SKA1-Mid Telescope Design

Overview of the System Design at S-CDR
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Mid Key Parameters

SKA1 Sensitivity
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Modes:

Imaging (continuum and spectral)

Pulsar Search

Pulsar Timing

Flow through

Dynamic Spectrum

Transient Search

Very-Long Baseline Interferometry (VLBI)

High time & spatial resolution
Flexible Scheduling
Commensal Observing

95% Operational Availability




A key challenge — RFI (external & self-induced)

Example of analysis: Attenuation of emitted RFI in Central Processing Facility
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A key challenge — RFI

Example of analysis: Attenuation of emitted RFI in Central Processing Facility
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Signal and processing chain
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SKA1-MID Configuration

133 SKA 15m dishes

64 MeerKAT 13.5m dishes
 Maximum baseline 150 km
3 logarithmic spiral arms

Frequency range: 350 MHz
to 15.4 GHz

Exploring the Universe with the world's largest radio telescope The Square Kilometre Array Observatory 10



SKA1-MID Configuration

« 133 SKA 15m dishes

64 MeerKAT 13.5m dishes
 Maximum baseline 150 km
3 logarithmic spiral arms

Frequency range: 350 MHz
to 15.4 GHz
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Infrastructure

 Water
« Roads

« Power
 Fibre
* Buildings

— CPF (KAPB)

— EOC
— SPC

« Cooling
 Dish Foundations

Exploring the Universe with the world's largest radio telescope 12
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Dish

£ Foundations
.
f ¥ . Challenging stiffness to achieve
— pointing spec
* Prototype foundation
« Stiffness tests done

Piling depends on soil per antenna

Exploring the Universe with the world's largest radio telescope 13




SKA1 Mid Antenna S

Sub-reflector Main Reflector

Back-up
Structure Feed Arm

Antenna Features

* Frequency: 350MHz — 20GHz +
* 15 metre offset Gregorian optics
" Main « Sub-reflector: 5 m, with skirt

Back- . . .
Structure « Tracking speed: 30 times sidereal
— _ \ rate @ 10arcsec accuracy
Sub- oy s « Slewing Speed:

Reflect BNV L\ Yy Turnhead .
— 1deg/sec elevation

— 3deg/sec Azimuth
* Indexing speed: Less than 30 sec

Elevation Axis
Elevation Actuator

Front-end & Indexer
Platform

Tower

Foundation

Exploring the Universe with the world's largest radio telescope 14




Upper Pedestal Section
Cable Tray

Middle Pedestal Section
Cable Tray

Middle Pedestal Section
Hatch

Pedestal Door

&Pedestal Inlet Vent

edestal Power Distribution — — ——

Junction Box — — — =/ =

I
Foundation Cable Entry — — =

A

! .

e | L* oy

Azimuth Bearing

E % —— Azimuth Stow Motor

Azimuth Cable Wrap

Upper Pedestal Section
&Ladder

o

Azimuth 1/0 unit Assembly

$;_._=.a.'_'._.’.=.’*_ Upper Pedestal Section

¥
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Fixed Platform

Middle Pedestal Section
&Ladder

-

SaDT Fibre Patch Box

PSC Outlet Vents

e Pedestal Outdoor
% Temp Sensors

Lower Pedestal Section

e

Sunshield Cover

—— EMI Drive Cabinet

— EMI Shielded cabinet

PSC Inlet Ventl

. Temp & Humidity Sensor

’ PSC Power Distribution
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Antenna Pedestal

Pedestal Features

* High stiffness

* Azimuth bearing & encoder

» Houses control & network equipment
 EMI Shielded Compartment:

— 145 dB (50 MHz- 13.8 GHz)
— 95dB (13.8 - 20GHz)

» Tilt and temperature sensors to
improve pointing

15




Antenna Performance

Exploring the Universe with the world's largest radio telescope

Sensitivity per Band estimates

Band Frequency BW

(GHz) (MHz)

0.35-0.650
0.65 - 1.050 700

2 0.95-1.760 808
1.65 - 3.050 1403
2.80 -5.180 2380
5a 4.60 — 8.500 3900

5b 8.30 — 15.40 7000

Sensitivity Requirement

Pointing performance estimates

Blind Requirement
Pointing .

Error Design
Relative Requirement
Pointing .

Error Design
Tracking Requirement
Stability

Design

(m?/K)
Array (L1) Dish (L2)
272-545 | 21-4.2
545 4.2
916 7.1
916 7.1
833 6.6
1110 8.86
805 6.74
RMS error RMS error
(arcsec) (arcsec)
9 18
5.5 11
1.3 2..6
1.2 3.5
2.3 4.6
1.5 4.4

The Square Kilometre Array Observatory
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Design
(m?/K)

Dish (L2)

25-50
54

10.9

9.52
7.93

RMS error
(arcsec)

36
21.7

5.2
6.7

9.2
8




SKA1-MID Feed Indexer

e Supports 3 feed packages
* Removable sun shields for sunlight and rain protection
e Supports 2 digitisers, vacuum pump, power and fibre

Digitiser

Band 345

Feed Package
Band 1

Feed Package

Vacuum Pump

« Rotation: 203 deg (feed packages ~100 deg apart)

Band 2  Qverall center of mass close to the axis of rotation
Feed Package

Exploring the Universe with the world's largest radio telescope The Square Kilometre Array Observatory
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Band 1 Single Pixel Feed =5

e 350MHz — 1050MHz; 3:1 bandwidth
e Dual Polarisation

 Quad Ridged Feed Horn
e Room temperature LNAs (Low Noise Factory)
 LNAs embedded in fins — minimise losses

Qualification tests on MeerKAT
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Band 2 Single Pixel Feed

e 950MHz - 1760MHz; 1.85:1 bandwidth
e Dual Polarization

* Crossed dipole-based Ortho Mode
Transducer (OMT)

* LNAs cooled to 20K; OMT cooled to 70K
e Coolstar 2/9 cryocooler

* Feed package based on MeerKAT design

Under test on a MeerKAT dish

Exploring the Universe with the world's largest radio telescope The Square Kilometre Array Observatory




Band 345 Single Pixel Feed

Modular Cryostat, dual polarisation
Supports Bands 3, 4, 5a, 5b and 5c
* 5c not defined in detail

Band 5a (4.6GHz — 8.5Hz) and Band 5b (8.3GHz — 15.4GHz) fitted Band 5a
initially

Band 5a/5b feeds cooled to 70K; LNAs at 20K
Coolstar 6/30 cryo-cooler

Band 5a — quad-ridged OMT,; Band 5b turnstile OMT

Band 345 feed package — Initial configuration

Band 5b Feed- P Band 5a Feed

Exploring the Universe with the world's largest radio telescope

Band Freq. [GHz] BW
Band 3 1.65 - 3.05 1.84
Band 4 2.80-5.18 1.85

46-8.5 1.84
Band 5b 8.3-154 1.84

Band 3 Feed

Band 4 Feed

Band 345 feed package — All Feeds Installed

The Square Kilometre Array Observatory




SKA1-MID SPF Receiver (Digitisation)

 RF samplers located on the Feed Indexer
* Packetiser, DSP and C & M located in RFl enclosure in the Dish Pedestal (TALON)
* Separate Band 123 and 345 Digitisers

: Tran
-yl e R O G i

(GSps) Depth (GSps) (Gbps)
1 0.35-1.050 700 3.96 8 3.96* 12 95.04
2 0.95-1.760 808 3.96 8 3.96* 12 95.04
3 1.65 — 3.050 1403 3.168 6 3.168* 12 76.032
4 2.80-5.180 2380 15.84 4 5.94* 8 95.04
5a 4.60 — 8.500 3900 8.91 3 2 x5.94* 4 95.04
5b 8.30 — 15.40 7000 15.84 3 2 x 5.94* 4 95.04

Exploring the Universe with the world's largest radio telescope

*Offsets are added to these frequencies to reduce correlated noise
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Signal and processing chain
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Correlator Beamformer (CBF)

/

FSP-1
Function-configurable Data )
Band-specific Band-invariant products
Very Coarse Channelizer Frequency Slice
(VCC) Processor-1 Visibilities to SDP
—>
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1 PSS Beams
—>
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Function-configurable Data PSLeams>
Band-invariant
roducts
Frequency Slice - VLBI Beamsl
Band-specific Processor-2 VLBI visibilities
Very Coarse Channelizer (FSP-2)
L (VCQ)
5 o
® FSP-N
() o Data
products
® FSP-N —_
o
—
197 Output
Switch
S Frequency Slices
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Correlator features

* Frequency-slice Architecture

* Modular, scalable design

 TALON bespoke boards (FPGA) used for
VCC and FSP

v Signal Chain talk

Prototype TALON Processing Board with air cooling

Exploring the Universe with the world's largest radio telescope
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CBF Hardware concept

Streaming data from e 16
SKA1_Mid Receptors s
All Frequency Slices and One Frequency Slice or
Output to SDP «———— Channelized Search Windows Channelized Search Window
Visibilities, TB, VLBI Beams VCC-UNIT (10 Antennas) > (All Antennas) >
FSP-UNIT
Streaming data from 1 0=
SKA1_Mid Receptors s
°
VCC-UNIT o Xx20 o°
Output to SDP <————— S TALONLRUs FSP-UNIT o x27
Visibilities, TB, VLBI Beams VCC P ing for 10 < 10 TALON LRUs
: Antennas Output Product Output Product
-
Output to Mid.PSS Visibilities / Beams Visibiliies / Beams
8‘_" Beams (For interfaces on this VCC-UNIT) (From one FSP)
Output to Mid.PST +———— FSP-Part:
1 Beam 27 FSP-UNITS
VCC-Part: (26 Active + 1 Spare)
19 VCC-UNITS 270 TALON LRUs

1 PARTIAL-VCC-UNITS
99 TALON LRUs

LEGEND
B vee-part I I I I I 1G Ethernet to all LRUs I I I I I
[ FsP-Part | 1G/10/40G Ethernet Switches |

[] Monitor & Control

TALON System 40GbE
370 TALON LRUs
Mid.CBF

e Conrl . !
s per rac
+1 M&C Rack Server Mid LMC SKA1 MID.CBF
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SKA1 & MeerKAT integration

MeerKAT Precursor

Infrastructure, Dish, SaDT

Number of SKA1 Dishes deployed

| | |

Array Assembly
Array Assembly Array Assembly Array Assembly 4 Full Handover to
1 —> 2 —> 3 — —  Operations
Precursor SKA1
Integrated

“ |

| Back-End Functionality (CSP, TM, SDP )

Exploring the Universe with the world's largest radio telescope 27




Achieving Operational Availability

MTBF/MTTR per item

lock  MIBF_ Rsio
5 B SKA-MOD_15-10:2019 =

10 100] DISH ARRAY (MID ] 7
0 MID DISH
151 MEERKAT DISH (AND INTEGRATION ELEMENTS)
144] MID- SIGNAL AND DATA TRANSPORT (SADT- MID)
) NON-SCIENCE DATA NETWORK (NSDN) MID

IETVORK MANAGER MID

1 1 L 1 1 1

0 (64 MID CENTRAL SIGNAL PROCESSOR CSP
® I CORRELATOR AND BEAMFORMER (CBF) MID
0 CBF-LMC

@ @ CSP PULSAR SEARCH ENGINE (PSS) MID

5 CSP PULSAR TIMING ENGINE (PST) MID

107} TELESCOPE MANAGER (TMC)

0 NETWORK SWITCH

PPOWER DISTRIBUTION SWITCH

Maintenance models

Operational Availability Estimate

p— Number Of Dishes
PP g ‘,‘f\\‘r; ‘“\r\\]‘wﬂ'ﬂp.“‘q"\r"\" Not Available

SCIENCE DATA PROCESSING

108
) COMPUTE RACKS (N)

Tii: 2,6, 8 Hours

) STAGE 1 HIGH THROUGHPUT ETHERNET NETWORK SWITCH
) SOP SOFTWARE

& [ [03] MID TELESCOPE INFRASTRUCTURE i i
ATARA v ;
3 DATARACKFOVER SYSTM Personnel
# KAPE POWER SYSTEM GTU T T T rrT L Availability
B ELECTRICAL RETICULATION |
@ ) PHOTOVOLTAIC PLANTS. Dela s — - - - =0 - - - - - il il - - L - - - - - - - - ]
y: 2,5, 10 Days Smaen Doms e o 2
T T— — s PR—— .
H ) T4i:2,7,20Da) i "
10 o RETT o TR I T daa e o weweiarw " Y Y o WY
aintenance Plans é J .; »
2,7,20 Days ! 5 oL -
Gt Geme Pt Q) e
R1: Spiral t Dish 1 3 i NS Backlog
armmanmance' s Gl L aleasn b aad ol ne e e dadads
S (2 teams of 2 people) ' | :
6-month cycle . s o L | N
| R2: Core maintenance i . S - o —
. - e ey 203 Do
(2 teams of 2 people) . =
T Dish 197 & Faciityand | "
E Repair Teams

R Enaey Sy § or
CSP, PSS, PST
"\
(=)~
g

E § rece § resaT () § R10 Cryogenics 6)
0 @ RS Becticd (4) § Re:Netwark @ R11: Acoeptence testing (2)

pesnbai se

v" Ops talks

@ rReHVAC) ) RORFI) @ Ri12: Recover (4)

Exploring the Universe with the world's largest radio telescope 28




SKA1 Multinational Project
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Thank you!

Questions?

g.swart@skatelescope.org

Scuare Kilometre Array £l @SKA_telescope 2§ Youufl® The Square Kilometre Array www.skatelescope.org
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Frequency Distribution
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Figure 4 Simplified schematic of the STFR.FRQ Transmitter Module, fibre link, and Receiver Module from STFR.FRQ DDD
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