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• Must have wide field & ideally multiple beams

M
many “stations” in the array 
and wide range of baselines

• Must be sensitive to a wide range of surface 
brightness

• Must cover factor >10 frequency range

M
multi-user; surveying  speed 
and  interference mitigation

Sensitivity alone is not enough: 
hence SKA

as is VLA

as does VLA

VLA does not

6RPH�3URSRVHG�6SHFLILFDWLRQV�

IRU�WKH�6.$
- NPORQ�S�8<^<_�F�> ^	D�9UT�6�= pxa	_%6:;3m�/�131323J

Frequency range 150 MHz – 20 GHz

Imaging field of view 1 degree at 1.4 GHz

Instantaneous beams 100

Angular resolution 0.1 arcsec at 1.4 GHz

Spectral channels 10,000

Image dynamic range 106 at 1.4 GHz

Brightness sensitivity 1K at 1.4 GHz
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6.$�SRVWHU��PXOWL�EHDPV�

Many beams offer great flexibility

Many targets/users Interference rejection

6.$�&RQILJXUDWLRQV�
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US  ATAUS  ATA

Australia Australia 
LuneburgLuneburg
LensesLenses

Dutch  Dutch  
phased arrayphased array

6.$�DQWHQQD�FRQFHSWV

China China 
KARSTKARST

Canada Canada 
Large Large 
reflectorreflector

Australia Australia 
cylindrical cylindrical 
paraboloidparaboloid
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3DUDEROLF�5HIOHFWRU�$UUD\������ ��������F	�� 		��	U��
� ����� 3KDVHG�DUUD\�FRQFHSW
Replace mechanical pointing, beam forming 
by  electronic means

3KDVHG�DUUD\��1HWKHUODQGV�

1000km
(Courtesy NFRA)

• A collimated beam is 
focussed onto the 
other side of the 
sphere

• Beam can come from 
any direction

/XQHEXUJ /HQV

• Spherical lens with 
variable permittivity 
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• “The driving ambition for this new facility… is 
no less than to chart a complete history of time”
(Taylor & Braun 1999)
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6.$�VFLHQFH��$�FRQFLVH�KLVWRU\�
RI�WKH�8QLYHUVH

Dark 
Ages

+,�DQG�WKH�&RVPLF�:HE

• Spectra of QSOs show many deep Ly-α absorption 
lines due to  low col. density hydrogen (1016 –1017 cm-2 )

• Predicted by CDM simulations 
M

filaments and sheets  
with “galaxies” in the over-dense regions

• SKA will detect the web via HI in emission!
All-sky survey

M
<1017 cm-2

Deep field survey
M

<1016 cm-2

• Where from?
- diffuse galaxy halos ?
- undetected low SB galaxies ?
- dwarf galaxies ?
- the “cosmic web” ?

SKA
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7KH�6.$�YLVLRQ��LPDJLQJ�JDOD[LHV�LQ�+,�ZLWK�VXE�
DUFVHF�UHVROXWLRQ

Imaging HI at <1”resolution
needs 100x sensitivity of VLA

�
~1 square kilometre 

collecting area

�
study local galaxy 

dynamics in detail 

�
detect galaxies at high 

redshift  in HI and  in 
synchrotron  emission

NGC 4151 VLA 18 hours

HI at 5 arcsec resolution

current state-of-the-art

6.$�VHQVLWLYLWLHV�IRU�+,
�������	��
�

-1; 
�����

8 hour integration
Sensitivity: (each polarization)
σ = 3.8 ��� /beam = 2.39 K

Mass Sensitivity:   (5 σ)
~ 1 x 106 M � @ 100 Mpc
~ 4 x 108 M � @  z = 1 (resolution ~ 10 kpc)

������������
��
-1

�����
8 hour integration

Sensitivity: (each polarization)
σ = 1.2 ��� /beam = 0.76 K

HI Mass Sensitivity:   (5 σ)
~3 x 106 M � @ 100 Mpc

~1.2 x 109 M � @ z = 1  (resolution ~ 10 kpc)
~3  x 1010 M � @ z = 4 M101-like galaxies at z=4

Sub-dwarf galaxies

/DUJH�DUHD�VXUYH\�RI�JDOD[LHV�LQ�+,

Redshifts and HI 
content of distant 
galaxies will be
obtained for 
many galaxies

HI mass-based 
census of 
universe in the
simplest atomic
species…

SKA

Neutral Hydrogen

Continuum

• In continuum, HI, OH and 
H20 masers

Unlike O/NIR radio is not 
affected by dust obscuration

• Natural resolution       
advantage cf. ALMA, 
NGST, HST

• SKA sensitivity 
�

radio 
image of any object seen 
in other wavebands 

6WXG\LQJ�QRUPDO�JDOD[LHV�DW�KLJK�]

H2O masers
OH megamasers

SKA can study the 
earliest galaxies in detail
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6WDU�IRUPDWLRQ�UDWHV�LQ�WKH�8QLYHUVH

M82 VLA+ MERLIN+VLBI

• Starburst galaxies e.g. M82

- Radio VLBI reveals expanding 
supernovae through dust

- Infer star birth rate from death rate 
rather directly

- SKA: Image “M82s” to ~100Mpc   
: Detect “M82s” at high z

- Calibrate integrated radio 
continuum 

�
SFR at high z

Madau curve underestimates SFR 
at z>1.5

M82 opticalM82 optical

6.$¶V���
�
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HST
SKA 6cm

ALMA

15
 M

pc
  a

t 
 z

 =
 2

SKA 20 cm
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K�Q�d Q3U�\�M�[3Q9hX3V�f M�T&X�d3�aX3\&f d f V Z�X�T&P,m qS����� K�Q�d Q&\aMSRGRl`ST�f \aX3V�f M�T.U+XST3P
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X�Rl[�d f p f QSW U�w�P�f c�f V X�dap f d V Q�W b3XSTSj�X�T&Pe���e\�M�W W Q�d X3V M�W�Lrf V ]lV ]3Qr� M�f T3V	X�f R�U+M.p
^5f g�P.Q3u&Q�d M�[.f T&c,X�T&P,V QSU/V�f T3c q�v k�o�W Q�d Q3u&XST3VAV Q3\&]3T3M�d MSc�f Q3U+XST3PG^5f f g
[SW M.uSf P�f T3c,X,T3Q3L�T3X3V�f M�T&XSd.W Q.U�Q&XSW \&]�p X3\3f d f V Z�p M�W�d MSL�o p W Q.��`3QST3\�ZGW X.P�f M
XSU/V W M�T&M�R(Z
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%HDPIRUPHU DQG�&RUUHODWRU

Dual Pol. Line feed
Delay line beam

former,1m section

Upconverter, IF,
IQ Downconverter
and 8-bit Digitiser

Dual Pol. Line feed
Delay line beam

former,1m section

Upconverter, IF,
IQ Downconverter
and 8-bit Digitiser

18 sections
 per bay

Multi Output
Digital Beamformer

Digital
Filter
bank

FAN Beam

Connection to Adjacent
Beamformer

FAN Beam

Connection to Adjacent
Beamformer

Digital
Filter
bank

To Correlator

Analogue

Optical

  

 

   LO   LO

Analog delay line beamforming 
Accuracy  λ/4 

Each polarisation
RF 0.3 to 1.4 GHz
LO 2.2 to 0.9 GHz
IF at 2.5 GHz  
Quadrature baseband detection
Dual 250 MSamples/s 8-bit A/Ds 
generating a complex 250 MHz signal 

Digital Beamforming
Fine delays accuracy λ/16
Delay corrects for average analog delay error
Arbitrary and time varying grading
Modifiable beam shape with meridian distance 
Resources for adaptive null steering

250 MHz complex digital filterbanks 
120 kHz frequency channels
Single FPGA implementation 
Adaptive noise cancellation on a per channel basis

��������� 	�
 ��� ����������� ��� � ������ � � ��
 ���������� 	�
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33 " # /beam 
300 " # /beam

< 150K

$
27 %$

6 %Indep. fanbeam offset
1000 deg2180 deg2Sky accessible in < 1 s

6.2’ x 7.7 %1.3’ x 1.5 %Independent fanbeam
120& 1 kHz (FXF mode: 240 Hz)Frequency resolution

I and Q (Full Stokes at 125 MHz BW)Correlator
Dual LinearPolarisation

11 " # /beam
100 " # /beam

' #)( * + ,.-)/)0 ( +�1 2 3�2 46587 9
8 min:

< 50KTsys

300& 1420 MHzFrequency Coverage
250 MHzBandwidth (BW)

Fully sampledUV coverage
7.7 % x 7.7 % csc : :1.5 % x 1.5 % csc : :Imaging field of view

123" x 123" csc : :26" x 26" csc : :; +<( />= ?@* 0 /8-A1 B -30 % )

300 MHz1420 MHzParameter
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• 2000 ISSC formed (Europe; US; Australia, Canada, China, India)

• 2002 Management plan established

• 2005 Agreement on technical implementation and site

• 2008 SKA scientific and technical proposal completed

• 2010 SKA construction begins ?

• 2015 SKA completed ?
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