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Reminder/introduction - Fermi-LAT and its capabilities for time-domain astro

Flare advocate and burst advocate shifts

Monitored source list

Lightcurve repository

Gravitational wave follow-up
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The Fermi Space Telescope is a "Probe class" mission to study the extreme high-energy Universe

Launch:
* 11 June 2008, Cape Canaveral, Florida
« 16+ years of science!

Two Scientific Instruments:
 Large Area Telescope (LAT)
¢ Gamma-ray Burst Monitor (GBM)

Energy range:
- 8 keV to above 40 MeV (GBM)
« 20 MeV to above 300 GeV (LAT)

U.S. Air Force/Space
Command/Space-Based

D. HORAN (LLR/INZPZ) - FERMI-LAT - 3RD ASTRO-COLIBRI - 16 SEP 2024 Infrared Systems Wing
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b Fermi Mission Overview

Gamma-ray Burst Monitor (GBM): Large Area Telescope (LAT):
e 8 keV to 40 MeV e 20 MeV to more than 300 GeV
e Views unocculted sky * Views 20% of the sky at any instant
e 12 (four sets of 3) Nal detectors - up e Entire sky in ~3 hrs
to 1 MeV * Segmented anti-coincidence shield +
* 2 BGO detectors for higher energy silicon tracker + calorimeter
coverage

Y | incoming gamma ray

electron-positron pair

D. HORAN (LLR/INZP3) - FERMI-LAT - 3RD ASTRO-COLIBRI - 16 SEP 2024 4
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b Guest Investigator Program

Topical Evolution of the Guest Investigator Program ...

Topical Breakdown
(Cycle 16 Selected Proposals)

The Fermi Guest Investigator Program provides funding for:

* Analysis of LAT and GBM data

« Supporting observations in other wavebands Galaxies, Stars

 Joint programs include NRAO, NOIRLab, VERITAS, AneBNe
Integral, and TESS Populations

« Complementary theoretical studies and Surveys

. AnalySIS methods Pulsars and Binaries

Active Galactic Nuclei

Galactic Center Excess

Awarded topics have evolved throughout the mission
« growing emphasis on multimessenger studies and
. Diffuse
analysis methods Background
Studies Analysis Methods
New trend for Cycle 16: Ga:u"r';'s'av
* 11% of proposals incorporate machine learning

D. HORAN (LLR/INZP3) - FERMI-LAT - 3RD ASTRO-COLIBRI - 16 SEP 2024 5
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Topical Evolution of the Guest Investigator Program ...

Topical Breakdown
(Cycle 16 Selected Proposals)

The Fermi Guest Investigator Program provides funding for:

* Analysis of LAT and GBM data
« Supporting observations in other wavebands GaI::Lels;:;ars
 Joint programs include NRAO, NOIRLab, VERITAS,

Integral, and TESS Populations
« Complementary theoretical studies and Surveys

. AnalySIS methods Pulsars and Binaries

Galactic Center Excess

Active Galactic Nuclei

Awarded topics have evolved throughout the mission
« growing emphasis on multimessenger studies and
. Diffuse
analysis methods Background
Studies Analysis Methods
New trend for Cycle 16: Ga:u"r';'s'av
* 11% of proposals incorporate machine learning

D. HORAN (LLR/INZP3) - FERMI-LAT - 3RD ASTRO-COLIBRI - 16 SEP 2024 6



/~ .
@ ermi Ferml at 16 !

Gamma-ray

/ Space Telescope
Fermi turned 16 on the 11th of June !

e Spacecraft and instrument performance is excellent at 16 years!
- No consumables or rapid degradation of spacecraft of instrument components
- One solar array drive no longer rotates; modified survey strategy maintains power
margin while avoiding loss of observational efficiency
- Gradual degradation in instrument components is compensated by calibration

D. HORAN (LLR/INZP3) - FERMI-LAT - 3RD ASTRO-COLIBRI - 16 SEP 2024 7
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Fermi turned 16 on the 11th of June !

e Spacecraft and instrument performance is excellent at 16 years!
- No consumables or rapid degradation of spacecraft of instrument components
- One solar array drive no longer rotates; modified survey strategy maintains power
margin while avoiding loss of observational efficiency
- Gradual degradation in instrument components is compensated by calibration

e Orbit outlook:
- Lifetime of orbit extends into the mid-2030s
- The Fermi mission team is preparing for a series of maneuvers to raise the observatory
orbit altitude following the completion of O4
- Studies underway to raise the observatory altitude to a circular orbit at 563 km
- a series of 5 maneuvers: 3 for calibration and circularisation and 2 longer burns to
raise the altitude
- The orbit adjustment will lower planning frequency for collision avoidance maneuvers
- Frequency of maneuver planning for collision avoidance has increased due to
increasing number of objects for this orbit
- Have not had to execute a maneuver since 2012, but planning impacts operations
even when the maneuver is waived

D. HORAN (LLR/INZP3) - FERMI-LAT - 3RD ASTRO-COLIBRI - 16 SEP 2024 8
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The era of time-domain astrophysics!

« Unique and highly dynamic energy range
- 8 keV - >300 GeV provides triggers and observations for a wide variety of energetic
astrophysical events

D. HORAN (LLR/INZP3) - FERMI-LAT - 3RD ASTRO-COLIBRI - 16 SEP 2024 9
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The era of time-domain astrophysics!

« Unique and highly dynamic energy range
- 8 keV - >300 GeV provides triggers and observations for a wide variety of energetic
astrophysical events
« All-sky survey provides both instantaneous access and history
- Real-time or near real-time observation data of events anywhere in the sky
>~ GBM within 1.5 hrs
- LAT within ~ 3 hrs (typical time to cover 80% of GW event region 1000 sec)
- Archival searches from ms to years available for 16 years and counting

D. HORAN (LLR/INZP3) - FERMI-LAT - 3RD ASTRO-COLIBRI - 16 SEP 2024 10
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The era of time-domain astrophysics!

« Unique and highly dynamic energy range
- 8 keV - >300 GeV provides triggers and observations for a wide variety of energetic
astrophysical events
* All-sky survey provides both instantaneous access and history
- Real-time or near real-time observation data of events anywhere in the sky
>~ GBM within 1.5 hrs
- LAT within ~ 3 hrs (typical time to cover 80% of GW event region 1000 sec)
- Archival searches from ms to years available for 16 years and counting
« Real-time monitoring and automated communications

D. HORAN (LLR/INZP3) - FERMI-LAT - 3RD ASTRO-COLIBRI - 16 SEP 2024 11



=i Fermi Science at 16 years

The era of time-domain astrophysics!

Unique and highly dynamic energy range
- 8 keV - >300 GeV provides triggers and observations for a wide variety of energetic
astrophysical events
All-sky survey provides both instantaneous access and history
- Real-time or near real-time observation data of events anywhere in the sky
>~ GBM within 1.5 hrs
- LAT within ~ 3 hrs (typical time to cover 80% of GW event region 1000 sec)
- Archival searches from ms to years available for 16 years and counting
Real-time monitoring and automated communications
Data available immediately after processing
- Catalogs + public data products provide insight and context for multiwavelength and
multimessenger studies
- Team-operated science pipelines generate added alerts and information

D. HORAN (LLR/INZP3) - FERMI-LAT - 3RD ASTRO-COLIBRI - 16 SEP 2024 12
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The era of time-domain astrophysics!

Unique and highly dynamic energy range
- 8 keV - >300 GeV provides triggers and observations for a wide variety of energetic
astrophysical events
All-sky survey provides both instantaneous access and history
- Real-time or near real-time observation data of events anywhere in the sky
>~ GBM within 1.5 hrs
- LAT within ~ 3 hrs (typical time to cover 80% of GW event region 1000 sec)
- Archival searches from ms to years available for 16 years and counting
Real-time monitoring and automated communications
Data available immediately after processing
- Catalogs + public data products provide insight and context for multiwavelength and
multimessenger studies
- Team-operated science pipelines generate added alerts and information
 Partnerships among science support center, instrument teams, MW/MM observational
facilities and community enable innovations in analysis and tools

D. HORAN (LLR/INZP3) - FERMI-LAT - 3RD ASTRO-COLIBRI - 16 SEP 2024 13
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Timescale Pipelines

Transients

Fermi Science at 16 years

The era of time-domain astrophysics!

Fermi Transient Searches 2008-2009

Pipeline
Method
Distribution Timescale
Distribution Method

Fermi LAT Monitored Sources (21)
Daily, Weekly above 10-6 cm-2s-1

LAT Automated Science Processing
) (ASP) + Flare Advocates LAT Catalogs
GBM Onboard Triggers Likelihood Likelihood, associations
rate triggers 6 & 24 hour FGL
16 ms - minutes ATels
GCN Notices
HS ms s minutes hours A days months years
Pulsars I
. Solar Flares All Sk
y o
y-ray Binaries
Photon Cadence
Timing

Blazar Flares

Terrestrial y-ray
Flashes

Not to scale

D. HORAN (LLR/INZP3) - FERMI-LAT - 3RD ASTRO-COLIBRI - 16 SEP 2024 14
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The era of time-domain astrophysics!

Fermi Transient Searches

Fermi All-sky Variability Analysis (FAVA)

Aperture Phot try, 1 k
LAT Transient Factory (LTF) perture Fhotometry, 1 wee

Pipeline Likelihood Around GBM/BAT triggers ATels, FAV catalogs
Method seconds to orbits
Distribution Timescale LAT Team - Results in GCNs Fermi LAT Light Curve Repository
(7)) - . Triggered + Blind Search Likelihood LAT Catalog Sources
o Distribution Method 3 days, 1 week, 1 month
c
— _ LAT Burst Advocate Tool Fermi LAT Monitored Sources (207)
(] GBM Targeted Search Likelihood Around GBM/BAT triggers Daily, Weekly above 106 cm-2s-1
Q. ground search 100 s, 1000 s
E ms - s LAT Team - Results in GCNs
Temporal/Spatial Input LAT Automated Science Processing
] (ASP) + Flare Advocates LAT Catalogs
GBM Onboard Triggers Likelihood Likelihood, associations
GBM Untargeted Search rate triggers 6 & 24 hour FGL, FHL, LAC, FLE, PSR+ FLT
q, ground search 16 ms - minutes ATels, GCN notices (on AGN)
— ms - s GCN Notices
© GCN Notices
o < > ) g L >
7] < —> . o
o
E us A ms S minutes hours A days months years
i: Pulsars
Solar Flares AllSky CrabFlares  Novae
Photon y-ray Binaries
Cadence
Timin
n g
]
c
o |
17) Terrestrial y-ray
c Flashes
©
=

Not to scale

D. HORAN (LLR/INZP3) - FERMI-LAT - 3RD ASTRO-COLIBRI - 16 SEP 2024 15
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 Flare Advocates:
- search on 24-hour and 6-hour timescales for flaring activity / new sources
« alert the multiwavelength community about gamma-ray transients through ATels or GCN
* trigger MWL observations (ToOs / alert the VHE community)
 follow up on neutrino alerts
 follow up on novae

* Burst Advocates:

« perform dedicated follow-up analysis on any GRB within the FoV of LAT
« prepare GCN circular

D. HORAN (LLR/INZP3) - FERMI-LAT - 3RD ASTRO-COLIBRI - 16 SEP 2024 16
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The Fermi LAT table of monitored sources provides daily and weekly fluxes for sources of
interest as described here

List is updated with new sources regularly (when source exceeds daily averaged flux of 1e-6)
Started as a list of 25 - now, there are 207

Daily and Weekly fluxes for the monitored source list are sent to the FSSC each day

4C +01.02
(RA=17.1620, Dec = 1.58300)
e Daily Light Curve
e Daily Light Curve (1yr)
e Daily Light Curve Fits File
e Weekly Light Curve
e Weekly Light Curve (1yr)
e Weekly Light Curve Fits File

-
:-'.-. “.
‘
Y R A I T
i';- ﬁ&r (-:‘Z‘ " R TN
(3 e IR A ca e
! .hb%;&; v

(most recent 1-year data segment) (most recent 1-year data segment)

4C 31.03

(RA=18.2100, Dec = 32.1380)
e Daily Light Curve
e Daily Light Curve (1yr)
e Daily Light Curve Fits File

D. HORAN (LLR/INZP3) - FERMI-LAT - 3RD ASTRO-COLIBRI - 16 SEP 2024

e Weekly Light Curve
e Weekly Light Curve (1yr)
e Weekly Light Curve Fits File

i

i
et s’"*“k,.
e M0

(most recent 1-year data segment)

.......

(most recent 1-year data segment)
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http://fermi.gsfc.nasa.gov/ssc/data/policy/LAT_Monitored_Sources.html
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https://fermi.gsfc.nasa.gov/ssc/data/access/lat/LightCurveRepository/

D. HORAN (LLR/INZP3) - FERMI-LAT - 3RD ASTRO-COLIBRI - 16 SEP 2024 18
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https://fermi.gsfc.nasa.gov/ssc/data/access/lat/LightCurveRepository/

’l 4FGL J0538.8-4405 \
‘| RA: 84.71, Dec: -44.09 °s °

Variability Index: 9772.99 ®
Classification: BLL °
«| Association: PKS 0537-441 °

| K
. 2 , . ‘ ’ 7 o 4FGL Light Curve | 4FGL Spectrum “o ‘)29
s o : © * ‘ ° ‘ LCR Light Curves | FAVA Light Curves

RA: 84.02, Dec: -43.13 Double click a source to lock selection

D. HORAN (LLR/INZP3) - FERMI-LAT - 3RD ASTRO-COLIBRI - 16 SEP 2024 19
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https://fermi.gsfc.nasa.gov/ssc/data/access/lat/LightCurveRepository/

Photon Flux ~ Date ~
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https://fermi.gsfc.nasa.gov/ssc/data/access/lat/LightCurveRepository/
" | | T Photon Flux ~ DatevE

8.00e-7 [
6.00e-7 |

4.00e-7 _LT ﬁ%?k \ ‘
Jerls T W
2.00e-7 | l’-:l }z Y

Photon Flux ( 0.1-100 GeV ph cm? s™)

Detection
Date = 11 Mar 2022
Photon Flux = 4.24e-7

0.00e+0 : : : : : : :
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Date (UTC)
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https://fermi.gsfc.nasa.gov/ssc/data/access/lat/LightCurveRepository/

Photon Flux ~ Date v

1.00e-6 T T T p—
c;” 8.00e-7 | ~ j
< | ‘ T |
g' ‘ /Oy I Detection
s 6.00e-7 | S o T Date = 11 Mar 2022
o I N 1 ‘3 I Photon Flux = 4.24e-7
3 | Y O i )
S 4.00e-7 |t T
X
3> ‘ ;
> ‘
5
© 2.00e-7 |
e
o

0.00e+0 1 1 1 1 1 1 1 1 1

2009 2010 2011 2012 2013 2014 2015 2016 2017 2D18 2019 2020 2021 2022 2023
Date (UTC)

D. HORAN (LLR/INZP3) - FERMI-LAT - 3RD ASTRO-COLIBRI - 16 SEP 2024 22


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

s . . -
<=ermi  F@rmi-LAT Lightcurve repository

Gamma-ray
Space Telescope

https://fermi.gsfc.nasa.gov/ssc/data/access/lat/LightCurveRepository/
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6.00e-7
5.00e-7
4.00e-7
3.00e-7
2.00e-7

1.00e-7

Photon Flux ( 0.1-100 GeV ph cm?s™)

0.00e+0

Fermi-LAT Lightcurve repository

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

4FGL Catalog Data

Source Information
Catalog Name:

RA:

Dec:

Galactic I:

Galactic b:

Variability Index:

Flux Information
Photon Flux:
Energy_Flux:

Average Significance:

Spectral Information
Spectral Type:
Photon Index a:

Photon Index 3:

Associations
Classification:
Association:
Association (FGL):

Association (FHL):

4FGL J0538.8-4405
84.709°
-44.086°
250.083°
-31.090°

9772.99

1.7e-8 phcm? 571
1.7e-10 MeV cm2 s71

221.65

LogParabola
-2.02 + 0.010

-0.062 + 0.0047

BLL
PKS 0537-441
3FGL J0538.8-4405

3FHL J0538.8-4405
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Light Curve Options

Data Cadence:

3 day 1 month

Analysis Options:

Minimum Detection
Significance:

TS =4 (20) ~

Spectral Fitting: Fixed Index ~

Plotting Options:

Error Bars
Data Tooltips

Upper Limits
Connector Line

Show Non-Convergent Fits
Show Unconstrained Fits

Date ~

Photon Flux ~

022
24e-7

Reset zoom

-

Y
who

iﬁ;‘;,;&‘ i

Jul 2022

24

Jan 2023 Jul 2023
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<eni Q4 and Fermi LAT

Gamma-ray

/ Space Telescope
\

« From Nicollo Di Lalla's presentation last week at the Fermi Symposium:

LAT GW Follow-up Pipeline

Fixed Time — B
Interval
Analysis Report
Adaptive Time
Interval
GW skipped | /' Get Data and Plot and Show ' | Results are
oroh, > 90% Coverage Results e Ar e
LAT Low Energy
Events
93 Kafka
| )
@'&% PGWAVE s==
KAGR
GW Table

N9/09/2024 Niccolo Di Lalla - 11th International Fermi Symposium 3/14
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e O4 and Fermi LAT

« From Nicollo Di Lalla's presentation last week at the Fermi Symposium:

Implemented Analyses *

* An independent unbinned maximum likelihood analysis is run

Fi)|<ed Tm?e for each pixel within 90% probability of the GW map in a fixed
nterva time window of 10 ks after the GW trigger

daptive Ti * Similar to the FTI analysis, but the ATI time window is
A alattlg(reva:me optimized for each pixel separately to get the largest

exposure closer to the trigger time

* LLE data (E < 100 MeV) are extracted for each pixel of the GW
map in the LAT FoV at the trigger time and the significance of
the light curves is estimated respect to the background

LAT Low Energy
Events

« PGWAVE is run over the count map to discover candidate
PGWAVE sources, followed by a dedicated likelihood analysis if any of
these are within the 90% probability of the GW map

N9/09/2024 Niccolo Di Lalla - 11th International Fermi Symposium 4/14
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« From Nicollo Di Lalla's presentation last week at the Fermi Symposium:

O4a+04b (so far) in Numbers

Skipped

BBM

Burst

Jerrestrial

Not significant

Terrestnial
NSBH

Significant >—|—’

‘09/09/2024 Niccolo Di Lalla - 11th International Fermi Symposium 7/14
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» Fermi-LAT Gravitational Waves Table! http://fermigrb.stanford.edu/GWTable
* Displays results of LAT follow-up analysis pipeline searching for EM counterparts to GWs
« Page created and maintained by Niccolo Di Lalla at Stanford

Stanford University

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 GW 150914, LVT151012 and GW 151226, GW170104, and GW 170817

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

.

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).
ToggerName' Dt __Time (UTC) [GraceDB” FAR ()" Highst Prbabilty” | NS? (%' Fs Rmnan? (%" Massap? ("o Coverage (%) [FTLTS max_|ATITS max_Fux UB (cgom2le | Anlys repr

$240902bq 2024-09-02 (14:33:06 Link 2.5e-09 BBH: 100.0% 0.0 0.0 0.0 0.0 10.2 9.8 5.3e-10 Link (v02)
$240830gn 2024-08-30 (21:11:20 Link 6.3e-10 BBH: 89.1% 0.0 0.0 0.1 26.0 510) 9.9 1.3e-09 Link (v02)
S240825ar 2024-08-25 |05:51:46 Link 3.2e-09 BBH: 96.5% 0.0 0.0 77511 832 9.2 9.5 2.8e-10 Link (v02)
S$240813d 2024-08-13 |04:39:13 Link 1.8e-18 BBH: 100.0% 0.0 0.0 0.0 274 12.4 11.1 1.4e-09 Link (v02)
S240813c 2024-08-13 (03:45:48 Link 2.6e-09 BBH: 99.8% 0.0 0.0 2.8 418 19.5 234 6.9e-10 Link (v02)
S$240807h 2024-08-07 (21:45:59 Link 2.0e-11 BBH: 100.0% 0.0 0.0 28.3 399 37.1 354 5.7e-10 Link (v02)
S240716b 2024-07-16 (03:49:00 Link 7.9e-16 BBH: 100.0% 0.0 0.0 0.0 6.6 22.5 19.6 5.7e-10 Link (v02)
S$240705at 2024-07-05 (05:32:15 Link 7.1e-16 BBH: 100.0% 0.0 0.0 0.0 24 79 8.1 6.5e-10 Link (v02)
S$240703ad 2024-07-03 (19:13:55 Link 1.2e-13 BBH: 100.0% 0.0 0.0 0.0 6.9 20.7 18.2 4.5e-10 Link (v02)
S$240630t 2024-06-30 (10:17:03 Link 1.9e-12 BBH: 100.0% 0.0 0.0 0.0 924 220 24.7 5.6e-10 Link (v02)
S5240629by 2024-06-29 (14:52:56 Link 3.2e-10 BBH: 91.5% 0.0 0.0 0.0 0.5 11.0 5.7 4.7e-10 Link (v02)
S240627by 2024-06-27 (13:16:22 Link 1.2e-08 BBH: 99.2% 0.0 0.0 8.1 SAA 15.8 16.5 6.2e-10 Link (vO1)
S240622h 2024-06-22 |00:40:08 Link 1.2e-08 BBH: 98.5% 0.0 0.0 0.0 0.1 12.7 144 3.5e-10 Link (v02)

D. HORAN (LLR/INZP3) - FERMI-LAT - 3RD ASTRO-COLIBRI - 16 SEP 2024 28


http://fermigrb.stanford.edu/GWTable/

‘ . Telescope
ce
G

<eni Q4 and Fermi LAT

Gamma-ray

/ Space Telescope
\

» Fermi-LAT Gravitational Waves Table! http://fermigrb.stanford.edu/GWTable
* Displays results of LAT follow-up analysis pipeline searching for EM counterparts to GWs
« Page created and maintained by Niccolo Di Lalla at Stanford

Stanford University

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:

.

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).
@ FAR (Hz)" |Highest Probability* |Has NS? (%) |Has Remnant? (%)" |Has MassGap? (%)° |Inst. Coverage (%) Flux UB (erg/cm2/s) |Analysis report

$240902bq 2024-09-02 (14:33:06 Link 2.5e-09 BBH: 100.0% 0.0 0.0 0.0 0.0 Link (v02)
$240830gn 2024-08-30 (21:11:20 Link 6.3e-10 BBH: 89.1% 0.0 0.0 0.1 26.0 Link (v02)
S240825ar 2024-08-25 |05:51:46 Link 3.2e-09 BBH: 96.5% 0.0 0.0 77511 832 Link (v02)
S$240813d 2024-08-13 (04:39:13 Link 1.8e-18 BBH: 100.0% 0.0 0.0 0.0 274 Link (v02)
S240813c 2024-08-13 (03:45:48 Link 2.6e-09 BBH: 99.8% 0.0 0.0 2.8 418 Link (v02)
S$240807h 2024-08-07 (21:45:59 Link 2.0e-11 BBH: 100.0% 0.0 0.0 28.3 399 Link (v02)
S240716b 2024-07-16 (03:49:00 Link 7.9e-16 BBH: 100.0% 0.0 0.0 0.0 6.6 Link (v02)
S$240705at 2024-07-05 (05:32:15 Link 7.1e-16 BBH: 100.0% 0.0 0.0 0.0 24 Link (v02)
S$240703ad 2024-07-03 (19:13:55 Link 1.2e-13 BBH: 100.0% 0.0 0.0 0.0 6.9 Link (v02)
S$240630t 2024-06-30 (10:17:03 Link 1.9e-12 BBH: 100.0% 0.0 0.0 0.0 924 Link (v02)
S5240629by 2024-06-29 (14:52:56 Link 3.2e-10 BBH: 91.5% 0.0 0.0 0.0 0.5 Link (v02)
S240627by 2024-06-27 (13:16:22 Link 1.2e-08 BBH: 99.2% 0.0 0.0 8.1 SAA Link (vO1)
S240622h 2024-06-22 |00:40:08 Link 1.2e-08 BBH: 98.5% 0.0 0.0 0.0 0.1 Link (v02)

Maximum significance for the
Adaptive Time Integral analysis
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» Fermi-LAT Gravitational Waves Table! http://fermigrb.stanford.edu/GWTable
* Displays results of LAT follow-up analysis pipeline searching for EM counterparts to GWs
« Page created and maintained by Niccolo Di Lalla at Stanford

Stanford University

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:

.

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).
TggeeName' | Due” [ Time (UTC)" [GracsDB |FAR (i) FighestProbabilty” s NS? (%" o Remnan? (" s MassGap? (5" Covrage %) ATITS max_Flux UB cjom2l

Analysis repc t
S$240902bq 2024-09-02 (14:33:06 Link 2.5e-09 BBH: 100.0% 0.0 0.0 0.0 0.0 10.2 9.8 5.3e-10 Link (v02)
S240830gn 2024-08-30 |21:11:20 Link 6.3e-10 BBH: 89.1% 0.0 0.0 0.1 260 59 929 1.3e-09 Link (v02)
S240825ar 2024-08-25 |(05:51:46 Link 3.2e-09 BBH: 96.5% 0.0 0.0 7.1 832 9.2 9.5 2.8e-10 Link (v02)
S240813d 2024-08-13 |04:39:13 Link 1.8e-18 BBH: 100.0% 0.0 0.0 0.0 274 124 11.1 1.4e-09 Link (v02)
S240813c 2024-08-13 (03:45:48 Link 2.6e-09 BBH: 99.8% 0.0 0.0 2.8 418 195 234 6.9e-10 Link (v02)
S240807h 2024-08-07 |21:45:59 Link 2.0e-11 BBH: 100.0% 0.0 0.0 283 399 37.1 354 5.7e-10 Link (v02)
S240716b 2024-07-16 (03:49:00 Link 7.9e-16 BBH: 100.0% 0.0 0.0 0.0 6.6 22.5 19.6 5.7e-10 Link (v02)
S240705at 2024-07-05 |05:32:15 Link 7.1e-16 BBH: 100.0% 0.0 0.0 0.0 24 79 8.1 6.5e-10 Link (v02)
S240703ad 2024-07-03 (19:13:55 Link 1.2e-13 BBH: 100.0% 0.0 0.0 0.0 6.9 20.7 18.2 4.5e-10 Link (v02)
S240630t 2024-06-30 (10:17:03 Link 1.9e-12 BBH: 100.0% 0.0 0.0 0.0 924 22.0 24.7 5.6e-10 Link (v02)
S240629by 2024-06-29 |14:52:56 Link 3.2e-10 BBH: 91.5% 0.0 0.0 0.0 05 110 5.7 4.7e-10 Link (v02)
S240627by 2024-06-27 (13:16:22 Link 1.2¢-08 BBH: 99.2% 0.0 0.0 8.1 SAA 158 16.5 6.2e-10 Link (vO01)
S240622h 2024-06-22 |00:40:08 Link 1.2e-08 BBH: 98.5% 0.0 0.0 0.0 0.1 12.7 144 3.5e-10 Link (v02)

Click on "Link" to go to the
analysis report for each event
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« Automatically generated results for:

* Fixed Time Interval analysis

http://fermigrb.stanford.edu/GWTable

* Adaptive Time Interval analysis
* PG Wave analysis

Analysiszgport Pa

PR 1 i | JRrE. ]

ge

‘09/09/2024 Niccolo Di Lalla - 11th International Fermi Symposium 6/14

from Niccolo Di Lalla's talk at

the Fermi Symposium
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—emi GRB 221009A - the "BOAT"

Gamma-ray
Space Telescope

e Caveats about LAT data here

GRB 221009A

Photon Index
X
——
s

104
- I
|
IE 10—5 :
S 1
o i
@ 1 1
= 1 1
% 10 .
o I 1
t 1 1
1 n 1
1 1
T n 1

1077} —— n4[10 keV - 900 keV]

10*

4+ LAT 100 MeV -100 GeV

1 L i 1
300 350 400
T-To[s]

: Ly
200 250

D. HORAN (LLR/INZP3) - FERMI-LAT - 3RD ASTRO-COLIBRI - 16 SEP 2024

10°

10°

Rate [cts/s]

103

102

32

arXiv:2409.04580v1 [astro-ph.HE] 6 Sep 2024

arXiv:2409.04580

DRAFT VERSION SEPTEMBER 10, 2024
Typeset using I£TEX preprint style in AASTeX631

GRB 221009A: the B.O.A.T Burst that Shines in Gamma Rays

M. AxeLssoN ©@,1:2 M. AJeLLo @3 M. Arimoro @4 L. BALDINI®,® J. BALLET®,6
M. G. Barineg @,7 C. BarroLini@,%? D. BasTier1 @,19:11:12 j BECERRA GONZALEZ
R. BELLAZZINI ©,11 B, BERENJL,!® E. BissaLpi@,16:8.* R, D. BLANDFORD ©&,17 R. BONINO
P. BrueL ©,20:* S, Buson©,2! R. A. CaMERON ©,17 R. CaruT0®,22 P. A. CARAVEO
E. CavazzuTi @21 C. C. Cueunc ©,25 G. Cuiaro @,23 N. CiBrRARIO ©,18:19 §, CrpRINI
G. CozzoLoNco ©@,2%29 P, CrisTARELLA ORESTANO @ 3031 M. CrNOGORCEVIC @32 22
A. Cuoco®,18.19 5 Curini @31 F. D’AMMANDO @33 S, DE GAETANO ©,8:16 N, D1 LALLA
A. DINEsH,* R. D1 Tria© 16 L. D1 VENERED® A. DomincueEz @, S. J. FEcaN ©20
E. C. FERRARA 323 . Fior1®® A. FrRaNckowIAK ©,% Y, Fukazawa @37 S, Funk ©,%8
P. Fusco©,16:8 G. GALANTIO,2? F. GarcaNo ©8 C. GasBarRra ©,26:38 § GErman ©,39:31
F. GiaccuiNo ©,26:27 N, GicrLieTTo ©,16:3 M, GiLiBERTI 316 R, GIiLL ®,10-11 F. GiorDANO ,16.8
M. GIROLETTI®33 J. GrRANOT®,12:41.43 D GrReen©®,™ 1. A. GRENIER ©,%% S. Guiriec ©,13.22
M. GusTAFssoN,'® M. Hasnizome @,%7 E. Hays ©,22 J.W. HEwrrt @,7 D. Horan ©,2°
T. KayaNok1 @37 M. Kuss@,1% A, LaviroNn@,20 J, L1©,18:49 T Liopakis @50 F. Lonco ®,51.52
F. Lorarco@,16:8 [, Lorusso @,16:8 B, Lorr®,58 M. N. LoveLLETTE @, P. LuBrano @ 3!
S. MALDERA @,'® D. MaLysuev @,2® A. MANFREDA ©@,° G. MARTI-DEVESA @,°! R. MARTINELLI
I. MARTINEZ CASTELLANOS 9,22:32.35 M N, Mazziorta © 2 J. E. MCENERY, 2232 [.MEREU 31,30
M. MEYER ©,5% P. F. MicHELSON ©@,17 N. MiRABAL® 22:56 W, MirraHumsiri @,57 T. Mizuno ©,58
P. MONTI-GUARNIERI @ 51:52 M. E. MoNzANI ©,17:59 T, Morisuita @37 A. MorseLL1 ©,26
I. V. MoskaLENKO @,'7 M. NEcro@,% R. Nrwa,*” N. Omope1 @,'7:* M. OrienTI @,
E. OrRLANDO ©,51:17 D, PANEQUE ©,* G. PanzariNi ©,16:8 M, PErsic ©,52:62
M. PEsce-RoLLiNs @4 V. PETROSIAN ©,17 R. PiLLERA ©,16:8.* F, PIRON®,% T, A, PorreEr ©,17
G. PriNcIPE @,51:52:33 7 1, Racusin® 2?2 S. Raino ©,16:8 R, Ranpo @,11:10:12 B, Rani©®,22:56
M. RazzaNno© % S. RazzaQue ©,54:43 A REmMER ©,%° O. REIMERO,% F. Rype® 1.2
M. SANCHEZ-CONDE ©,56:67 P, M. Saz PArRkINsON @98 D. SErini©# C. Scro O, 14
V. SHARMA ©,69.56.35 F_ J. SiskiND@,70 G. SpanDre ©,11 P, SpINELLI®,16:8 D J. Suson©,7!
H. Taima®,727 D, Tak®, J. B. Tuavyer @,)7 D. F. Torres @,7>7 J. VaLveErDE ©,%6:22
G. ZAHARLIAS ©,77

(FERMI LAT COLLABORATION)

w

5 18,190
3

S

"o
2
=

17, =

5
5 51
)

S. Lesace®,7%™ M. S. Brices @,7"7® E. Burns@,® S. BALA®,®! P. N. Buar®,
W. H. CLEVELAND @ 31 S, DALEss1® 32:833 C. pE BArra @31 M. GiBBY,*® M. M. GILES,5®

R. HamBUurG @86 B. A. Hristov @57 C. M. Hui©,®8 D. Kocevski® 3 B. MaiLyan © 89
C. MaLacariA ©,% S, McBreeN @8 S, PooLakkiL©,°":™ 0.J. Roperts ©,%!
L. ScorToN®,787 P, VERES D, 217 A, voN KIENLINGD,?2 C. A. WILSON-HODGE D, 38

J. Woop ©,38
(FERMI GBM COLLABORATION)

! Department of Physics, KTH Royal Institute of Technology, AlbaNova, SE-106 91 Stockholm, Sweden
2The Oskar Klein Centre for Cosmoparticle Physics, AlbaNova, SE-106 91 Stockholm, Sweden
3 Department of Physics and Astronomy, Clemson University, Kinard Lab of Physics, Clemson, SC 29634-0978, USA
4 Faculty of Mathematics and Physics, Institute of Science and Engineering, Kanazawa University, Kakuma,
Kanazawa, Ishikawa 920-1192
5 Universita di Pisa and Istituto Nazionale di Fisica Nucleare, Sezione di Pisa 1-56127 Pisa, Italy
S Université Paris-Saclay, Université Paris Cité, CEA, CNRS, AIM, F-91191 Gif-sur-Yvette Cedez, France

Corresponding authors: Bissaldi,
Bruel, Di Lalla, Omodei, Pillera



https://fermi.gsfc.nasa.gov/ssc/data/analysis/grb221009a.html

/0

==emi GRB 221009A

Gamma-ray

/ Space Telescope
\

A "guide" to visiting a gamma-ray burst!! Yes - really :-)

« Fermi is a current contributor to 50 years of breakthrough observations of gamma- ray bursts.
For this milestone NASA created a “guide” to visiting a gamma-ray burst:
- https://svs.gsfc.nasa.gov/14355

Visualizations by: Krystofer Kim 7T View full credits

» 0:00/3:51

Our intrepid Traveler has decided to visit a gamma-ray burst for their next vacation. If you'd like to follow their adventure, check ¢
out this video for tips and tricks.

Credit: NASA's Goddard Space Flight Center
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* Avery Vi rant collaboration and community !

- strong engagement with the community

- Era of time-domain multi-messenger
astronomy
- Fermi-LAT has big role to play

- Constantly improving
- In response to needs of community

- Lots more science - performance excellent
- plan to operate Fermi while the
observatory remains functional and while
the science productivity continues to
receive favourable reviews !
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Fermi-LAT Lightcurve repository

https://www.nasa.gov/feature/goddard/2023/nasa-s-fermi-captures-dynamic-gamma-ray-sky-in-new-animation

Credit: "NASA’s Marshall Space Flight Center/Daniel Kocevski" Press release: 15 March 2023
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<emi 4FGL - DR4

LAT 14-year Source Catalog (4FGL-DR4) - Ballet et al. (2023), arXiv 230712546
Refereed paper: Fermi-LAT Collaboration Ap]S 260, 53 (2022)

 All of the data are available here at the FSSC
« 7195 entries in the catalogue (7194 sources since Crab Nebula has 2 entries)
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https://arxiv.org/abs/2307.12546
https://arxiv.org/abs/2201.11184
https://fermi.gsfc.nasa.gov/ssc/data/access/lat/14yr_catalog/

Lomi 4FGL - DR4

Gamma-ray :
Space Telescope \¢ ;

LAT 14-year Source Catalog (4FGL-DR4) - Ballet et al. (2023), arXiv 230712546
Refereed paper: Fermi-LAT Collaboration Ap]S 260, 53 (2022)

 All of the data are available here at the FSSC
« 7195 entries in the catalogue (7194 sources since Crab Nebula has 2 entries)

Since DR3 we distinguish MSPs (recycled) and PSRs (young) pulsars

Still 17% Soft Galactic Unassociated sources

/ Blazar candidates: 1624

Unknown: 2577

34% unassociated

SNRs 3 PWie: 191 | - BL Lacs: 1490
Pulsars: 320 \/

Other galactic: 79

Other extragalactic: 94 FSRQs: 820

Journées PNHE, Sept 7 2023 11
Jean Ballet, Journées PNHE (2023)
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https://arxiv.org/abs/2307.12546
https://arxiv.org/abs/2201.11184
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Lomi 4FGL - DR4

Gamma-ray :
Space Telescope \¢ ;

LAT 14-year Source Catalog (4FGL-DR4) - Ballet et al. (2023), arXiv 230712546
Refereed paper: Fermi-LAT Collaboration Ap]S 260, 53 (2022)

 All of the data are available here at the FSSC
« 7195 entries in the catalogue (7194 sources since Crab Nebula has 2 entries)

Since DR3 we distinguish MSPs (recycled) and PSRs (young) pulsars

Still 17% Soft Galactic Unassociated sources

/ Blazar candidates: 1624

Unknown: 2577

34% unassociated

57% of new DR4

sources are
unassociated
SNRs & PWNe: 191 \/ - BL Lacs: 1490
Pulsars: 320 \/

Other galactic: 79

Other extragalactic: 94 FSRQs: 820

Journées PNHE, Sept 7 2023 11
Jean Ballet, Journées PNHE (2023)
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