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Bottom Line for PA

• Main Report

– IceCube Gen 2 - endorsed but not explicitly recommended because it’s NSF 

Physics not Astro

– CMB S-4 recommended 

– Tech development for next Gen Gravitational Wave Detectors

– Recommended enhancement of Mid-scale funding


• PAG panel report

– SWGO recommended (~$20M)

– US participation in CTA recommended (~$40M)

– Continued support for current generation detectors (HAWC, IceCube, LIGO (A+), 

Fermi)
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PAG Report

• IceCube-Gen2  (Page L-9) - 

– TRACE - found that the programmatic risk (science and costs) and schedule risk 

of IceCube-Gen2 are both medium-to-low. The TRACE cost estimate is 20 percent 
higher than the project-estimated cost 


– Radio should be a part of the project vs other radio projects

• Cosmic Explorer (40Km LIGO) (Page L-13)


– Design study, at the level of $65.7 million in FYs 2020 to 2025: $33 million for two 
engineering studies, $20 million for a prototype CE chamber, and the remainder 
for other upgrades 


• Probe-Scale Mission for Multi-Messenger Sources (Page L-16)

– A Probe-scale mission dedicated to the study of multi-messenger sources would 

provide wide-field multiwavelength observations, at keV-MeV-GeV energies, at the 
sensitivities needed to achieve multi-messenger discoveries..
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PAG Report

• U.S. Participation in the Cherenkov Telescope Array (CTA) and the 
Southern Wide- field Gamma-ray Observatory (SWGO) (Page L-17)


– The combination of CTA and LHAASO/SWGO provides an integrated 
observational capability that maximizes the scientific opportunities for all-sky multi-
messenger astronomy. The success of the broad U.S. program in multi-
messenger astrophysics would be greatly enhanced by access to these world-
leading facilities. The development of these facilities depends critically on decades 
of U.S. investment that cannot be capitalized upon without continued U.S. 
involvement. 
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IceCube Gen 2

• Observations of high-energy neutrinos enable astrophysical advances in the study 
of some of the most energetic phenomena in the universe. In particular, the most 
extreme accelerators in the universe produce huge luminosities of charged 
particles and accompanying gamma rays and neutrinos, with per-particle energies 
ranging up to the TeV-PeV range, and sometimes higher. The IceCube 
observations of the diffuse neutrino flux suggest a dominant population of sources 
that are gamma-ray obscured, showing that neutrino observations are essential for 
understanding and studying such energetic phenomena. 


•
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IceCube Gen 2

• A large-scale MREFC investment by NSF in IceCube-Gen2 would greatly enhance this 
observatory’s capabilities. “IceCube-Gen2 will increase the annual rate of observed 
cosmic neutrinos by a factor of ten compared to IceCube, and will be able to detect 
sources five times fainter than its predecessor. Furthermore, through the addition of a 
radio array, IceCube-Gen2 will extend the energy range by several orders of magnitude 
compared to IceCube.”15 The primary scientific objectives for this upgrade are to resolve 
the bright, hard-spectrum TeV-PeV diffuse neutrino background into discrete sources, 
make the first detections at higher neutrino energies, and identify neutrino emission with 
specific astrophysical sources in order to gain insight into sites of extreme particle 
acceleration. The PAG panel, supported by a TRACE study of the observatory upgrade, 
finds that the project is well-understood, uses mature technology, and with a cost of $345 
million in FY2020 is feasible to implement this decade. This survey was not charged to 
make project recommendations to NSF PHY; however, we endorse the observatory as 
important to key astrophysics scientific objectives of this survey. 
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IceCube Gen 2
• Observations of high-energy neutrinos enable astrophysical advances in the study 

of some of the most energetic phenomena in the universe. The IceCube-Gen2 
would greatly enhance the capabilities relative to IceCube, would be able to resolve 
the bright, hard-spectrum TeV-PeV diffuse neutrino background into discrete 
sources, and would make the first detections at higher neutrino energies. Multi- 
messenger astrophysics is a major theme of this report, and the survey endorses 
the IceCube-Gen2 observatory as important to many key survey scientific 
objectives. Because it is funded by NSF Physics, it is beyond the survey’s charge 
to recommend this investment 


• Conclusion: The IceCube-Generation 2 neutrino observatory would provide 
significantly enhanced capabilities for detecting high-energy neutrinos, including 
the ability to resolve the bright, hard-spectrum TeV-PeV neutrino background into 
discrete sources. Its capabilities are important for achieving key scientific 
objectives of this survey. 
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Mid-Scale

• Mid-scale programs across the entire range of scales (~$4 million–$120 million) are 
vital to the enabling foundation of astronomy research, and for capitalizing and 
amplifying return on our investment in major facilities. 


• The survey received a large number of APC white papers for midscale projects, 
concentrated at the higher end of the cost range (~$100 million) that were 
evaluated by the OIR, Panel on Particle Astrophysics and Gravitation, and RMS 
program panels. All three panels provided multiple superb examples of compelling 
mid-scale ideas in this cost range. The panels all emphasize the high science 
value, cost effectiveness, and agility of mid-scale programs at all cost levels to 
address new science opportunities throughout the decade. Across the range of 
project scales, mid-scale programs are essential both for achieving the broad 
range of science prioritized by the survey, for addressing targeted strategic goals, 
and for ensuring that existing facilities have modern instrumentation to maximize 
their scientific productivity and community access 
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Major Instrumentation (Astro 2020)
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NSF Budget
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NSF Budget
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Space
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Space

• Great Observatories Mission and Technology Maturation Program 

– Accelerating the cadence of strategic missions will require 

– limiting their scope through careful selection of capabilities   

– significant and coordinated investment prior to a decadal survey recommendation to 

proceed with mission development 

– This rephasing better recognizes the multi-decadal timescales required for 

conceptualizing, maturing and implementing strategic missions 

– avoids the negative consequences of commencing missions prior to appropriate 

maturation 

– provides a means for the survey process to more optimally align a mission’s cost 

range and development timescale as it deems appropriate for the scientific return  

–
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Ground
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Ground
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Ground
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