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The multi-messenger picture
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The Fermi mission

Launched by NASA  on 2008 June 11, from 

Cape Canaveral, Florida (USA).

Science mission started on August 2008

International Collaboration between NASA and 

DOE in the US and agencies in France, 

Germany, Italy, Japan and Sweden
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Large Area Telescope (LAT)

• Pair conversion telescope

• Energy range: 

20 MeV –300 GeV

• Large field of view (<2.4sr)

Gamma-ray Burst Monitor (GBM):

• 12 NaI and 2 BGO

• Energy range: 8 keV–40 MeV

LAT key features

• Good energy resolution (<15% for 

E>100 MeV)

• Good point spread function (<1deg 

for E>1GeV)

• Large effective area (>8000cm2 on-

axis for E>1GeV)Credit: NASA/DOE/Fermi LAT CollaborationS. Rainò - La Thuile 2026 5



Fermi-LAT gamma-ray sky map

• All-sky coverage every ~3 hours.

• Prompt + extended GeV emission from GRBs.

• Rapid flares from AGN and Galactic transients.

• Enables real-time alerts and archival searches.

Credit: NASA/DOE/Fermi LAT Collaboration 12 years sky map

E > 1 GeV
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Fermi-LAT Catalog

The 4FGL-DR4 catalog includes 
7194 sources detected in the 
energy range 50 MeV –1 TeV

14-years dataset 

(Aug 2008 - Aug 2022)

4FGL in Abdollahi et al., ApJS 247, 33 (2020)
4FGL-DR4 in https://arxiv.org/abs/2307.12546 
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Fermi LAT Pipelines

LAT Sun Monitor
Likelihood Analysis 

(Moving ROI)
Hours/days

Enables rapid response to external multi-messenger alerts (GW, ν)
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The high energy transient sky: the transient zoo

Long GRBsðCollpasars
Short GRBsðBinarymergers

Credit: NASA/DOE/Fermi LAT Collaboration Credit: NASA/DOE/Fermi LAT Collaboration

Credit: NASA/DOE/Fermi LAT Collaboration
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Von Kienlin+2020

Fermi GRBs observations
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Astronomy Picture of the Day
15 October2022

Image Credit: NASA, DOE, Fermi LAT Collaboration, R.Pillera

The << BOAT >> GRB 221009A
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GRB 221009A – Timeline of events

• Oct.9 2022

– 13:16:60 UT (T0) Fermi-GBM trigger 221009553 (no prompt GCN notices)

– 14:10:17 UT (T0+3200s) Swift trigger (GCN after 20min - Swift J1913.1+1946)

– 20:54:36 UT Fermi-GBM reports that trigger 221009553 is superbright+long GRB 221009A

Ą location consistent with Swift Ą same event!!!

– 21:45:05 UT Fermi-LAT reports HE emission (Emax: 8 GeV @766 s post Swift trigger)

• Oct.10, 2022

– X-shooter/VLT reports redshift z = 0.151

– Fermi-LAT reports refined analysis (Duration >25ks and Emax: 99 GeV @T0+240s)

– IceCube reports neutrino UL (no detection)

– Konus/WIND reports highest GRB fluence in 28 years of operation

• Oct.11, 2022

– LHAASO reports >500 GeV emission within T0+2000s (>100s) + 18 TeV photon (10s) 

– Swift/XRT reports complex system of bright expanding dust-scattering rings

– HAWC reports upper limits 8 hours after trigger

• Oct.12, 2022

– Carpet-2 reports 250 TeV photon-like air shower

• Oct.14, 2022

– Xia et al. report 400 GeV photon observed by Fermi-LAT at T0+0.4 d

z = 0.151
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Fermi high-energy light curves

GBM n7 [10ð900 keV]

GBM n8 [10ð900 keV]

GBM b1 [250 keV ð30 MeV]

LAT [100 MeVð500 GeV]

LAT events

LLE [30 ð100 MeV]

Axelsson+2025, ApJS277

Joint time-resolved spectral 

analysis [3ML]

Comptonized preferred model

– Very hard first pulse with 

subsequent softening

Axelsson+2025
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The multi-messenger landscape

• Multi-messenger era started with GW170817 and GRB170817A

• LIGO, Virgo and partners make first detection of gravitational

waves and light from colliding neutron stars

• Fermi plays a fundamental role in the follow-up of gravitational

waves:

–Huge field of view

–Good localization
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GW follow-up
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LVK Observing runs

• Run O4a:

• 24 May 2023 –16 January 2024

• Run O4b:

• 4 April 2024 –28 January 2025

• Run O4c:

• 29 January 2025 –18 November 2025

• Run O5 expected to start not earlier than 2028

Credit: LVK Collaboration
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LAT GW Follow-up Pipeline

Vianello G. et al. ApjL 841 (2017), 

doi: 10.3847/2041-8213/aa7262 S. Rainò - La Thuile 2026

Fermi-LAT automatic follow-up analysis

pipeline (public page) : 

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

19
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Neutrino breakthrough: TXS 0506+056

Light track of the muon produced by a 290 TeV 

muon neutrino coming from the direction of the 

blazar TXS 0506+056, detected on 22 September

2017 by IceCube.

Science, vol. 361, n. 6398

IceCube, Fermi-LAT, MAGIC, AGILE, ASAS-SN, HAWC, H.E.S.S, INTEGRAL, Kapteyn, Kanata, Kiso, Liverpool, Subaru, Swift, VERITAS, VLA, Science 2018 
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TXS 0506+056

VHE gamma-rays 

GeV gamma-rays 

X-rays

X-rays spectral index

Optical

Radio

IceCube, Fermi-LAT, MAGIC, AGILE, ASAS-SN, HAWC, H.E.S.S, INTEGRAL, Kapteyn, Kanata, Kiso, Liverpool, Subaru, Swift, VERITAS, VLA, 
Science 2018 
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Neutrino follow-up observations with Fermi-LAT

• After TXS 0506+056, several other neutrino source candidates

have been proposed thanks to multi-wavelength realtime

follow-ups.

• Continuously monitoring the gamma-ray sky, Fermi-LAT plays 

a key role in the identification of candidate counterparts to 

realtime neutrino alerts.

• Fermi-LAT follow-up strategy for neutrino alerts

–systematic analysis of the sky region around the neutrino 

arrival direction, looking for known sources that may be 

flaring or new gamma-ray emitters.
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The case of PKS 0735+178

A blazar in temporal coincidence with multiple neutrinos

Neutrino events:
• IceCube-211208A: 172 TeV, Bronze

• Baikal-GVD Event: 43 TeV, +4hr

• Baksan-UST Event: > 1GeV, - 4 days

Key observations:
- Brightest ‎-ray state in 14 years

- All neutrinos during the rising high-activity phase

- Shortest variability time scales: 1ͯ4 days

PKS 0735+178
• BL Lac, z = 0.45 (Gattano+ 2018)
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Solar gamma-ray emission: 

a natural cosmic-ray laboratory

Solar activity produces a rich ensemble of messengers:

Gamma rays from cosmic-ray interactions in the solar atmosphere

Solar energetic particles (SEPs) 

Radio and X-ray emissions tracing magnetic reconnection

Neutrons

Gamma-ray observations uniquely probe how cosmic rays interact with the 

solar atmosphere providing insight into:

Cosmic-ray modulation close to the Sun

Particle transport in the inner heliosphere

The effects of the solar magnetic field on cosmic-ray propagation

S. Rainò - La Thuile 2026 24



Solar flares as multi-messenger particle

accelerators

Fermi-LAT observation of 2017 September 10 event

https://iopscience.iop.org/article/10.3847/2041-8213/aae077/pdf

• X8.2-class solar flare associated with a fast

CME (~3600 km/s)

• Sustained γ-ray emission >100 MeV lasting

>12 hours

• Detection of >GeV photons by Fermi-LAT

• Associated Ground Level Enhancement

(GLE #72)
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MeV to PeV: completing the transient spectrum

Next-generation Cherenkov facilities, such as CTA Observatory will provide order-

of-magnitude sensitivity improvement and fast response to GW / neutrino alerts:

• LAT: continuous GeV monitoring

• CTA: fast, sensitive sub-TeV follow-up

• LHAASO: extreme-energy photons
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Conclusions

Fermi-LAT has reshaped our view of the high-energy transient Universe:

• Continuous, unbiased monitoring of the GeV sky

• Key discoveries in GRBs and extreme photon detections

• Fundamental role in GW and neutrino follow-ups

• Identification of candidate hadronic accelerators

Multi-messenger astronomy is no longer episodic — it is systematic

• Automated pipelines

• Real-time alert response

The next decade will extend the transient energy frontier

• CTA and next-generation Cherenkov telescopes

• Synergy with LVK O5 and KM3NeT full configuration
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Thank you
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Disk and extended component modulation

Two components, having distinct spatial distributions, contribute to the quiet 

Sun gamma-ray emission:

Disk component: confined to the solar disk 

Extended component: extended halo around the Sun
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More GRBs @ TeV energies

• GRB 160821B

– 3sdetection – short GRB, >0.5 TeV, 4h post trigger 
(MAGIC+2021)

• GRB 180720B

– 5sdetection – long GRB, >0.1 TeV, 10h post trigger 
(HESS+2019 Nature)

• GRB 190114C

– 50sdetection – long GRB, >0.2 TeV, 60s post trigger 
(MAGIC+2019 Nature)

• GRB 190829A

– 20sdetection – long GRB, >0.18 TeV, 4-50h post trigger 
(HESS+2021 Science)

• GRB 201015A

– 3sdetection – long GRB, 40s post trigger 
(MAGIC+2022)

• GRB 201216C

– 6sdetection – long GRB >70GeV, 57s post trigger 
(MAGIC+2024 MNRAS)

GRB 160821B

GRB 201015A



Neutrino follow-up observations with Fermi-LAT

• 3 timescales are investigated during a standard follow-up (Ὕ=neutrino 

detection time):

–1 day beforeὝ: detect fast, bright transients coincident with the neutrino

–1-month beforeὝ: detect recent transients, sources in bright state (with 

time lag consistent with the most credited models)

–Full mission data: detect weak gamma-ray sources out of LAT catalogs

and coincident with neutrino position

• In the case of significant detection of a transient at 1-day or 1-month 

timescales, dedicated light curve analyses are performed up to 1-year 

timescale beforeὝ.

• In the case of a non-detection at the best-fit position of hte neutrino, 95% CL 

upper limits are reported, corresponding to the detection of a power law

source (index 2.0)

• Reports are sent via GCN Circulars/ATels
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