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In  this  memo  we  discuss  the  required  specification  of  an

aper tu r e  array  for  the  SKA  which  is  capable  of  perfor ming

the  cosmological  surveys  neede d  to  reach  the  objec tives  of

the  SKA  key  science .   We  concent r a t e  on  the  frequency

range  300MHz  �  1GHz:  we  only  briefly  consider  the

require me n t s  for  an  �Epoch  of  re- ionization�  array.   The

most  demanding  require me n t s  are  set  by  the  deep  HI

redshift  surveys.   A key  strengt h  of  aper tu r e  arrays  is  the

ability  to  change  the  numbe r  of  beams  which  are  forme d  and

processe d  in  the  beam  forme r  as  a  function  of  frequency  and

hence  redshift .   Using  the  aper tu r e  array  we  are  therefore

able  to  change  the  instant a n e o u s  field  of  view  and  hence

survey  speed  as  a  function  of  redshift .    A second,  equally

impor t an t  design  conside r a t ion  is  whethe r  the  aper t ur e

array  either  fully  samples  the  incoming  wave  front  at  all

freque ncies ,  or  is  sparse  over  some  frequency  range.   We

take  a,  possibly  conse rvat ive,  view  that  a  fully  sampled

aper tu r e  array  will  provide  the  best  oppor tuni ty  for

obtaining  very  high  dynamic  range  for  the  freque ncy  range

above  500MHz  where  the  sky  brightn es s  is  relat ively  low.   A

sparse  aper tu r e  array  has  the  advanta g e  of  an  increasing

effective  area  with  decre as ing  freque ncy  which  can  be  used

to  help  combat  the  increasing  sky  brightne s s  at  low

freque ncy.   We  consider  an  overall  aper tu r e  array  design

combining  a  spar se  aper tu r e  array  at  lower  frequencie s  and

a  fully  sampled  aper tu r e  array  at  higher  freque ncies  taking

technical  const r ain t s ,  in  part icular  for  processing,  from  the

work  of  the  SKADS  project  on  the  �Bench ma r k  Scenar io�.

We  then  put  forwar d  a  possible  specification  for  an  aper tu r e

array  which  would  be  able  to  deliver  the  key  science  goals  of

an  HI  survey  and  how  these  specifications  match  the

require me n t s  of  other  key- science  aims  especially  continuu m
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surveys.   It  should  be  noted  that  this  is  not  a  fully  optimise d

design,  which  is  expect ed  to  be  dete r mine d  by  detailed

simulat ions  and  cost  modelling  to  deliver  the  overall  SKA

science  case.  We  examine  in  more  detail  two  possible

experime n t s  that  could  be  performe d  with  such  an

inst ru me n t .   

We  believe  the  require d  perfor ma nc e  for  the  SKA  is  both

achievable  and  affordable .   The  analysis  discusse d  here

forms  the  basis  for  the  propose d  aper tu r e- array  specification

presen t e d  by  the  SKA specification  Tiger  Team  in  2007,  now

publishe d  as  SKA  Memo  100,  Preliminary  Specificat ions  for

the  Square  Kilomet r e  Array  (Schilizzi  et  al.  2007),  hereaf t e r

refer re d  to  as  Memo  100.  

1 .  Introduc tion

A common  require me n t  of  much  of  the  key  science  case  for  the  SKA �

especially  at  frequencie s  of  L-band  and  below  � is  high  survey  speed.

Of  these  the  propose d  large- area  HI- redshif t  surveys  provide  the  most

deman ding  require me n t s  for  survey  speed  (e.g.  Abdalla  &  Rawlings

2005,  Jackson  2006).   An  Apertur e  Array  (AA)  provides  the  most

att r ac t ive  technology  to  achieve  these  extre mely  high  survey  speeds,

provided  the  aper tur e  arrays  can  be  realised  at  an  affordable  cost .   In

this  memo  we  discuss  the  require d  specification  of  an  aper tu r e  array

for  the  SKA  which  is  capable  of  performing  cosmological  surveys  of

this  type.    We  concen t r a t e  on  an  approximat e  freque ncy  range  of

300MHz  �  1GHz:  we  do  not  conside r  here  the  explicit  science

require me n t s  for  the  aper tu r e  array  below  300  MHz  for  which  the

main  science  driver  is  studying  the  epoch  of  re- ionization  (EoR).

A key  strengt h  of  aper tu r e  arrays  is  the  ability  to  change  the  numbe r

of  beams  which  are  forme d  and  processe d  in  the  beam  forme r  as  a

function  of  frequency  and  hence  redshift .   Using  the  aper tu r e  array

we  are  therefore  able  to  change  the  instan t an e ou s  field  of  view  and

hence  survey  speed  as  a  function  of  redshift .    A  second,  equally

impor t a n t  design  conside r a t ion  is  whethe r  the  aper t ur e  array  eithe r

fully  samples  the  incoming  wave  front  at  all  frequencies ,  or  is  spar se

over  some  frequency  range  (Braun  &  van  Cappellen  2006).   We  take

a,  possibly  conse rvat ive,  view  that  a  fully  sampled  aper tu r e  array  will

provide  the  best  oppor tuni ty  for  obtaining  very  high  dynamic  range

for  the  freque ncy  range  above  500MHz  where  the  sky  brightne ss  is

relatively  low.   A  sparse  aper tu r e  array  has  the  advant age  of  an
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increasing  effective  area  with  decreasing  frequency  which  can  be

used  to  help  combat  the  incre asing  sky  bright ne ss  at  low  freque ncy.   

We  conside r  an  overall  aper tu r e  array  design  which  combines  a

spar se  aper tu r e  array  at  lower  freque ncies  and  a  fully  sample d

aper tu r e  array  at  higher  freque ncies;  other  aspect s  of  the  design

closely  follow  the  SKADS  �Benchma r k  Scenar io�  (Alexande r  et  al.

2007,  Bolton  et  al.  2008).   The  sugges t e d  specificat ions  of  such  an

array  are  deter mine d  below  by  conside r ing  the  deman ds  of  the  HI

experime n t .   

2 .  Assumptions  for th e  AA d e sign

In  this  section  we  outline  the  assu mpt ions  we  have  made  concerning

the  possible  design  of  the  AA  covering  a  frequency  range  from  70

MHz  to  1GHz.   These  assumpt ions  are  impor t an t  for  the  derivation  of

the  performa n c e  specifications;  there  is  no  attempt  here  to  prove

these  state me n t s  which  is  not  the  purpose  of  this  memo.   More  details

are  given  in  Alexande r  et  al.  (2007)  and  in  Memo  100.   We  assume

that  to  cover  this  frequency  range  the  AA consist s  of  at  least  two  and

possibly  three  eleme nt  types.   The  AA is  conside re d  to  be  a  mix  of:

• An  AA which  is  sparse  over  most  (if  not  all)  of  its  opera t ional

frequency  range;  for  this  array  we  make  the  approximat ion  that

the  effective  area  of  each  elemen t  scales  as  λ 2/4;

• An  AA which  is  fully- filled  over  a  range  of  freque ncies  where  the

wave  front  is  fully  sampled  at  the  Nyquist  rate .

Furthe r mo r e  we  will  make  the  following  assumpt ions  about  the

performa nc e  of  the  aper tu r e  array:

(a) A fully  sampled  AA,  since  it  measu r e s  the  incoming  wave  front

at  the  Nyquist  rate,  can  by  using  appropr ia t e  processing  yield

the  best  controlled  aper tu r e  response  function  for  a  beam.    For

a  large  AA station  we  have  complet e  real- time  dynamic  cont rol

over  the  complex  appodizat ion  function  across  the  AA,  we  are

able  to  calibra t e  on  an  element- by- elemen t  level  to  remove

systemat ic  effect s.   

(b) When  the  AA is  sparse  we  no  longer  have  the  ability  to  fully

reconst ru c t  the  incoming  wave  front.   We  will  take  the

pessimistic  view  that  this  will  limit  the  achievable  dynamic

range  for  continuu m  imaging.   A  discussion  of  how  higher

dynamic  range  may  be  achieved  by  conside r ing  the  form  of  the

cross- power  beam  is  given  in  Braun  and  van  Cappellen  (2006).

Furthe r ,  very  detailed  analysis  is  require d  to  deter mine
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precisely  how  well  a  spar se  array  can  perfor m  in  continuu m

observat ions .   However ,  we  expect  to  have  excellen t  spect ral

dynamic  range  by  direct  digitisa t ion  followed  by  a  high- accur acy

poly- phase  filter.   Therefore  we  will  assume  that  the  sparse  AA

will  be  able  to  reach  the  required  dynamic  range  specificat ion

for  the  HI  imaging  and  EoR  key  science .

Other  advant ag e s  and  const r ain t s  for  the  AA which  are  part icular ly

relevant  for  this  discussion  include:

• The  survey  speed  which  can  be  achieved  by  the  AA is  limited  by

our  ability  to  process  and  transpor t  data  � firstly  in  the  tile  or

station  beam  forme r  and  secondly  by  data  processing  post  the

correla to r .   By  concent r a t in g  the  AA  in  a  relat ively  small

numbe r  of  large  stat ions  we  can  reduce  the  cost  (comput a t ional

and  moneta ry)  of  the  post- correlator  processing.   The  AA survey

speed  is  then  limited  by  the  stat ion  level  DSP  and  the  wide- area

data  rate  achievable  to  the  correla to r .   

• The  instant a n e o u s  FoV  of  each  elemen t  of  the  AA is  at  least  0.6 π
sr  assuming  a  maximu m  scan- angle  of  π/4.

• The  ability  to  use  sparse  eleme n t s  leads  to  an  AA station  which

has  incre asing  effective  area  with  increasing  λ  (scaling

approximat e ly  as  λ 2)  � this  proper ty  is  essent ial  to  help  get  the

sensit ivity  require d  at  low  freque ncie s  when  the  sky

tempe r a t u r e  dominat e s  the  syste m  tempe r a t u r e  (T sys )  of  the

telescope .

• Multiple  disjoint  fields  of  view  which  are  cont rollable

dynamic ally  are  possible  with  very  fast  (almost  instant an e o us)

slew  speed.

• Since  the  AA does  not  physically  track,  the  sensitivity  of  the  AA

change s  as  we  scan  away  from  the  zenith  �  the  two  main

cont ribut ions  being  the  geomet r ical  projec tion  of  the  effective

area  of  the  array  and  the  (embe dd e d)  eleme nt  response  on  the

sky.   In  the  analysis  below  we  conside r  the  mean  Aeff /T sys  � we

can  do  bet te r  than  this  for  observat ions  close  to  the  zenith,  but

the  AA is  optimised  as  a  survey  inst ru me n t  and  therefore  we  do

not  wish  to  impose  this  addit ional  const rain t .

We  now  conside r  the  cost  scaling  laws  appropr ia t e  for  an  AA � a  good

approximat ion  (valid  for  large  eleme nt  count s)  is  that  the  AA-specific

cost  scales  as  the  numbe r  of  elemen t s ;  the  cost  per  eleme nt  includes

the  eleme nt  itself  plus  its  share  of  the  signal  path  to  the  correla tor .

With  this  approximat ion  the  eleme nt s  can  be  dist ribut e d  betwee n

stations  at  will  (within  reason)  for  the  same  cost  � this  is  equivalen t  to

the  situat ion  where  dish  cost  scales  simply  as  D2  ∝  Aeff .  
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For  an  AA consist ing  of  N s stat ions  each  with  N es  elemen t s  the  total

eleme nt  count  and  hence  cost  scales  as  N e  =  N es  N s.   For  a  fully

sampled  AA,  the  effective  area  is  ~  N e  d 2 ,  where  d  is  the  eleme nt

separ a t ion  (λ  <  ~  2 d );  for  a  spar se  AA the  equivalen t  approximat e

result  is  ~  N e  λ 2/4.   These  result s  neglec t  elemen t  coupling  and

variat ions  of  Aeff  with  scan  direction,  but  give  the  correc t  scaling

behaviour.   A  conservat ive  design  is  adopted  in  which  the  mid-

frequency  AA  is  taken  to  be  a  fully- sampled  AA  for  best  possible

cont rol  of  systemat ic s  and  side- lobe  levels  in  order  to  achieve

maximu m  dynamic  range.   In  this  case,  the  station  beam  is  given

approximat e ly  by
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The  numbe r  of  beams  required  to  produce  a  total  instant a n e o u s  Field
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This  is  a  function  of  freque ncy  across  the  band  � for  an  AA ΩF  itself  can

also  be  chosen  to  be  a  function  of  freque ncy.  However,  it  is  easy  to

show  that  this  scaling  for  the  mean  numbe r  of  beams  average d  over

the  observing  band  always  holds;  to  simplify  the  analysis  the  mean

numbe r  of  beams  across  the  band  is  used  below.   The  numbe r  of

beams  that  can  be  processe d  from  the  AA will  be  limited  by  eithe r  the

ability  to  transmit  data  to  the  correla tor ,  or  the  capaci ty  of  the

correla to r ,  or  the  capacity  of  the  post- correla tor  processo r .   The  data

rate  from  the  correla tor  scales  as  

2
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Here  N ch  is  the  numbe r  of  freque ncy  channels.   

Any  realisat ion  of  the  SKA  will  use  dishes  at  the  higher  frequencie s  �

specifically  we  conside r  those  realisations  discussed  in  Memo  100.

The  equivalent  scaling  for  dishes  is  N ch  N dish
2:   the  high  frequency

dishes  (with  eithe r  single  pixel  feeds  or  phased  array  feeds)  have

significant  correla tor  and  post- correla tor  require me n t s  and  these

dominat e  over  the  require me n t s  of  the  AA.  Hence  it  can  be  assume d

that  R c is  fixed  by  the  high- frequency  dishes;  provided  the  correla tor

is  re- configura ble  this  fixes  the  R c for  the  AA.  Then  the  FoV  which  can
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be  processe d  scales  as  ΩF  ∝  R c /  ( N ch  N s
 N e  d 2).    The  survey  speed,  as

defined  in  Memo  100  is  then  given  by:

FoMSS  ∝  B R c N e  d
2  / ( N ch  N s

 Tsys
2),

where  B  is  the  bandwidt h.   The  AA cost,  for  a  given  survey  speed

therefore  simply  scales  as

COST  ∝  N e  ∝  FoMSS  N s
 Tsys

2 / B d 2

The  cost  scales  linearly  with  both  survey  speed  and  Aeff  in  this  limit

when  the  data  rate  from  the  correla tor  is  fixed.    For  a  given  FoMSS

the  numbe r  of  stat ions  should  be  minimised  and  d  should  be

maximised.   The  minimu m  numbe r  of  stat ions  is  dete rmine d  by  the

need  to  have  sufficient  aper tu r e- plane  coverage  for  high- dynamic

range  � this  has  been  fixed  at  150  as  a  minimu m  value,  although  the

SKADS  design  assume s  250  stat ions.   R c is  fixed  by  the  high- frequency

dish  solution  in  which  it  is  assume d  that  it  is  possible  to  process  the

data  from  ~1200  dishes  within  5  km  (50%  of  the  dishes)  with  single

pixel  feeds  observing  in  spect r al  line  mode  at  L-band.

3 .   Scienc e  requirem en t s  a nd th e  AA d e sign 

We  now  conside r  the  design  of  an  AA  which  is  optimise d  for  the

following  key  science  cases

(i) Probing  the  dark  ages:

a. mapping  the  EoR   

b. the  first  AGN

(ii) Galaxy  evolution  and  dark  energy

a. Evolution  of  HI

b. Dark  energy

At  very  low  freque ncy  (below  about  300  MHz)   AA�s  seem  to  offer  the

only  cost- effective  technology  to  provide  the  collecting  area  needed  to

get  the  Aeff/T sys  required  for  the  EoR  experime n t  whethe r  this  is  10000

or  5000  m 2/K � this  is  also  demons t r a t e d  by  the  technology  choice  for

curren t  EoR  experime n t s  such  as  LOFAR.   

The  science  driver  for  HI  (galaxy  evolution  and  dark  energy)  requires

frequency  coverage  below  1400  MHz.    Detec ting  redshif ted  HI

become s  increasingly  challenging  as  we  move  out  in  z  to  ~  3-4.  To

complet e  a  survey  to  a  specified  mass  limit  require s  an  incre ase d

survey  speed  with  increasing  z.  This  transla t e s  to  a  specificat ion  for

the  AA  in  which  we  atte mpt  to  maximise  Aeff /T sys  at  the  lower
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frequencie s  and  have  an  FoV  (numbe r  of  beams  times  station  beam)

increasing  faste r  than  � 2 with  wavelengt h.   Spect r al  require me n t s  and

baselines  for  these  experime n t s  are  relat ively  modes t  �  this  is  a

detec t ion  experime nt  in  survey  mode  so  we  need  to  properly  sample

the  HI  line  and  avoid  confusion  in  position- velocity  space .    

Deep,  wide- field,  continuu m  surveys  (for  example  to  detec t  the  first

AGN)  require  very  high  survey  speed  but  also  excellent  dynamic

range.  The  science  drivers  require  an  all- sky  survey  to  of  order  1

micro  Jansky  at  ~250  mas  resolution  or  at  least  enough  to  avoid

confusion.  With  the  AA these  experime n t s  can  be  perfor me d  at  lower

frequencie s  (~  500- 800  MHz).  We  adopt  a  conservat ive  view  that  to

achieve  the  require d  dynamic  range  we  require  a  fully- sampled

(elemen t  spacing  /2)  AA over  some  range  of  frequencies .    ��

For  frequencies  below  f sky  ~  500  MHz  the  syste m  tempe r a t u r e

increase s  due  to  the  incre asing  contribut ion  from  the  sky  temper a t u r e

(see  e.g.  Medellin  2007).   Maint aining  a  constan t  sensit ivity  below  this

frequency  can  only  be  achieved  by  adding  collecting  area.   A sparse

AA helps  conside r a bly  in  this  regime  since  the  effective  area  incre ase s

as  λ 2  and  this  can  be  employed  to  help  offset  the  effects  of  increasing

sky  temper a t u r e .   To  illust r a t e  a  possible  solution  we  conside r  the

following  outline  design  illust r a t e d  in  Figure  1.   Sparse  collector  only

needs  to  cover  the  freque ncy  band  up  to  fSky  hence  a  differen t  elemen t

type  to  that  used  for  the  fully- sample  AA can  be  employed.   The  sky

noise  increase s  faster  than  λ 2  with  increasing  waveleng t h:  below

about  250MHz  this  become s  dominan t  � this  can  be  offset  by  adding  a

third  region  of  the  AA to  increase  the  using  a  third  elemen t  type.   
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Figure  1:  effective  area  and  sensit ivity  of  a  possible  aper t u r e  array

design  using  a  mix  of  fully- sampled  and  spare  aper t ur e  array

eleme nt s .

These  conside r a t ions  lead  us  to  a  possible  specification  for  the  AA in

which  we  assume  Aeff/T sys  to  be  approximat e ly  constan t  with  frequency

below  800  MHz,  a  fully  sampled  AA at  ~500- 800MHz  and  sparse  at

lower  freque ncies .   The  AA will  again  be  a  sparse  array  above  800

MHz,  but  will  still  have  excellen t  survey  speed.   We  now  conside r  if

such  a  specification  can  achieve  the  science  goals.

For  a  given  flux  limit  the  HI  mass  within  a  galaxy  which  can  be

detec t e d  is:
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Abdalla  and  Rawlings  (2005)  argue  that  V (z)  =  V 0(1+z) -1/2  and  hence
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Figure  2:   The  full  line  shows  the  form  of  the  required  survey  speed  in

the  redshift  range  (1+z)  for  two  experime n t s .   The  left- hand  panel

refers  to  the  dark  energy  survey  from  z  0.4  to  1.5  and  right- hand

panel  to  the  deep  HI  survey  for  a  direc t  measu r e  of  curvatu r e .

To  detec t  an  M*  galaxy  at  z=0.75  (800  MHz)  takes  25  hours  of

integr a t ion  for  Aeff /T sys  =  10,000  m 2/K.    Now  consider  an  experime n t

in  which  we  wish  to  do  a  survey  to  some  limiting  mass  M (z).  To  do  this

we  need  an  effective  survey  speed  which  increase s  as  redshift  as:
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Here  there  is  no  bandwidth  appe arin g  in  the  definition  of  survey

speed,  because  this  is  the  survey  speed  at  a  given  redshif t .  The  worst

case  we  will  want  to  do  is  to  survey  to  a  const an t  mass,  then  we  need

a  survey  speed  increasing  as:  

3
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)1(
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z
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∝

This  function  is  sketched  approximat e ly  in  Figure  2  for  a  concordan c e

cosmology.

3.1 Exp erim e n t  1  – Wide- Field  Dark- Ener gy  Survey

A key  para me t e r  is  the  data  rate  which  can  be  processe d  and  sent

back  to  the  correlator .   A  costed  design  of  a  potent ial  AA

impleme n t a t ion  is  analysed  in  the  SKADS  Design  and  Costing  paper

(Alexander  et  al.  2007)  � we  assume  that  the  same  data  rate  can  be

processe d  as  discusse d  in  Memo  93.   As  an  example ,  for  an  AA which

is  fully  sampled  at  800  MHz  we  choose  the  following  for  the  total

processe d  FoV:





<
>=Ω − M H z8 0 0)8 0 0/(

M H z8 0 0)8 0 0/(
)(

5

2

νν
ννν

A

A
F

The  ability  to  increase  the  FoV  at  high  frequencies ,  by  processing

more  beams  at  these  freque ncies  is  a  powerful  proper ty  of  the  AA.  At

frequencie s  below  800  MHz  we  arrang e  for  the  total  FoV  to  incre ase
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much  faster  than  � 2 (again  by  processing  more  beams  at  lower

frequencie s)  in  order  to  maint ain  the  survey  speed  at  incre asing

redshif t.   At  higher  frequencie s  the  AA is  sparse  and  sensit ivity  drops

off.   At  a  fixed  data  rate  this  gives  the  const an t  A =  130  sq  degre e s .

The  form  of  the  resulting  survey  speed  is  shown  as  the  dashe d  line  in

Figure  2  and  closely  matche s  that  which  is  required  to  do  this

experime n t  at  low  frequencies  �  at  high  frequencies  the  form  is

chosen  to  give  the  same  survey  speed  as  a  dish  with  FoV

compens a t ing  the  declining  sensit ivity.  

For  a  full- sky  survey  of  20,000  deg 2 ,  assuming  Aeff /T sys  =  6000  m 2K-1 at

800  MHz  this  gives  a  total  integr a t ion  time  very  close  to  1.5  years  and

hence  a  likely  time- scale  for  complet ion  of  the  experime n t  of  4  to  5

years.  The  instant a n e o u s  FoV  processe d  at  1000  MHz  is  200  sq.  deg.

and  1300  sq.deg.  at  500  MHz.   Note  this  experime nt  is  more

deman ding  than  that  discusse d  by  Abdalla  and  Rawlings  �  the

behaviour  they  require  is  matche d  out  to  z  =  0.75,  and  exceede d  out

to  z =  1.5  since  all  galaxies  great e r  than  M* are  detec t e d  to  10  sigma.

3.2 Exp erim e n t  2  –  Deep  HI  Emission  for  Galaxy
Evolution  and  Measur e m e n t  of  Curvatur e

Rawlings  has  recent ly  noted  that  this  will  also  be  import an t  for  dark

energy  as  well  as  for  galaxy  evolution,  since  measur ing  the  acoustic

oscillations  at  high- z  enables  curvatu r e  to  be  measur e d  direc tly  (since

ΩΛ will  then  be  insignificant  compar e d  to  Ωm ).  These  are  also  the

redshif ts  one  want s  to  probe  for  the  galaxy  evolution  experime n t .  We

now  conside r  a  total  processe d  FoV  which  scales  as:

M H z8 0 0)8 0 0/()( 5 <=Ω − ννν AF

Again  matching  data  rates  gives  A ~  100  sq  degre es  at  800  MHz.  If

we  select  an  integr a t ion  time  to  detec t  an  M*  galaxy  at  z=1.5  and  use

this  scaling  we  obtain  a  survey  speed  as  a  function  of  redshift  which

enables  us  to  detec t  all  M*  galaxies  out  to  z=3  over  1400  sq  degree s

in  390  days  of  integr a t ion.

A furthe r  tradeoff  is  the  maximum  baseline  out  to  which  we  require

the  AA.  This  is  not  necessa r ily  the  limiting  baseline  for  imaging  at  the

frequencie s  covered  by  the  AA, if the  dishes  are  able  to  opera t e  at  the

AA freque ncies;  instead  this  maximu m  baseline  is  deter min e d  by  the

need  to  avoid  confusion  in  survey  modes.    The  maximu m  baseline

required  for  the  HI  experime n t s  is  relat ively  modes t .   For  the  dark

energy  experime n t  the  maximu m  baseline  is  deter mine d  by  the
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smalles t- scale  struc tu r e  at  a  given  redshift  we  wish  to  probe  and  this

is  usually  assume d  to  be  5km.   For  experime n t s  which  require

measur ing  the  HI  content  of  individual  galaxies  we  can  use  the  results

of  Abdalla  and  Rawlings  who  predic te d  the  differen t ial  source  count s

in  redshift  bins  � this  is  appropria t e  for  this  calculat ion  since  we  can

use  position- velocity  space  to  do  the  confusion  analysis.  The  source

count  is  of  order  4  ×  10 4  per  sq  degree  at  z=1  and  is  relatively  flat  to

lower  z.   Using  the  normal  crite ria  for  source  separ a t ion  to  avoid

confusion  (one  source  per  30  beam- areas  on  average),  this  transla t es

to  a  required  resolution  at  700MHz  of  3  arcsec  or  a  baseline  of  ~

35km  similar  to  that  given  in  SKA memo  83.  

The  continuu m  surveys  require  much  longer  baselines  to  avoid

confusion.   For  the  parame t e r s  of  the  all- sky  HI  survey  above,

assuming  we  take  the  available  300MHz  bandwidth  where  the  AA is

fully  sampled  and  process  as  a  continuu m  data  then  we  get  the

following  sensit ivity:

σ(800)  =  68  nJy  equivalent  to  42  nJy  at  L-band

S lim (800)  =  340  nJy  equivalent  to  210  nJy  at  L-band

Taking  the  Windhors t  counts  and  extrapolat ing  them  we  get  a

pessimistic  require me n t  of  400  mas  resolution  or  a  200km  baseline .

Furthe r mo r e  since  the  imaging  needs  are  relat ively  modest  to  avoid

confusion  it  may  not  be  necessa ry  for  all  stat ions  out  to  even  this

baseline  to  have  an  AA.  An  impor t an t  quest ion  is:  can  we  use  AA out

to  baselines  long  enough  to  avoid  confusion  in  the  wide- field  surveys

(200km)  and  correla t e  against  dishes  on  longer  baselines  for  high

sensit ivity  deep  high- resolution  surveys?  

4 .  Sp e cific a tions

The  analysis  of  the  previous  section  has  shown  that  an  AA can  deliver

excellent  survey  speed  especially  for  HI  experime n t s  out  to  high

redshif t.   Can  this  design  be  achieved?  The  cost  is  dominat e d  by  the

numbe r  of  elemen t s  and  this  in  turn  is  dominat e d  by  the  upper

frequency  at  which  the  AA is  fully- sampled.   Taking  this  freque ncy  to

be  800MHz  gives  a  bandwidt h  of  300MHz  over  which  the  AA is  fully

sampled  � reducing  this  frequency  much  below  800MHz  would  reduce

the  available  bandwidth  (and  hence  continuu m  sensitivity)  over  which

high  dynamic- range  observing  is  possible.   More  impor t an t ly  800  MHz

already  correspond s  to  a  redshift  of  0.75  for  HI  and  reducing  this

makes  doing  the  dark  energy  experime n t  very  difficult .   
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The  syste m  tempe r a t u r e  at  800MHz  is  taken  to  be  36  K consist ing  of  a

receiver  temper a t u r e  of  30K  and  a  sky  cont ribu t ion  of  6  K.   By  fixing

the  antenn a  separa t ion  appropr ia t e  for  λ/ 2  spacing  at  800MHz,  a

sensit ivity  within  5km  can  be  obtaine d  of  6000  m 2/.   The  main  low-

frequency  survey  experime n t s  can  then  be  achieved  with  a  survey

speed  of  2×10 10  m 4  K-2 deg 2 .   This  gives  a  mean  numbe r  of  beams

across  the  band  of  about  1200,  a  stat ion  diame te r  ~85 m  and  an

instan t an e o us  observed  Field  of  View  of  200  deg 2  at  700  MHz.   66%  of

the  collecting  area  is  within  5  km.   The  remaining  collecting  area

needs  to  be  dist ribu t e d  so  as  to  avoid  confusion  in  continuu m  surveys

which  gives  an  upper  baseline  length  for  the  AA  of  ~200k m.   To

provide  higher- resolution  imaging  it  will  be  necessa ry  to  cross-

correla t e  AA and  dishes  over  the  frequency  range  in  common  betwee n

the  technologies .

The  cost  of  such  a  syste m  will  be  examine d  in  detail  in  a  forthcoming

update  of  the  SKADS  design  and  costing  work  � we  estimate  that  the

full  AA can  be  deployed  for  a  cost  of  ~�400 m  plus  infras t r uc t u r e  and

cent r al  facilities  to  be  shared  betwee n  the  AA and  dishes.   

The  analysis  discusse d  here  was  used  as  input  to  the  specification

Tiger  Team  review  and  the  result ing  full  specifications  are  given  in

that  docume n t .  

In  conclusion  we  conside r  that  a  dense  aper tur e  array  opera t ing  at

significant ly  higher  frequencies  than  has  previously  been  used  in

radio  astrono my  can  deliver  the  perfor ma n c e  required  for  the

deman ding  surveys  in  the  SKA  science  case.  The  detailed  freque ncy

range,  configur a t ion  and  imple me n t a t ion  as  a  system  with  dishes

require  careful  future  simulation  and  analysis  in  collabora t ion  with

the  SKA Progr a mme  Developme n t  Office.
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