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SKA1 Science vs. Frequency

Frequency Ranges of SKA1 Observational Categories
SKA1-mid Band 5+

S | s, > LOW:50 - 350 MHz
> MID Band1: 350 — 1050 MHz
» MID Band2: 950 - 1760 MHz

» MID Band3: 1.65 - 3.05 GHz
» MID Band4: 2.8 - 5.2 GHz
» MID Bandb5a: 4.6 — 8.5 GHz
» MID Band5b: 8.3 - 15.3 GHz

» MID Band5c: 14 - 26 GHz

> MID Bandb6 (?)
> Dishl$50 GHzEX TE N TES

Cont. Proto-planets (22)
Cont. Thermal (37)
Pulsar Search GC
Galactic CH30OH

ExG CS

ExG HCO+

SN/GRBs

W= Pulsar, FRB

ExG HCN
VLBI 13¢cm-band

‘Galactic OH o P
VLBI 18cm-band Blue: High Priority

Galactic HI (15) Orange: Normal Priori

Pulsar Timing high (5)
Pulsar Search high DM (4)
Transients FRBs (18)
Solar Synchrotron Ems
Galactic RRL

Galactic Continuum

SETI

B-field Deep/Targeted
ExG OH

Cosm. Discrete HI

Cosm. Continuum (33)
B-field Cont. RM-grid (27)
HI Wide surveys (13, 14)
Galactic CH

ExG Cont. Non-thermal (37)
Pulsar Search mid DM (4)
HI Deep surveys (13)
Statistical HI (32)

Pulsar Timing low (5)
Pulsar Search low DM (4)
Lunar

Atmospheric

Epoch of Reion (1)
Cosmic Dawn (2)
Exo-planets

Solar Plasma Ems

10 100 1000 10000
Frequency Range (MHz)



Square Kilometre Array (SKA)




SKA1-MID Design

SKA-MID: Dish Design

SKASMID'5

s
SKA-MID: CSP to SDP =

CSP (Central Signal Processor

IS

Exploring the Universe with the world's largest radio telesct

_— 0 Karoo, South Africa

0 3 spiralarms
0 Gaussian distributed antenn

Ethernet,_,_, ——
X ! S I | ska obsenvatory &
o | R:"m::;ll::';s , | Heiiqua?grs
2 | ] - 068Tb/s | | |45Tbps X
| .1| :" o \\“’-/l 1 :
eratio R i
| I ns — 1 S

~ 7logGb/s; | - 1006/~

Exploring the Universe with the world's largest radio telescope

CPUY/GPU

[y S—

DP (Science Data P' I~ '

I
Exploring the Universe with the world's largest radio telescope I .
ik . sty l I Sci \\! ence
I
T N
L !
L '(7.2Tbps)  3.1Tb '
o hmays — /-4 1bps lbps .. 491bps  --GEmEg
R B I D e
Regional Regional
SKA1 Low Sience 8 [— 9.~ Science & N
- Engi Engi *—
SKA1_Mid e i) O - if digitised




SKA1-LOW Design

SKA-LOW: Antenna Design =

Log-periodic dipole antenna
= 3 AR =Y

= ] ] LSS R) %
Exploring the Universe with the world's largest radio telescopa ¥ % — ,

e — =
SKA-LOW: SaDT Data Rate =

A._._._._._. = = . — | South Africa
Remote stations I SKA Observatory Gl ! Remote stations
on spiral arms - Headquarters -, 0n spiral arms

sy 3 £
Exploring the Universe with the world's largest radio teled . \ I
. ! \ .
. \ I

Exploring the Universe with the world's largest radio telescope

Regional Regional
S Scil
SRAL-Low Engincerng | *** | Engeer O% - if digitised

SKA1_Mid Centre(s) Centre(s)




SKA Phase 2
» 301855521012 or H7YT7F (MFAA) 2

SKAZLFAA ZM  SKA2DISH @7  SKAZMFAA &7

a7 XY 508 #& 15m SKA%: 2500 & Eﬂm“/ji—v“ 250
A 8% & 250km BEAHELEEIS00km 7 —AF7 LA \
PAFDM R w3 T 4 — F ($1. B 100F 77 &)



SKA1 ZEETEIDIRIX

» Design Baseline

Design Deployment ZI:;EG)SKA1 T-U-,r/
Baseline Baseline .
SKA1-Mid » €798M (140012F)H'N 5
No. dishes 133 130
Max. Baseline 150 km 120 km
Band 1 Feeds 133 130
Band 2 Feeds 133 130 .
Band 5 Feeds | 133 67 » Deployment Baseline
Pulsar Search 500 nodes 375 nodes
(PSS) g ™
e » Cost cap €674M (8801=H]) C
No. stations 512 476 ""'E ™
Max. Baseline 65 km 40 km 5& ET 35:50)
Pulsar Search 167 nodes 125 nodes
Cormor y HMAFINZES
Compute Power 260 PFLOPs 50 PFLOPs

y SKAOIZHAOZ N L E(CHE
FLTWS

SKA Board, July 2017



—EBlIConstruction Support Centres& W\ & FRICARS

Work Package Consortia (WPC)

» LFAA/SKA-LOW

> MFAA/SKA2-AAMID

» DISH/SKA-MID

» WBSPF L& 71—k

> PAF LRET1-F

» SaDT E51mxk

> CSP HHEISR -E—LTJA-V~-
> SDP T—F4LIEA/NTY

» and V75 EREE,




SKA-JP Engineering Working Group

» HiZ
» BARDHEMTHNEMZIZET S
» SKANCRIFT=ED
» SKA2[CEIFT=ED

> SEEIARA

SKAY AT L, WPCIZ &2 B2 ilT R FE DR ERINEE
SKAICEBATE S HITDIET
EEREDEEARHIHEE
EWGAYN\-DHFZE R &

v

v

v

N



EEFADILIER/INY IV MERK

» SKAICDWT,
Bl iTOmEmDBREN

ann 650MG | BAR wRTEME
L)
W W 20182083 WA | 2020

\l WSKA1 MIO

nr MINK ’I?’(E(‘v"")/\ el e L W L3
\ 4 3. MR AT ISOMHE \AGH2. P/7 T RE
‘l 160kmT Y

P g
[ 2 e WSKAY LOW
\ am# A~ ANIUT ) IHBOOT T ek
\ # et semusY n)anwunm; ASOMHZ 0FN.7/7 + REEN300K nic
\ Ean 7 y Rl

QN3 7OKMTY

| g. WSKA2Z MFAA
\ yxA KETL LR mnmwwnmanm
S

\ Fopui i O] gy AR NTUET

\ e,nmwnm)r*.d pmyaruIv 7
amyaPETY

-I~|-_-l I--ll:'.. -z I!'_.'—--

\ N N 201641 AMAT107 o) (T
\ Exploring the Universe a2 es B AR BaRSKAT” ”
with the world's largest radio telescope (SKAJP)HESDT et (AT VY
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MV e |~CD¥)’%§

» ZWPC (work package
consortium) MBI
NTEL B3 B FE(CD

» SKAICKATS
=z D—g_é =
Y FODEE

» AR
»y WPCHIZE
» SKAD3EXE
» SKADGEREE HARDBF

1A% Square Kilometre Array

RNt

2016

ayy—v

7 b
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SKADEREE: E3RKBEDRIZERK

SKA-LOW Sensitivity

700

JTHIEPI LA

VTRV T LESIERE
BIERBDTIANE

» SKAOEZSINEIFIBEP LA ST
L\%

600 -

a1
o
o

y

N
o
o

Sensitivit
Ae/Tsys [m?/K]

1 1 1 1 1
50 100 150 200 250 300 350
Frequency [MHz]
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SKA2(Z I =FhwmE

(51 A HIMEAE ()

SKAMD:REE: B HEE

VA
+
SKAZ
- (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 € LOTS
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) 7 867 1005
SKA1 MID SITE TOTAL 4,007 4,865 — —_ \
33kV Line Losses U= —0 SKA1 liE% /ryj & ,r_‘B)I/
Klerefontein Support Base 25 45 ? 7 T
Carnarvon POP Station 5 10 —
SKA1 MID KAROO TOTAL 4,487 5,610 % II —6\ i h\ 78: K’ 5

5.2 MVA On
site SKA1_MID Load
{Addition of shunt capacitor at Karoo Substation)
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
2 o o © S g N 8
& 8 & & 8 & 8 &

13



SKAT1DF ¢ SKA2MDERERE

> SKATDERan(d CE5RY B pkanz fdE
» EEUVEZEFEDRL (FBHESNEL) BandBREN'HS
> SKA2(ZTa (3T He T A 58
» Wideband Single Pixel Feed (WBSPF) < IRERGHEIEE FLR)
» Phased Array Feed (PAF)
» Mid-Frequency Aperture Array (MFAA)

» SKATOEHET1-TIL+Y-5-Ci4
»  SKA2TF LB HAETEAEL
y BHREENEMANE

14
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HLDEFELLSELTWBSKATDWPC

» WBSPF L5187 1—F (SKA-MID)

» CSP tHEE%8 - E-LJA—N— (SKA-MID)

> AIV AT it e 5l (SKA-LOW/MID)

16



SKA1-MIDADSF 5%

Band1: 350 — 1050 MHz
Band2: 950 — 1760 MHz
> 130 feeds/130 dishes
Band3: 1.65 - 3.05 GHz
Band4: 2.8 — 5.2 GHz
> SKA2

Bandb5a; 4.6 — 8.5 GHz
» 67 feeds/130 dishes

Band5b: 8.3 - 15.3 GHz
Band5c: 14 — 26 GHz

» BAEOHEZE!
Band6 (?)

17



SKA1-MIDADHF 5L

» Band5 (4 — 26 GHz) Z{E%D
St
y BAROVLBIFFIZE R

» Band5c (14 - 26 GHz) A“EL)
B ?

» VLBINXYIIVFORIF

» CSP (FPGAtY5-) ADVLBIE-
eSS

> AV (fHiL-#a - 1)

18
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SKAIND B ADEMFTED 3 F4E ()

1. SKA1-MID Band5¢c %
> Band5c (14 - 26 GHz) 2 &5V LB =E R D F
y  SHIA EBEXR). KEREISA NICT) PEEMIMBETAMYRCHREFE

2. SKA1-MID VLBI/\wI IV
»  CSP (FPGAt Y% -) ADVLBIE-LTA-N-FI%
y  SAIEFSA (KGR) WiRETH
»  EBESA (NICT) A BL&EFK32mEREfE>TII- A7 VT EiE

3. SKA1-MID/LOW AIV (fH37 - & - 541)
y =B SA (BEARK) I'MWA (SKA-LOWTUA-Y-) [CEEk
y  FHKLYSKAO/CSIROL BEEREEEE
» A, ZJETR2FREEZFE

20



SKA1 & 2ADE T E S5 = BigUIZ/8ED

» Bandl, 2, 3SBILEIH I Faesth (FRE. KR, fK)
»y SKA1/SKA2-MID

> BBNSABEEIMIIZER (RE) eHH64AMBRZE>CEERT (FH. I1E
£F)
> SKA1/SKA2-MID
»  SKA2DENMIE (BEIER) 2RI Z2¥5-T7./09-LRYS%

» HEHI/OI7 (NEDO/PETRAR) MFPGAEZEE Y CSPAD/L A
SKA2-MID/LOW
SKA2MDE HHI=E (SaDT/CSPEP) #fZRLOS

>
>

» VERAZSKANAT7AYH-LLTHEFE
y Rl - EAO 3 BIENSSKAILS 5
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SKA2ADFE5FR: a8 HHKEITYI-I\-
EXMEEENT
SHEE1/10

NEDO/PETRA 3¢1/017
*  International E’ % ‘%i %gﬁ rﬂi

2018%3H208 (X)

bvy7 BE-BR EYRXR I=7vh

Fo/0I- - 7Y7  AR—-Y #S

[ @ - 53

| &8> TLAVY—-Z>ER

ZLAVY—-A

ABFRSERKXEHZIA. NEDOZ7OY 7 hDEEIL
KRFFHRE "7AA—-07, R

2017/4/17 14:15
@ RE Dt RmaR & W f zowm-
| ¥%kH:2017%4817H

NEDOZAY ¥ hBRROBEICAFH R EKIL

—HRBI BETAIXDHKNFVY—/\— T¥I/027, :
% e

| ®Re~A—

=R %&:MmE1/100

> 1/0a7

HAX Imm x Imm
AT E 29Ghps x 12ch
HESD 5mW/Gbps

BtFolaeBE 85°C (23D

HI/OTI POIMAE LS 188 : NEDO, PETRA

SKA2 CSP (FPGA) A\DILFA%ESEAIC
EEMTERRZE-FTEE.
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SKAHEEZE D EIE

» SKA-JPELTEHESZE HFRER) 221771,
y FELZOZRADSTTIEEWL. BELERESH,
y BERZERATEZEHICE. EEODANLE,

> FFEEZEMAXLITIDIC...
» BFNEE (BE. ME. etc) CHHELTETVS,
» LELBSHNESOEE (CADBVRREREHY. B FENMBHET, HETTHERL
TELW,

> FINECRIAREEE LTSI SN EER,
» —EALRLTSILTETA T4 T2 IV EY NS BRICBY 53,

» [BEROEBIERBEINELD RXERNOHEELL T HBNISERTIERLOT
EeANRVIIR
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SQUARE KILOMETRE ARRAY

Exploring the Universe with the world's largest radio telescope

» AP YT-Y3av(E. FESH

HEVWUERRLIEEDTHY, BRELI LERFM CRABNILISTER

9%,

E

CHIHADNAFTEIBIERIC

www.skatelescope.o

rg



Critical Design Review

Milestone

SaDT close

SDP Pre-CDR pack
TM CDR close

DSH Pre-CDR pack*
CSP CDR close
INAU CDR close
INSA CDR close
LFAA CDR close*
System CDR (incl. AlV) close
SDP CDR close

DSH Band 2 CDR close*

Target Date
April 2018

May 2018

June 2018
June 2018

July 2018

July 2018

July 2018
September 2018
December 2018
December 2018

March 2019

25
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SKA-MID DISH/Feed

Total Surface RMS 350 micron,

MT Mechatronics

L=
aX @

» MT Mechatronics
(F1Y)
F&
» CETC 54 (F[H)
y

Band?2 Feed,
EMSS (SA)

26



Work Package Consortia (WPC)

» DISH/SKA-MID

» SaDT E=1mix

» CSP 1828 - b -LJA—-V -
> SDP T-~IEX )NV

» and 177, EREE, 1B

27



SKA-MID

Design Sensitivity

o ~ 0.5 Wy @ 6 hrinteg.

10 | — 40

fTHSLHFEKJ

A,/

SKAL Dish

“ - .........i. B — U

Frequency (GHz)

() "L



SKA-MID: Dish Design

SKA=MIDAI5im

X133

kﬁ'&w A

XA

a7 4
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SKA-MID: Array Design

» Karoo, South Africa
> 3 spiral arms
» Gaussian distributed antennas in core site

30
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SKA-MID: CSP to SDP

CSP (Central Signal Processor)
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SDP (Science Data Processor)
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SKA-MID: SaDT Data Rate

SKA Observatory Global
Headquarters

--------- — {South Africa |—

Remote stations
™. on spiral arms

s

SKA-LOW SaDT

Regional

SKA1 Low Science &
- Engineering

SKA1_M|d Centre(s)

ost Country _ . ‘§ |
Operations [~ =7 ~ A
- |
I ;
- - |
. + |
Central Signal SKA1-mid I
Processing | i |
| |-
|
l [

_——— — ——— — —

Science
Data

Processing /

Regional
Science & . o ey
Engineering 0* - if dlgltlsed

Centre(s)




Work Package Consortia (WPC)

> LFAA/SKA-LOW

» SaDT E=1mix

» CSP 1828 - b -LJA—-V -
> SDP T-~IEX )NV

» and 177, EREE, 1B
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SKA-LOW (~MHz)

Design

“SKAT: ~130k : antennas.

SKAZ: > sook,

Sensitivity

40 (-

o ~ 6 Wy @ 30 min integ.

&g
L

1400 =

.........................................................................................

_SKA1 (50 350 MHz

0.06 0.08 O 1 0.2
Frequency (GHz)
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SKA-LOW: Antenna Design

Log-periodic dipole antenna

35
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SKA-LOW:

]
:
:

20 km -
A—

Array Design

—at
3

" “South Spiralj o1 i)

N |

Central Processor Facility

Possible Power Station

36
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SKA-LOW: SaDT RF over Fibre

ﬁmmmﬁpuﬂw
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SKA-LOW: SaDT Data Rate

— Australia |- = : = =— — —.

SKA Observatory Global
Headquarters

Remote stations
on spiral arms .~

Remote
Station

e e e — — —

SKA-MID SaDT

I
-
| L. .
) : SKA1-low - Central Signal ST:IJZr;:e
| Processing
| T\ \
|
. l

Processing

|
________ '(7.2Tbps) 3.1Tbps

Core Arrays

Regional Regional

SKA1_LOW Science & oo Science &

. Engineerin Engineerin * __ 3 PR
SKA1_Mid Contell e (* - if digitised




WBSPF Band A (1.6 — 5.2 GHz)

LNA (by LNF)

Gain [dB)
L Gain|dE
N Fy [=)]

[y
o

[=} 8] E=y )] [+}

Gain and Noise

e Gain [dB]

e NOise [K]
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v\ 26

V\ 24

v 22
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[y
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N

o %] = (2] =]

4 5

Frequency [GHz]

Noise [Kelvin]

Feed

The aperture efficiency of the Feed on the 15m SKA dish.
0.86

0.84

0.82

0.78

0.76

074

aperture efficiency

0.72

07

0.8 o

f, GHz
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WBSPF Band B (4.6 - 24 GHz)

LNA (by LNF) Feed PR 13, (8 - 24 GHo) €

. . G ain [dB]
Gain and Noise —Noise [K] .
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