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Announcing the 23rd course: 
 

Purpose: The era of multi-messenger astrophysics is upon us. Data/observations from many 
sources must be combined to gain improved understanding of various astrophysical. 
phenomena, with Supernova 1987A as a historic example. There have been many, 
recent, exciting discoveries, including gravitational waves, neutrino oscillations, 
images of black holes, structure in the high energy spectra of cosmic-rays and 
discovery of 60Fe in cosmic rays.  In addition, we have great new data from a variety. 
of observatories, such as the James Webb Space Telescope, but a full understanding 
is elusive. Exploring how these advances fit together into a better understanding of 
our high-energy Universe, and what are the prospects for new discoveries and better. 
understanding through new technology, are some of the questions that will be explored. 
during this 23rd biennial course of The International School of Cosmic Ray Astrophysics. 
 
Looking at ‘messengers’ of gamma rays, neutrinos, charged particles (i.e. cosmic 
rays), and gravitational waves, lectures by experts in the fields, chosen in the School 
tradition for their science expertise and communication abilities,  will present the history, 
recent results, and the technology employed. The School provides many opportunities. 
for informal discussions between participants with students and experts dining together 
and talking informally, in the relaxed ambiance of Erice. From such interactions, life-long 
friendships are made, new ideas emerge, and collaborations form. Non-scientific 
questions, e.g. how do I obtain a position or a grant, can also be explored. The School 
offers opportunities for the participants to present their own research in order to obtain. 
feedback and to gain experience presenting to an international audience of kindred spirits. 
 
Topics include: Neutrino Astronomy, Gravitational Wave Astronomy, the highest-energy 
particles, acceleration and interactions of high-energy radiation, balloon, satellite, and 
ground based measurements of cosmic rays and gamma rays, propagation of high-energy 
radiation through the galaxy, and space- or ground-based experiments of the future. 
 
Registration:  please use the site  https://agenda.astro.ru.nl/event/24/ 
 

WELCOME!



Jörg R. Hörandel, ISCRA Erice 2024
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phenomena, with Supernova 1987A as a historic example. There have been many, 
recent, exciting discoveries, including gravitational waves, neutrino oscillations, 
images of black holes, structure in the high energy spectra of cosmic-rays and 
discovery of 60Fe in cosmic rays.  In addition, we have great new data from a variety. 
of observatories, such as the James Webb Space Telescope, but a full understanding 
is elusive. Exploring how these advances fit together into a better understanding of 
our high-energy Universe, and what are the prospects for new discoveries and better. 
understanding through new technology, are some of the questions that will be explored. 
during this 23rd biennial course of The International School of Cosmic Ray Astrophysics. 
 
Looking at ‘messengers’ of gamma rays, neutrinos, charged particles (i.e. cosmic 
rays), and gravitational waves, lectures by experts in the fields, chosen in the School 
tradition for their science expertise and communication abilities,  will present the history, 
recent results, and the technology employed. The School provides many opportunities. 
for informal discussions between participants with students and experts dining together 
and talking informally, in the relaxed ambiance of Erice. From such interactions, life-long 
friendships are made, new ideas emerge, and collaborations form. Non-scientific 
questions, e.g. how do I obtain a position or a grant, can also be explored. The School 
offers opportunities for the participants to present their own research in order to obtain. 
feedback and to gain experience presenting to an international audience of kindred spirits. 
 
Topics include: Neutrino Astronomy, Gravitational Wave Astronomy, the highest-energy 
particles, acceleration and interactions of high-energy radiation, balloon, satellite, and 
ground based measurements of cosmic rays and gamma rays, propagation of high-energy 
radiation through the galaxy, and space- or ground-based experiments of the future. 
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tradition for their science expertise and communication abilities,  will present the history, 
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and talking informally, in the relaxed ambiance of Erice. From such interactions, life-long 
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questions, e.g. how do I obtain a position or a grant, can also be explored. The School 
offers opportunities for the participants to present their own research in order to obtain. 
feedback and to gain experience presenting to an international audience of kindred spirits. 
 
Topics include: Neutrino Astronomy, Gravitational Wave Astronomy, the highest-energy 
particles, acceleration and interactions of high-energy radiation, balloon, satellite, and 
ground based measurements of cosmic rays and gamma rays, propagation of high-energy 
radiation through the galaxy, and space- or ground-based experiments of the future. 
 
Registration:  please use the site  https://agenda.astro.ru.nl/event/24/ 
 

42

In the mid 1970’s, discussions among 
Rossi, Shapiro and others recognized the 
need for continuing international education 
in the then emerging field of Cosmic Ray 
Astrophysics. 

Prof. Zichichi who, in 1963, had founded the 
EMFCSC, agreed to establish the ISCRA as 
one of the Erice Schools, offering biennial 
courses with Shapiro as director. 

Antonio Zichichi and Maurice M. Shapiro 
circa 2004

ISCRA School and Course Directors:
Maurice M. Shapiro, Rein Silberberg, John P. Wefel, Vladimir Ptuskin, Todor Stanev, 
Piero Galeotti, Jörg R. Hörandel, and Roberta Sparvoli
Executive Secretary:
Arthur Smith



Jörg R. Hörandel, ISCRA Erice 2024
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Announcing the 23rd course: 
 

Purpose: The era of multi-messenger astrophysics is upon us. Data/observations from many 
sources must be combined to gain improved understanding of various astrophysical. 
phenomena, with Supernova 1987A as a historic example. There have been many, 
recent, exciting discoveries, including gravitational waves, neutrino oscillations, 
images of black holes, structure in the high energy spectra of cosmic-rays and 
discovery of 60Fe in cosmic rays.  In addition, we have great new data from a variety. 
of observatories, such as the James Webb Space Telescope, but a full understanding 
is elusive. Exploring how these advances fit together into a better understanding of 
our high-energy Universe, and what are the prospects for new discoveries and better. 
understanding through new technology, are some of the questions that will be explored. 
during this 23rd biennial course of The International School of Cosmic Ray Astrophysics. 
 
Looking at ‘messengers’ of gamma rays, neutrinos, charged particles (i.e. cosmic 
rays), and gravitational waves, lectures by experts in the fields, chosen in the School 
tradition for their science expertise and communication abilities,  will present the history, 
recent results, and the technology employed. The School provides many opportunities. 
for informal discussions between participants with students and experts dining together 
and talking informally, in the relaxed ambiance of Erice. From such interactions, life-long 
friendships are made, new ideas emerge, and collaborations form. Non-scientific 
questions, e.g. how do I obtain a position or a grant, can also be explored. The School 
offers opportunities for the participants to present their own research in order to obtain. 
feedback and to gain experience presenting to an international audience of kindred spirits. 
 
Topics include: Neutrino Astronomy, Gravitational Wave Astronomy, the highest-energy 
particles, acceleration and interactions of high-energy radiation, balloon, satellite, and 
ground based measurements of cosmic rays and gamma rays, propagation of high-energy 
radiation through the galaxy, and space- or ground-based experiments of the future. 
 
Registration:  please use the site  https://agenda.astro.ru.nl/event/24/ 
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Announcing the 23rd course: 
 

Purpose: The era of multi-messenger astrophysics is upon us. Data/observations from many 
sources must be combined to gain improved understanding of various astrophysical. 
phenomena, with Supernova 1987A as a historic example. There have been many, 
recent, exciting discoveries, including gravitational waves, neutrino oscillations, 
images of black holes, structure in the high energy spectra of cosmic-rays and 
discovery of 60Fe in cosmic rays.  In addition, we have great new data from a variety. 
of observatories, such as the James Webb Space Telescope, but a full understanding 
is elusive. Exploring how these advances fit together into a better understanding of 
our high-energy Universe, and what are the prospects for new discoveries and better. 
understanding through new technology, are some of the questions that will be explored. 
during this 23rd biennial course of The International School of Cosmic Ray Astrophysics. 
 
Looking at ‘messengers’ of gamma rays, neutrinos, charged particles (i.e. cosmic 
rays), and gravitational waves, lectures by experts in the fields, chosen in the School 
tradition for their science expertise and communication abilities,  will present the history, 
recent results, and the technology employed. The School provides many opportunities. 
for informal discussions between participants with students and experts dining together 
and talking informally, in the relaxed ambiance of Erice. From such interactions, life-long 
friendships are made, new ideas emerge, and collaborations form. Non-scientific 
questions, e.g. how do I obtain a position or a grant, can also be explored. The School 
offers opportunities for the participants to present their own research in order to obtain. 
feedback and to gain experience presenting to an international audience of kindred spirits. 
 
Topics include: Neutrino Astronomy, Gravitational Wave Astronomy, the highest-energy 
particles, acceleration and interactions of high-energy radiation, balloon, satellite, and 
ground based measurements of cosmic rays and gamma rays, propagation of high-energy 
radiation through the galaxy, and space- or ground-based experiments of the future. 
 
Registration:  please use the site  https://agenda.astro.ru.nl/event/24/ 
 

43

1978: Progress and Problems in Cosmic Ray Physics
1980: Acceleration of Particles in Nature
1982: Composition and Origin of Cosmic Rays *
1984: Cosmic Radiation in Contemporary Astrophysics *
1986: Genesis and Propagation of Cosmic Rays *
1988: Cosmic Gamma Rays and Cosmic Neutrinos *
1990: Cosmic Rays, Supernovae, and the Interstellar Medium *
1992: Particle Astrophysics and Cosmology *
1994: Currents in High Energy Astrophysics *
1996: Towards the Milennium in Astrophysics: Problems and Prospects *
1998: New Vistas in Astrophysics *
2000: Astrophysical Sources of High Energy Particles and Radiation *
2002: Relativistic Astrophysics and Cosmology *
2004: Neutrinos and Explosive Events in the Universe *
2006: Astrophysics at Ultra-high Energies *
2008: Gamma Ray and Cosmic Ray Astrophysics: From Below GeV to Beyond EeV Energies  
          Including tribute session for Maurice M. Shapiro, who had passed the previous year. ISCRA named in his honor.
2010: Astro & Particle Physics: From Underground to Outer Space
2012: A new Era in Particle Astrophysics: New instruments, New Results and New Understanding
2014: Exploring the High Energy Universe
2016: Particle, Gamma-ray and Neutrino Astrophysics in the 21st Century
2018: Astroparticle Physics: Yesterday, Today and Tomorrow
2020: no course, Covid-19
2022: From Cosmic Particles to Gravitational Waves: Now and To Come
2024: Multi-messenger Astroparticle Physics

* Hardcopy Proceedings Volume

23 courses
topics evolved
cosmic-ray astrophysics

astroparticle physics
• direct & indirect 

measurements of 
cosmic rays

• gamma-ray astronomy
• neutrino astronomy
• gravitational waves



Jörg R. Hörandel, ISCRA Erice 2024
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Announcing the 23rd course: 
 

Purpose: The era of multi-messenger astrophysics is upon us. Data/observations from many 
sources must be combined to gain improved understanding of various astrophysical. 
phenomena, with Supernova 1987A as a historic example. There have been many, 
recent, exciting discoveries, including gravitational waves, neutrino oscillations, 
images of black holes, structure in the high energy spectra of cosmic-rays and 
discovery of 60Fe in cosmic rays.  In addition, we have great new data from a variety. 
of observatories, such as the James Webb Space Telescope, but a full understanding 
is elusive. Exploring how these advances fit together into a better understanding of 
our high-energy Universe, and what are the prospects for new discoveries and better. 
understanding through new technology, are some of the questions that will be explored. 
during this 23rd biennial course of The International School of Cosmic Ray Astrophysics. 
 
Looking at ‘messengers’ of gamma rays, neutrinos, charged particles (i.e. cosmic 
rays), and gravitational waves, lectures by experts in the fields, chosen in the School 
tradition for their science expertise and communication abilities,  will present the history, 
recent results, and the technology employed. The School provides many opportunities. 
for informal discussions between participants with students and experts dining together 
and talking informally, in the relaxed ambiance of Erice. From such interactions, life-long 
friendships are made, new ideas emerge, and collaborations form. Non-scientific 
questions, e.g. how do I obtain a position or a grant, can also be explored. The School 
offers opportunities for the participants to present their own research in order to obtain. 
feedback and to gain experience presenting to an international audience of kindred spirits. 
 
Topics include: Neutrino Astronomy, Gravitational Wave Astronomy, the highest-energy 
particles, acceleration and interactions of high-energy radiation, balloon, satellite, and 
ground based measurements of cosmic rays and gamma rays, propagation of high-energy 
radiation through the galaxy, and space- or ground-based experiments of the future. 
 
Registration:  please use the site  https://agenda.astro.ru.nl/event/24/ 
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Announcing the 23rd course: 
 

Purpose: The era of multi-messenger astrophysics is upon us. Data/observations from many 
sources must be combined to gain improved understanding of various astrophysical. 
phenomena, with Supernova 1987A as a historic example. There have been many, 
recent, exciting discoveries, including gravitational waves, neutrino oscillations, 
images of black holes, structure in the high energy spectra of cosmic-rays and 
discovery of 60Fe in cosmic rays.  In addition, we have great new data from a variety. 
of observatories, such as the James Webb Space Telescope, but a full understanding 
is elusive. Exploring how these advances fit together into a better understanding of 
our high-energy Universe, and what are the prospects for new discoveries and better. 
understanding through new technology, are some of the questions that will be explored. 
during this 23rd biennial course of The International School of Cosmic Ray Astrophysics. 
 
Looking at ‘messengers’ of gamma rays, neutrinos, charged particles (i.e. cosmic 
rays), and gravitational waves, lectures by experts in the fields, chosen in the School 
tradition for their science expertise and communication abilities,  will present the history, 
recent results, and the technology employed. The School provides many opportunities. 
for informal discussions between participants with students and experts dining together 
and talking informally, in the relaxed ambiance of Erice. From such interactions, life-long 
friendships are made, new ideas emerge, and collaborations form. Non-scientific 
questions, e.g. how do I obtain a position or a grant, can also be explored. The School 
offers opportunities for the participants to present their own research in order to obtain. 
feedback and to gain experience presenting to an international audience of kindred spirits. 
 
Topics include: Neutrino Astronomy, Gravitational Wave Astronomy, the highest-energy 
particles, acceleration and interactions of high-energy radiation, balloon, satellite, and 
ground based measurements of cosmic rays and gamma rays, propagation of high-energy 
radiation through the galaxy, and space- or ground-based experiments of the future. 
 
Registration:  please use the site  https://agenda.astro.ru.nl/event/24/ 
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International School of Cosmic Ray Astrophysics
1986

Grunsfeld
SpaceShuttle 1995-2009
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International School of Cosmic Ray Astrophysics
1988

Edoardo Amaldi
Peter Biermann
Alexander Chudakov
David Kieda
John Linsley
Gianni Navarra
Livio Scarsi
Maurice Shapiro
Rein Silberberg
Todor Stanev
Floyd Stecker
Simon Swordy
K.O. Tielheim
John P. Wefel
Tadeusz Wiebig
Arnold Wolfendale
Guarang B. Yodh
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International School of Cosmic Ray Astrophysics
1990

James Buckley
Rolf Büttikofer
Luke O’Connor Drury
Sunil K. Gupta
Albrecht Karle
Vladimir Ptuskin
Dolores Rodriguez Frias
Erwin Schopper
Maurice Shapiro
Rein Silberberg
Manfred Simon
Todor Stanev
John P. Wefel
Arnold W. Wolfendale

Erwin Schopper
PhD in group of Regener in 
Stuttgart
Apollo-Sojus Test Project 1975
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Evgeny Berezhko
Konrad Bernlöhr
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William Fowler
Einar Juliusson
Frank Krenrich
Jeremy Lloyd-Evans
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Eun-Suk Seo
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Maurice M. Shapiro
Rein Silberberg
Arthur E. Smith
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John P. Wefel

Olaf Reimer
as lecturer 2016 

Vitaly L. Ginzburg
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Silberberg

Smith
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2008

Stanev
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PtuskinSchröder
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Teshima

Hams

Casolino
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Announcing the 23rd course: 
 

Purpose: The era of multi-messenger astrophysics is upon us. Data/observations from many 
sources must be combined to gain improved understanding of various astrophysical. 
phenomena, with Supernova 1987A as a historic example. There have been many, 
recent, exciting discoveries, including gravitational waves, neutrino oscillations, 
images of black holes, structure in the high energy spectra of cosmic-rays and 
discovery of 60Fe in cosmic rays.  In addition, we have great new data from a variety. 
of observatories, such as the James Webb Space Telescope, but a full understanding 
is elusive. Exploring how these advances fit together into a better understanding of 
our high-energy Universe, and what are the prospects for new discoveries and better. 
understanding through new technology, are some of the questions that will be explored. 
during this 23rd biennial course of The International School of Cosmic Ray Astrophysics. 
 
Looking at ‘messengers’ of gamma rays, neutrinos, charged particles (i.e. cosmic 
rays), and gravitational waves, lectures by experts in the fields, chosen in the School 
tradition for their science expertise and communication abilities,  will present the history, 
recent results, and the technology employed. The School provides many opportunities. 
for informal discussions between participants with students and experts dining together 
and talking informally, in the relaxed ambiance of Erice. From such interactions, life-long 
friendships are made, new ideas emerge, and collaborations form. Non-scientific 
questions, e.g. how do I obtain a position or a grant, can also be explored. The School 
offers opportunities for the participants to present their own research in order to obtain. 
feedback and to gain experience presenting to an international audience of kindred spirits. 
 
Topics include: Neutrino Astronomy, Gravitational Wave Astronomy, the highest-energy 
particles, acceleration and interactions of high-energy radiation, balloon, satellite, and 
ground based measurements of cosmic rays and gamma rays, propagation of high-energy 
radiation through the galaxy, and space- or ground-based experiments of the future. 
 
Registration:  please use the site  https://agenda.astro.ru.nl/event/24/ 
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Announcing the 23rd course: 
 

Purpose: The era of multi-messenger astrophysics is upon us. Data/observations from many 
sources must be combined to gain improved understanding of various astrophysical. 
phenomena, with Supernova 1987A as a historic example. There have been many, 
recent, exciting discoveries, including gravitational waves, neutrino oscillations, 
images of black holes, structure in the high energy spectra of cosmic-rays and 
discovery of 60Fe in cosmic rays.  In addition, we have great new data from a variety. 
of observatories, such as the James Webb Space Telescope, but a full understanding 
is elusive. Exploring how these advances fit together into a better understanding of 
our high-energy Universe, and what are the prospects for new discoveries and better. 
understanding through new technology, are some of the questions that will be explored. 
during this 23rd biennial course of The International School of Cosmic Ray Astrophysics. 
 
Looking at ‘messengers’ of gamma rays, neutrinos, charged particles (i.e. cosmic 
rays), and gravitational waves, lectures by experts in the fields, chosen in the School 
tradition for their science expertise and communication abilities,  will present the history, 
recent results, and the technology employed. The School provides many opportunities. 
for informal discussions between participants with students and experts dining together 
and talking informally, in the relaxed ambiance of Erice. From such interactions, life-long 
friendships are made, new ideas emerge, and collaborations form. Non-scientific 
questions, e.g. how do I obtain a position or a grant, can also be explored. The School 
offers opportunities for the participants to present their own research in order to obtain. 
feedback and to gain experience presenting to an international audience of kindred spirits. 
 
Topics include: Neutrino Astronomy, Gravitational Wave Astronomy, the highest-energy 
particles, acceleration and interactions of high-energy radiation, balloon, satellite, and 
ground based measurements of cosmic rays and gamma rays, propagation of high-energy 
radiation through the galaxy, and space- or ground-based experiments of the future. 
 
Registration:  please use the site  https://agenda.astro.ru.nl/event/24/ 
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Announcing the 23rd course: 
 

Purpose: The era of multi-messenger astrophysics is upon us. Data/observations from many 
sources must be combined to gain improved understanding of various astrophysical. 
phenomena, with Supernova 1987A as a historic example. There have been many, 
recent, exciting discoveries, including gravitational waves, neutrino oscillations, 
images of black holes, structure in the high energy spectra of cosmic-rays and 
discovery of 60Fe in cosmic rays.  In addition, we have great new data from a variety. 
of observatories, such as the James Webb Space Telescope, but a full understanding 
is elusive. Exploring how these advances fit together into a better understanding of 
our high-energy Universe, and what are the prospects for new discoveries and better. 
understanding through new technology, are some of the questions that will be explored. 
during this 23rd biennial course of The International School of Cosmic Ray Astrophysics. 
 
Looking at ‘messengers’ of gamma rays, neutrinos, charged particles (i.e. cosmic 
rays), and gravitational waves, lectures by experts in the fields, chosen in the School 
tradition for their science expertise and communication abilities,  will present the history, 
recent results, and the technology employed. The School provides many opportunities. 
for informal discussions between participants with students and experts dining together 
and talking informally, in the relaxed ambiance of Erice. From such interactions, life-long 
friendships are made, new ideas emerge, and collaborations form. Non-scientific 
questions, e.g. how do I obtain a position or a grant, can also be explored. The School 
offers opportunities for the participants to present their own research in order to obtain. 
feedback and to gain experience presenting to an international audience of kindred spirits. 
 
Topics include: Neutrino Astronomy, Gravitational Wave Astronomy, the highest-energy 
particles, acceleration and interactions of high-energy radiation, balloon, satellite, and 
ground based measurements of cosmic rays and gamma rays, propagation of high-energy 
radiation through the galaxy, and space- or ground-based experiments of the future. 
 
Registration:  please use the site  https://agenda.astro.ru.nl/event/24/ 
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Announcing the 23rd course: 
 

Purpose: The era of multi-messenger astrophysics is upon us. Data/observations from many 
sources must be combined to gain improved understanding of various astrophysical. 
phenomena, with Supernova 1987A as a historic example. There have been many, 
recent, exciting discoveries, including gravitational waves, neutrino oscillations, 
images of black holes, structure in the high energy spectra of cosmic-rays and 
discovery of 60Fe in cosmic rays.  In addition, we have great new data from a variety. 
of observatories, such as the James Webb Space Telescope, but a full understanding 
is elusive. Exploring how these advances fit together into a better understanding of 
our high-energy Universe, and what are the prospects for new discoveries and better. 
understanding through new technology, are some of the questions that will be explored. 
during this 23rd biennial course of The International School of Cosmic Ray Astrophysics. 
 
Looking at ‘messengers’ of gamma rays, neutrinos, charged particles (i.e. cosmic 
rays), and gravitational waves, lectures by experts in the fields, chosen in the School 
tradition for their science expertise and communication abilities,  will present the history, 
recent results, and the technology employed. The School provides many opportunities. 
for informal discussions between participants with students and experts dining together 
and talking informally, in the relaxed ambiance of Erice. From such interactions, life-long 
friendships are made, new ideas emerge, and collaborations form. Non-scientific 
questions, e.g. how do I obtain a position or a grant, can also be explored. The School 
offers opportunities for the participants to present their own research in order to obtain. 
feedback and to gain experience presenting to an international audience of kindred spirits. 
 
Topics include: Neutrino Astronomy, Gravitational Wave Astronomy, the highest-energy 
particles, acceleration and interactions of high-energy radiation, balloon, satellite, and 
ground based measurements of cosmic rays and gamma rays, propagation of high-energy 
radiation through the galaxy, and space- or ground-based experiments of the future. 
 
Registration:  please use the site  https://agenda.astro.ru.nl/event/24/ 
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Announcing the 23rd course: 
 

Purpose: The era of multi-messenger astrophysics is upon us. Data/observations from many 
sources must be combined to gain improved understanding of various astrophysical. 
phenomena, with Supernova 1987A as a historic example. There have been many, 
recent, exciting discoveries, including gravitational waves, neutrino oscillations, 
images of black holes, structure in the high energy spectra of cosmic-rays and 
discovery of 60Fe in cosmic rays.  In addition, we have great new data from a variety. 
of observatories, such as the James Webb Space Telescope, but a full understanding 
is elusive. Exploring how these advances fit together into a better understanding of 
our high-energy Universe, and what are the prospects for new discoveries and better. 
understanding through new technology, are some of the questions that will be explored. 
during this 23rd biennial course of The International School of Cosmic Ray Astrophysics. 
 
Looking at ‘messengers’ of gamma rays, neutrinos, charged particles (i.e. cosmic 
rays), and gravitational waves, lectures by experts in the fields, chosen in the School 
tradition for their science expertise and communication abilities,  will present the history, 
recent results, and the technology employed. The School provides many opportunities. 
for informal discussions between participants with students and experts dining together 
and talking informally, in the relaxed ambiance of Erice. From such interactions, life-long 
friendships are made, new ideas emerge, and collaborations form. Non-scientific 
questions, e.g. how do I obtain a position or a grant, can also be explored. The School 
offers opportunities for the participants to present their own research in order to obtain. 
feedback and to gain experience presenting to an international audience of kindred spirits. 
 
Topics include: Neutrino Astronomy, Gravitational Wave Astronomy, the highest-energy 
particles, acceleration and interactions of high-energy radiation, balloon, satellite, and 
ground based measurements of cosmic rays and gamma rays, propagation of high-energy 
radiation through the galaxy, and space- or ground-based experiments of the future. 
 
Registration:  please use the site  https://agenda.astro.ru.nl/event/24/ 
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Purpose: The era of multi-messenger astrophysics is upon us. Data/observations from many 
sources must be combined to gain improved understanding of various astrophysical. 
phenomena, with Supernova 1987A as a historic example. There have been many, 
recent, exciting discoveries, including gravitational waves, neutrino oscillations, 
images of black holes, structure in the high energy spectra of cosmic-rays and 
discovery of 60Fe in cosmic rays.  In addition, we have great new data from a variety. 
of observatories, such as the James Webb Space Telescope, but a full understanding 
is elusive. Exploring how these advances fit together into a better understanding of 
our high-energy Universe, and what are the prospects for new discoveries and better. 
understanding through new technology, are some of the questions that will be explored. 
during this 23rd biennial course of The International School of Cosmic Ray Astrophysics. 
 
Looking at ‘messengers’ of gamma rays, neutrinos, charged particles (i.e. cosmic 
rays), and gravitational waves, lectures by experts in the fields, chosen in the School 
tradition for their science expertise and communication abilities,  will present the history, 
recent results, and the technology employed. The School provides many opportunities. 
for informal discussions between participants with students and experts dining together 
and talking informally, in the relaxed ambiance of Erice. From such interactions, life-long 
friendships are made, new ideas emerge, and collaborations form. Non-scientific 
questions, e.g. how do I obtain a position or a grant, can also be explored. The School 
offers opportunities for the participants to present their own research in order to obtain. 
feedback and to gain experience presenting to an international audience of kindred spirits. 
 
Topics include: Neutrino Astronomy, Gravitational Wave Astronomy, the highest-energy 
particles, acceleration and interactions of high-energy radiation, balloon, satellite, and 
ground based measurements of cosmic rays and gamma rays, propagation of high-energy 
radiation through the galaxy, and space- or ground-based experiments of the future. 
 
Registration:  please use the site  https://agenda.astro.ru.nl/event/24/ 
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We have 11 lecturers. 

We have almost 90 participants. 

We have friends from about 18 countries being 
present.
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CRPropa [ 29].

than 1018

to pion-photoproduction. Fig. 2.1

just below 10 20
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