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Fine pixelated camera

Low-cost and simplified telescope

✦Target : > 1019.5 eV, ultrahigh-energy cosmic rays and neutral particles

✦Huge target volume ⇒ Fluorescence detector array 
Too expensive to cover a huge area

Smaller optics and single or few pixels

Segmented mirror telescope   
Variable angles of elevation – steps. 

construction is still in development  

15 deg  45 deg  
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Fluorescence detector Array of Single-pixel Telescopes 
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Fluorescence detector Array of Single-pixel Telescopes 
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Field measurements to validate the FAST concept

1 

FAST - today  

Accepted for publication 
in Astroparticle Physics 

P. Privitera in UHECR 2012

EUSO-TA optics
          +
Single-pixel camera
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T. Fujii et al., Astroparticle Physics 74 (2016) 64-72

 D. Mandat et al., JINST 12, T07001 (2017) Measured signal: 18.8 EeV, 808 g/cm2 T. Fujii et al., PoS (ICRC2021) 291 (2020)

https://www.sciencedirect.com/science/article/abs/pii/S0927650515001462
https://iopscience.iop.org/article/10.1088/1748-0221/12/07/T07001
https://arxiv.org/abs/2107.02949


Brain-storming for possible GCOS detector
Low-cost FD array for sizable 
exposure at the highest energies

Effective area: ~ 30,000 km2

100% efficiency above 20 EeV

ΔE: 8%, ΔXmax: 30 g/cm2 (Δ lnA ~ 1)

Dense and precise SD array for the 
highest photon search

Photon search at 1 EeV

10-5 γ/hadron separation required

Multi-messenger synergies
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GZK proton (Kampert et al. 2011)
GZK mixed (Bobrikova et al. 2021)
SHDM I (Kalashev & Kuznetsov 2016)
SHDM II (Kachelriess, Kalashev & Kuznetsov 2018)

 interactions in halo (Kalashev & Troitsky 2014)pp

CR interactions in Milky Way (Berat et al. 2022)
Single source without cutoff

Figure 5. Upper limits (at 95% C.L.) on the integral photon flux above 2⇥1017 eV determined here (red circles). Shown are also
previous upper limits by various experiments: Pierre Auger Observatory (hybrid: blue circles, taken from Savina & Pierre Auger
Collaboration (2021); SD: cyan circles, taken from Rautenberg & Pierre Auger Collaboration (2019)), KASCADE/KASCADE-
Grande (orange triangles, taken from Apel et al. (2017)), EAS-MSU (magenta diamonds, taken from Fomin et al. (2017))
and Telescope Array (green squares, taken from Abbasi et al. (2019)). The red band denotes the range of expected GZK
photon fluxes under the assumption of a pure-proton scenario (Kampert et al. 2011). The green band shows the expected GZK
photon flux assuming a mixed composition that would fit the Auger data (Bobrikova et al. 2021). In addition, the expected
photon fluxes from the decay of super-heavy dark matter particles are included (decay into hadrons: dashed violet line, based
on Kalashev & Kuznetsov (2016); decay into leptons: dot-dashed gray line, based on Kachelriess et al. (2018); the exact lines
have been obtained through personal communication with one of the authors). The photon fluxes that would be expected from
pp interactions in the Galactic halo (Kalashev & Troitsky (2014), olive-green line) or from cosmic-ray interactions with matter
in the Milky Way (Bérat et al. (2022), blue band) are shown as well. Also included is the expected flux of photons from a single,
putative source without a cuto↵ in its spectrum (dotted turquoise line, modeled after HAWC J1825-134, Albert et al. (2021),
where we extrapolated the measured flux to the highest energies), ignoring its directionality as if its flux were distributed over
the full sky.

of the UHECR flux, and the mass composition. The
limits obtained in this study improve previous ones in
the energy range of interest to probe such a flux; yet
they remain between two and three orders of magnitude
above the expectations.
The cosmogenic fluxes just mentioned can be seen as

floors above which increased sensitivity to photons could
reveal unexpected phenomena. To exemplify such a po-
tential, we explain below the four curves that correspond
to fluxes from putative sources in the Galactic disk or
to patterns that could emerge from proton-proton inter-
actions in the halo of the Galaxy or from the decay of
super-heavy dark matter (SHDM).
The recent observation of photons above 2⇥1014 eV

from decaying neutral pions from the J1825-134 source

reported in Albert et al. (2021), in a direction coincident
with a giant molecular cloud, provides evidence that cos-
mic rays are indeed accelerated to energies of several
1015 eV, and above, in the Galaxy. Interestingly, the
flux of this source could extend well beyond 2⇥1014 eV,
as no cuto↵ is currently observed in its energy spectrum
measured up to this energy. As an example of the dis-
covery potential with increased exposure, we show as
the green curve the flux from such a putative source ex-
trapolated to the highest energies. Note that this flux,
which is directional in essence, is here for simplicity cal-
culated by converting it to a di↵use one, assuming the
flux were distributed over the full sky. We observe that
the extrapolated flux for this source is higher than the
cosmogenic ones below 1018 eV. The upper limits deter-

Pierre Auger collaboration, ApJ 933:125 (2022), arXiv: 2205.14864 FAST collaboration, PoS (ICRC2021) 291 (2020), arXiv: 2107.02949

Integral photon flux limit

×10 statistic anisotropy search 
with mass composition of Xmax 

https://iopscience.iop.org/article/10.3847/1538-4357/ac7393
https://arxiv.org/abs/2107.02949

