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The	  SKA	  Concept	  
A	  large	  radio	  telescope	  for	  transforma=onal	  science:	  	  	  	  

•  up	  to	  1	  million	  m2	  antenna	  collec=ng	  area	  distributed	  over	  a	  
distance	  of	  3000+	  km	  

•  opera=ng	  at	  frequencies	  from	  70	  MHz	  (wavelength	  =	  4+	  m)	  to	  10	  
GHz	  (~3	  cm)	  with	  two	  or	  more	  detector	  technologies	  

•  connected	  to	  a	  signal	  processor	  and	  high	  performance	  compu=ng	  
system	  by	  an	  op=cal	  fibre	  network	  

Providing	  	  
•  50	  x	  sensi=vity	  of	  current	  world’s	  best	  radio	  interferometers,	  and	  
•  up	  to	  1	  million	  x	  survey	  speed	  	  

A	  global	  collabora=on	  with	  70	  ins=tutes	  in	  20	  countries	  par=cipa=ng	  
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Great	  Observatories	  for	  the	  coming	  decades	  	  

ALMA	  mm/
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1:Probing	  the	  dark	  ages	  –	  the	  first	  
black	  holes	  and	  stars	  

•  What	  happened	  aZer	  the	  Big	  Bang	  and	  before	  the	  first	  stars	  and	  galaxies	  
formed?	  	  

•  Which	  came	  first	  -‐	  stars	  or	  galaxies?	  	  
•  Inves=ga=ng	  the	  epoch	  of	  reionisa=on.	  
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2:Strong-‐field	  tests	  of	  gravity	  using	  
pulsars	  and	  black	  holes	  

•  Monitoring	  pulsars	  to	  search	  for	  gravita=onal	  waves.	  	  
•  Using	  pulsars	  to	  test	  general	  rela=vity	  in	  extreme	  condi=ons,	  for	  example	  

close	  to	  black	  holes.	  

3:Inves=ga=ng	  the	  origin	  and	  evolu=on	  of	  
cosmic	  magne=sm	  
	  

•  What	  generates	  the	  giant	  magne=c	  fields	  in	  space?	  
•  The	  SKA	  will	  create	  three-‐dimensional	  maps	  of	  cosmic	  magnets	  to	  

understand	  how	  they	  stabilise	  galaxies,	  influence	  the	  forma=on	  of	  
stars	  and	  planets,	  and	  regulate	  solar	  and	  stellar	  ac=vity.	  
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4:Galaxy	  evolu=on,	  cosmology	  and	  
dark	  energy	  

•  How	  do	  galaxies	  evolve	  and	  what	  is	  dark	  energy?	  
•  The	  accelera=on	  in	  the	  expansion	  of	  the	  Universe	  has	  been	  abributed	  to	  

dark	  energy.	  The	  SKA	  will	  track	  young	  galaxies	  and	  help	  iden=fy	  the	  
nature	  of	  dark	  energy	  by	  mapping	  the	  cosmic	  distribu=on	  of	  hydrogen.	  

5:The	  cradle	  of	  life	  –	  searching	  for	  life	  
and	  planets	  
	  
•  The	  SKA	  will	  be	  able	  to	  detect	  very	  weak	  extra-‐terrestrial	  signals	  

and	  will	  search	  for	  extra	  solar	  planets	  and	  could	  detect	  complex	  
organic	  molecules,	  the	  building	  blocks	  of	  life,	  in	  space.	  
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Phased	  Construc=on	  

Construc=on	  will	  proceed	  in	  two	  phases	  (SKA1	  &	  SKA2).	  
•  SKA1	  will	  be	  a	  subset	  (~10%)	  of	  SKA2.	  
•  Major	  science	  observa=ons	  already	  possible	  with	  SKA1.	  

•  Understanding	  the	  history	  and	  role	  of	  neutral	  hydrogen	  in	  the	  Universe	  
from	  the	  Dark	  Ages	  to	  the	  present-‐day	  (part	  of	  Science	  Case	  1	  &	  4)	  

•  Detec=ng	  and	  =ming	  binary	  pulsars	  and	  spin-‐stable	  millisecond	  pulsars	  
in	  order	  to	  test	  theories	  of	  gravity	  (including	  General	  Rela=vity	  and	  
quantum	  gravity),	  to	  discover	  gravita=onal	  waves	  from	  cosmological	  
sources,	  and	  to	  determine	  the	  equa=on	  of	  state	  of	  nuclear	  maber	  (part	  
Science	  Case	  2)	  

•  Phased	  construc=on	  =>	  parallel	  technology	  development	  for	  
SKA2.	  

Antenna	  Types	  

Artist renditions from Swinburne Astronomy Productions 
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SKA	  Phase	  1	  Dual	  Site	  Implementa=on	  

SKA1_Mid	   SKA1_AIP_Survey	  SKA1_Low	  

+	  

SKA	  Element	   Loca9on	   Indica9ve	  Number	  

Dish	  Array	   SKA1_Mid	   RSA	   190	  +	  64	  MeerKAT	  

Low	  Frequency	  Aperture	  Array	   SKA1_Low	   ANZ	   50	  sta=ons	  

Survey	  Instrument	   SKA1_AIP_Survey	   ANZ	   60	  +	  36	  ASKAP	  

SKA	  Phase	  2	  Dual	  Site	  Implementa=on	  

SKA2_Low	  SKA2_Mid_Dish	   SKA2_AIP_AA	  

SKA	  Element	   Loca9on	   Indica9ve	  Number	  

Low	  Frequency	  Aperture	  Array	   SKA2_Low	   ANZ	   250	  sta=ons	  

Mid	  Frequency	  Dish	  Array	   SKA2_Mid_Dish	   RSA	   3000	  dishes	  

Mid	  Frequency	  Aperture	  Array	   SKA2_Mid_AA	   RSA	   250	  sta=ons	  
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Timeline	  

1995-‐2000 	  Preliminary	  R&D	  
2000-‐2007 	  Ini=al	  Concept	  Phase	  
2008-‐2012 	  Preparatory	  Phase:	  Telescope	  system	  design	  and	  cost	  	  
2013-‐2015 	  Detailed	  design	  in	  the	  pre-‐construc=on	  phase	  
2016-‐2019 	  Phase	  1	  construc=on	  
2016 	   	  Advanced	  Instrumenta=on	  Program	  decision	  
2020à 	  	  	  	  	  	  	  	  	  Full	  science	  opera=ons	  with	  Phase	  1	  
2020-‐2023 	  Phase	  2	  construc=on	  	  
2024à 	   	  Full	  science	  opera=ons	  with	  Phase	  2	  
Major	  decisions	  
2011 	  	   	  Funding	  for	  pre-‐construc=on	  phase	  

	   	   	  Establish	  SKA	  Organisa=on	  as	  a	  legal	  en=ty	  
	   	   	  Select	  loca=on	  for	  SKA	  Project	  Office	  

2012 	   	  Site	  selec=on	  
2014 	   	   	  Approve	  construc=on	  funding	  for	  Phase	  1	  

	  
	  
	  

Conceptual	  Design	  Reviews	  2011/12	  

•  23-‐25	  Feb	  2011	  System	  delta-‐CoDR	  on	  SKA1	  	  	  	  	  	  	   	  	  
•  14-‐15	  Apr	  Signal	  Processing	  
•  19-‐20	  Apr	  Aperture	  Arrays	  
•  28-‐30	  Jun	  Signal	  Transport	  &	  Networks	  
•  13-‐15	  July	  Dish	  and	  Dish	  Arrays	  
•  9-‐11	  Nov 	  Monitor	  &	  Control	  
•  27-‐28	  Nov	  AA-‐mid	  (delta)	  
•  15-‐16	  Feb	  2012	  SoZware	  &	  Compu=ng	  
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Design	  Review	  Series	  

Investigations
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CoDRs in 2011 

Current	  Status	  
•  Now	  in	  Stage	  1	  of	  the	  Pre-‐construc=on	  phase	  

–  January	  2012	  –	  mid	  2013	  
–  Up	  to	  System	  Requirements	  Review	  (SRR)	  

•  Followed	  by	  Stage	  2	  
–  Q3	  2013	  –	  December	  2015	  
–  Includes	  PDR,	  CDR	  	  

•  and	  subsequently	  PRR	  and	  Phase	  1	  construc=on	  
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Preparatory	  Phase	  (2008-‐2012)	  

Contribu=ng	  programs	  	  
• 	  EC	  FP6	  SKA	  Design	  Study	  (SKADS)	  
• 	  EC	  FP7	  Preparatory	  Phase	  (PrepSKA)	  
• 	  US	  Technology	  Development	  Program	  	  
• 	  “Precursor”	  telescopes	  on	  the	  candidate	  sites	  :

	  ASKAP	  (AU),	  MeerKAT	  (SA)	  
• 	  “Pathfinder”	  telescopes	  like	  LOFAR,	  eEVN	  
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The	  SKA	  Organisa=on	  

•  SKA	  Organisa=on	  set	  up	  as	  “Company	  Limited	  by	  
Guarantee”	  14	  December	  2011	  

•  Founding	  (Full)	  Members:	  Australia,	  China,	  Italy,	  
Netherlands,	  New	  Zealand,	  South	  Africa	  and	  United	  
Kingdom	  

•  Joined	  by	  Canada	  (F)	  in	  March,	  India	  (A)	  in	  April,	  more	  
expected	  

•  Governed	  by	  a	  Board	  of	  Directors.	  	  
•  General	  mee=ng	  of	  the	  Members	  has	  ul=mate	  
authority.	  	  

Aims	  of	  the	  SKA	  Organisa=on	  

1.  Progress	  the	  SKA	  design	  and	  prototyping	  through	  the	  pre-‐construc=on	  phase	  to	  
the	  point	  that	  produc=on	  readiness	  reviews	  have	  been	  successfully	  completed	  
and	  related	  data	  packs	  prepared	  ;	  

2.  Establish	  	  industry	  par=cipa=on	  strategies,	  procurement	  processes,	  and	  the	  
protocols	  governing	  the	  selec=on	  of	  work	  package	  consor=a,	  ready	  for	  use	  in	  
accordance	  with	  the	  PEP	  =meline;	  	  

3.  Work	  towards	  iden=fying	  funding	  commitments	  for	  SKA	  Phase	  1	  (SKA1)	  
construc=on	  and	  opera=ons	  on	  a	  =mescale	  commensurate	  with	  the	  planned	  
start	  of	  construc=on;	  	  	  

4.  Prepare	  the	  long	  term	  SKA	  organisa=onal	  structure	  and	  arrangements	  for	  the	  
construc=on,	  verifica=on	  and	  opera=on	  of	  the	  SKA;	  

5.  Build	  rela=onships	  with	  relevant	  na=onal	  and	  interna=onal	  astronomy	  
organisa=ons	  to	  leverage	  skills	  and	  ensure	  SKA	  1	  science	  and	  opportuni=es	  are	  
fully	  integrated	  into	  a	  global	  astronomy	  perspec=ve.	  
	  (Source:	  SKA	  Business	  Plan)	  
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Office of the SKA Organisation 

•  Ac=vi=es	  to	  be	  led	  by	  a	  stronger	  Office	  of	  the	  SKA	  Organisa=on	  
–  Led	  by	  a	  Director	  General,	  staff	  transferred	  from	  SPDO	  (Univ.	  Manchester)	  

•  Building	  up	  the	  SKA	  Organisa=on	  in	  2012	  
–  Recruitment	  of	  personnel	  (~30	  by	  end	  of	  2012;	  45-‐50	  ul=mately)	  

•  Formalisa=on	  of	  procedures	  
–  Work	  being	  carried	  out	  in	  parallel	  in	  many	  loca=ons	  
–  Working	  towards	  common	  goals	  
–  Documenta=on,	  repor=ng,	  reviewing	  to	  be	  improved	  
–  Deliverables	  must	  be	  produced	  
–  Communica=on	  (!)	  

•  Forma=on	  of	  Work	  Package	  Consor=a	  
–  Composed	  of	  Research	  Organisa=ons,	  Universi=es	  and	  Industry	  
–  Rules	  of	  engagement	  must	  be	  defined	  
–  Industry	  Engagement	  Policy,	  IP	  Policy,	  Procurement	  Policy	  

•  Funding	  for	  2012-‐2015	  approved	  

SKA	  Project	  Structure	  

Note:	  SPO	  now	  Office	  of	  the	  SKA	  Organisa=on	  
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Work	  Packages	  
•  Led	  by	  SKA	  Office	  

•  Management	  
•  Science	  
•  System	  Design	  and	  system	  engineering	  
•  Maintenance	  &	  Support	  and	  Opera=ons	  

•  Carried	  out	  by	  Work	  Package	  Consor=a	  
•  Site	  and	  Infrastructure	  (originally	  Site	  Engineering)	  
•  Dish	  Array	  
•  Aperture	  Arrays	  
•  Signal	  and	  Data	  Transport	  (originally	  Signal	  Transport	  &	  Networks)	  
•  Clock	  and	  Timing	  Distribu=on	  (originally	  Signal	  Transport	  &	  Networks)	  
•  Central	  Signal	  Process	  
•  Science	  Data	  Processor	  (originally	  SoZware	  &	  Compu=ng)	  
•  Telescope	  Manager	  (originally	  led	  by	  SKA	  Office)	  
•  Power	  

•  Advanced	  Instrumenta=on	  Programmes	  (to	  be	  integrated	  with	  Dish	  &	  AA	  WPs)	  
•  Mid	  Frequency	  Aperture	  Array	  
•  Phased	  Array	  Feeds	  
•  Wide	  Band	  Single	  Pixel	  Feeds	  

WBS – Phase 1, Stage 1 
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Stage 1	  WPC	  Assignment	  (1)	  

•  Step	  1	  :	  Expressions	  of	  Interest	  
–  Goal	  1:	  Provide	  a	  snapshot	  of	  interest	  in	  Stage	  1	  WBS	  
–  Goal	  2:	  Facilitate	  forma=on	  of	  Work	  Package	  Consor=a	  
–  Simple	  process	  reques=ng	  minimal	  informa=on	  
–  Commitment	  follows	  at	  Step	  2	  
–  Responses	  from	  133	  organisa=ons,	  industry	  and	  (preliminary)	  consor=a	  
–  Informa=on	  gathered	  now	  available	  

Stage	  1	  WPC	  Assignment	  (2)	  

•  Step 2 : Requests for Proposals 
–  RfP to be issued: Summer 2012* 
–  Bids/Proposals due: …. 
–  Followed by evaluation, Board Approval, Signing of MLA 
–  Process complete by end of 2012 (t.b.c.) 
–  Uncertainty in timing resulting from Site Selection decision 

•  Documentation to be provided  
–  Main Document (includes Instructions for bid preparation, guidance on how bids will be evaluated, 

guidance on possible work packages, high level project schedule) 
–  Stage 1 WBS/SOW (possible further revisions resulting from Site Selection may follow) 
–  Template agreements for Consortia and Multi Lateral Agreements 

•  To include Draft Intellectual Property Policy 

–  Updated System Engineering Management Plan 
–  SKA Stage 1 draft Project Management Plan 
–  Exact date for RFP delivery and subsequent milestones 
–  Templates for major technical documents such as Requirement Specifications (SRS), Architectural 

Design Documents (ADD), Procurement Specifications, Development Specifications. 
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SKA	  	  is	  driving	  development	  of	  new	  
science	  &	  technical	  solu=ons	  

•  Dishes,	  feeds,	  receivers	  (N=3000)	  
•  Low	  and	  mid	  aperture	  arrays	  (N=250)	  
•  Signal	  transport	  (10	  petabit/s)	  
•  Signal	  processing	  (exa-‐MACs)	  
•  SoZware	  engineering	  and	  algorithm	  development	  
•  High	  performance	  compu=ng	  (exa-‐flop	  capability)	  
•  Data	  storage	  (exa-‐byte	  capacity)	  
•  (Distributed)	  power	  requirements	  (50	  -‐100	  MW)	  

INDUSTRY	  ENGAGEMENT	  IS	  CENTRAL	  TO	  THE	  SKA	  	  

Poten=al	  Large	  Contracts	  for	  Industry	  

•  Site	  studies	  and	  infrastructure	  engineering.	  
•  Scheduling,	  opera=ons	  and	  maintenance	  models.	  
•  Low-‐cost,	  mass	  manufacturing	  of	  small	  to	  medium	  diameter	  dishes.	  
•  Wide	  bandwidth	  feed	  antennas	  for	  dishes.	  
•  Broadband,	  phased	  arrays	  for	  aperture	  and	  focal	  plane	  applica=ons.	  
•  Low-‐noise,	  highly	  integrated,	  receivers	  for	  both	  cryogenic	  and	  uncooled	  

applica=ons.	  
•  High-‐speed	  (terabits/s)	  digital	  fibre	  op=c	  links	  for	  distance	  regimes	  extending	  

from	  100	  m	  to	  >3	  000	  km.	  
•  Low-‐cost,	  high-‐speed	  (GS/s)	  analogue	  to	  digital	  converters.	  
•  High-‐speed	  digital	  signal	  processing	  engines	  (petabyte/s)	  and	  ultra-‐fast	  super	  

compu=ng	  (at	  exaflop	  rates).	  
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Further	  roles	  for	  industry	  

•  Cost	  control	  
•  Contract	  management	  &	  consultancy	  
•  Assis=ng	  with	  documenta=on	  management	  
•  (Preparing	  for)	  Procurement	  
•  (System)	  Engineering	  support	  
•  Planning	  for	  opera=ons	  	  
•  Design	  for	  manufacture	  
•  Detailed	  design	  work	  
•  Construc=on	  of	  verifica=on	  programme	  components	  
•  Assis=ng	  with	  the	  assembly	  of	  produc=on	  data-‐packs	  

Organisa=on	  of	  Work	  Package	  Consor=a	  

Funding Agency Funding Agency SKA Organisation……...

University

Research 
Organisation

Research 
Organisation

Private Business

Private Business

…
…

...
…

…
...

Research 
Organisation

University

Private Business

Private Business

…
…

...

Multi-Lateral Agreement

Consortium Agreement

Funding Streams

Private Business

Research 
Organisation

Non-member country

SKA	  Board	  enforces	  delivery	  in	  
case	  of	  conflicts	  
	  
SKA	  Members	  will	  sign	  Mul=-‐
Lateral	  Agreements	  with	  the	  
SKA	  Organisa=on	  to	  commit	  
funding	  of	  the	  consor=a	  to	  carry	  
out	  the	  work	  
	  
Work	  Package	  Consor=a	  will	  be	  
funded	  by	  local	  sources	  and	  will	  
operate	  under	  Consor=um	  
Agreements	  
	  
Consor=a	  take	  responsibility	  for	  
delivery	  of	  work	  by	  
organisa=ons	  from	  non-‐
member	  countries	  	  
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www.skatelescope.org	  


