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Fermi discoveries cover a broad range of astrophysics
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ez Fermi users make Fermi Science great

* The Gl program is the heart of Fermi science

* Funds all aspects of science investigation:
analysis, correlated studies, theory, and
multiwavelength data collection

* fFermi is the only mission program dedicated to
high-energy gamma-ray data analysis

e Fermi science increasing with time Phtocfrte 9th International Fermi
- New topics and questions, new discoveries, new ~ ~Ymposium April 2021
synergies with multiwavelength and
multimessenger facilities and capabilities
* Fermi support grows with the users

e Continued updates to data products, analysis
tools, catalogs, and joint observation
opportunities

Photo from the 10t International Fermi
Symposium in South Africa in October 2022
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The Fermi Observatory

Large Area Telescope
(LAT)

Gamma-ray Burst
Monitor (GBM)

Large field of view

(>2.4 sr)
Views entire

Entire sky every 3 hrs unocculted sky

(every 2 orbits)
Nal: 8 keV - 1 MeV
Broad energy range

(20 MeV - >300 GeV) BGO: 150 keV - 40

MeV

Information on instruments and performance at https://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone/



https://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone/
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“ Observatory Status: Excellent

* Operations continue to be stable and reliable.

e Both instruments significantly exceed original performance due to software and

configuration improvements.

* No consumables; no expected instrument limitations

* The orbit can be maintained into the 2030s

* Orbit Raising:

e Study underway to use propulsion system to return orbit altitude to ~560 km (similar to
value at launch) — moves above busy altitude requiring frequent maneuver planning due
to potential conjunctions

* Activities planned to avoid LVK 04 run

e Survey modes provide all-sky coverage in 3 hours or 85% of the sky every 1.5
hours reaching all-sky coverage in approximately 1 week

* SAA boundary reductions: updated by LAT in January 2022; in study by GBM.
Small increase in time that instruments are collecting data and active for GRB
triggers.
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_z2m Data and Catalog Highlights

* Large Area Telescope

e LAT Light Curve Repository (LCR)
12-year LAT catalog (4FGL-DR3)
Solar Flare catalog (FLSF)
10-year AGN Catalog (4LAC-DR2)
List of LAT Detected Pulsars

Updated spacecraft position and history files in 2021 -

* Spacecraft velocity vectors added to support precision
timing analysis

* Updated calculation of spacecraft geodetic coordinates : .
and updated International Geomagnetic Reference Field %% # of GRBS: 2
Model . .

* Gamma-ray Burst Monitor
* GBM Data Tools
* 4'h GBM GRB Catalog
e Custom pulsation search



https://arxiv.org/abs/2301.01607
https://fermi.gsfc.nasa.gov/ssc/data/access/lat/12yr_catalog/
https://fermi.gsfc.nasa.gov/ssc/data/access/lat/FLSF/
https://fermi.gsfc.nasa.gov/ssc/data/access/lat/4LACDR2/
https://confluence.slac.stanford.edu/display/GLAMCOG/Public+List+of+LAT-Detected+Gamma-Ray+Pulsars
https://fermi.gsfc.nasa.gov/ssc/data/analysis/gbm
https://iopscience.iop.org/article/10.3847/1538-4357/ab7a18
https://gammaray.nsstc.nasa.gov/gbm/science/pulsars.html

Publication-
quality light
curves

* binned on
timescales of 3
days, 7 days,
and 30 days

* 1525 sources
deemed
variable in the
4FGL-DR2

Number of sources

Energy Fluxo.1 - 100cev [ergcm=2s71]

Fractional variability
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Variability index

LAT Light Curve Repository (LCR

NASA National Aeronautics and Space Administration
. Goddard Space Flight Center

@ Fermi LAT Light Curve Repository (LCR)

Catalog Search Catalog Map
RA: Dec: Radius:
Keyword:

Map Options

Coordinate Galactic -
System:

Celestial Altoff
Projection:

Coordinate Planes:

® Equatorial ® Ecliptic

@ Galactic Supergalactic

Overlays:

® Scurce Info @ Grid Lines
Constellations  Milky Way

® Sun Moon

4FGL Marker Label:

@ 4FGL Name Association
3FGL Assoc  Classification

RA: —, Dec: —

4FGL Marker Color:
© Hide Non-Varniable Sources
4FGL Marker Size:
@ Variabdity
Index
Average Significance
Time-resolved Significance (3
day)

Catalog Sources
AFGL

Source ID RA  Dec Gall Galb

4FGL J0000.3- 0.098 -73.922 307.709 -42.730
Data Overlays 7355
4FGL 0.138 7.727 101.656 -53.029

NNNN £1N0747

LAT Point Source Catalog (4FGL)

FSSC + HEASARC - Sciences and
Exploration

Class Photon Eenrgy
Index Flux Flux
1-100 GeV 1-100 GeV

Average Spectrum Type Spectral
Significance Index
14.023 1.421e-10 1.622e-12 6.905 PowerLaw 2.194

17.7117  1.730e-10 2.272e-12 5.369 PowerLaw 2393

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

access/lat/LightCurveRepository/

LAT Collaboration et al., submitted AplJS, ArXiv:2301.01607


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

o Fermi Transient Searches

Blazar Flares
Crab Flares

Terrestrial y-ray
Flashes

C.) e - L LAT Transient Factory (LTF) - — -
S aac:?zlijm . Pipeline Likelihood Around GBM/BAT triggers Fermi All-sky Variability Analysis (FAVA)
./ d ' : Aperture Photometry, 1 week
Method seconds to orbits ATols. FAV |
. LAT Team - Results in GCNs £S, catalogs

N Timescale Triggered + Blind Search Fermi LAT Light Curve Repository

QO Distribution Likelihood LAT Catalog Sources

: StatUS LAT Burst Advocate Tool 3 days Weekly

. — Likelihood Around GBM/BAT triggers - - ’

— 100's. 1000 s Fermi LAT Monitored Sources

(()) GBM Targeted Search ! ) Daily, Weekly above 106 cm2s™

ground search LAT Team - Results in GCNs
.Q' ms - s LAT Automated Science
ﬂ_ Temporal/Spatial Input GBM Onboard Triggers Processing (ASP) + Flare . !.AT Catalogs_
rate triggers Advocates Likelihood, associations
GBM Untargeted Search 16 ms - minutes Likelihood FGL, FHL, LAC, FLE, PSR

2 ground search GCN Notices 6 & 24 hour

(4v] Gcm?\l_otsices > - »ATels, GCN notices (Qn AGN)
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GE’ us ms S minutes hours days months years

Pulsars
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= Senior Review Mission Extension

* Mission science objectives leverage Fermi’s unique roles in multimessenger and
time-domain astrophysics

* Exploring multi-messenger sources — sources of both gravitational waves and neutrinos, and
with Fermi as a gamma-ray pulsar timing array to detect low frequency GW

 Capitalizing on big surveys from radio to optical and beyond
* Modeling the high energy universe to probe the workings of AGN, GRBs and PeVatrons

* Mission Extension covers FY23 - FY25 with guidelines for FY26 - FY27 subject to the
next Senior Review in 2025.

* Fermi capabilities are key for making new discoveries within the Astro2020 Decadal
Survey theme of New Messengers and New Physics

Rest of Missions Panel Report link
APAC Subcommittee Report link



https://science.nasa.gov/files/science-pink/s3fs-public/atoms/files/2022_Astrophysics_SR_ROM.pdf
https://science.nasa.gov/files/atoms/files/2022_Senior_Review_Subcommittee_Report.pdf
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/2 The Future of Fermi Science
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* The future of Fermi is bright!
* Observatory and instruments in excellent health

e Opportunities for new discoveries in time domain and multi-messenger
astrophysics

* Data, catalogs, and analysis tools and techniques available to dig deeper into
the high-energy Universe and to catch new events when they happen.

* Got a question? We're here to help!

Liz Hays, Fermi Project Scientist

Judy Racusin, Fermi Deputy Project Scientist
Chris Shrader, Fermi Science Support Center Lead
Fermi Help Desk fermihelp@milkyway.gsfc.nasa.gov
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