MEGAWAVE RADIO SURVEYOR

LARGE SATELLITE CONSTELLATION FORMING A SPACE INTERFEROMETER FOR STELLAR AND EXTRAGALACTIC ASTROPHYSICS, EXOPLANETARY SCGIENCE, AND COSMOLOGY

/STEI.I.AR EXOSPAGE WEATHER

~

Monitor stellar eruptions and radio bursts
to investigate stellar activity and its
impact on planets and habitability.

EXOPLANET MAGNETIgFIElDS
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Probe exoplanetary interiors*and
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Science Investigation

MegaWave Radio Surveyor

Science Objective Presentations

Exospace Weather
To determine the extent to which stars generate powerful transient stellar space

weather events that eject material into their stellar winds and to determine Davis

properties of their winds

Magnetic Planets

1. To determine if exoplanet interiors support a more diverse range of magnetic Hallinan
fields than Solar System planets; Turner

2. To determine if magnetic fields provide effective shielding for secondary

atmospheres
| Dark Ages
R 1. To test novel physics beyond the standard cosmological model through its Kern/Furlanetto
effects on the thermal history of the intergalactic medium in the Dark Ages; Burns
2. To test concordance of structure formation in the Dark Ages with inflationary-
era predictions.
Low-Energy Cosmic Rays Oeij
To determine significance of cosmic rays and magnetic fields, including their Plant
non-thermal pressure contributions, in intracluster and (Park?)

circumagalactic media

Opening new window in electromagnetic spectrum

Images: Keck Institute for Space Studies/Chuck Carter; A. Loeb; F. De Gasperin
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Science Implementation

MegaWave Radio Surveyor

Science Objective

Exospace Weather

To determine the extent to which stars generate
powerful transient stellar space weather events
that eject material into their stellar winds and to
determine properties of their winds

Magnetic Planets

1. To determine if exoplanet interiors support a
more diverse range of magnetic fields than
Solar System planets;

2. To determine if magnetic fields provide
effective shielding for secondary
atmospheres

Dark Ages

1. To test novel physics beyond the standard
cosmological model through its effects on
the thermal history of the intergalactic
medium in the Dark Ages;

2. To test concordance of structure formation in
the Dark Ages with inflationary-era
predictions.

Low-Energy Cosmic Rays

To determine significance of cosmic rays and
magnetic fields, including their non-thermal
pressure contributions, in intracluster and
circumgalactic media

Images: Keck Institute for Space Studies/Chuck Carter; A. Loeb; F. De Gasperin

Instrumental/Telescope
Requirements

Frequency range:
0.1 MHz—45 MRz

Angular resolution:
< 5° for Dark Ages
1’ for other science cases

Temporal resolution:
< 1 min.

Polarization: Full Stokes

Sensitivity: sub-mJy

Calibration:
1 part in 107 or better

Comments/Rationale

Requires observations beyond
Earth’s ionosphere,
plasmasphere

Dark Ages: foreground characterization
Other science cases: mitigate source
confusion, ensure source identification

Exospace Weather: Type lll bursts

Magnetic Planets: electron cyclotron
maser emission

Exospace Weather, Magnetic
Planets

Dark Ages H I sighal amplitude;
requires instrumental stability
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MegaWave Radio Surveyor Architecture St

= Mixes traditional “Instrumental” and
*Mission™ Requirements

Interferometer

‘ I ‘ Construct Interferometer
(“Instrument”) from multiple Space

Science Data System
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MegaWave Radio Surveyor Technologies [t

Technology Talks
Science Data Interferometer MegaWave Radio Surveyor
System | Instrument Decomposition
Bryne: Mr | - | w
processing Science Data System ob ;
calibration L (oround) I Servatory J
Science Payload I
Knapp: i Flight System
Antennas bser\(atory g Space Vehicle (X N) " Hub
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Key Enabling Capabilities and Opportunities S

Large number N of [ Interferometer

Space Vehicles [

required to meet ‘
sensitivity ,

requirement, Science Data System Observatory
critical for (ground)

implementation ] ‘

Observatory Observatory
orbits/destinations Orbits
options exist to | Space Vehicle (x N)

Flight System

(

meet calibration/
stability
requirement

N

Hub
(x M)
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Industrial Partnerships
Key Enabling Capability

Not “Technology” problem per se

 Leverage U.S. space industry capabilities to
deliver many spacecraft (absolutely required)

Multiple firms advertising production of
hundreds of spacecraft per year

 New approaches to assembly, integration,
and testing (Al&T)

Buy In “batches,” test one, jettison batch if test
item fails? Buy many, many units, test each
unit in order to obtain N good units? ...?

Credit: SpaceX; OneWeb; Amazon Leo; York Space Systems;

Surrey Satellite System Ltd. B




DISTRIBUTED INTERFEROMETER ARRAY -
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Opportunities

New approaches to
operations ...

e.d., Increase
capabilities/science
return with time, service
by replenishing, ...
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Mission Destination/Orbit and
Observing Program
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Artemis/Moon-to-Mars Infrastructure |

Destinations/Orbits and Access to Space

Potential locations for the MegaWave Radio Surveyor
Earth-Moon L1 point?
Earth-Moon L2 point?

Earth-Moon L4 or L5
point?

Sun-Earth L2 point?

Sun-Earth L4 or L5
point?
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Artemis/Moon-to-Mars Infrastructure |

Destinations/Orbits and Access to Space

Potential locations for the MegaWave Radio Surveyor
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Artemis/Moon-to-Mars Infrastructure i

Lunar Communications Relay & Navigation Services (LCRNS)

Contracts already let for
Initial capabilities!

* Prices and availability?
$1000+/hr [TBC]

« Coverage? (viz. Orbits)
Lunar South Pole [TBC]
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21 Credit: NASA/David Ryan



Technology/Capability Development Plan

MegaWave Radio Surveyor

Trade Studies

 Antenna topology

> Dipoles often assumed, but other topologies relevant: vector sensor
vs. helical vs. ...

> Affects sensitivity, observing plan, operations, ...
* Orbit vs. Communication-Navigation vs. Operations

Balance between on-board autonomy and infusion of Al/ML vs.
downlink capabilities

Demonstrations/Prototype/Pathfinder
Pathfinder: SUnRISE space radio interferometer -

NASA's 6-Pack of Mini-
Satellites Ready for Their
Moment in the Sun

® armiote

Demonstrate, prototype: TRL 6 Science Payload S

22
Credit: S




MEGAWAVE RADIO SURVEYOR
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Laser Communications

|
napliin g ecnno ng SPACENEWS
News v  Video & Audio v  Newsletters Magazine Events v  Sponsored v  Press Releases v  Job Board Shop  Work WithUs v More v O\

Laser communications would enable large enough
data volumes to transmit complete baseband radio
spectrum between Space Vehicles and Hubs or from [lisassaimtsicmnssninta

. Two K2 satellites will host optical terminals intended to connect military systems in orbit

= NASA investment likely not necessary SP“CENEWS . =

Sufficient investments from other entities likely
WI” mature teChnOIOgy (We”) before reqUIred fOr ;::cket Lab to test Space Force data network connection in

orbit in 2027

g y The company will use a Photon spacecraft to test interoperability with the Space Data Network’s core infrastructure built by SpaceX

00000

PICS: Artemis SpaceX NASA GoldenDome Europe China FundingRounds Civil Commercial Launch Military

by Sandra Erwin August 18, 2026

Stellar Dispatch all dispatches >

New Novaspace forecast: 6,500+ EO
satellites to launch by 2035

Moog Highlights Huntsville Expansion
and New Hardware-in-the-Loop Lab
During Space and Missile Defense
Symposium

24

Rock West Composites® Is Premiering Its



International Partnerships

MegaWave Radio Surveyor

Europe

Scientific interests; Contributions could include flight hardware and/or
ground-based post-processing, in part based on operations of the Low
Frequency Array (LOFAR) and post-processing of its data

United Kingdom
Scientific interests; Contributions could include flight hardware

India

Scientific interests; Contributions could include flight hardware and/or
ground-based post-processing, in part based on operations of the Giant
Metrewave Radio Telescope (GMRT) and post-processing of its data

25



Radio Frequency Interference

MegaWave Radio Surveyor

Radio frequency interference (RFI) . ' T —
potentially tractable I s

Letter

* Both experimental and modeling efforts  Anabsorption profile centred at 78

megahertz in the sky-averaged spectrum |

indicate f Ible to mitigat
I n I C a e eaS I e O I I g a e Judd D. Bowman , Alan E. E. Rogers, Raul A. Monsalve, Thomas J. Mozdzen & Nivedita Mahesh

Nature 555, 67-70 (01 March 2018) Received: 13 September 2017
doi:10.1038/nature25792 Accepted: 24 January 2018

» Significant ground-based efforts
(SKA1-Low, $500+M) devoted to
observations at relevant frequencies

IOPScience Q Journals v Books  Publishing Support @ Login =

THE ASTRONOMICAL JOURNAL

* Always will be spacecraft/instrument
. . STARFIRE-2: Can We Detect the Global Redshifted 21 cm
eMmiSSIoNs Signal from the Cosmic Dawn in Earth Orbit?

Yogen Pranesh, Mayuri Sathyanarayana Rao, and Saurabh Singh
Published 2026 June 24 - © 2026. The Author(s). Published by the American Astronomical Society.

The Astronomical Journal, Volume 172, Number 1
Citation Yogen Pranesh et al 2026 AJ 172 46
DOI10.3847/1538-3881/ae70fb




The MegaWave Radio Surveyor | .,

The workshop “identified a few important
astrophysical observations that can potentially be
carried out from the lunar surface. [...]

() Low-frequency radio observations from the
lunar far side, to probe structures in the high-
redshift (...) Universe”

“At the same time, the Workshop highlighted the

fact that observations from free space (and in

particular from Lagrange points) offer the most W
promise for significant progress in broad areas of R
astrophysics. Given the impressive capabilities of M OON

the proposed Vision for Space Exploration (VSE) A it i f s Bson e ot il
infrastructure, every possible effort should be NOV 28-30, 2006

made for the VSE not to preclude—Dbut rather to MARIO LIVIO

enable—future observations from free space.




