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Brief History

Windows on the Universe (MMA 2023 Workshop)

MMA/TDA was highly recommended by the 2020 Decadal, so 
NASA and NSF have started a series of meetings to get 
community input on how best to address the recommendations. 
This workshop was the second in this ongoing series, following 
a meeting in Annapolis organized by NASA in 2022.
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A Quick Recap of the Workshop 

● Day 1 - Challenges, Lessons Learned, and Community Building
○ The challenges are hard…

■ We are conductings surveys and follow-up of multi-wavelength light, high 
energy particles, and gravitational waves

■ AND coordinating across all these messengers

… but the science is worth it, and the community is driven

○ Important to grow the community to achieve “a diverse team along every axis” 
– Michael Coughlin’s talk

○ “What is an astronomer?” - quote from Abby Vieregg’s Breakout Group on 
blurry lines between hardware, software, and research

Windows on the Universe (MMA 2023 Workshop)
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A Quick Recap of the Workshop

● Day 2 - Infrastructure Solutions: Software, People, Funding
○ The MMA ecosystem is blooming with vibrant software tools!

■ “Messaging infrastructure is not the challenge anymore” - Andy Howell’s 
talk, Gautham Narayan’s talk

○ But they need to be tended to… we need:
■ Workforce training and retention
■ Interoperability
■ Long-term support

○ Need to keep eye on the horizon so we don’t lose critical 
follow-up capabilities like Swift

Windows on the Universe (MMA 2023 Workshop)
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A Quick Recap of the Workshop

● Day 3 - The Future of MMA: ensuring multi-wavelength, 
multi-messenger coverage, instrumentation, funding
○ Exciting surveys (radio, mm, optical, IR, PTA, LISA, HE particles) 

operating or coming online
■ Commitment of current facilities to time-domain and MMA follow-up 

can drive future facilities (Gamow, HiZ-GUNDAM)

○ Again… we need long-term ( joint NASA+NSF?) observation/infrastructure 
support and to train and retain our workforce

○ So how do we address the MMA infrastructure challenges?
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Software, Hardware, People
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The White Paper
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https://arxiv.org/abs/2401.02063
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The recommendations:

● Hardware
● Software
● People and Policy

Windows on the Universe (MMA 2023 Workshop)

Each section is divided into EM and Non-EM messengers, with recommendations 
to NSF, NASA, and the community.
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High Level Takeaways

Windows on the Universe (MMA 2023 Workshop)

● We need to retain software engineers.

● Public facility = Public access = Public 
data.

● We need a replacement for Swift 
yesterday.
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Hardware (NSF Astro):

● Wide-field Imaging from the ground
○ Sustained support for new or existing wide-area imaging 

facilities will be necessary even in the Rubin era.
○ Essential for discovery of EM counterparts 
○ ZTF, ATLAS, ASASSN (Current)
○ WIYN+ODI, BlackGEM, Blanco+DECam, 

Blanco+NEWFIRM (Future)

● These should be public facilities, with public 
access, and ideally without proprietary       periods.

Windows on the Universe (MMA 2023 Workshop)
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Hardware (NSF Astro):

● Follow-up spectroscopy from the ground
○ A significant investment in new community accessible optical/NIR 

spectroscopy is needed - absent this science with facilities such as Rubin 
and LIGO will go unrealized.

○ This includes Scorpio at Gemini-S 
○ XShooter at VLT is a great example

Windows on the Universe (MMA 2023 Workshop)

Pian et al. 2017, Nature, 551, 67 

https://www.nature.com/articles/nature24298
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Hardware (NSF Astro):

● Continued support for the next-generation VLA
○ ngVLA will provide the sensitivity and resolution necessary to match 

corresponding gains made with other detectors (eg GW)

● Access to VLA-like capabilities for GW follow-up should be 
available for the community during the transition to ngVLA

● The NRAO should work with the community to design 
strategies aimed at identifying high significance alerts and 
at optimizing the response to an increasing rate of GW 
detections.

Windows on the Universe (MMA 2023 Workshop)
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Hardware (NSF Astro/Physics):

● Continued support for ground based Very High Energy 
Gamma ray detectors
○ VERITAS,HAWC,LHAASO, CTA

● Building of Southern Wide-field Gamma-ray Observatory 
(SWGO) in South America
○ Better access to the Galactic center

Windows on the Universe (MMA 2023 Workshop)
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Hardware (NASA):

● A replacement (many replacements) for SWIFT is absolutely 
vital to MMA/TDA science.
○ Must have the agility of Swift (that handles 1700 ToOs/year)

● Need not only UV, but Gamma-Ray and X-Ray as well
● Must be a ToO driven mission(s)
● These are uniquely accessible from space-based platforms

Windows on the Universe (MMA 2023 Workshop)
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Hardware (NASA):

● The winding down of the Tracking and Data Relay Satellite 
System (TDRSS) may leave a gap in the communications 
infrastructure required by MMA/TDA.
○ In addition to reporting of transients it is useful to perform rapid followup in 

real time. 
○ A Communications Science Analysis Group is producing a report that will be 

available later this year.  It is recommended that NASA follow the findings and 
suggestions of this report.

Windows on the Universe (MMA 2023 Workshop)
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Hardware (NSF Physics):

● Support for robust investments in technology development 
for advanced gravitational wave interferometers both to 
upgrade LIGO and to prepare for the next large facility.

Windows on the Universe (MMA 2023 Workshop)
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Hardware (NSF Physics/OPP):

● Support for continued sensitivity improvements in ground 
based GW detectors and high-energy neutrino detectors
○ These upgrades need to happen on a reliable schedule, avoiding 

extended down periods whenever possible

Windows on the Universe (MMA 2023 Workshop)
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Software (NSF):

● A significant increase in funding opportunities for MMA/TDA 
software
○ Software development remains under-resourced by funding agencies and 

under-valued by the community as a whole.
○ In MMA/TDA alone we need a whole suite of software to handle the unique 

challenges of coordination and follow-up.
■ Heralds - General Coordinates Network (GCN), Scalable 

Cyberinfrastructure to support Multi-Messenger Astrophysics 
(SCIMMA)

■ Brokers - (ingest alerts) ANTARES, Fink, ALerCE, AMPEL
■ TOMs (Target and Observation Managers) - YSE-PZ, SkyPortal, 

SAGUARO, GOATS

Windows on the Universe (MMA 2023 Workshop)
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Software (NSF):

● A phased approach, including sustained funding is crucial.
○ Phase 1:  Continuously open solicitation for early career researchers to 

fund 6-12 months of effort on MMA/TDA specific cyberinfrastructure.
○ Phase 2: A cadenced call for Phase 2 proposals for software development 

and maintenance for projects that meet Phase 1 milestones.
○ Phase 3: Funding agencies should identify the most vital MMA/TDA 

cyberinfrastructure and keep them financially viable and stable over 
decade+ timeframes.

Windows on the Universe (MMA 2023 Workshop)
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Software (NSF + NASA):

● Funding agencies should require observatories to provide 
pipelines for processing data automatically from instrument 
commissioning
○ This comes back to paying more people to develop and maintain software 

infrastructure

Windows on the Universe (MMA 2023 Workshop)
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People and Policy:

● Funding channels with industry-competitive salaries must be 
provided to enable software engineers to be employed in 
research groups long term.
○ Want to keep software engineers in research as well as researchers with 

an interest in software development.

● Heavier weight needs to be given to software in tenure 
evaluation, fellowships, funding etc.

Windows on the Universe (MMA 2023 Workshop)
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People and Policy:

● Data from public facilities must be public with easy 
community access. 
○ For most exceptional sources the MMA/TDA community should work with 

observatory staff to predefine observing programs whose data would 
become immediately public upon triggering (Gemini Key Project?).

○ Proprietary periods should default to zero, only allowing proprietary 
periods for certain circumstances (thesis, parental leave, etc.)

Windows on the Universe (MMA 2023 Workshop)
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NSF + NASA:

● Joint NASA+NSF software development may reduce 
duplication of effort and improve community usability

● A dedicated MMA/TDA archive infrastructure that can bring 
together data from space and ground-based observatories
○ This could be hosted at a national lab, NASA facility, or NOIRLab
○ Would help satisfy Phase 3 software recommendations

● NSF + NASA should develop a coordinated policy that 
supports future MMA/TDA space mission proposal observing 
time requirements
○ The requirement  of ground based facilities to promise time allocations 

years in advance is a barrier 

Windows on the Universe (MMA 2023 Workshop)
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NSF + NASA:

● The agencies should support existing efforts to enable 
MMA/TDA science at NASA and NSF observing facilities, 
and fund the extension of these initiatives to radio and other 
wavelength facilities.
○ Great examples are ACROSS (NASA’s Astrophysics Cross-Observatory 

Science support), and AEON (NOIRLab’s Astronomical Event Observatory 
Network)

Windows on the Universe (MMA 2023 Workshop)
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 NASA:

● With the advanced age of many of the key MMA/TDA assets 
in its fleet, we urge NASA to rapidly develop an 
implementation plan for the highest priority sustaining 
capability for space identified in the 2020 Decadal Survey
○ Many in MMA/TDA were concerned when the Probe line of missions were 

funded over MMA/TDA, when it was listed as a lower priority.

● We need NASA’s full support in MMA/TDA so that all of the 
effort undertaken by NSF can reach its full potential.

Windows on the Universe (MMA 2023 Workshop)
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Concluding remarks:

● To truly democratize access to the study of MMA/TDA, 
publicly available facilities should be a priority.

● Closer coordination between NASA and the NSF is a 
NECESSITY, particularly in long-term planning.  The 
scientific potential of MMA/TDA cannot be reached without 
inter-agency cooperation, and following the 
recommendations of the Decadal survey.
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Concluding remarks:
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As a community we share a vision of the future of MMA/TDA, 
wherein neutrino detectors, GW detectors, and electromagnetic 
detectors are all simultaneously observing with sufficient and 
complementary sensitivity such that when the universe provides 
information we have the ability to collect it.


