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GCOS - The Global Cosmic Ray Observatory

GCOS homepage: http://particle.astro.ru.nl/gcos

• World-wide initiative to conduct multi-messenger astroparticle physics beyond 2030  

• MM-APP has started: GW sources, IceCube neutrinos, and follow-ups, … 
key results from Telescope Array & Pierre Auger Observatory (anisotropies, mass composition) 

• building on this knowledge, it is time to prepare for a Global Cosmic Ray Observatory after 2030  

• aim for multi-purpose observatory: 
sources of UHE particles (charged CRs, neutrinos, gamma rays), connection to GWs,  
dark matter searches, fundamental physics, particle physics, geophysics and atmospheric science  

• considering different detection concepts, including layered/nested water Cherenkov detectors, 
radio antennas, and fluorescence light telescopes  

• workshop with >200 participants in May 2021  
to discuss path to define physics case and develop concepts for detection technologies  

• we plan a follow-up workshop at the end of 2021/begin of 2022 with the goal  
to write a roadmap for multi-messenger astroparticle physics (CRs, GAs, NUs, GWs) beyond 2030  
and a Global Cosmic Ray Observatory

(a) The telescope frame, showing four PMTs at the
focus of a 1.6 m diameter segmented mirror. The sup-
port structure is made from aluminium profiles. The
UV filter can be seen attached to the periphery of the
camera box.

(b) The dimensions of the FAST prototype telescope’s
optical system. Da is the diameter of the telescope
aperture, Di is the side length of the square camera
box, Dm is the diameter of the primary mirror, and l is
the mirror-aperture distance.

Figure 1: The mechanical and optical design of the full-scale FAST prototype telescopes.

2. The FAST prototype telescopes

2.1. Telescope design
A lensless Schmidt-type optical design was adopted for the full-size FAST prototype [15].

In a typical Schmidt telescope a corrector plate is placed at the entrance aperture (located at the
mirror’s radius of curvature, a distance of 2 f , where f is the focal length) to facilitate the control of
o↵-axis aberrations: coma and astigmatism. The coarse granularity of the FAST camera, having
only four PMTs each covering an angular field-of-view of ⇠ 15�, allows the requirements on
the size and shape of the telescope’s point spread function to be relaxed. The FAST prototype
telescope therefore forgoes the use of a corrector plate, utilises a reduced-size mirror, and uses a
shorter distance between the mirror and the camera relative to a regular Schmidt telescope, with
the entrance aperture located closer to the focal surface.

The dimensions of the FAST prototype telescope are shown in Fig. 1b. An octagonal aperture
of height 1.24 m is located at a distance of 1 m from a 1.6 m diameter segmented spherical mirror
(radius of curvature ⇠ 1.38 m). The design fulfils the basic FAST prototype requirements, with
an e↵ective collecting area of 1 m2 after accounting for the camera shadow, and a field-of-view of
30� ⇥ 30�.
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