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Population (per sq km)
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1,160
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[Jo-4
4000000001 - 14
[ll14.00000001 - 29
[T29.00000001 - 47
[J47.00000001 - 68
[le8.00000001 - 91
[Jo1.00000001 - 116
[]116.0000001 - 142
[J142.0000001 - 169
[J169.0000001 - 197
[l197.0000001 - 225
2250000001 - 255
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Occurance of this ADC value in the snapshot
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So how did we get here?

* The MeerKAT Challenge

—Build a world leading radio
telescope

 for a fixed cost
* within a fixed schedule.

—Be an SKA precursor telescope.



* Requirements * Constraints
— Sensitivity o Cap|ta| -
— Field of View « P~ 2 g tion
— Angular resolution e(\0 v
— Instantaneous bandwidth (\6
— Dynamic range

. Stable and smor* 6(\@ Data storage cost

. transport cost

instrumenta’

— RFI/EM”™ (0
— Re" alty

\3 ,ancept Exploration to fully sample this
6 r space and perform trade-off studies against

constraints.
Validate cost and performance using Prototypes.

« Maintenance cost

14
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In the beginning there was KAT !

~ 2003

SKA technology
pathfinder with

high risk options




i

} 15-m composite & PAFs

‘.»'. .
AN o

INE







Establishing the Karoo site
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Design Parameter Space

« Sensitivity « Capital cost

* Field of View  Power consumption
* Angular resolution « Compute cost

« |Instantaneous bandwidth < Data transport cost
« Sky coverage « Data storage cost
* Dynamic range * Maintenance cost
« Stability

« RFI/EMC

« Reliability/availability

Need to do a thorough Concept Exploration to fully
sample this parameter space and perform trade-offs.
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Ish Optical Configurations

7|

megelric Prime Focus (2@ (b) Offsel Prime Focus

4

7
\“\m*__

(1) Offsel Gregorian

(e) Symmelric Gregorian




Example of CoDR Study: Receptor

Receptor Options
Centre-fed Prime Gregorian Offset
Focus
Octave Band Wide Band Octave Band Wide Band
(2:1) receiver (4:1) receiver (2:1) receiver (4:1) receiver

17K G-M 77K S-S 77K S-S
Cooler Cooler Cooler

77K S-S 77K S-S
Cooler Cooler

Cost functions traceably linked to Science & Operations Requirements
NOT post-facto justification for technology choice

22



Symmetric centre-
fed dish

Wide flare
corrugated horn

Compact OMT

Stirling cycle
cryogenics

Water cooling

on vacuum pump
RF-over-fibre
-Heterodyne Rx
Casper/Roach DSP




Costs more, but:

Unblocked aperture.
“Good” beam and
Aperture efficiency.

Large volume for
multiple receivers

and associated
services.

Easy access.

Low ground
spillover.






64 x 13.5 m offset Gregorian
antennas
— Compact core (1 km diameter)
— 8 km maximum baseline

3 cryogenic single pixel receivers
— UHF 0.580-1.015 GHz
— L-band 0.9-1.67 GHz (Tgs~15K)
— S-band (MPIfR) 1.75-3.5 GHz
— X-band-8-14.5-GHz

Channelization
— 1k wideband (pulsars)
— 4k wideband (continuum)
— 32k wideband (spectral line)
— |1f>2k)narrowband (BW=F,mp/2N spectral
ine
Correlator/Beamformer

User supplied backends
— PTUSE (MeerTIME )
— FBFUSE+APSUSE+TUSE (TRAPPUM)
— BLUSE (Breakthrough Listen)

Science Data Processing and Archive
MeerKAT Extension
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Deployed Infrastructure (as at Oct 2018) — 15t Tier

Realtime Mesos Cluster : Ingest + Cal

100 TFLOPs, 6TB RAM

Batch Cluster : Spectral + Continuum Imaging
1.5 PFLOPs, 4TB RAM, 1 PB scratch

Object Storage : Vis Data + Science Products

clusterl: 5.4 PiB - production - 1 PiB used
cluster3: 12.2 PiB - ready for production

5.44PiB 430TiB

(1 0s0s0UT |  ososup | OSDsDOWN Agerage PGs per 050 Agerage OSD Apply Latency  Agerage OSD Commit Latency  Average Monitor Latency

781 3 781 3
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CEPH Archive and Tape Library at CHPC
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New Partnership Between SKA Precursor Telescope
MeerKAT & SETI Programme Breakthrough Listen

Bremen, Germany - October 2, 2018 - Breakthrough Listen,
the global initiative to seek signs of intelligent life in the universe
- announced today at the International Astronautical

Congress the commencement of a major new programme with
the MeerKAT telescope in partnership with the South African
Radio Astronomy Observatory (SARAQ).

Breakthrough Listen’s MeerKAT survey will examine a million
individual stars — 1,000 times the number of targets in any
previous search - in the quietest part of the radio spectrum, monitoring for signs of extraterrestrial technology. With
the addition of MeerKAT’s observations to its existing surveys, Listen will operate 24 hours a day, seven days a week,
in parallel with other surveys.

Observations will occur in a commensal mode - at the same time as other astrophysics programs. Using
sophisticated processing, Breakthrough Listen scientists will digitally point the telescope at targets of interest. This
means that the Breakthrough Listen instrument at MeerKAT will be operating almost continuously, scanning the skies
for signs of intelligent life.

“Collaborating with MeerKAT will significantly enhance the capabilities of Breakthrough Listen”, said Yuri Milner,
founder of the Breakthrough Initiatives.
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