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H0=70+12
-8 km/s/Mpc

Tested Equivalence Principle of 
Gravity: 

Ruled out many theories of 
modified gravity to explain dark 

matter

Speed of Gravity

What did we learn? 



The Multimessenger Universe

Cosmic 
Explosions



99% protons

Galactic

Extra-Galactic

What is creating 
these ultra-high 

energy particles? 



Courtesy: A. Franckowiak

Neutrinos are the 
smoking gun 
signature for 

hadronic 
acceleration.

Goal: 
Find neutrinos coming from 

an extra-galactic  source

Fermi Gamma-ray 
Space Telescope

IceCube
Neutrino 

Observatory



IceCube Coll. ApJ, 835 (2017) 

Searching for Neutrino Sources

Low post-trials 
significance

Large trials factor when looking only at neutrinos, 
multiwavelength data can identify potential sources!



Sources that produce high-energy photons






Fermi observes over 2000 blazars

>300 MeV over 3 months in 2008






IceCube: Alerts starting in April 2016

Fermi-LAT Coll., ApJ 846, 2017, Video credits: Matteo Giomi, Fermi-LAT Collaboration



IC-170922A: 290 TeV Neutrino

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

Top Side



TXS 0506+056

Redshift: 0.3365±0.0010 (3.7 billion light years) 
Among 50 brightest blazars











Neutrino arrival

22 September 2017








Fermi-LAT Counts 
Map with 

IceCube Sky position 

MAGIC Counts Map 
with 

IceCube Sky position 



Spectra of TXS 0506+56 across all 
wavelengths and messengers



Light Curve of TXS 0506+56 across all 
wavelengths and messengers



13±5 above the background of atmospheric neutrinos, 3.5σ

Looking back at the IceCube data



•“Interpretation of the coincident observation of a high energy neutrino and a 
bright flare”, Gao, Fedynitch, Winter, Pohl, arXiv:1807.04275

•“A multiwavelength view of BL Lacs neutrino candidates”, Righi, Tavecchio, 
Pacciani, arXiv::1807.04299 

•“The blazar TXS 0506+056 associated with a high-energy neutrino: insights 
into extragalactic jets and cosmic ray acceleration”, MAGIC Collaboration, 
arXiv:1807.04300 

•“Lepto-hadronic single-zone models for the electromagnetic and neutrino 
emission of TXS 0506+056”, Cerruti, Zech, Boisson, Emery, Inoue, Lenain, 
arXiv:1807.04335

•“A Multimessenger Picture of the Flaring Blazar TXS 0506+056: implications 
for High-Energy Neutrino Emission and Cosmic Ray Acceleration”, Keivani, 
Murase, Petropoulou et al., arXiv:1807.04537

•“Blazar Flares as an Origin of High-Energy Cosmic Neutrinos?” Murase, 
Oikonomou, Petropoulou, arXiv:1807.04748

…

Modeling the Multimessenger Universe



Gao, Fedynitch, Winter, Pohl, arXiv:1807.04275



Electromagnetic Spectrum



Gravitational Wave Spectrum



Neutrino Spectrum



The Multimessenger Universe

Cosmic 
Explosions

Cosmic 
Accelerators



Summary

A source of cosmic-ray 
acceleration 

has been identified

Fermi serves as a bridge 
between electromagnetic 
observations and the new 

messengers: Neutrinos
and gravitational waves

Era of Multimessenger Astrophysics!



Thank you
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