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ARGOS

['a:gps] "Apyocg lNavotTng, "All-seeing Argos” : A many-eyed giant in Greek Mythology, the guardian of the heifer-
nymph lo and the son of Arestor.

...a popular name for telescopes

Argos Subspace Radio Telescope Argos array picked up techno-signatures in Carl

b/ (13

Array in service with Starfleet since 2259 Sagan’s “Contact” (played by the VLA in the movie)



ARray for Gigahertz ObservationS

A telescope that combines broad frequency coverage, wide field,
high sensitivity, high time and spatial resolution at GHz frequencies

...at a low price

Also: a facility that produces science-ready data with low lattency
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Why bother? Panoptic surveys are revolutionizing astronomy

Credit: NASA/Fermi



ARGOS system overview

antennas ~1200 x 6m

collecting area 33,000 m?

instantaneous FoV ~9.6 deg?
system temperature Ambient LNAs (<35K)

apperture efficiency >70%

Cs

resolution 5” - '
_ Public Parabolic
tracking EL/AZ I — Dishes 6m
frequency 1—3 GHz
SEFD 6.3Jy \\ HEEEEN
rms noise/beam [30 min] 2.3 Wy Images m. — RF Backend _ 2-3GHz
£ T : feeds +
w . ~0UTCE 151 ADCBoards — RFover 3
pulsar sensitivity [10 min] 0.02 mJy Catalogues = .- I | l = fiber LNAs
' Archive
network
survey speed figure-of-merit 108 deg® m* MHz / K? — GPU nodes ‘ A /

FRB localisation accuracy 0O(17)

Cost (construction) <50,000 €/dish — 60 M€




ARGOS system overview

Why this design?...main advantages

= |Low-cost - 60M EUR construction cost

= Scalability - 50K EUR / element for full array (please adopt an antenna)
= Expansibility / Modularity - Science modules subscribe to same data stream

= Complementarity to other facilities - Wide-field/High-res; freq coverage, long/lat. EU priorities

= Incentives for private-sector involvement - COTS components / tech with spill-over applications

= Legacy value -> Science-ready data



The ARGOS Science Themes

Fundamental Physics The Violent Universe
Pulsars Multi-messenger

The Dynamic Universe The Evolving Universe
Imaging Pulsar Timing Arrays

Cosmology Next-generation telescopes
Fast Radio Bursts Technology exploitation




Fast Radio Bursts

ARGOS will be a superb FRB discovery engine

Key specifications
10 deg?field of view, 1—3 GHz, 4km baselines, SKA-MID1 level collecting area, 250kHz channels, 30usec time
resolution, default search mode for dispersion measures up to 3000 pc cm3, sub-arraying, low-lattency alerts

= Commensal mode

1.2 1

= ARGOS
H === ARGOS sub
= One well-localised (<5”) FRB per hour* Lol L o armays
o e CHIME
= Sensitive to z>3 FRBs o8
= Flux, polarization, DM, RM information 3 067
. 5 0.4
= Automated low-latency triggers 5
& 0.2 4
Rate simulation (T2.2) assuming 70% uptime for ARGOS core, 20% 0.01 | | | | . . | .
channel corruption due to RFI 500 1000 1500 2000 2500 3000 3500 4000

*5 — 10 unique sources per day; 20 — 60 bursts Dispersion Measure [pc cm?]



Fast Radio Bursts

Ultra-high precision cosmology with FRBs

2-5 strongly-lensed FRBs per year; will enable high precision cosmology and dark matter searches
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Pulsars

Key specifications
Up to 16 phased beams, 1—3 GHz, 4km baselines, SKA-MID1 level collecting area, 20kHz channels, 1usec
time resolution, coherent de-dispersion, sub-arraying, dynamic spectra, automated TOA generation

o A a High Energy
e Binanes
e PTA

« approximately 1 pulsar per square degree on
average > several 100s of pulsars per day;

Coherent de-dispersion of known sources to
maximize SNR

. Sub-banded times of arrival
. Flux, polarization information, DM, RM information

log1o (Flux Density in mjy)
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Pulsars: SKA/FAST follow-up
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Pulsar timing arrays

rav

Physics Frontiers Center

" PPTA

Indian Pulsar Timing Array




The EPTA DR2 — A new GW window

Signal consistent with a nanohertz stochastic GW background. Also detected by NANOGrav
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PTA science with ARGOS
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ARGOS will improve PTA sensitivity
in three ways

v' Broadband TOAs + monitoring of
profile changes and ISM will enable
effective removal of timing noise

v' Large number (>109) of high SNR
TOAs

v High cadence will extend sensitivity
to uHz frequencies. This is critical
as backgrounds of different
origins are expected to differ
most at higher frequencies.

Also, key requirement for multi-
messenger astrophysics.



Imaging and image-plane transients
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Imaging and image-plane transients ARG &2

ARGOS imaging
Key specifications
Regular 32x32 grid (<530m) + gaussian random (< 4 km) configuration, Al-based flagging and classification
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https://github.com/wchenastro/Mosaic
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Timeline

We are here

l

Definition
&
Preliminary
Design

Prototyping and

Validation

MsS1:
Stakeholders’
Warkshop
MS2: PDR
MS3: Pathfinder

Final Deliverables:
10-dish prototype
detailed fully-costed design



Structure
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Frontend and Digital Feed
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Max-Planck-Institut
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Low-cost mass fabrication of the feed system ARG S

"3 GOLDEN . .
;:,@REX'&ESSS RESEARCH CENTER (a) lightweight structure (3kg)
_ . . (b) reduced production time
SLS (Selective Laser Sintering) 3D-printin ‘ o
( 9 ; < (c) low fabrication cost

(d) durability

Key Innovations
* Monolithic structures with non-radiating slots

* Nickel coating, 7-50u
» Plastic coating and front cover (EM transparent; FDM — ASA (er = 2.8, tand = 7 x 103)

Current status: Factory acceptance tests for the first prototype




Backend / Correlator

- = Tensor-core beamforming and correlation (80
~= =57 dual-L40 nodes for 1200 antennas)
Science-ready products,
classifications and alerts
Boresight phased Boresight phased
J channelised voltages visibilities I
Boswnphuod
channelised voitages m
scrce pocesa

oaav e ———f'_l .. - Uy

( { TCs —=mg,~ Unified hyper-converged virtualised compute
‘ architecture for the correlator and the science nodes

F—
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g ';n databricks
kubernetes Bee
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Backend / Correlator

Beamformer streams

Channelized Full Stokes Stokes | Bea hannelized
voltage Bean vollage beam:
v Deams v ' v
Pulsar & Transient :
Pulsz
VLBI Spectroscopy Saarch ulsar Timing
1/2/4/ ./ 256 ~1 kHz ~200 kHz 2 MHz
MHZ
N beams N beams 16 beams
16 beams
HDF5 PSRFITS PSRFITS
VDIF
Metadata merge. Metadata merge, Coherent
Digital down zoom bands, band data formatting dedispersion, phase
conversion, direct selection, further folding

sampling, 2 bit
re-quantization,
metadata merge

integration



Science Pipelines

Current Development effort

i )
Transient
Data Image . Pulsar :
: : : Detection & . FRB Processing
Calibration Reconstruction Ty Processing
Classification
FORTH-IA GR CEA Fr CEA Fr FORTH-IA Gr FORTH-IA GR
& MPIfR DE & FORTH-ICS Gr & FORTH-ICS Gr & MPIfR DE & MPIfR DE

\ Software y
Integration

CEA FRr



Candidate Sites (mostly infaround Crete)
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Candidate Sites (mostly in/faround Crete)

Nida Plateau
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Several ways; start here http://argos.ia.forth.gr/ and follow the links

Sign up for the newsletter

- Participate in the Science Working Group (john@ia.forth.gr)

- workshops (TBD, Q2 2025 in Crete)
- White Paper (2024)

- Apply for jobs


http://argos.ia.forth.gr/
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Frontend

and Digital Feed

analog compartment

Coax
Feedthrough

-

RF Signalprocessor

NoiseSrc Ctrl
EMI
Feedthrough

digital compartment

Power

Supply

e
DCEMI
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WP7 Signal Processing

Wavelets

time axis

Ve ks K] Normalized & centered reconstruction
J1.J217% Py b2

2D1D

CLEAN

L-band (1.4 GHz)
Pilia et al. 2015

« 2D and 3D image
reconstruction software
developed

« QOutperforms community
standard techniques such as
CLEAN

* Needs to be benchmarked on
ARGOS simulations
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Neural Networks
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WP8: Archive, Alerts, Ul

GPU-based architectures for accelerated DL execution
& optimal management of cluster resources

Paramaler Sarver Parametar Server

Tt 2 *
S S

Data parallelization

§d

Model parallelization

Services @ Apache Spark for large-scale data storage
& distributed processing

Termorflow DNY

Yensoctlow Core Yereorttow Core
TensorFlowOnSpark (TFoS) ‘ o | noma T

ARG

Tensor decomposition learning for compression
& recovery of high-dimensional signals
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WP9: Dissemination, exploitation, communication

Dissemination in numbers

12 peer-reviewed papers in 2023
15 invited talks and colloguia

3 press releases

2 MSc theses

3 (+1) PhD students

4 BSc student theses (in prep.)
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