DSA-2000: a 2000-dish radio array
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John Bolton with Caltech’s first radio
dish (Palomar Mtn, early 1950s)
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The Deep Synoptic Array

DSA-10 (2017)
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DSA-2000: why 2000 antennas?

True image Image reconstruction




U-V sampling: NANT = 30
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DSA-2000: the concept

200 antens
effectively fill

the aperture.
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SKA Data Challenge

Image
processing.
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In most regions
of the sky, no

J2000 Declination

| In few % of the
sky simple PSF
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200 pulsars timed
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0.7 to 2 GHz LNA at -40C and +25C (dim)

T H‘III ‘IIII TYTT]TTTT

n';1: | m3:
20 1070 GHz —1 201 GHz |~
9.7 8.8
15 7 s B b
10 *® - ]
~ . /.»”

[

05 07 09 11|13 15|17 19 21 23
Frequency ({Hz)

DSA-110 DSA-2000

N

o

. -
gare
pDer pPa
uada-rio
A, B

sttt Antenna design by Dave
SRR
SHIRTRS ¥ Ve
SR DR R
A, 00dyV anad 3 s 0
ST
'wf."&ifjﬁth ,
“‘w:if‘;::# «
““( » . @ Cl C Ch @
4 U e PDd d(e OI11Q
5
’ D pportea U
[
Cl1C @ ap O C OI11C
C C C O C C
. -
1.5 mm Diameter Surface at -40C . .
3- Stage Micro-cooler For Mounting of HEMT Transistor Chip Integration of Micro-Cooler
/ And Temperature Sensor, into LNA Chassis
i , —— ~J |
l _= '
UEC 0 )
c Ol'ld
L]
»
sl0[S
| )
ol dKEed U C peuaed C C 00Ilel
dsS O ambpie eMmperas e DOA U A



https://www.radiocamera.io/seminars Y
DSA-2000: the Radio -.
[

Camera Initiative SCHMIDT FUTURES

Correlator
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The RCI is developing a software solution for real-time correlation, flagging, calibration, gridding and imaging

of visibilities. Continuum and spectral-line image products will then be served directly to the community.




DSA-2000: Site selection
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DSA-2000: Site selection

Big Smoky Valley
o~ ik
Elevation ~2,000m g“ Elevation ~2,000m
e
Area ~3000 km?2 £ Area ~15002
>
Population ~2,500 people * | Population <50 people

2 cell towers (< 730 MHz) . 0 cell towers
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5%3 DSA-2000: Site selection

Monitor Valley RFI environment
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DSA-2000: Timeline and Budget

o ) ) Final Design Review Commence Surveys
Preliminary Design Review Sep 1 Construction Commences Mar 1

Sep'1 Mar 1

Design 30 months Sep 2020 - Mar 2023

Site selection 12 months Sep 2020 - Sep 2021

Environmental impact studies 23 months Mar 2021 - Feb 2023

Array forward modeling 12 months Sep 2020 - Sep 2021

Preliminary design 12 months Sep 2020 - Sep 2021

Prototype array (6 antennas) 12 months Sep 2021 - Sep 2022

Construction 28 months Mar 2023 - Jul 2025

Site preparation, trenching, installation of fiber and power 9 months » Mar 2023 - Dec 2023

Dish fabrication on-site 18 months Jun 2023 - Dec 2024

Dish and mount installation 18 months Sep 2023 - Mar 2025

Receiver installation 18 months Oct 2023 - Apr 2025

Building construction, installation of racks and HVAC 9 months Sep 2023 - Jun 2024

Installation of digital and compute hardware 6 months» Oct 2024 - Apr 2025

Commissioning 21 months Jun 2024 - Mar 2026
Signal path testing 10 months Jun 2024 - Apr 2025

Commissioning of beamformer 3m) Apr 2025 - Jul 2025

Shared risk NANOGrav observations 10 months Apr 2025 - Feb 2026
Commissioning of FRB multi-beam backend 6 months' Apr 2025 - Oct 2025
Commissioning of Radio Camera 12 months Mar 2025 - Mar 2026




DSA-2000: Timeline and Budget

Estimated Cost

Contingency

Total

Design/Development

$5 million

25%

$6.25 million

Antennas, Mounts and Drives
Receivers
Infrastructure, Buildings
Environmental Impact Statement
Monitor/Control Hardware
Radio Camera and Storage
Public Archive
Total Construction

$33.4 million
$6.2 million
$17.3 million
$1 million
$2.65 million
$27.1 million
$2.3 million
$88.9 million

20%
40%
41%
50%
20%
0%
50%
20%

$40.6 million
$8.6 million
$23 million
$1.5 million
$3.2 million
$27.1 million
$3.5 million

$107.5 million

Operations/yr

$5.3 million

25 %

$6.6 million

Caltech and NANOGrav has funded hardware design and development and initial

project management.

Schmidt Futures has funded RCI development (Hallinan, Ravi, Bouman)
Full funding model is NSF (MSRI R-2) + partners.
Anticipate US Astro2020 Decadal Survey results in early 2021.




DSA-2000: Summary

e 2000 5-m steerable antennas spread over 15 km; 0.7-2 GHz;
imaging + pulsar timing + fast transients.

e Survey speed 10x SKA-I mid, and Arecibo sensitivity.

e Approx. $US 110M construction, $US 7M/yr operations

* Five-year prime mission, survey data served to community
* Anticipate construction beginning by 2024.
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