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Extreme Astrophysics and Fundamental Physics 

1) What is the nature of matter at nuclear densities? 

2) Where are the heavy elements made? 

3) How do compact objects produce energy and 
accelerate particles at all scales? 

4) What is the origin of cosmic rays of all energies?: 

5) How do compact objects form and evolve? 

6) To what precision can general relativity describe gravity? 

7) What new fundamental physics can be probed 
 with extreme astrophysical objects?  
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Astronomy & Astroparticle Physics seek to understand the Universe and its components: from its still 
mysterious beginnings to its growing complexity, with the formation and evolution of galaxies, stars and 
planetary systems, until the emergence of life. The main science questions addressed by the RIs can be 
summarized as follows: 
•  understand the origin of the Universe and its main constituents; 
 

•  understand the extreme conditions the Universe hosts; 
•  understand the formation of galaxies and their evolution; 
•  understand the formation of stars and planets; 
•  search for planetary systems in our galaxy, study the Solar System and extrasolar planets, search for life and 

understand the conditions enabling life. 
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The domain relies on a combined approach 
of observations, theoretical work and modelling, and more and more on laboratory experiments. The level of 
precision necessary to constrain models requires high-performing space, ground-based and underground 
observatories, mostly built and managed through international collaboration, and exploited in synergy. 
Observations of our Universe extend beyond the historical optical domain, to the whole electromagnetic 
spectrum from radio waves to gamma-rays, and new messengers such as gravitational waves and neutrinos. 
Multi-messenger astronomy, with its multi-wavelength, multi-instrument approach, is the new frontier to study 
the phenomena of the Universe and their evolution. Underground physics laboratories investigate the rarest 
phenomena to discover dark matter and the nature of neutrino mass. 

….the potency of international and interdisciplinary collaboration…. 
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Pathways to Discovery in  Astronomy and Astrophysics for the 2020s 

Key Scientific Challenges for the Next Decade 

Over the next decade, a range of complementary observations—from radio to 
gamma rays, gravitational waves, neutrinos, and high-energy particles—will enable 

investigations into the most energetic processes in the universe and address larger 
questions about the nature of dark matter, dark energy, and cosmological inflation. 
These growing capabilities will enable closer study of neutron stars, white dwarfs, 

black hole collisions, stellar explosions, and the birth of our universe. 
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Recommendations for Large Mission Scientific Themes 

•  Moons of the Giant Planets: (1) Habitability of ocean worlds; (2) search for biosignatures; (3) Connection of 
interior and near-surface environments 

•  From Temperate Exoplanets to the Milky Way: (1) Characterization of the Atmosphere of Temperate 
Exoplanets; (2) Galactic Ecosystem with Astrometry in the Near-Infrared 

•  New Physical Probes of the Early Universe: (1) New Opportunities for Exploring the Early Universe; (2) 
Precision Spectroscopy of the Fireball Universe; (3) Adding Colour and Depth to the Gravitational Wave Sky 

Voyage 2050 
Final recommendations from the Voyage 2050 Senior Committee 
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•  Probing	the	Violent	and	Explosive	Universe	at	High	Energies:	Accretion	by	Compact	Objects	and	
Astroparticle	Physics  

 
 
 
 
 

Space-based X-ray and gamma-ray detectors, with improved capabilities with respect to the current 
generation, such as high-sensitivity, large field-of-view detectors, and/or sensitive keV–MeV 
spectropolarimetry based on new technologies, will allow us to detect and investigate the most extreme and 
violent physical phenomena in the Universe and provide a powerful and fundamental synergy with 
gravitational wave astronomy. 
  
Unresolved questions related to explosive nucleosynthesis in stellar explosions, the origin of cosmic rays, 
accretion and ejection mechanisms in stellar and supermassive black holes and neutron stars, could be solved 
with missions with these capabilities, as well as boosting the discovery rate of known and unknown rare 
classes of transient sources throughout the Universe. 
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•  Space	(Radio)	Interferometry	with	Ground-based	Telescopes	for	Probing	the	Physics	of	Black	Holes	

•  Quantum	Mechanics	and	General	Relativity	

Potential Scientific Themes for Medium Missions (among the ohters): 

The first images of the close environments of a black hole obtained in recent years with the Event Horizon 
Telescope's observations of the nucleus of M87 offered the first glimpse of the power of long baseline, high 
frequency radio interferometry to deliver remarkable images close to the event horizon. 
 ….. 
Space radio interferometry would increase the length of available baselines significantly, allowing image 
quality improvements of factors of at least several over what is currently possible 

Despite extensive testing of the fundamental theories of quantum mechanics and general relativity, no 
violations have yet been observed of their predictions in experimental situations. 
  
The following topics were discussed by the Topical Team as representing possible experiments in this area of 
fundamental physics: tests of quantum mechanical wave function collapse for different mass test particles, 
tests of the Equivalence Principle. tests of quantum coherence over large distances. tests of gravitational 
redshift, improved measurements of the PPN parameters. 
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From PTA: RSN4 main research lines 

•  Galactic and extragalactic compact objects 
•  Cosmic explosion 
•  Multi-messenger astronomy 
•  Fundamenntal phyisics experiments 

Tight activity links with RSN1 (cosmology and dark matter), RSN2 (stellar evolution), RSN5 
(science programs for space missions and ground-based telescope development)   



Consiglio Scientifico 
RSN4	aims	at	studying	and	understanding:	
		

1)	matter	under	extreme	conditions	
2)	fundamental	physics	and	possible	new	physics	
3)	the	mechanisms	of	acceleration	and	transport	of	cosmic	rays		
					(their	impact	on	star	formation	and	galactic	evolution)	
4)	explosive	processes	and	their	progenitor	systems		
					(understanding	the	final	stages	of	stellar	evolution)		
5)	the	evolution	of	the	structures	of	the	Universe	

This is pursued through the OBSERVATION and THEORETICAL INTERPRETATION  
of emission electromagnetics from compact objects at all scales (white dwarfs, neutron 

stars, holes black holes of stellar or supermassive mass at the center of galaxies)  
  

Primary observations: high-energy radiation (X-rays and gamma rays, VHE),   
crucial multiband campaigns (e.g., in radio, infrared and visible bands)  

and multi-messenger astronomy (gravitational wavess, cosmic rays and neutrinos) 
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•  All the most relevant scientific topics according to the current 
international roadmaps are covered by RSN4 in an almost balanced way  

Conclusions. I 



Consiglio Scientifico 

Research Lines Distribution: Schede 
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Research Lines Distribution: FTE 
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RSN4 Projects Involving Existing International 
Observing Facilities 

Not in the 
roadmap 
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•  All the most relevant scientific topics according to the current international 
roadmaps are covered by RSN4 in an almost balanced way 

•  RSN4 is interested in the most relevant international observing facilities at work 

Conclusions. II 
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RSN4 Projects Involving Existing “National” 
Observing Facilities 
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RSN4 Projects Involving Existing International 
and “National” Observing Facilities 



Consiglio Scientifico 

•  All the most relevant scientific topics according to the current international 
roadmaps are covered by RSN4 

•  RSN4 is interested in the most relevant international observing facilities at work 

•  National observing facilities represent equally efficient complementary tools  

•  Presence of theoretical community interested in numerical simulations ready 
to exploit the future national and international facilities 

Conclusions. III 



Consiglio Scientifico 

HST MeerKAT+ 

ELT 
RUBIN/LSST 

SKA 

CTA 

ngVLA 

GMT 

EUCLID 

ROMAN 

Future ATHENA 

Overview of  The Most Relevant International Future Facilities 
According to the International Roadmaps of interest for RSN4 

From: 
•  Astronet 
•  ESFRI 
•  APPEC 
•  GWIC 

VHE 

COSI 

LISA 

ET 

KM3NET 
IceCube 2 

THESEUS 
AMEGO 
ASTROGAM 

SVOM  

ngEHT 

POEMMA  

new wide-field 
optical/IR 

eXTP  XRISM 

GCOS  GRAND  
ASTRI  



Consiglio Scientifico 

RSN4 Projects Involving Future International 
Observing Facilities 

ESFRI 
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•  All the most relevant scientific topics according to the current international 
roadmaps are covered by RSN4 

•  RSN4 is interested in the most relevant international observing facilities at 
work 

•  National observing facilities represent equally efficient complementary tools  

•  Presence of a non negligible theoretical community interested in numerical 
simulations ready to exploit the future national and international facilities 

Conclusions. VI 

•  Among the ESFRI Landmark Projects in which RSN4 is mostly involved,  
CTA and SKA are considered significantly, ELT, ET, KM3NETstill marginal 

•  Among the most relevant international future facilities identified by the 
roadmaps little interest in LISA, Euclid, ngEHT and ngVLA 
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Scientific Topics Distribution: Funding 

Schede 
Progetti Finanziati 
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Scientific Topics Distribution: Funding 

COB: Galactic and extragalactic compact objects 
CEX: Cosmic Explosion 
MM: Multi-Messenger 
FF: Fundamental Phyiscs 



Consiglio Scientifico 

•  All the most relevant scientific topics according to the current international roadmaps are covered 
by RSN4 

•  RSN4 is interested in the most relevant international observing facilities at work that will be 
continuously supported in the future 

•  National observing facilities represent equally efficient complementary tools  

•  Presence of a non negligible theoretical community interested in numerical simulations 
ready to exploit the future national and international facilities 

•  Among the ESFRI Landmark Projects in which RSN4 is mostly involved,  
    CTA and SKA are considered significantly, ET, ELT, KM3NET still marginal 

•  Among the most relevant international future facilities identified by the roadmaps  
    little interest in LISA, Euclid, ngEHT and ngVLA 

Summary and Conclusions 

•  COB supported by almost all the financial channels, CE theory and mini, MM 
only large,  FF only mini 

•  Effective in obtaining financing for Large Grants (6 Large Grants out of 16) 
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Possible Arguments of Discussion 

•  Reading the “schede” emerges graininess, overlapping projects:  
     healthy competitions or collaborations/coordinations?  

•  Future after Fermi, XMM, Swift? ..after Fabrizio’s ESA view..(THESEUS, Athena, 
GRINTA,  ASTROGAM, HERMES, eXTP, COSI, Star-X, AXIS)  

    Other band (ULTRASAT, UVEX)? 

•  Stimulate interest in all those facilities in which INAF is mostly involved (ELT, ET, 
KM3NET) 

•  Stimulate interest in facilities such as LHAASO, EHT, LISA 

•  Astronomy+astroparticle+fundamental physics. How to enhance synergies? 
    (see European calls, Germany example..) 

•  High-redshift?? 

•  Enhance collaboration with other RSNs? 


