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Driving Requirements

Use cases
* Imaging \
« Pulsar timing Requirements
* Transients
Survey speed

Budget

* Sensitivity (compact structures)
 Sensitivity (extended structures)
* Field of view

* Imaging dynamic range Solution

* Bandwidth « Small-ish dishes

» Slew speed . )
. » Sensitive receivers
» Concurrent observation modes . .
* Array configuration

» \Wideband back-end
* Concurrent modes
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eographical layout

. Site Facmtles
. Manufacturing facilities for dishes and antenna assembly =

Storage space for spares

Limited accommodation

Small workshop / lab

Operations room

Landing strip

Temporary constructlon camps
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Geographical Iayout
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Operatlonal concept: s
. Operations normally from Cape Town
Maintenance on site by replacing LRUs; minimise on-site
equipment maintenance where possible.
Klerefontein support base will have workshops for repair
- of LRUs (specifically the GM cooled receivers will '
require almost contlnuous repalr act|V|ty)

Klerefontein' Su&port Basel = Carnarvon




Site complex layout
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Array layout
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Array layout

1. Compact core for pulsar monitoring and transient search

 70% of antennas.

» (Gaussian uv-distr — dispersion of 300m; shortest baseline of 29m.
2. Imaging performance (sensitivity) for resolutions ~6” to ~100”

* 30% of antennas outside core.

« Baselines extended up to 8km.
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Receptor

» Gregorian offset antenna

* Multiple cryo-cooled, octave band single
pixel receivers.

* Direct Digitisation at the receiver

Elevation

Key performance (L-band): Assembly

Main
Reflector

Elevation Back
~<————  Structure

Feed

Helium compressor
Indexer

/ for cryogenic cooling

Pedestal with antenna

«  Sensitivity (Ae/Tsys)
* Rotationally symmetric beam and sidelobe
pattern
Ae/Tsys Spec | Achieved
(sgqm/K)
1 Dish 3.4 6
64 Dishes 220 380

Multiple octave band receivers with vacuum pump



Frequency Bands

Sampling rate Processed Project
(MSps) BW (MHz) Stage
10 435 1

UHF- 0.58 - 1.015 1088*

band

L-Band | 0.9 -1.67 1712 10 770 1
S-Band  * * * * 2
X-band | 8-14.5 3* 2000 3

*TBD/TBC



Receptor Block Diagram (showing L-band Receiver only)
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Receptor Performance — Ae/Tsys (L-band) -l
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Antenna Positioner

Reflector and Positioner:

«  Offset Gregorian optics gives rotationally
symmetric beam for high imaging dynamic range

« High Aperture Phase Efficiency (91%) for
sensitivity

* Low noise contribution (1.5K)

»  High Pointing Accuracy (5” over 20min for good

conditions, 25” over 4 hours for normal

operational conditions)

High slew speeds (2deg/sec Az, 1deg/sec El)

Elevation
Assembly

Main
Reflector

Elevation Back
DO <«———  Structure

Feed
Indexer



Receivers




Recelvers

Receivers:

« UHF-band (580 — 1015MHz)
 L-band (900 — 1670MHz)

«  X-band (8 — 14.5GHz)

*  Low receiver noise: GM cryogenic cooling with

Novel OMT design
0 (TRreceiver ~0K for L-band & UHF-band)

«  High gain stability (0.7% over 20min)

* Polarisation Purity

«  Stable calibration source

« Self-generated RFI was a big challenge

Main
Reflector

N Elevation Back
WA\ <~ Structure

Elevation
Assembly



Recelvers

/" Temperature H-Channel
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—H-pol: before
== H-pol: after 5
opll=V-pol-before| | e
~—\V-pol: after
— Specification

| i i | | i |
800 1000 1100 1200 1300 1400 1500 1600
Frequency (MHz)

Figure 27: Receiver noise temperature measurement before and after destructive testing.



UHF-band Receiver Noise Temperature

20+ Before survivability
After survivability
——— Specification
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Digitiser

Digitiser:

«  Bandwidth (1.7GS/s for L-band sampling)

*  Dynamic range /headroom for RFI - 10- bit sampling in L-band
* Gain & phase stability

 RFlis a big challenge




L-band Digitiser

Digitiser Housing [M1130-2003]

RFCU [M1130-2005]

ADC [M1130-2002] D-enginge [M1130-2001]
IF.1 IF.3 IF.5
H-pol RF connector %—D— ’Vg - ATszi\éUUB Fibre optic Tx Fibre optic Rx  — D-MUX
Control and I‘c_l_l_d‘l 1
ontrol an antrol an
PSU [e> monitoring monitoring |~ > sy
N
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Digitiser

S\DCI: Integration number 23, Nyquist Zone 2, Peak Power -0.367
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Site complex layout

_ Array
~ processor
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Back-end: functional overview

=TT T T
| Observation !
| Management |
- e — — — — =
r—— - _i l'________i |_____¢ _____ |
| | .
| Proposal | | Observation | _| S%r;edullng '
| management | "I planning g o] !
| | | Monitoring |
- — - — — 4 - — d L |
CAM Subsystem
rx ——— Y Y | Y- [ |
. | | . .
Collect and focus EM G EM LI Con(-jltllcl)n X Correlate | On-line processing | o.ff I|n_e processing |
Point antenna e Dlgltee Form beams Data QA level 1 I (Imaging pipsline)
Inject Cal Noise Downconvert | ' | Data QA level 2 :
L ___ L ___
Antenna Positioner Receiver Digitiser Correlator
I Archive data :
Receptorxé4 = . ST TmTm
Science Processing
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reference Pulsar timing
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User supplied

—> Control Flow equipment



Correlator

( Processing

Digitiser \ Node /:.

 Processing " : !
O Node Y : |

Multi-
casting
core
network
switch

Digitiser

/ Processing " : !

Digitiser ‘
giuse G Node WY : .




Correlator functionality

Correlator

Control and monitoring

Interferometric visibilities—————»

»  Correlate, integrate & dump

———TA beamformer IQUV time series—»

= =
————H&VAntennat——» 2 §
° 2 ?
2¢ ¢ 8
S g ED = S
RS 2 .@ 5 | Tied-array beamformer TA voltage dat %
% § & gl }*55’ d (4 beams) ge aata > §
~ § i) = QS
S 2 3
g S
— lH&VAntennab4———» & ~
o Transient search tied-array c Coherently de-
N ’ oherent de- .
»  beamformer (100 beams); . . ——dispersed IQUV—»
dispersion (TBC) : )
Integrate & dump. time series

l 'S
§)
S 5 o
q O
Transient buffer % ° ]
(2s) S 5y g
o L 3 3
q>_)‘ N ®© 5
A @ g° ]
= S q
Antennd 5 T < 2
— — —vohtage- — - — A ————— = - g — — — —
data = i
4

I I
I I
| Transient search engine Pulsar timing engine |
I I
I I

(User supplied equipment _ __ _ _ _ _ _ _ _ _ _ ___ __ |



Correlator functionality

Time-domain B Engine (x64) F Engine VLBI (x8)

VLBI data
products

Wideband
correlation
products

Narrowband
meesmee correlation
products

F Engine wide (x64)

] ! B Engine (x128)
/14Gbps x128” 100x 48us-
................ o Phase/gain | Steer Cross-pol
27Gbps x64
8 Engine (x64)
Full temporal
el "Bl Tt » resolution TA
products

v ] v v v
= ~38us snapshots (debugging) 600us cross-pol correlator: + Raw time-domain * Incoherent sum « 2s transient buffer
« Single-dish spectra streaming (800us)

ina coherency
+ Channelised total power
873Mbps




Correlator functionality

Channelisation configuration Data products
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= £ g £ 3 5 s |55 || |s|szls
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Notim- sa &
Imaging |[plemen- sa sb sc (sb or
sa & (sb or sc) ted sc)
Pulsar Timing c p p p
Transient search t t t
Fly's Eye t
VLBI © v v
Generic TA © c c
Nr of sub bands 1 1 5(6forX) 5 1 TBD 1 0.1-1| 50us | Ims | NA | 600us | NA | 1us [0.1-1|Time resolution
Channel BW (kHz): UHF (spec) 200 19.35 1.93 0.97 300 TBD [2~N x 500 32 32 64 8 32 8/16 64 64 |Bitwidth
Channel BW (kHz): UHF (impl) 67.14 16.78 1.05 0.52 134.28 TBD [2~N x 500 SP USE | USE | USE USE SP BP&USH SP |[Transferto (spec)
Channel BW (kHz): L (spec) 200 33.36 3.34 1.67 300 TBD |2”N x 500 106 | 66.7 | 0.04 | 28.2 | 28.8 | 655 | 0.65 | 0.03 [Max data rate (spec) [Gbps]
Channel BW (kHz): L (impl) 110.35 27.59 1.72 0.86 220.7 TBD |2”~N x 500 227 262 2.1 28.2 | 83.9 282 | 1.54 | 0.13 |Max data rate (impl) [Gbps]
Channel BW (kHz): X (spec) 800 133.43 4 N/A 300 TBD |2”N x 500 y y v n y % n y |Channelised
Channel BW (kHz): X (impl) 268.55 67.14 2.1 N/A 268.55 TBD |2”N x 500 2.5s Buffer depth
Nr of channels: UHF (spec) 2175 22481 | 3495x5 | 3495x5 1450 TBD 32
Nr of channels: L (spec) 3750 22483 | 3498x5 | 3498x5 1667 TBD 32 Key: Required
Nrof channels: X (spec) | 2500 | 14990 | 3628x6 | N/A 1667 | TBD 32 [ Available data that may be subscribed to by the SP/USE
Nr of channels: all (impl) 8192 32768 |8192x5(6)| 8192x5 4096 TBD 32 Used for TA phase up, not a system data product
Tunable centre frequency No No Yes Yes No TBD Yes Probable implementation

SP  Science Processing Subsystem
USE User Supplied Equipment



Correlator functionality

Channelisation configuration Data products
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SP  Science
USE User Supplied Equipment



Science Processing

& o
3
. = S
Science Processor 8 :,:' 2
-UE; (¢}
|
—Antenna voltage transient buffer data——————— SLIBTE 1. eElE QA level 2
- processing
| | A A
: |
| . . Imaging, source
| qu I—Inten‘erometric visibilities » Realéflg;g;ti:::smg » extraction & re-
| ) | processing
>
I
| & 5
| a |-4-beam TA coherently de-dispersed IQUV time series———————] &
1 8 S
| o |—4-beam TA beamformer IQUV time series ;"5; cg_
=1
| © Clibrated 2 )
i S g
o |—4-beam TA voltage data visibilities 3 3
L5 | g
| O 5 : R
v 3 v Vv y v v r
| | Re-sampling and E | CAM |
| | ViBldata ——w— Archiving <«——Contextual data—— SUDSYstem |
formattin 3
L — - 2 S e e —
3
S
\ 4 \ 4
Archive search & Virtual
: Observatory
a retrieval .
< interface
=
N | &
Q
QD
I .
88 5
|———— - |—— — _I — —— Y
| Vi |
. irtual
| eVLBI network | | Science users | | |
Observatory

L — — B T J L J



—_— e ——

Science
Processing

—_——— ——

Integrated

Logistic

subsystem

system

I
| Science users | | Operators |
I_TF _____ AT I___]\___J
CAM subsystem
4
S PR Proposal
1 5 = | management
| % System health
| Contextual data to/ e . ' displays
<« from science data— ¥ S < p ~ Obsenation
| archive 2% N "] Planning Tool A
O =
o 3
| 28
| % 8 ¢ » Monitorin
o)) < > g
25
~
2 =k System
-1 32 « »  configuration
o management
| a =3
| 5= v
[
l«Configuration changes»| =
S SB frgm Scheduler > Data capture £
| < archive control S
N .
o :
N )
.‘\\((\\ @ =
O 3
2
N2
Q> I
Eirttddwirid =TT -
User supplied
equiprggnt | | Other subsystems |
_______ J



Time and Frequency Reference

Generate stable reference tone:
(Active Hydrogen MASERS)

Generate absolute time reference:
- Calculate offset to UTC 5ns
- Produce stable 1PPS

4

Distribute stable reference tone (fibre)
Measure Round-trip phase (X-band only)

] N Distribute accurate time
Distribute 1PPS (fibre) (over the network using PTP or

Synch data time stamp to 1PPS (Digitiser) equivalent)
Round trip time measurement

U {

Coherent reference tone with stability of Absolute time ~1.6ns Absolute time ~100us
< 5x10715 for t > 1000 sec.. (for d:ta tilme sta.mping) (for pointing control - antenna and
(for data sampling - Digitiser) correlator)




S-band Receiver interfaces

- ., "Electromagnetic

Power (| RC.CP.12) €— - Dish optics
Power connection via power cable,
Interface paint is on Indexer DB

- Surge protection is reguired on devica) —»

- Separate earthing point & earth strap — Mechanical {|.RC.M.10)
= Mechanical interface to Indexer
S-band - Keep-out zones
Receiver Indexer
Fibre Package
Fibre connector on S-band Receiver Helium Supply
package. (| RC.C.F.12) il 1 _ Connector on Manifold ?(LRC.M.7)

- Digital data to packetiser

- Time & frequency ref fibres (I.F.?)
- CAM fibre to contraller (LF.7) Vacuum

- Cal contral fribre (1LF.?) If—— - Connector on Manifold? (I.RC.M. 7}

Mechanical (| RC.M.7)
- Interface in Shiglded Drive Compartrment

Fibre
- Data from Digitiser to Packetiser

S-band

- Data from Packetiser to Correlator Packetiser 777 sSDC
(LF.?} Power (ILRC.P.7)
- Control & Monitoring (1LF.?) - Power supgply point
Carrelator [ \ Mechanieal (| RC.M.?)
Data from correlator (1.F.?) SKASA supgplies racks, with POUs (TBC).
"*—— Cooling via cold isle
TFR S-band back- “APB

- Time reference interface (|.F.7) ' » end processor

CAM “—>
- Control & Monitoring interface (LF.?) \ /




System Overview

End



