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Abstract

The era of multi-messenger astrophysics has arrived, leading to key new discoveries and revealing a need for coordination, collab-
oration, and communication between world-wide communities using ground and space-based facilities. To fill these critical needs,
NASA’s Goddard Space Flight Center and Marshall Space Flight Center are jointly proposing to establish a virtual Multi-Messenger
Astrophysics Science Support Center that focuses entirely on community-directed services. In this article, we describe the baseline
plan for the virtual Support Center which will position the community and NASA as an Agency to extract maximum science from
multi-messenger events, leading to new breakthroughs and fostering increased coordination and collaboration.

Note: between the time of the paper submission and receipt of the referee report, the MMA SSC evolved into MOSSAIC -
Multimessenger Operational Astrophysics and Information Collaboration, which besides GSFC and MSFC includes non-NASA
institutions; see http: // asd. gsfc. nasa. gov/ mossaic
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1. Introduction

Multi-messenger astrophysics (MMA) has come of age
thanks to the detection of gravitational wave (GW) sources from
the ground with the Advanced LIGO (LIGO Scientific Collabo-
ration et al., 2015) and Virgo (Acernese et al., 2015) observato-
ries, and of an extra-galactic neutrino source with the IceCube
Neutrino Observatory (Aartsen et al., 2017). Together with the
concurrent observations of coincident gamma-ray photons fol-
lowed by photons at other electromagnetic (EM) wavelengths,
these discoveries provide new insights into the physics of the
Universe. While at this time the 2020 Astrophysics Decadal
Survey report is still to be released, it is expected that strong
recommendations will be made for MMA.

The advent of advanced ground-based observatories in a few
years will expand the discovery horizon and drastically increase
the number of sources needing prompt EM follow-up from the
ground and in space. The needs of the MMA community will
increase many-fold. This includes the need for coordination,
collaboration, and communication (the 3Cs) between space and
ground-based facilities; the need for adequate infrastructure—
data analysis and interpretation tools, efficient alert systems,
proposer and observer support, rapid data transmission links,
etc.; and the need for common and frequent transfer of ideas
between communities to anticipate future needs and provide so-
lutions. A similar conclusion was previously reached by (Ku-
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ulkers et al., 2019), where they made specific suggestions for
new communication protocols using VO.

To fill these critical needs, NASA’s Goddard Space Flight
Center (GSFC) and Marshall Space Flight Center (MSFC) are
jointly proposing to establish a virtual MMA Science Support
Center (SSC), with 100% community-directed services. Here
we describe the baseline plan for the virtual MMA SSC which
will provide:

• A community access portal (CAP) website to act as a one-
stop-shop for information, tools, and support.

• A real-time board for instant community collaboration, co-
ordination, and communication and dissemination of ob-
serving plans.

• A modern alert system for NASA missions and other cur-
rent Gamma-ray Coordinates Network/Transient Astron-
omy Network (GCN/TAN1) streams, built on technologies
embraced by the MMA community (e.g., Apache Kafka).

• A Guest Observer Facility (GOF)-like service for com-
munity support in observing and proposing to NASA and
ground based facilities for MMA targets.

• A suite of tools for analysis and interpretation of data from
NASA missions.

• A curated archive of data serving the specific needs of
the MMA community and the development of relevant

1https://gcn.gsfc.nasa.gov/
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Figure 1: MMA focuses on extreme astronomical events that produce multiple types of messengers, gravitational waves, neutrinos, cosmic rays, and photons,
that each convey key information about the event and the underlying physics. A complete understanding of these events requires coordination, collaboration, and
communication between multiple communities and observatories on the ground and in space. Schematic courtesy of the AMEGO/AMEGO-X (McEnery et al., 2019)
mission concept teams, adapted by J. Schlieder.

analysis tools, including automation of certain functions
and analysis through artificial intelligence/machine learn-
ing (AI/ML).

• A service where new and existing MMA community mem-
bers can obtain consultation, tools, and expertise to im-
prove MMA cross-integration and to design new missions.

• Expertise and experience in science definition for MMA
missions led by external Principal Investigators (PIs).

• Community building and networking events (workshops,
conferences, training), with a special focus on recruiting
and retaining a diverse workforce at the NASA Centers,
and bringing together all communities involved in MMA
science.

NASA’s MMA SSC will make it possible for the commu-
nity to reap maximum benefit from MMA science and missions,
providing coordination and facilitating collaboration. MMA is
by definition a team enterprise, and the 3Cs—collaboration, co-
ordination, and communication—are at the heart of the MMA
SSC. We acknowledge and support ongoing independent efforts
for MMA in the scientific community; our aim is to connect
with them and amplify their services and impact, not replace

them. We invite the broader community to contact us with ad-
ditional ideas for collaboration.

2. Multi-Messenger Astrophysics in Context

MMA has come of age thanks to the detection of GW sources
with the ground-based LIGO and Virgo observatories, and of an
extragalactic neutrino source with the ground-based IceCube
Neutrino Observatory. Together with the concurrent observa-
tions of high-energy photons, these discoveries provided new
insights into the physics of the Universe, with rippling conse-
quences for other science disciplines as well (e.g., chemistry,
fundamental physics, etc.). The first joint GW and EM detec-
tion of a binary neutron star merger (GW170817) by the Fermi
Gamma-ray Burst Monitor (GBM Meegan et al., 2009) and by
ESA’s INTEGRAL mission (Winkler et al., 2003) revolution-
ized our knowledge of these systems (Abbott et al., 2017). In
the four years since its detection, over 4000 papers have cited
the GW170817 discovery paper, on topics ranging from nuclear
physics to radiation transport, general relativity, and relativistic
astrophysics. Likewise, the recent detection of a high-energy
neutrino (IC170922) correlated in space and time with a flare
from gamma-ray blazar TXS 0506+056 (LAT; IceCube Col-
laboration et al., 2018b,a) detected by the Fermi Large Area
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Telescope (LAT Ackermann et al., 2012), and the possible as-
sociation of a high-energy neutrino with a tidal disruption event
(TDE Stein et al., 2021), has provided a tantalizing clue to the
origin of high-energy cosmic neutrinos. In the coming years,
the advent of A+ LIGO/Virgo/KAGRA/LIGO-India will cata-
pult the detection rate of GW sources to several per month or
even per week, placing increased strain on the search for their
EM counterparts from the ground and in space (see Fig. 2).
IceCube-Gen2 (Aartsen et al., 2021) will similarly increase
the number of neutrino detections that require EM counterpart
follow-up.
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Figure 2: The advent of improved sensitivities for GW detection on the ground
will expand the horizon of the GW universe in need of EM follow-up in space
and from the ground. NS-NS = neutron star - neutron star merger; BH-BH =

Black hole - black hole merger; O2 = LIGO/Virgo Observing Run 2; A+ = Ad-
vanced LIGO Plus; CE1, CE2 = Cosmic Explorer (two different sensitivities).
Reproduced from Reitze et al. (2019).

Identification and characterization of the EM counterparts
of GW/neutrino sources is central to fulfilling the promise of
MMA. Many challenges require progress (Baker et al., 2019;
Miller et al., 2019; Matheson et al., 2019): poor GW localiza-
tions, implying thousands of possible optical counterparts and
posing the issue of how to identify the right one effectively and
efficiently; coordinating and optimizing the observing windows
of a transient from space and ground-based telescopes, taking
into account the different observational constraints of the vari-
ous observatories; improving alert systems (e.g., upgrading the
GCN and/or migrating to new systems) and related dissemina-
tion pipelines; restructuring the data archives and related soft-
ware for optimal MMA science; and even optimizing commu-
nication protocols for faster responses (space to ground, space
to space, and ground to ground) with increased cybersecurity.
Given the volume of data and the necessary management, some
degree of automation in analysis tools is desirable as well.

Moreover, the study of the time-variable Universe will soon
undergo a revolution with the advent of the ground-based Vera
Rubin Observatory (Rubin) and its Large Survey of Space and
Time (LSST; Ivezić et al., 2019), expected to detect millions of
transients per night, augmenting the already operating Zwicky
Transient Factory (ZTF; Bellm et al., 2019; Graham et al., 2019;
Dekany et al., 2020; Masci et al., 2019) and other current and
planned facilities. (Note: while MMA is distinct from general
time-domain astronomy, the latter also involves EM follow-up,
so they will be considered together in this document under the
overall term MMA.) It is clear that the MMA community needs
to organize itself if we are to take maximum advantage of the
upcoming and already operating facilities. Several groups are
already active (e.g., Scalable Infrastructure to support MMA,
or SCiMMA2, and Astrophysical Multi-messenger Observatory
Network, or AMON (Smith et al., 2013) and actively imple-
menting/developing approaches to particular aspects of the data
management (mainly from ground-based telescopes), the alerts
system (for ZTF/Rubin), and individual campaign coordination
(e.g., the past NSF-funded GROWTH3). However, a coherent,
cohesive framework bringing together ground and space-based
communities is so far lacking, as well as a focused strategy for
how to optimize the MMA science promise in the era of next
generation GW and neutrino observatories. More importantly,
NASA is currently lacking a modern alert system which meets
the community demands of rapid turnaround for EM facilities
in space. Similarly, faster and more efficient data communica-
tion is needed.

NASA Centers are uniquely positioned to take the lead in
coordinating NASA’s response to the MMA challenges of the
21st century. First, many NASA scientists have been at the
forefront of MMA research, both observational and theoreti-
cal, and deeply involved in currently operating and recently se-
lected missions, as well as mission concept studies; this means
a wealth of knowledge and experience on MMA issues, which
will only grow in the years ahead. Second, existing specific
capabilities (High Energy Astrophysics Science Archive Re-
search Center (HEASARC), GCN, LIGO-Virgo localization
procedures) and expertise (e.g., AI/ML, GOF experience, mis-
sion operations, rapid multiwavelength follow-up, e.g., Swift
(Gehrels et al., 2004), Fermi, NICER (Gendreau et al., 2012),
GBM pipeline, data analysis, and subthreshold searches for
GRBs) make the NASA Centers the obvious hub for setting
up an MMA nexus. Finally, NASA scientists have excellent
professional relationships with the various MMA communities
(both ground and space-based) ensuring direct coordination,
support to and from, and no duplication of effort in the commu-
nity. While the 2020 Astrophysics Decadal Survey is expected
to make strong recommendations for enhancing MMA, both in
terms of missions and community research infrastructure (see
below), we can proactively start building a community focused
MMA SSC distributed across GSFC and MSFC.

2https://scimma.org/
3https://www.growth.caltech.edu/
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3. Overview of the MMA SSC

We are proposing to establish an MMA SSC at NASA, with
the following aims:

1. Provide resources and tools for MMA science to the astro-
physics community to maximize the science return from
individual events and population studies.

2. Connect and promote collaborations among the MMA fo-
cused science community, including individuals, teams,
and academic institutions.

The MMA SSC leverages important existing MMA activities
at Goddard and Marshall, led by our scientists with internal and
external support. These activities, described in the next sec-
tion, provide the pillars of the SSC, whose vision is to augment
and extend their functionalities as a broader community service
component.

Science is a collaborative effort, and this is particularly true
of MMA which lies at the intersection of many sub-fields:
ground and space-based observation, computation, data manip-
ulation and communication, innovative technology, IT infras-
tructure, and more. Thus, a key part of the proposal is our
interdisciplinary collaboration with other NASA Goddard Di-
rectorates (including Information Technology and Space Navi-
gation and Communication), and with academic and other insti-
tutions. Our collaborators provide key components of the SSC,
leveraging their unique strengths. At the same time, the various
pieces are independent of each other, which allows self-paced
progress and decreases the overall project risk.

The MMA SSC fills a critical gap in the astrophysics
landscape of the 2020s and beyond. The landscape of MMA
in the 2020s and beyond will be very different—and much more
complex—than at the times of the momentous MMA events of
the current era: the GW170817 and IC170922A detections. The
advanced sensitivity of ground-based GW and neutrino detec-
tors will allow us to probe a much greater volume of the lo-
cal Universe (out to >300 Mpc for A+ LIGO), implying that
events like GW170817 could be detected monthly, or even more
frequently. For example, estimates for the future rate of bi-
nary neutron star merger detections alone are in the range 10–
200 yr−1 (Burns, 2020; Reitze et al., 2019). Keeping up with
this rate will require a much higher degree of cooperation and
coordination among the follow-up facilities, as well as strate-
gic planning in advance of specific alerts. Figure 4 shows the
timeline for the MMA SSC in context.

A NASA-supported MMA SSC provides meaningful im-
pacts for NASA and the space- and ground-based commu-
nities. By acting as the bridge between various MMA commu-
nities, and by bringing together observers and theorists to plan
ahead and coordinate for optimal strategies, the MMA SSC ful-
fills a critical need for MMA science. In this sense, the MMA
SSC is not just desirable but essential; with a modest investment
of funds, NASA will: 1. Leverage the science return on NASA
missions; 2. Maintain international leadership, expertise, and
capabilities in MMA and time-domain astronomy; and 3. Mul-
tiply its impact on the community by orders of magnitude (as
shown by GW170817).

Figure 3: Timescale of the follow-up campaign for the gravitational wave
source GW170817 (top panel; Abbott et al., 2017) and the neutrino source
IC170922 (bottom panel; IceCube Collaboration et al., 2018a), illustrating the
level of coordination and labor required for each of these individual events. The
rate of detection will undoubtedly increase significantly with the advent of the
next generation of detectors, requiring a new level of coordination and plan-
ning. The MMA SSC will facilitate the necessary collaboration, coordination,
and communication. Top panel reproduced from Abbott et al. (2017). Bottom
panel reproduced with permission from the IceCube Collaboration.

Advance planning will be key, including lining up observa-
tories to be ready to go as soon as alerts are provided, to narrow
in on the time of the event and the few moments after, which are
critical to our understanding of the physics. Therefore, while in
2017 the community self-organized around single events with
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Figure 4: The MMA SSC is timely when placed in context with current and future advanced facilities in space and on the ground. The MMA SSC would begin
service to the community around the same time as MMA capable facilities are reaching their full potential (pink horizontal arrow).

remarkable success, this will be impossible going forward due
to the sheer number of events. In addition, the Vera Rubin Ob-
servatory will provide millions of transients (not all of MMA
interest) per night of observation, raising the issue of how to
select targets for NASA follow-ups, and with which observato-
ries. Not to mention the need for a robust, flexible, and more
reliable alert dissemination system matched to the rate of dis-
coveries. And finally, providing a suite of analysis and interpre-
tation tools will level the playing field for the entire community,
enabling scientists from small colleges and Minority Serving
Institutions (MSIs) to contribute to MMA science.

4. MMA Community Support at NASA Centers

The role of NASA’s missions in MMA can not be overem-
phasized, as operating in space is the only way to access
the higher energies of the EM spectrum, where the extreme
physics of MMA sources lead to strong emission. Undoubt-
edly, the Neil Gehrels Swift Observatory and Fermi have been
the workhorses of most of the EM follow-ups of GW sources
at high energies; Swift also provides access to UV wavelengths
for important early kilonova searches. In addition, NASA Cen-
ters have provided and will continue to provide critical support
to the MMA community via their services, activities, and ex-
pertise in data analysis, archiving and computing, space com-
munications, and mission concept development.

Goddard and Marshall are leaders in service to the MMA
community and in facilitating broad participation in MMA.
The HEASARC, hosted at GSFC, is NASA’s archive for high-
energy astrophysics (HEA) and cosmic microwave background
(CMB) data. The HEASARC’s innovative archive interfaces
and multi-mission software allow scientists to identify, down-
load, display, correlate, and analyze scientific data from dozens

of past and current missions, including those led by other Agen-
cies outside the US (e.g., JAXA and ESA).

The GCN/TAN service was integrated permanently into the
HEASARC in October 2016. As a result the GCN hardware
was upgraded in 2017, and a large number of new notice types
have recently been added. Goddard and the GCN already col-
laborate closely with the LIGO-Virgo consortium, AMON, and
IceCube to disseminate multimessenger alerts for GW events,
high energy neutrino detections, and other non-EM-spectrum-
based alerts. GCN is central to the Time-domain Astronomy
Coordination Hub (TACH) multimessenger activity, and work
is already under way to expand and modernize GCN and to pro-
vide new interfaces and tools to the alerts.

In collaboration with Goddard’s Near Space Network, a new
low-latency space communications service access protocol was
deployed by the Neil Gehrels Swift Observatory in 2020. The
protocol has enabled science’s first known fully autonomous
spacecraft-commanding data pipeline, dramatically improving
follow-up response time and scientific yields for transients de-
tected by other instruments (Tohuvavohu et al., 2020). The Near
Space Network has invested in continued research and devel-
opment to address the challenges MMA observation concepts
pose to space communications network planning, design, and
operations.

Goddard and Marshall also support the MMA community
and enable MMA science through various other outlets. God-
dard leads the Guest Observer/Guest Investigator (GO/GI) pro-
grams for NASA’s Explorer class missions. Goddard scientists
develop GO/GI proposal calls, administer GO/GI reviews, and
manage and maintain mission Science Support Centers (SSCs).
SSCs provide the community with all relevant mission informa-
tion and updates through primary websites, develop and main-
tain community software tools, and operate helpdesks to field
questions from the community. SSCs also represent missions
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at national and international conferences and workshops, pro-
viding a direct interface between the science community and
the missions. Marshall scientists have likewise developed mod-
ern open-source data reduction toolkits that allow scientists to
simultaneously analyze data from multiple gamma-ray instru-
ments that observe the same transient and have led the effort to
produce automated joint MMA localizations.

The proposed MMA SSC will be physically hosted at GSFC
with virtual participation from the other Centers. Internal
GSFC resources have already been committed to kickstart the
MMA SSC effort. As discussed above, the anticipated activities
of the MMA SSC will be 100% community service oriented and
aiming to leverage, not duplicate, existing capabilities. In the
following section, we describe the proposed activities in some
detail.

5. Functions of the NASA MMA SSC

The primary goal of the NASA MMA SSC is to foster ex-
cellent MMA science through 100% community service, build-
ing on the expertise and capabilities of Goddard and Marshall.
Specifically, the proposed tasks of the MMA SSC include:

• A CAP website to act as a one stop shop for information,
tools, and support. The CAP website will be the port of
entry for MMA community members seeking the services
of the MMA SSC. We will provide clear and direct ac-
cess to all relevant information needed for MMA commu-
nity members to facilitate their science. The front page
of the CAP will include general MMA SSC information
and regular news updates. The front page will also include
a sidebar with key dates (e.g., upcoming conferences and
proposal deadlines), access to the Helpdesk (see below),
and feeds of MMA related social media (from e.g. NASA,
NSF, Rubin, etc.). The front page will also provide links
to all of the other core functions of the community portal
as pull down menus:

– a Helpdesk, to address open community questions re-
lated to MMA science and missions;

– tools for MMA science, widely varying and in the
form of web based user interfaces, downloadable
software packages, and useful data sets that will be
provided by both the MMA SSC and by the commu-
nity;

– Updated and modernized community tools to coordi-
nate, disseminate, and archive rapid alerts related to
MMA sources and other transients;

– A real-time board for instant community communi-
cation and dissemination of observing plans, where
various observers can alert one another about who is
following which event with what facility;

– A description of MMA missions in development; and
a board of events for the community (workshops,
conferences, job opportunities);

• A modern alert system for NASA missions and other GCN
streams, based upon the Apache Kafka technology be-
ing utilized by the ground-based optical transient com-
munity (e.g., Rubin). Once in place, it can be expanded
upon for connection to additional communities, transient
source classes, and other existing notification systems
(e.g., SCiMMA, Rubin/LSST Brokers, etc.);

• A Guest Observer Facility-like service for community sup-
port in observing and proposing. This will include:

– A Target Visibility Planner, a one-stop-shop that
contains visibility and field-of-view constraints of
many space-based observatories, as well as their cur-
rent and predicted orbital tracks, which can be used
to plan target visibility for multiple observatories
(ground and space-based), visualize fields of view,
and more. Our Target Visibility Planner will include
scheduling constraints from missions both in space
and on the ground, optimizing use of facilities in both
domains and leveraging on existing tools (e.g., Ob-
sLocTAP Salgado et al., 2021);

– A Follow-Up Hub service, to help observers rapidly
request and schedule follow-up observations of a tar-
get; and other GOF-like services providing tools for
analysis and interpretation of MMA data.

– Direct coordination with ground based facilities for
optimal use of capabilities.

• A curated archive of data serving the specific needs of the
MMA community and the development of relevant anal-
ysis tools, including possible automation of certain func-
tions and analysis through AI/ML.

• A support group from which new and existing MMA com-
munity members can obtain consultation, tools, and ex-
pertise to improve MMA cross-integration and to evaluate
new mission concepts. This includes support for build-
ing the science case for new missions which builds on the
computational capabilities and programmatic experience
of our scientists.

• Organization of community-building and networking
events (workshops, conferences, training), with a partic-
ular emphasis on training the diverse workforce of tomor-
row. We aim at bringing together not just the observers but
also the infrastructure scientists, since planning and devel-
oping infrastructure (software, tools) is informed by the
science needs.

The MMA SSC will serve as the focal point for Goddard’s
space communications and navigation community to engage
and collaborate on MMA science concepts, understand emerg-
ing network service requirements, formulate network solutions,
and align the space communications and navigation technology
roadmap with the needs of the MMA science community.

The space communications and navigation network infras-
tructure contributes to the overall feasibility and viability of
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Figure 5: Top-level structural decomposition of an MMA transient science
space system using Systems Modeling Language (SysML). SysML provides
a framework and set of simulation tools for establishing and validating network
support requirements for MMA mission concepts. Network infrastructure en-
gineers affiliated with the MMA SSC will use SysML to facilitate development
of new MMA science concepts from the community. Reproduced from Roberts
et al. (2021).

an MMA mission concept. The signals, data, and reference
frames provided by the network infrastructure are instrumen-
tal in establishing the time of observations, localization of the
MMA source, and the target visibilities of the involved space-
based observatories. Additionally, MMA sources may emerge
randomly and trigger unplanned demand for low-latency multi-
point space data transport services and highly-automated space-
craft navigation, guidance and control responses. Goddard’s
network infrastructure engineers have established a Systems
Modeling Language (SysML) framework to facilitate develop-
ment of new MMA concepts and assist MMA community mem-
bers in assessing the suitability of a network implementation
for their science objectives. Figure 5 provides an illustrative
top-level structural decomposition of the elements involved in
a transient science MMA mission concept using SysML. Ad-
ditional SysML diagrams describe and allocate functions to the
MMA system elements. The network signals and data flows en-
abling the functions of the MMA system elements are defined.
Subsequently, executable simulations are developed to deter-
mine and validate network support requirements for an MMA
mission concept.

As a key contributor to the MMA SSC, the Goddard space
communications and navigation community shall:

• Provide communications and navigation content and links
to informational resources for the MMA CAP.

• Assess the utility and feasibility of extending the improved
MMA alert system data stream directly to space-based ob-
servatories using a government Tracking and Data Relay
Satellite (TDRS) or commercial space broadcast service.

• Provide tools for estimating network latency and other
salient network suitability metrics to the MMA proposer
tools catalogue.

• Actively engage as part of the MMA community through
the SSC technical forums, workshops, training events and
seminars.

• Inform MMA science, engineering and operations stake-
holders of relevant communications and navigation re-
search, technologies, standards, and best practices.

• Elicit MMA community needs to align the communica-
tions and navigation capability roadmap.

6. A Typical Day at the MMA SSC

During a future run, LIGO/Virgo issues an alert announcing
the detection of GWs from a compact object merger. The alert
and localization region for the merger event are received at the
MMA SSC alert center.

The MMA SSC receives the data from the GW alert and—
using dedicated software and computational resources provided
by the MMA SSC—cross correlates the localization region
of the GW source with data from the Fermi GBM and Swift
BAT, and possibly other observatories, in a search for coin-
cident gamma-ray signals. Through a future version of the
GCN, a community alert is issued announcing the detection
of a gamma-ray EM counterpart to the GW source. The on
duty staff then opens up the CAP Community Board for scien-
tists and amateur astronomers to post information about their
planned follow-up observations to search for EM emission at
other wavelengths. Coordination of the various observatories
on the ground and in space is facilitated by the MMA SSC sci-
entists, who help observers run the Target Visibility Planner tool
to determine the windows for observing with their instruments.

As the EM follow-up planning starts, decisions need to be
made in order to optimize and coordinate the use of multiple
facilities and initiate Target of Opportunity requests for addi-
tional observations. The MMA SSC scientists serve as a ref-
erence point for facilitating these decisions among parties and
communicating them to the community. The scientists on duty
provide value-added information by providing specific exper-
tise in the capabilities of NASA missions in the context of the
EM follow-up of the GW event. This information is used by the
community to optimize the follow-up strategy, with assistance
from the MMA SSC scientists.

After EM observations are initiated, the MMA SSC scien-
tists work with the community by monitoring the observations
and collecting data from all the NASA Missions at a central
MMA SSC repository, so that interested members of the com-
munity can easily find them all in one place for ease of access
and analysis. Based on the outcome of the preliminary anal-
ysis, community members may request changes to the obser-
vation strategy. MMA SSC staff provide advice on the new
course and work to revise the schedule and milestones, facili-
tate additional ToO requests, and communicate the changes to
the broader community. Finally, the EM data are fully archived
at the HEASARC for legacy community access. Using the
HEASARC provided analysis tools, scientists around the world
analyze the available observations and incorporate them in their
work.

Meanwhile, other MMA SSC scientists are processing the
results of nightly observations by Rubin. Using the powerful
AI/ML algorithms developed in house, they work to identify
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high-energy counterparts to the Rubin transients that may be
MMA source candidates and produce a catalog to be dissemi-
nated to the community for analysis, which could include deep
searches in GW and neutrino data to identify other messen-
gers. The catalog contains sky coordinates, optical flux, pos-
sible source classifications, and archival information on high-
energy and other emission (e.g., host galaxy information from
Roman data).

During this time, the MMA GOF is assisting other users in
developing proposals for EM follow-up of high-energy neutrino
alerts from IceCube. The MMA GOF and MMA SSC services
facilitate a new collaboration between high-energy astronomers
interested in Swift X-ray follow-up of candidate blazar neutrino
counterparts and radio astronomers with an active blazar moni-
toring program in the Southern hemisphere.

Additionally, MMA SSC scientists are working with a pro-
posal team developing a new mission concept for a next gen-
eration wide-field gamma-ray monitor. Based on training the
MMA SSC sponsored several months prior, MMA SSC sci-
entists are facilitating a student collaboration between the pro-
posal team at a NASA Center and undergraduates at a minority-
serving institution for the students to provide a ML based clas-
sification pipeline for on-board triggers.

Members of the MMA SSC staff are also working with mis-
sion PIs across the MMA community on science definition ac-
tivities in support of future mission concepts and proposals.
These activities include: (1) performing theoretical calculations
and simulations to determine the science reach for a proposed
mission concept; (2) assessing the physical implications of ob-
servations from the proposed mission concept within the con-
text of observations from operating missions; and (3) assisting
with science case development for proposals.

7. Conclusions

MMA is a burgeoning field but community coordination, col-
laboration, and communication (the 3Cs) are paramount to reap
the most benefit and optimize resources. These 3Cs are at the
heart of the MMA SSC. NASA is building a virtual MMA Sci-
ence Support Center across GSFC and MSFC for 100% com-
munity service. The MMA SSC will be the missing nexus be-
tween the ground and space communities, and among various
space capabilities. Our Center leaders understand the impor-
tance of the SSC and have committed internal resources to seed
some core functions. More secure funding will be required
to establish the SSC on a firm footing. The idea of a central
hub at NASA for coordinating and facilitating MMA science
has the support of several critical communities. We have re-
ceived endorsement from LIGO/Virgo, IceCube, the Rubin Col-
laboration (Transient and Variable Star Collaboration, Science
Coordination Group), National Radio Astronomy Observatory
(NRAO), and several prominent leaders of MMA science. We
look forward to collaborating with other national and interna-
tional community-oriented services, as well as with academic
institutions and industry, to better serve the MMA community
and foster great science in the next decade and beyond.
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