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SKA Science Book
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SKA1 & SKA2 Science (2)
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Project Roadmap

KEY: Blue = SKA1 science & engineering; orange = policy; green = SKA2

Next year: SKA1 CDR

| | N | |

Detailed design
Pre-construction Stage 2

Critical Design Reviews (elements then system)

SKA1 construction proposal & approval July 2018 proposal submission; approval Dec 2018

Procurement

SKA1 construction

SKA1 operations

2023 - 2028: SKA1

Key Doc Set & Prospectus
L IGO agreemients negotiated and complete

Formal negotiations
IGO able to centrally contract

Ratification of Agreements I ‘ |

Advanced Instrumentationpro. [ DR S, F0R (MFAA and WBSPF) 2028-:-+ SKA2

SKA2 detailed design

SKA2 procurement

SKA2 construction starts

| | | | l |

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

McPherson’s slide @ skaengcon16 10



Performance Comparison

Table 1: A table of typical performance measures for a variety of radio telescopes (extant and under construction).

Parameters for Comparable Telescopes

eMERLIN JVLA GBT GMRT Parkes MB LOFAR FAST MeerKAT WSRT Arecibo ASKAP SKA1-low SKA-mid
Acit/ Toys m’/K 60 265 276 250 100 61 1250 321 124 1150 65 559 1560
FoV deg’ 0.25 0.25 0.015 0.13 0.65 14 0.0017 0.86 0.25 0.003 30 20.77 0.49
Receptor Size m 25 25 101 45 64 39 300 13.5 25 225 12 35 15
Fiducial frequency GHz 1.4 1.4 1.4 1.4 1.4 0.12 1.4 1.4 14 1.4 1.4 0.11 1.67
Survey Speed FoM | deg? m* k2|  9.00x10? 1.76x10° 1.14x10° 8.13x10° 6.50x10% 5.21x10° | 2.66x10° 8.86x10° | 3.84x10° | 3.97x10° 1.27x10° 6.49x10° 1.19x10°
Resolution arcsec 10-150 x 10~ 1.4-44 420 2 660 5 88 11 16 192 7 7 0.25
Baseline or Size km 217 1-35 0.1 27 0.064 100 0.5 4 2.7 225 6 80 150
Frequency Range GHz 1‘3'1'2:‘8’ 2 1-50 0.2-50+ 0231502123; o| 044t024 Jo003-022| 01-3 0.7- 2'1‘:’)' 07-1 03-86 0.3-10 0.7-1.8 0.050-0.350 0.35-14
Bandwidth MHz 400 1000 400 450 400 4 800 1000 160 1000 300 300 770
Cont. Sensitivity wy-hr*/2 27.11 3.88 5.89 6.13 16.26 266.61 0.92 3.20 20.74 0.89 28.89 3.36 0.75
Sensitivity, 100 kHz | ply-hr™? 1714 388 373 411 1029 1686 82 320 830 89 1582 184 66
SEFD Jy 46.0 10.4 10.0 11.0 27.6 45.2 2.2 8.6 22.3 2.4 42.5 4.9 1.8

» SKA (Resulting) Concept:

& Wide Field of View

» Consisting of small antennas (& Wide Band in SKA27?)

» World’s highest sensitivity
» World's highest survey speed



Dirty Image Quallty Comparison

Declination (J2000)
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Declination (J2000)

Dirty Image Quallty Comparlson
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Dirty Image Quality Comparison

Declination (J2000)
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Work Package Consortia (WPC)
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Work Package Consortia (WPC)

» LFAA/SKA-LOW

» MFAA/SKA2-AAMID

» DISH/SKA-MID

» WBSPF [T+ — K
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Work Package Consortia (WPC)

> DISH/SKA-MID
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SKA-MID (~GHz)

Design

SKA1: 133 antenna
SKA2: >2000? _

Sensitivity

Smin ~ 0.5 pJy @ 6 hr integ.
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SKA-MID: Dish Design

MeerKAT 13.5 m X 64
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SKA-MID: Array Design
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» Karoo, South Africa
» 3 spiral arms
» Gaussian distributed antennas in core sit
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SKA-MID: CSP to SDP

SV
IS=TNA

Hermanus
)

DP (Science Data Processor)
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SKA-MID: SaDT Data Rate

......... South Africa

SKA Observatory Global l
Headquarters

SKA-LOW SaDT
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Work Package Consortia (WPC)

> LFAA/SKA-LOW

» SaDT E81:X
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SKA-LOW (~MHz)

Design Sensitivity
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SKA-LOW: Antenna

Design

Log-periodic dipole antenna

30
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SKA-LOW: Array Design
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SKA-LOW: SaDT RF over Fibre
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SKA-LOW: SaDT Data Rate
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SKA Phase 2
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SKAERER: BKKE DRIZER

SKA-LOW Sensitivity

Ae/Tsys [m?/K]

Sensitivity
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SKA2(C (FF=AtTp i M2

SKAM:FRRE: |78

SKA2
_ (Future Load)
Element Average Power Peak Power
Consumption (kW) | Consumption (kW)
Karoo Site Complex (incl. DRUPS, sheds, etc) 380 530
Existing Equipment (KAT-7, etc). 45 56
MeerKAT Dishes (64) 864 1024
SKA1 Mid Dishes (133) 1,131 1,530
CSP Mid Imaging 170 170
CSP Mid Non-imaging 420 420
™ Mid 20 20
SADT Mid 110 110
Cooling & Site Distribution Losses (INFRA-SA) o 867 1005
SKA1 MID SITE TOTAL 4,007 4,865 —
33KV Line Losses e oo SKA1 (;E%;;I/ \J j — &
Klerefontein Support Base 25 45
Carnarvon POP Station 5 10 W
SKA1 MID KAROO TOTAL 4,487 5,610 ‘E } IJ % -C\‘ i 73\ 78: Z 5

RENZERDIZHDBHRFEICKS
>ESICHhESTELD?

SKA1_MID Load
(Addition of shunt capacitor at Karoo Substation)

5.2 MVA On
site
4.5 MVA )
On site

SKA1_MID Load
(Load Capped to current capacity at Karoo Substation)

2.2 MVA
Total MeerKAT Load including
infrastructure
100kVA
KAT-7 Load
= o o @ S 8 3 8
o o =y = o o = o
~N ~N ~ N N N N ~
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» sk omREEE A R TEEE 3

» BE@mZE E D7tV IV SMIRRIER

» SKA2(CMIF TR 5
» Wideband Single Pixel Feed (WBSPF)
» Phased Array Feed (PAF)
» Mid-Frequency Aperture Array (MFAA)
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» SKA Board R CHMHOCRE BIBEEIWETANS
DIRE)

» Data Flow Concept
» SaDT (Signal and Data Transport)?
» SKA-LOW Calibration
» SDP (Science Data Processor)
» SKA-LOW Configuration
» LFAA (Low Frequency Aperture Array)

»y SKA-MID Time Transfer

» TM (Telescope Manager)??
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» ASKAP, Parkes, FAST, Green Bank, etc.
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SKA2A DR H

» Wide Band Single Pixel Feed (WBSPF)
y el T — R

» Phased Array Feed (PAF)
y [LRE - VILFE—LDr—K

» Mid-Frequency Aperture Array (MFAA)
» SKA-LOWERIU V7 ~TRIERB D LR



