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The recent observation by the IceCube neutrino observatory of an astrophysical flux of neutrinos
represents the “first light” in the nascent field of neutrino astronomy. The observed di↵use neutrino
flux seems to suggest a much larger level of hadronic activity in the non-thermal universe than
previously thought and suggests a rich discovery potential for a larger neutrino observatory. This
document presents a vision for an substantial expansion of the current IceCube detector, IceCube-
Gen2 , including the aim of instrumenting a 10 km3 volume of clear glacial ice at the South Pole
to deliver substantial increases in the astrophysical neutrino sample for all flavors. A detector of

3

this size would have a rich physics program with the goal to resolve the sources of these astro-
physical neutrinos, discover GZK neutrinos, and be a leading observatory in future multi-messenger
astronomy programs.

EXECUTIVE SUMMARY

Developments in neutrino astronomy have been driven
by the search for the sources of cosmic rays, leading,
at an early stage, to the concept of a cubic kilometer
neutrino detector. Four decades later, IceCube has dis-
covered a flux of high-energy neutrinos of cosmic ori-
gin [1, 2]. The observed neutrino flux implies that a
significant fraction of the energy in the non-thermal uni-
verse, powered by the gravitational energy of compact
objects from neutron stars to supermassive black holes,
is generated in hadronic accelerators. High-energy neu-
trinos therefore hold the discovery potential to either re-
veal new sources or provide new insight into the energy
generation of known sources.

The observed spectrum of neutrinos, resulting from
general agreement among a sequence of independent
analyses of multiple years of IceCube data, has revealed
approximately 100 astrophysical neutrino events. The
ability of IceCube to be an e�cient tool for neutrino as-
tronomy over the next decade is limited by the modest
numbers of cosmic neutrinos measured, even in a cu-
bic kilometer array. In this paper we present a vision
for the next-generation IceCube neutrino observatory, at
the heart of which is an expanded array of light-sensing
modules that instrument a 10 km3 volume for detection
of high-energy neutrinos. With its unprecedented sensi-
tivity and improved angular resolution, this instrument
will explore extreme energies (PeV-scale) and will col-
lect high-statistics samples of astrophysical neutrinos of
all flavors, enabling detailed spectral studies, significant
point source detections and new discoveries. The large
gain in event rate is made possible by the unique optical
properties of the Antarctic glacier revealed by the con-
struction and operation of IceCube. Extremely long pho-
ton absorption lengths in the deep ice means the spacing
between strings of light sensors may exceed 250m, en-
abling the instrumented volume to grow rapidly while
the cost for the high-energy array remains comparable to
that of the current IceCube detector. By roughly dou-
bling the instrumentation already deployed, a telescope
with an instrumented volume of 10 km3 is achievable and
will yield a significant increase in astrophysical neutrino
detection rates. The instrument will provide an unprece-
dented view of the high-energy universe, taking neutrino
astronomy to new levels of discovery with the potential to

⇤
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resolve the question of the origin of the cosmic neutrinos
recently discovered [1, 2].
By delivering a significantly larger sample of high-

energy neutrinos with improved angular resolution and
measurement of the energy, a detailed understanding of
the source distribution, spectrum and flavor composition
of the astrophysical neutrinos is within reach. This sam-
ple will reveal an unobstructed view of the universe at
>PeV energy, previously unexplored wavelengths where
most of the universe is opaque to high-energy photons.
The operation of a next-generation IceCube detector
in coincidence with the next generations of optical-to-
gamma-ray telescopes and gravitational wave detectors
will present novel opportunities for multi-messenger as-
tronomy and multi-wavelength follow-up campaigns to
obtain a complete picture of astrophysical sources.
Because of its sheer size, the high-energy array has

the potential to deliver significant samples of EeV-energy
GZK neutrinos, of anti-electron neutrinos produced via
the Glashow resonance [3], and of PeV tau neutrinos,
where both particle showers associated with the produc-
tion and decay of the tau are observed. GZK neutri-
nos produced in interactions of extragalactic cosmic rays
with microwave photons are within reach of the instru-
ment provided a fraction (at least at the 10% level) of the
extragalactic cosmic rays are protons. Their observation
will complement PeV neutrino astronomy and may yield
a measurement of the neutrino cross-section at center-of-
mass energies of 100TeV, testing electroweak physics at
energies beyond the reach of terrestrial accelerators.
Neutrino astronomy will be one one of many topics in

the rich science program of a next-generation neutrino
observatory. In addition to studying the properties of
cosmic rays and searching for signatures of beyond-the-
standard-model neutrino physics, this world-class, multi-
purpose detector remains a discovery instrument for new
physics and astrophysics. For instance, the observation of
neutrinos from a supernova in our galactic neighborhood,
in coincidence with astronomical and gravitational wave
instruments, would be the astronomical event of the cen-
tury, providing an unprecedented wealth of information
about this key astrophysical process.
The proposed IceCube-Gen2 high-energy array is en-

visioned to be the major element of a planned large-scale
enhancement to the IceCube facility at the South Pole
station. Members of the IceCube-Gen2 Collaboration,
which is now being formed, are working to develop pro-
posals in the US and elsewhere that will include, be-
sides this next generation IceCube high-energy detector,
the PINGU sub-array [4] that targets precision measure-
ments of the atmospheric oscillation parameters and the
determination of the neutrino mass hierarchy. The fa-
cility’s reach may further be enhanced by exploiting the
air-shower measurement and vetoing capabilities of an

 20 pages
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Abstract
EUSO-SPB2 is a second generation Extreme Universe Space Observatory (EUSO) on a Super-
Pressure Balloon (SPB). This document describes the physics capabilities, the proposed technical
design of the instruments, and the simulation and analysis software.
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 abstract

ABSTRACT

COrE (Cosmic Origins Explorer) is a fourth-generation full-sky, microwave-band satellite recently
proposed to ESA within Cosmic Vision 2015-2025. COrE will map the polarization of the microwave
sky with such a high precision that tensor modes produced by the inflationary expansion are detected
at more than 3� even if they are 0.1% of the scalar modes. This is a factor about 50 times better than
what PLANCK can achieve. COrE will provide maps of the microwave sky in 15 frequency bands,
ranging from 45 GHz to 795 GHz, with an angular resolution ranging from 23 arcmin (45 GHz) to
1.3 arcmin (795 GHz) and sensitivities roughly 10–30 times better than PLANCK (depending on the
frequency channel). The COrE mission will lead to breakthrough science in a wide range of areas,
from primordial cosmology to galactic and extragalactic science. COrE is designed to detect the
primordial gravitational waves generated during the epoch of cosmic inflation at more than 3� for
r = (T/S) � 10�3. It will also measure the CMB gravitational lensing deflection power spectrum to
the cosmic variance limit on all linear scales, allowing us to probe absolute neutrino masses better
than laboratory experiments and down to plausible values suggested by the neutrino oscillation data.
COrE will also search for primordial non-Gaussianity with significant improvements over PLANCK
in its ability to constrain the shape and amplitude of non-Gaussianity. In the areas of galactic
and extragalactic science, in its highest frequency channels COrE will provide maps of the galactic
polarized dust emission allowing us to map the galactic magnetic field in areas of di↵use emission not
otherwise accessible to probe the initial conditions for star formation. COrE will also map the galactic
synchrotron emission thirty times better than PLANCK. This White Paper reviews the COrE science
program, our simulations on foreground subtraction, and the proposed instrumental configuration.
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 when I can get the information I need to write a theory paper from the 
executive summary

 synthetic science case overview tightly connected to the experiment 
(IceCube-Gen2, EUSO-SPB)

 developed ideas on a variety of aspects of technical design, with 
dedicated plots/illustrations

 when it looked like a merged version of individual reviews on various 
topics, not necessarily connected to the experiment (CTA)

 the science case part takes too much of the paper (as if there wasn't 
much to say about the technical design) (COrE)

 obscure and too detailed technical design, with features not necessary 
to understanding of instrument 

 What I liked

 What I didn't like



 focus more content and sections on GRAND? (e.g., remove plots taken 
from other papers that are not GRAND-specific)

 downplay a bit more the science case part
 add Appendix where pedagogical content could go?

 re-structure: treat each science topic comprehensively (neutrinos/
UHECRs/gamma/FRBs/EoR)

 Some propositions


