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Five main topical areas drived by big science questions with 
cosmic probes over the next decade:

● History of Universe and Cosmology 
● Cosmic Probes of Dark Matter 
● Astroparticle Physics 
● Multimessenger Synergies in Particle 

Astrophysics 
● Architecture of Spacetime 

Solid curve: current existing facilities 
Dashed curve: future experiments



Multimessenger Synergies in Particle Astrophysics

● Sources of Cosmic Particles 
● Extreme-energy particle acceleration 

and interaction 
● Diffuse backgrounds: gamma-ray, 

supernova neutrino, astrophysical 
diffuse neutrino, cosmogenic neutrino 
backgrounds, and Galactic diffuse 
emission 

● Galactic TeVatrons and PeVatrons
● Production of heavy elements 



Gamma-Ray Instrumentation Roadmap



Instrumentation Roadmap



Astroparticle Physics 

Updated from IceCube Coll. 1908.09441

 Ackermann et al., HE and UHE neutrino whitepaper 
2203.08096

 
 

● Standard Model particles and their 
interactions 

● Beyond-Standard-Model (BSM) 
neutrino physics: BSM neutrino 
interaction with DM, sterile neutrinos, 
secret neutrino interactions, neutrino 
flavors 

● Muon puzzle of UHECRs
● Nature of matter in neutron star 

interiors
● Test of Lorentz and CPT invariance 
● Exotic particles in QED domain 



Conclusion: 
Great Opportunities for Discoveries

● Several Science Objectives from Multi-Messenger Probes 
(EM, UHECR, GW, nu)

● Cosmic Probes of Dark Matter: Particle, wave, or modified 
gravity

● Cosmology: probes of H0, dark energy, …
● Astroparticle Physics
● Tests of the Structure of Spacetime


