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* The Astro2020 decadal report recommended Time-Domain and Multimessenger (TDAMM)
Astrophysics as NASA’s top priority for the decade

* As aresult, NASA’s Physics of the Cosmos program conducted a study investigating ways to improve
coordination within the NASA fleet, with U.S. ground-based observatories, and internationally.
* The Astrophysics Cross-Observatory Science Support (ACROSS) pilot is an outcome of
this study

* Tasked with improving the efficiency, coordination, and agility of NASA’s observatories to better
enable TDAMM science

* Enabling a “whole-of-fleet” approach to TDAMM by providing organizational, workforce, and
technical infrastructure.

* |nvolving NASA’s operating missions and those in development.

“NASA’s astrophysics cross-observatory science support (ACROSS) initiative: enabling time-domain
and multimessenger astrophysics,” Frontiers in Astronomy and Space Sciences, vol. 11, Nov. 2024



ACROSS Mission Statement

 OBSERVAT) 8
o> Ry

5 5
£ N 2,
oy -
g
'a

CROSS

NASA

To provide NASA’s fleet-wide coordination infrastructure
and enrich the global TDAMM ecosystem.

We partner with missions, observers, and science teams
across multiple astrophysics domains to maximize the
scientific return of NASA’s contributions to the evolving
TDAMM ecosystem.

ACROSS aims to accomplish this mission in four ways:

1. Science Feasibility Tools
2. TDAMM Web App
3. Modern Target of Opportunity Resources

4. Community Engagement and Innovation Program

https://science.data.nasa.gov/across
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1. Science Feasibility Tools ,,[,,,55

science.data.nasa.gov

 Standardized interfaces for observatory state
and status information ‘ Infocontent about ACROSS ‘

 Planned and as-flown schedules, observation
visibility and feasibility tools, coincident
detections, mission target histories, observatory ACROSS
interoperability gt TRl
* “Who’s looking (or can look) where, when?” | bk | [ svete Ui ‘
* Through public-facing API, front-end website,
and installable Python libraries: WG HED)
* across-server: APl endpoints providing access to [ nasaoosenatres ‘ K abmarva ‘
science data 'Ob :f” o L |
Schedules s i | HTT_F'S; il Bt =
* across-client: python client APl wrapper -L | f --------- " ; PE———
* across-tools: python science tooling | TRl ngRton }{ Aeross server B*
dependencies for ACROSS o S~
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1. Science Feasibility Tools: Server and API

e ACROSS Server - Swagger Ul

The ACROSS Server uses OpenAPI, an industry
ACROSS Server @@ & standard machine and human readable way for
users to interact with the ACROSS data system

Astrophysics Cross-Observatory Science Support (ACROSS)

Server providing tools and utilities for various NASA missions to aid in coordination of large observation efforts.

Schedule A .
Example user inputs and return

el /echedule/ Rexdscheciel) parameters for querying the observation

Read most recent schedules based on query params SChedUle StatUS from mUltiple miSSIOnS:

200 Return a schedule No links
Parameters
Media type
application/json v
Name Description Controls Accept header.

. Example Value | Schema
date_range_begin

string | (string |

»

null) ($date-time) "external_observation_id": "string",
"type": "imaging",

(query) "status": "planned”,
"pointing_angle": 0,

date_range_end "exposure_time": 0,

"reason": "string",
"description": "string",
"proposal_reference": "string",

string | (string |
null) ($date-time)

(query) "object_position": {
"ra":
status Available values : planned, scheduled, performed "dec”:
string | (string | = v "&e n.
pth": {
null) "value": 0,
(query) "unit": "ab_mag"

"bandpass": {
"filter_name": "string",
"min": 0,

"max": 0,
"type": "ENERGY",
"unit": "ev"

>
"t_resolution":




1. Science Feasibility Tools: Tools and Client

from 5 - import api_footprint, plot_footprint

* Tools: python library to manipulate science
products, e.g. visualize observation footprint e A I eI
overlap, joint visibility calculations, etc.

nircam_projected = nircam_footprint.project(

* Client: python libra ry that provides access to data Coordinate(ra=197.450341598, dec=—23.3814675445),
products from the ACROSS server, e.g. o rotioengtes
observatories, schedules, observations

fig = plot_footprint(footprints=[nircam_projected])
fig.show(width=100, height=100)

from across.client import Client

client = Client()
observatories = client.observatory.get_many()
print([obs.short_name for obs in observatories])

v/ 0.0s

['IXPE', 'Fermi', 'TESS', 'NuSTAR', 'NICER', 'Chandra', 'Swift', 'HST', 'JWST', 'XMM-Newton'

197.42 197.44 197.46  197.48
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Static content:

Dynamic content:

TDAMM-relevant information about NASA
missions, funding opportunities,
conferences

NASA Astrophysics Cross-Observatory Science Support

Web frontend for APl resources

Se arc h a b le p a ge S fO rm | SS | on sc h e d u |_e S ﬂ The Astrophysics Cross-Observatory Science Support (ACROSS)

d b t. . . t . . b . |. t system focuses on the aggregation of NASA observatory state and
and observation S’ JO INTVISIDIU y status information to facilitate science situational awareness.
calculations, schedule ingestion statuses

e Available at science.data.nasa.gov/across E View Schedules (= Browse Observations (= Explore API (=
Help desk:
* Subject matter experts to help with
ACROSS software tools, scheduling joint (5 REEEES W=
Observations across NASA miSSionS e Schedules Goddard Space Flight Center

Observations Marshall Space Flight Center

National Aeronautics and Space Administration Visibility Calculator Vulnerability Disclosure Policy
Astrophysics Cross-Observatory Science Support

Privacy Policy


http://science.data.nasa.gov

YBSERVAT,
csC Ok
QO 5,
',
< )
A

CROSS

2. TDAMM Web App Example: Observatory Visibility Calculator " .

* Interactive interface to find coincident @ Beontmetoa| | (Observatory1) [Observatory 2| fObservatory3 |
visibility windows for multiple <
observatories (space and ground based) joint visibity
based on constraints such as Sun angle, Begin time e
Moon angle, etc. e observatory
visibilty window

 “When canlschedule observations (or joint
observations) on any number of facilities?”

Time

Begin time

End time

End time Total |
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* Enabling interoperability and cross-compatibility among NASA and
ground-based observing resources

* More coordinated observations of high-impact multimessenger events with the
NASA fleet

* Developing ToO Toolkit—an open-source python software toolkit to assist
in the programmatic planning and execution of ToO requests
* Using Pandora as a test case for ToO toolkit, building broad ToO capabilities into the
NASA fleet from the ground up
* Building front-end resource for users to submit and manage ToO requests,
interface with ACROSS software tools for joint visibility calculations and
constraints
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sy 4. Community Engagement and Innovation Program gLagey:

* Defining community observing plans for rare, high-impact TDAMM
events, including future MMA targets, using NASA missions

» 4t TDAMM workshop in October 2025

 Coordinating future funding opportunities
* Working on community-wide funds for TDAMM software, joint ToO requests
* All subject to funding availability

* Working to better support the ground-based MMA community

* Engaging in community events
* Encouraging cooperation between NASA and NSF-led efforts
* Onboarding space and ground-based observing resources

10
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4t TDAMM Workshop ALAOSS'
= Theme
* Developing community observing plans for rapid ath TDAMM W
follow-up of explosive transients : Orss:
= Motivation P i or rapia O
 Define and prioritize science cases, triggering explosive UL
criteria, and the essential follow-up observations | '
desired by the community so that observatory ~ ot R

B

science teams can pre-coordinate plans and
efficiently execute community-driven
observations.

= Date/Location
* Oct 27-30, 2025 in Huntsville, Alabama *
« ACROSS, PhysCOS, NSF NOIRLAB, USRA, UAH

11
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Goals of the 4" TDAMM Workshop cap:

NASA

Define and prioritize science cases and the essential follow-up
observations desired by the community so that observatory science
teams can pre-coordinate plans and efficiently execute community-
driven observations

Define the scope of the instruments to be used, trigger criteria, cadence,
etc

Determine the strategy for defining and updating the observing plans,
Including identifying people who can trigger, credit and authorship in
publications, etc.

Determine how best to fund and support the community who would
analyze the data obtained through these programs

Determine what, if any, proprietary period should be placed on data taken
through these programs

|dentify any cross-agency opportunities

13
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Scope of the Community Observing Plans ﬂ[ﬂﬂss

= The community observing plans are intended to only be used for the
most exceptional of sources

= The plans are not meant to replace all community-triggered follow-
up of time-domain sources

" The plans are intended to ensure that the community does not miss
out on collecting data for the rare sources that...

* Offer unique multi-messenger opportunities, or
* Require rapid coordination across facilities to fully capture their evolution

= Establishing detailed triggering criteria will be an important part of
the observing plans that we will be defining

14
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" Prior to the workshop, the Science Organizing Committee selected
the initial set of source classes that would most benefit from the
establishment of community observing plans

= |dentified 8 source classes to be the focus of the agenda

Gamma-Ray

Neutrinos TDEs Novae
Bursts

Compact Binary

X-ray Binaries Mergers

Magnetars Supernovae

15
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ACROSS

Workshop Structure =

NASA

= Project, Mission, and Infrastructure updates

Slides and recordings
available on meeting

= Source class sessions website
* Invited talk on the state of the field
* Presentation on the proposed community observing plar #
* Panel discussion to capture community feedback

" Programmatic and policy discussions
* How will the observing plans be updated?
* How will these programs be funded?

16
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ACROSS

Workshop Deliverables

NASA

= White paper from 4th TDAMM workshop

* Draft for community comment: Feb 1 Slides and recordings
(AAAC presentation: Jan 29) available on meeting
website

Final version: Apr 1

Brief review of facilities, observatories, and
infrastructure with focus on TDAMM-related
capabilities

Science cases for each of the 8 source classes

Policy chapter outlining findings on how these
programs should be governed and funded

= Community observing plans

* The SOC will also generate actionable observing plans
for each source class

17
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ACROSS Special Session Wednesday 10a-11:30a Rm 226 B

ACROSS Web app deployed, open-source software released!
(QR code toright) https://science.data.nasa.gov/across
Already ingesting observing schedules from almost all NASA

high-energy missions; onboarding ground-based and non-NASA
missions

* Production API services are now available:
https://server.prod.across.smce.nasa.gov/api/vl/docs

Questions? Want to get involved? Feel free to reach out! brian.humensky@nasa.gov

=  White paper from 4" TDAMM workshop coming 2026 -

community observing plans for multimessenger follow-up of rare,
high-importance transient events

* Draft for community comment Feb 1 (AAAC presentation Jan 29)

* Finalversion Apr 1

Slides and recordings available at workshop website (QR code to
left)

18


https://science.data.nasa.gov/across
https://server.prod.across.smce.nasa.gov/api/v1/docs
https://science.nasa.gov/astrophysics/programs/physics-of-the-cosmos/community/fourth-tdamm-workshop/

Backup Slides
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NASA

* Past multimessenger searches have provided a Science Event
wealth of information, but have also revealed Is Observed
shortcomings in our current (space-based) follow-
up ecosystem: Alert/Notifications =
* Follow-up observations are competitive and often lag Disseminated to Alert Broker(s) =
. .- . Community
during the critical minutes-hours post merger “5
* Telescope state and status informationis oftennot = = = |= = = = = = = = = = = = = - S
easily accessible General Observer(s) =
Request Follow-up(s) E_’,_
* Coordinated observations between instruments with from Observatory o
complementary wavelength coverage are difficult to I
schedule Science Team Plans g_
New Observation E
. . —_ . Tt
Targgt of Opportunity (ToO) capabilities vary mission imeline S
to-mission =~
. . . . New Commands L
* These shortcomings hinder crucial early-time Uploaded to Space Data g
Observatory Network(s) &

science, resulting in redundant observations

and lost time and effort
Observatory Executes

Follow-up [ |
Observation{s) Observatory

20



ACROSS Mission Statement
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NASA

To provide NASA’s
fleet-wide
coordination
infrastructure and
enrich the global
TDAMM ecosystem.

We partner with
missions, observers,
and science teams
across multiple
astrophysics domains
to maximize the
scientific return of
NASA’s contributions
to the evolving TDAMM
ecosystem.

Science

event Alerts & TDAMM event reporting

»

[
L

Alerts & TDAMM event reporting

]
)

Single observatory or simple joint-observing science support

Coordinated
science support

— e o o o oy,
_-—em o - e . e

Mission science data & analysis

tools

Coordinated | | = = = = = —
science support

»

—-—em o o o .

1
1
|
1
1
\
Q

Mission science data & analysis

tools

Key:

users | ).
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Latest in a Series of TDAMM Workshops
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NASA

The TDAMM workshops have provided a collaborative forum to define

TDAMM science priorities and identify policy changes to help maximize
the scientific return of this emerging field

= 1st TDAMM Workshop (2022, Annapolis, MD)
* |dentified the top science questions for TDAMM astrophysics

= 2nd TDAMM Workshop (2023, Tucson, AZ)

* Focused on infrastructure, coordination, and policy challenges (alerts, ToO
policies, data rights)

* Provided recommendations for establishing community observing plans

= 3rd TDAMM Workshop (2024, LSU)

* Focused on improving multidisciplinary science in the multimessenger era

22
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Motivation for the 4" TDAMM Workshop

NASA

= Recommendation from the 2nd TDAMM Workshop (Ahumada et al.
2023)

* “For the most exceptional sources (e.g., next nearby GW counterpart,
Galactic supernova), the MMA/TDA community should work with observatory
staff to predefine observing programs whose data would become publicly
available immediately upon triggering”

* “The observatories should invite MMA/TDA experts from the community to
define the scope of the program, instruments to be used, trigger criteria,
cadence, etc”

* The program can set up a rotating executive committee for defining and
updating its policies, including identifying people who can trigger, credit and
authorship in publications, etc.

23
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