glowbug ISS hosted
BurstCube 6U CubeSat
SmallEx cosi
Pioneer starBurst

Gamma-ray

2024 2025 2026 2027 2028 2029 2030 2031 2032

Hui - Fermi Symposium 2024
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Take away message ... o

OUR
HIGH-ENERGY UNIVERSE

Waves

P ) v
‘ . s'dvitationg|
L/ \

multi
messenger
source

W

Multimessenger Astrophysics wa
Pe= inthe Fermiera .;
{c&| = Let’s continue this endeavour ...

* = Fermi is a key instrument!
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