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Negotiations to establish SKA  
Inter-Governmental Organisation.  

Text of Convention and protocols now agreed 
Initialing of documents completed 
Ministerial signing ceremony in early 2019 
 
Transition planning underway 
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3 sites; 2 telescopes + HQ 
1 Observatory 

 
Design Phase: ~€170M; 600 scientists+engineers 

 
Phase 1 

Construction: 2020 – 2025 
Construction cost cap: €650M (2013€) 

 
MeerKat integrated 

Observatory Development Programme 
 

SKA Regional Centres out of scope of centrally-funded SKAO  

Square Kilometre Array 



SKA HQ: Jodrell Bank, UK 
 

€20M project.  
 
Completed Sept 2018 
 
A ‘nexus for radio 
astronomy’ 
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SKA1-LOW: 50 – 350 MHz 
Phase 1: ~130,000 antennas  
across 65km  

SKA1-Mid: 350 MHz – 24 GHz 
Phase 1: 200 15-m dishes across 
150 km 
 

SKA: Telescopes in AUS & RSA 

Construction: 2020 – 2025; Cost cap: €650M (2013€) 
 



SKA1-Low: Array of Arrays 
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512 

SKA1-Low  
“Array” 

… 

SKA1-Low 
“Station” 

SKA1-Low  
Antenna/Receptor 

256 

Correlation and 
Tied-array Beams 

Antenna Beam Station Beam 



SKA1 – Low: Layout 
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•  512 aperture array stations 
•  Maximum baseline 65 km 
•  3 modified spiral arms 

SKA1-LOW 

ASKAP 

SKA1-LOW 

ASKAP 

Boolardy Station  
Western Australia 



SKA1 – Low: Layout 
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•  512 aperture array stations 
•  Maximum baseline 65 km 
•  3 modified spiral arms 
•  Respect site constraints 

SKA1-LOW 



SKA1 – LOW: Layout 
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•  512 aperture array stations 
•  Maximum baseline 65 km 
•  3 modified spiral arms 
•  Respect site constraints 
•  ~ 50% within ~1 km randomly 

distributed 
•  Others in clusters of 6 stations 

arranged randomly over an area 
100 to 150 m in diameter 

•  256 antennas per station 
•  38m station diameter 



•  SKALA4 design for SKA1-Low antenna 
–  Improved: sensitivity, smoothness, polarisation purity, beam shape 

SKA1-Low Antenna Development 

Improved	SensiIvity	
**Early	data**	

SKALA1-2: Open boom, 9 dipoles       SKALA3: Open boom, 9 dipoles      SKALA4: Closed boom, 11 – 18 dipoles 

SKALA4: Closed boom, optimised 



SKA1 –Mid: Layout 

16 

•  133 SKA 15m dishes 
•  64 MeerKAT 13.5m dishes 
•  Maximum baseline 150 km 
•  3 logarithmic spiral arms 
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SKA1 –Mid: Layout 
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•  133 SKA 15m dishes 
•  64 MeerKAT 13.5m dishes 
•  Maximum baseline 150 km 
•  3 logarithmic spiral arms 
•  ~ 50% within ~2 km 

randomly distributed 
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•  SKA1-Mid and MeerKAT dish performance at Karoo site 
–  SKA surface RMS < 350 𝜇m, relative pointing RMS <1.3 arcsec 

SKA1-Mid Anticipated Performance 



•  Improved performance predictions now available at all frequencies  
•  Opportunity for seamless interface of SKA to ALMA capabilities 

SKA1 Anticipated Sensitivity 



•  Improved performance predictions now available at all frequencies  
•  Opportunity for seamless interface of SKA to ALMA capabilities 

SKA1 Anticipated Survey Speed 
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SKA1 Image Quality Comparison 

•  Between 10 and 100 times the image quality of current facilities 
•  Single SKA1-Low “dirty” snap-shot compared to LOFAR “dirty” snap-

shot 
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SKA1 Image Quality Comparison 

•  Between 10 and 100 times the image quality of current facilities 
•  Single “dirty” SKA1-Mid snap-shot compared to combination of four 

“dirty” snap-shots, one in each of VLA A+B+C+D  



Current status 
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  24	
  

CDR Activity – Update Nov 2018 
Element	
   RRN	
  Submission	
   CDR	
  Submission	
   CDR	
  Mee:ng	
  

TM	
   29	
  January	
  2018	
   28	
  February	
  2018	
   17-­‐20	
  April	
  2018	
  

SaDT	
  &	
  SAT	
   17	
  January	
  2018	
   28	
  February	
  2018	
   15-­‐18	
  May	
  2018	
  

INAU	
   19	
  March	
  2018	
   30	
  April	
  2018	
   27-­‐29	
  June	
  2018	
  

INSA	
   19	
  March	
  2018	
   30	
  April	
  2018	
   2-­‐4	
  July	
  2018	
  

CSP	
   18	
  May	
  2018	
  	
  
-­‐  PSS,	
  PST,	
  CBF-­‐Low,	
  CBF-­‐Mid	
  Sub-­‐

Element	
  CDRs	
  	
  

30	
  June	
  2018	
  	
   25	
  –	
  28	
  September	
  2018	
  !!	
  

MeerKAT	
  
Integra:on	
  

22	
  October	
  2018	
  

SDP	
  Pre-­‐CDR	
  
SDP	
  CDR	
  

9	
  March	
  2018	
  	
  
17	
  September	
  2018	
  

25	
  April	
  2018	
  
31	
  October	
  2018	
  

20	
  –	
  22	
  June	
  2018	
  
15	
  –	
  18	
  January	
  2019	
  

LFAA	
   15	
  October	
  2018	
   5	
  November	
  2018	
   11	
  –	
  13	
  December	
  2018	
  

AIV	
   29	
  October	
  2018	
   30	
  November	
  2018	
   4	
  March	
  2019	
  

DSH	
  Pre-­‐CDR	
  
DSH	
  CDR	
  

17	
  September	
  2018	
  
1	
  Apr	
  2019	
  
-­‐  Band	
  1,	
  LMC	
  Sub-­‐CDR	
  20	
  Sept	
  2018	
  
-­‐  DSH	
  Struct	
  Sub-­‐CDR	
  1	
  Apr	
  2019	
  
-­‐  Band	
  2	
  Sub-­‐CDR	
  1	
  Apr	
  2019	
  
-­‐  Band	
  5	
  Sub-­‐CDR	
  27	
  Aug	
  2019	
  

28	
  September	
  2018	
  
13	
  September	
  2019	
  (B2)	
  

26	
  –	
  27	
  November	
  2018	
  
Aug	
  2019	
  (DSH,	
  B2)	
  
Oct	
  2019	
  (B1,	
  B5)	
  

System	
  	
   Q2/3	
  2019	
  



•  Two different implementations of new optimised EM 
design tested at MRO during 2018 

Testing of SKALA4 Prototypes 



SKA dishes 

China/Germany/ 
South Africa/Italy 

Building SKA : dishes 
SKA-P1 



Building SKA: prototypes 
NL/Aus/NZ Canada UK/Aus 

RSA/UK/India/NZ/Aus 



Building SKA: prototypes 
 

Italy 

South Africa UK 

Band 1 receiver, leaving Sweden… 

…being tested 
at MeerKAT. 



The Science 



SKA Big Questions 
•  The	
  Cradle	
  of	
  Life	
  &	
  Astrobiology	
  

–  How	
  do	
  planets	
  form?	
  	
  Are	
  we	
  alone?	
  
•  Strong-­‐field	
  Tests	
  of	
  Gravity	
  with	
  Pulsars	
  and	
  Black	
  Holes	
  

–  Was	
  Einstein	
  right	
  with	
  General	
  Rela9vity?	
  
•  The	
  Origin	
  and	
  Evolu:on	
  of	
  Cosmic	
  Magne:sm	
  

–  What	
  is	
  the	
  role	
  of	
  magne9sm	
  in	
  galaxy	
  evolu9on	
  and	
  the	
  
structure	
  of	
  the	
  cosmic	
  web?	
  

•  Galaxy	
  Evolu:on	
  probed	
  by	
  Neutral	
  Hydrogen	
  
–  How	
  do	
  normal	
  galaxies	
  form	
  and	
  grow?	
  

•  The	
  Transient	
  Radio	
  Sky	
  
–  What	
  are	
  Fast	
  Radio	
  Bursts?	
  What	
  haven’t	
  we	
  discovered?	
  

•  Galaxy	
  Evolu:on	
  probed	
  in	
  the	
  Radio	
  Con:nuum	
  
–  What	
  is	
  the	
  star-­‐forma9on	
  history	
  of	
  normal	
  galaxies?	
  

•  Cosmology	
  &	
  Dark	
  Energy	
  
–  What	
  is	
  dark	
  maEer?	
  	
  What	
  is	
  the	
  large-­‐scale	
  structure	
  of	
  the	
  

Universe?	
  
•  Cosmic	
  Dawn	
  and	
  the	
  Epoch	
  of	
  Reioniza:on	
  

–  How	
  and	
  when	
  did	
  the	
  first	
  stars	
  and	
  galaxies	
  form?	
  



The Cradle of Life:  
Understanding planet formation 

SKA JVLA ALMA 

SKA JVLA 

(Hasegawa & 
Pudritz 2012) 

•  Measuring grain growth through planetesimal phase  
•  Resolving proto-planetary disks at 100 pc (SKA1) or 300 pc 

(SKA2) inside the snow/ice line, sub-AU scales with SKA2 



Finding all the pulsars in the Milky Way… 

•  Timing precision is expected to increase by factor ~100: nHz Grav. Waves 
•  Rare and exotic pulsars and binary systems: including PSR-BH systems! 
•  Testing cosmic censorship and no-hair theorem 
•  Current estimates are ~50% of population with SKA1, 100% with SKA2 

	
  
	
  -­‐	
  ~40,000	
  normal	
  pulsars	
  
	
  -­‐	
  ~2,000	
  millisecond	
  psrs	
  	
  
	
  -­‐	
  ~100	
  rela;vis;c	
  binaries	
  
	
  -­‐	
  first	
  pulsars	
  in	
  Galac;c	
  Centre	
  
	
  -­‐	
  first	
  extragalac;c	
  pulsars	
  

(Cordes	
  et	
  al.	
  2004,	
  Kramer	
  et	
  al.	
  2004,	
  Smits	
  et	
  al.	
  2008)	
  



Finding all the pulsars in the Milky Way… 

•  Timing precision is expected to increase by factor ~100: nHz Grav. Waves 
•  Rare and exotic pulsars and binary systems: including PSR-BH systems! 
•  Testing cosmic censorship and no-hair theorem 
•  Current estimates are ~50% of population with SKA1, 100% with SKA2 



Headline Magnetism Science 

•  3D magnetic tomography of the Galaxy and distant universe; 
from current 1 RM deg-2, SKA1: 300 deg-2 to SKA2: 5000 deg-2 

Today SKA1 SKA2 

Oppermann et al. (2012) ~40,000 extra-galactic RMs over 4π sr 



Headline Magnetism Science 

•  3D magnetic tomography of the Galaxy and distant universe; 
from current 1 RM deg-2, SKA1: 300 deg-2 to SKA2: 5000 deg-2 
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Figure 5. Two-dimensional RM map of the NGP with 30◦ × 30◦ FOV for ADON30. Panels from left to right show RM maps due to: the regular components of the
electron density and the GMF only; the random components only; both the regular and random components; and a map binned in 2◦ × 2◦ pixels. The Galactic celestial
coordinates are shown in the leftmost panel.
(A color version of this figure is available in the online journal.)

DM, which is determined only by the global, regular component,
is 22 and 25 pc cm−3 toward the NGP and SGP, respectively,
while the observed value is ∼23–26 pc cm−3. We note that the
NE2001 model, from which we get the regular component, was
designed to reproduce observations including DM. The EM in
our model is 1.5 (1.0) and 2.3 (1.6) pc cm−6 toward the NGP
and SGP, respectively, for Vrms = 30 (15) km s−1, which is
in a good agreement with the observed value, ∼1–2 pc cm−6.
Our model also reproduces the overall distribution of EM at
|b| > 60◦ presented by Hill et al. (2008). Details are given in
Appendix B.

2.3. Rotation Measure Map

The RM toward a source outside the Galaxy is defined as

RM (rad m−2) = 0.81
∫ 0

smax

neB∥ds, (3)

where ne, B∥, and the path length s are in units of cm−3, µG,
and pc, respectively. Conventionally RM is positive when the
LOS magnetic field points toward us, and smax is the maximum
distance along the LOS up to the outer edge of our model space.
In this paper, we calculate the RM only due to the GMF. We do
not include other possible contributions, such as the RM due to
the IGMF, the intrinsic RM at sources, and observational errors.
We discuss those in Section 4.

We consider a square FOV of 900 deg2 with 30◦ on a side
centered on each of the Galactic poles, which is comparable to
the FOVs of RM observations toward the NGP and SGP (Mao
et al. 2010; Stil et al. 2011). In addition, we also consider a
square FOV of 200 deg2 with 14.◦14 on a side. The smaller
FOV is roughly that proposed for the dense aperture array of the
SKA (Faulkner et al. 2010). The smaller FOV is also used to
check the FOV dependence of RM statistics. To see structures
in angular separations of !0.◦3 for which the second-order SF of
observed RMs is available (Mao et al. 2010; Stil et al. 2011), we
choose the angular resolution of pixels to be "0.◦3. The numbers
of pixels we use are Npix = 2562 and 1282 for 900 deg2 and
200 deg2 FOVs, respectively.

We calculate RMs with Equation (3) assuming one extra-
galactic radio source in each pixel, and construct mock RM
maps. For each map, we randomly rotate stacked simulation
boxes around the axis parallel to the regular magnetic field in
Table 1 (keeping the direction of the regular magnetic field)
and randomly shift box centers to avoid the repeat of the same
grid zones which would make artifacts in statistics. When the
integration reaches the top of a simulation box, the integration

proceeds into the next stacked box and the integration is contin-
ued. If the integration reaches the side of the simulation box, we
apply the periodic boundary condition to the side, and replicate
the box beyond the side.

We obtain 200 mock maps for each model listed in Table 1
and each FOV, and calculate statistical quantities. The quantities
shown below in Sections 3.3 and 3.4 are the averages for 200
RM maps.

3. RESULTS

3.1. Two-dimensional Map

Figure 5 shows sample maps over a 30◦ ×30◦ FOV. Maps due
to the regular components in the model ADON (leftmost panel)
and due to the random components in one of the 200 simulations
for ADON30 (second panel) are shown. The combined map due
to the regular and random components (third panel) as well
as the binned map of median RMs in 2◦ × 2◦ pixels (rightmost
panel) are also shown. We can see that the regular components of
density and magnetic field alone produce large-scale structures
of up to the FOV size. The structures highlight B∥ as induced by
the radial and azimuthal components of the spiral and toroidal
fields (the model shown does not include a poloidal field).
The random components of density and magnetic field, on
the other hand, produce complex structures, such as clump-
like and filament-like features, on angular scales of ∼1◦–10◦.
Such structures persist in the combined map.

Mao et al. (2010) showed binned maps of median RMs in
2◦ × 2◦ pixels toward the NGP and SGP, which were produced
from observational data. The maps display structures of a few
to several degrees. In our model, such structures are mostly the
consequence of the random components of density and magnetic
field (rightmost panel). Our results indicate that the random
components mainly produce the observed RM structures on
scales less than several degrees, while the regular components
contribute to larger scale structures.

3.2. Contribution from Regular Components

We first examine the statistics of RMs in maps due to
the regular components alone. We calculated the average,
µ =

∑
RM/Npix, and the standard deviation, σ = {

∑
(RM −

µ)2/(Npix − 1)}1/2, in maps for the models and FOVs we
consider. The resulting values are shown in Table 3. The
average is mainly determined by the existence of the poloidal
component of the GMF; µ ∼ 0 rad m−2 without the poloidal
component, or µ ∼ −4.8 rad m−2 and +5.6 rad m−2 toward the
NGP and SGP, respectively, if the dipole poloidal component

6
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Figure 5. Two-dimensional RM map of the NGP with 30◦ × 30◦ FOV for ADON30. Panels from left to right show RM maps due to: the regular components of the
electron density and the GMF only; the random components only; both the regular and random components; and a map binned in 2◦ × 2◦ pixels. The Galactic celestial
coordinates are shown in the leftmost panel.
(A color version of this figure is available in the online journal.)

DM, which is determined only by the global, regular component,
is 22 and 25 pc cm−3 toward the NGP and SGP, respectively,
while the observed value is ∼23–26 pc cm−3. We note that the
NE2001 model, from which we get the regular component, was
designed to reproduce observations including DM. The EM in
our model is 1.5 (1.0) and 2.3 (1.6) pc cm−6 toward the NGP
and SGP, respectively, for Vrms = 30 (15) km s−1, which is
in a good agreement with the observed value, ∼1–2 pc cm−6.
Our model also reproduces the overall distribution of EM at
|b| > 60◦ presented by Hill et al. (2008). Details are given in
Appendix B.

2.3. Rotation Measure Map

The RM toward a source outside the Galaxy is defined as

RM (rad m−2) = 0.81
∫ 0

smax

neB∥ds, (3)

where ne, B∥, and the path length s are in units of cm−3, µG,
and pc, respectively. Conventionally RM is positive when the
LOS magnetic field points toward us, and smax is the maximum
distance along the LOS up to the outer edge of our model space.
In this paper, we calculate the RM only due to the GMF. We do
not include other possible contributions, such as the RM due to
the IGMF, the intrinsic RM at sources, and observational errors.
We discuss those in Section 4.

We consider a square FOV of 900 deg2 with 30◦ on a side
centered on each of the Galactic poles, which is comparable to
the FOVs of RM observations toward the NGP and SGP (Mao
et al. 2010; Stil et al. 2011). In addition, we also consider a
square FOV of 200 deg2 with 14.◦14 on a side. The smaller
FOV is roughly that proposed for the dense aperture array of the
SKA (Faulkner et al. 2010). The smaller FOV is also used to
check the FOV dependence of RM statistics. To see structures
in angular separations of !0.◦3 for which the second-order SF of
observed RMs is available (Mao et al. 2010; Stil et al. 2011), we
choose the angular resolution of pixels to be "0.◦3. The numbers
of pixels we use are Npix = 2562 and 1282 for 900 deg2 and
200 deg2 FOVs, respectively.

We calculate RMs with Equation (3) assuming one extra-
galactic radio source in each pixel, and construct mock RM
maps. For each map, we randomly rotate stacked simulation
boxes around the axis parallel to the regular magnetic field in
Table 1 (keeping the direction of the regular magnetic field)
and randomly shift box centers to avoid the repeat of the same
grid zones which would make artifacts in statistics. When the
integration reaches the top of a simulation box, the integration

proceeds into the next stacked box and the integration is contin-
ued. If the integration reaches the side of the simulation box, we
apply the periodic boundary condition to the side, and replicate
the box beyond the side.

We obtain 200 mock maps for each model listed in Table 1
and each FOV, and calculate statistical quantities. The quantities
shown below in Sections 3.3 and 3.4 are the averages for 200
RM maps.

3. RESULTS

3.1. Two-dimensional Map

Figure 5 shows sample maps over a 30◦ ×30◦ FOV. Maps due
to the regular components in the model ADON (leftmost panel)
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for ADON30 (second panel) are shown. The combined map due
to the regular and random components (third panel) as well
as the binned map of median RMs in 2◦ × 2◦ pixels (rightmost
panel) are also shown. We can see that the regular components of
density and magnetic field alone produce large-scale structures
of up to the FOV size. The structures highlight B∥ as induced by
the radial and azimuthal components of the spiral and toroidal
fields (the model shown does not include a poloidal field).
The random components of density and magnetic field, on
the other hand, produce complex structures, such as clump-
like and filament-like features, on angular scales of ∼1◦–10◦.
Such structures persist in the combined map.

Mao et al. (2010) showed binned maps of median RMs in
2◦ × 2◦ pixels toward the NGP and SGP, which were produced
from observational data. The maps display structures of a few
to several degrees. In our model, such structures are mostly the
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field (rightmost panel). Our results indicate that the random
components mainly produce the observed RM structures on
scales less than several degrees, while the regular components
contribute to larger scale structures.
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We first examine the statistics of RMs in maps due to
the regular components alone. We calculated the average,
µ =
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Figure 5. Two-dimensional RM map of the NGP with 30◦ × 30◦ FOV for ADON30. Panels from left to right show RM maps due to: the regular components of the
electron density and the GMF only; the random components only; both the regular and random components; and a map binned in 2◦ × 2◦ pixels. The Galactic celestial
coordinates are shown in the leftmost panel.
(A color version of this figure is available in the online journal.)

DM, which is determined only by the global, regular component,
is 22 and 25 pc cm−3 toward the NGP and SGP, respectively,
while the observed value is ∼23–26 pc cm−3. We note that the
NE2001 model, from which we get the regular component, was
designed to reproduce observations including DM. The EM in
our model is 1.5 (1.0) and 2.3 (1.6) pc cm−6 toward the NGP
and SGP, respectively, for Vrms = 30 (15) km s−1, which is
in a good agreement with the observed value, ∼1–2 pc cm−6.
Our model also reproduces the overall distribution of EM at
|b| > 60◦ presented by Hill et al. (2008). Details are given in
Appendix B.

2.3. Rotation Measure Map

The RM toward a source outside the Galaxy is defined as

RM (rad m−2) = 0.81
∫ 0

smax

neB∥ds, (3)

where ne, B∥, and the path length s are in units of cm−3, µG,
and pc, respectively. Conventionally RM is positive when the
LOS magnetic field points toward us, and smax is the maximum
distance along the LOS up to the outer edge of our model space.
In this paper, we calculate the RM only due to the GMF. We do
not include other possible contributions, such as the RM due to
the IGMF, the intrinsic RM at sources, and observational errors.
We discuss those in Section 4.

We consider a square FOV of 900 deg2 with 30◦ on a side
centered on each of the Galactic poles, which is comparable to
the FOVs of RM observations toward the NGP and SGP (Mao
et al. 2010; Stil et al. 2011). In addition, we also consider a
square FOV of 200 deg2 with 14.◦14 on a side. The smaller
FOV is roughly that proposed for the dense aperture array of the
SKA (Faulkner et al. 2010). The smaller FOV is also used to
check the FOV dependence of RM statistics. To see structures
in angular separations of !0.◦3 for which the second-order SF of
observed RMs is available (Mao et al. 2010; Stil et al. 2011), we
choose the angular resolution of pixels to be "0.◦3. The numbers
of pixels we use are Npix = 2562 and 1282 for 900 deg2 and
200 deg2 FOVs, respectively.

We calculate RMs with Equation (3) assuming one extra-
galactic radio source in each pixel, and construct mock RM
maps. For each map, we randomly rotate stacked simulation
boxes around the axis parallel to the regular magnetic field in
Table 1 (keeping the direction of the regular magnetic field)
and randomly shift box centers to avoid the repeat of the same
grid zones which would make artifacts in statistics. When the
integration reaches the top of a simulation box, the integration

proceeds into the next stacked box and the integration is contin-
ued. If the integration reaches the side of the simulation box, we
apply the periodic boundary condition to the side, and replicate
the box beyond the side.

We obtain 200 mock maps for each model listed in Table 1
and each FOV, and calculate statistical quantities. The quantities
shown below in Sections 3.3 and 3.4 are the averages for 200
RM maps.

3. RESULTS

3.1. Two-dimensional Map

Figure 5 shows sample maps over a 30◦ ×30◦ FOV. Maps due
to the regular components in the model ADON (leftmost panel)
and due to the random components in one of the 200 simulations
for ADON30 (second panel) are shown. The combined map due
to the regular and random components (third panel) as well
as the binned map of median RMs in 2◦ × 2◦ pixels (rightmost
panel) are also shown. We can see that the regular components of
density and magnetic field alone produce large-scale structures
of up to the FOV size. The structures highlight B∥ as induced by
the radial and azimuthal components of the spiral and toroidal
fields (the model shown does not include a poloidal field).
The random components of density and magnetic field, on
the other hand, produce complex structures, such as clump-
like and filament-like features, on angular scales of ∼1◦–10◦.
Such structures persist in the combined map.

Mao et al. (2010) showed binned maps of median RMs in
2◦ × 2◦ pixels toward the NGP and SGP, which were produced
from observational data. The maps display structures of a few
to several degrees. In our model, such structures are mostly the
consequence of the random components of density and magnetic
field (rightmost panel). Our results indicate that the random
components mainly produce the observed RM structures on
scales less than several degrees, while the regular components
contribute to larger scale structures.

3.2. Contribution from Regular Components

We first examine the statistics of RMs in maps due to
the regular components alone. We calculated the average,
µ =

∑
RM/Npix, and the standard deviation, σ = {

∑
(RM −

µ)2/(Npix − 1)}1/2, in maps for the models and FOVs we
consider. The resulting values are shown in Table 3. The
average is mainly determined by the existence of the poloidal
component of the GMF; µ ∼ 0 rad m−2 without the poloidal
component, or µ ∼ −4.8 rad m−2 and +5.6 rad m−2 toward the
NGP and SGP, respectively, if the dipole poloidal component
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Galaxy HI Evolution:  
out to z ~ 1 with SKA1 and z ~ 5 with SKA2 

(Simulations: Schaye et al. 2010, Images: Oosterloo 2014) 

•  Understanding galaxy assembly and the baryon cycle  
–  Determine the impact of galaxy environments 
–  Probe gas inflow and removal, diffuse gas NHI < 1017 cm-2 

–  Measure angular momentum build-up  



The Transient radio sky 

•  More than 60 celestial “FRB” events now detected (after first “Lorimer” burst):  
 S = 0.5 – 2 Jy, Δt = 1 – 6 msec, DM = 500 – 2000 cm-3 pc 

•  Estimated event rate: 3x103 sky-1 day-1  
•  Unknown origin – some, probably all at cosmological distances 



Transients headline science: 
Fast Radio Bursts as a cosmological probe 

• Prospects for fundamental contributions to cosmology with 
large samples (~1000) of spectroscopically identified FRBs out 
to z ~ 2 with SKA1 and z ~ 5 with SKA2  

(Zhou et al. 2014) (Ioka 2003) 



Galaxy Evolution Studies in the Radio Continuum:  
Understanding the Star Formation History of the Universe 

•  Unmatched sensitivity to star formation rates (10 M¤/yr) out to z ~ 4 with SKA1 and 
z ~ 10 with SKA2 

•  Resolved (sub-kpc) imaging of star forming disks out to z ~ 1 with SKA1 and z ~ 6 
with SKA2 

CCAT 350 µm


Euclid, H<24


ALMA, 1.3mm > 90 µJy


JVLA-COSMOS


Wuyts et al 2013, z∼1 
Hα–based SFR-maps 

3.
4”




4”



Cibinel et al 2014, z∼2 
UV-based SFR-maps 

(Murphy et al. 2014) 



Cosmology with SKA:  
Integrated Sachs-Wolfe effect 

•  Constraining non-Gaussianity of primordial fluctuations with the 
Integrated Sachs-Wolfe effect: correlation of foreground source 
populations with CMB structures 
–  Uniquely probing the largest scales  

8

Pathfinders 10 µJy
SKA 5 µJy
SKA 2.5 µJy
SKA 1 µJy
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FIG. 4: Effect of having different numbers of bins for the precision in measurements of the fNLparameter, using the configurations of
Section IV B, for the pathfinders instruments and the different flux limits of SKA.
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Δσ
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FIG. 5: Effect of neglecting or including the radio high-z bin on the error on fNL measurements.

single-bin case would provide constraints that are competitive with other LSS measurements, those are not competitive with
CMB constraints. In the case where redshift information is included, the large sky area surveyed by radio surveys coupled with
the wide redshift-range will allow highly precise measurements of the non-Gaussianity parameter, with �(f

NL

) <⇠ 1 possible.
We also investigate the optimal configurations of the number density and redshift range of radio surveys in order to provide the

(Raccanelli et al. 2014) 



(Bull et al 2014) 

Cosmology with SKA:  
Baryon Acoustic Oscillations 

•  Constraining Dark Energy models with redshift-resolved BAO measurements 
–  Discrete detection is complementary with SKA1, cutting edge with SKA2 
–  Intensity mapping is higher risk but world-class, even with SKA1 



(Bull et al 2014) 

Cosmology with SKA:  
Baryon Acoustic Oscillations 

•  Constraining Dark Energy models with redshift-resolved BAO measurements 
–  Discrete detection is complementary with SKA1, cutting edge in SKA2 
–  Intensity mapping is higher risk but world-class, even with SKA1 
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Cosmology with SKA HI IM surveys Mario G. Santos

Figure 4: Survey volumes and redshift range for various current and future surveys (volume calculated at
the central redshift).

DA(z), as functions of redshift, as has been done successfully with recent large galaxy redshift
surveys such as BOSS and WiggleZ. Measuring these functions is vital for testing theories of dark
energy which seek to explain the apparent acceleration of the cosmic expansion, as they constrain
its equation of state, w = P/r , and thus its physical properties. Shedding light on the behaviour of
dark energy – especially whether w deviates from �1 and whether it varies in time – is one of the
foremost problems in cosmology.

To precisely measure the BAO feature in the matter correlation function, which appears as a
‘bump’ at comoving separations of r ⇡ 100h�1 Mpc, one needs to detect many galaxies (in order
to reduce shot noise), and to cover as large a survey volume as possible (in order to reduce sample
variance). Intensity mapping has a few major advantages over conventional galaxy surveys for
this task. IM surveys can map a substantial fraction of the sky with low angular resolution in a
short period of time. Combined with the wide bandwidths of modern radio receivers, this makes
it possible to cover extremely large survey volumes and redshift ranges in a relatively short time,
helping to beat down sample variance (see Fig. 4).

While individual galaxies cannot in general be resolved, each telescope pointing measures the
integrated emission from many galaxies, making the total signal easier to detect and reducing the
shot noise. All that is required is to obtain sufficient flux sensitivity to detect the integrated 21cm
emission and to have sufficient resolution to resolve the required scales at a given redshift. Figure 5
summarises the expected constraints from the SKA HI IM surveys for two relevant target scales: the
BAO scale at k ⇠ 0.074 Mpc�1 and a very large scale, past the equality peak at k ⇠ 0.01 Mpc�1. We
see the huge constraining power of these surveys. In particular, due to the large volumes probed,
they will be unmatched on ultra-large scales. Even at BAO scales, both SKA1-MID and SUR
present constraints not far from Euclid while only using a ⇠ 2 year survey (the full Euclid requires
about 5 years). Moreover, SKA1-LOW will be able to make a detection at z ⇠ 4 which again will
be an unique feature.

For the BAO scales (see Table 1 and Fig. 5, left panel), the angular resolution of the Phase 1
SKA dishes is such that these scales are best matched to an autocorrelation survey at low redshift,

17



HI surveys of the Dark Ages, Cosmic-Dawn & EoR  

CMB displays a single moment 
of the Universe. Its initial 
conditions at ~400,000 yrs 

HI emission from the Dark Ages, Cosmic Dawn 
& EoR traces an evolving “movie” of baryonic  
and DM structure formation at tuniv<109 years. 



SKA1 surveys of the EoR 
& Cosmic-Dawn 

• Detecting EoR structures in imaging mode (as distinct from 
statistically) on 5 arcmin scales with 1 mK RMS 

• Probing the Cosmic Dawn statistically (with pre-2018 predictions) 

970 A. Mesinger, S. Furlanetto and R. Cen

Figure 12. Slices through our δTb simulation box (left), and the corresponding 3D power spectra (right), for our fiducial model at z = 30.1, 21.2, 17.9, 10.0
(top to bottom). The slices were chosen to highlight various epochs in the cosmic 21-cm signal (cf. the corresponding mean evolution in Fig. 10): the onset
of Lyα pumping, the onset of X-ray heating, the completion of X-ray heating and the mid-point of reionization are shown from top to bottom. All slices are
1 Gpc on a side and 3.3 Mpc deep. For a movie of this simulation, see http://www.astro.princeton.edu/∼mesinger/Movies/delT.mov.
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(top to bottom). The slices were chosen to highlight various epochs in the cosmic 21-cm signal (cf. the corresponding mean evolution in Fig. 10): the onset
of Lyα pumping, the onset of X-ray heating, the completion of X-ray heating and the mid-point of reionization are shown from top to bottom. All slices are
1 Gpc on a side and 3.3 Mpc deep. For a movie of this simulation, see http://www.astro.princeton.edu/∼mesinger/Movies/delT.mov.
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(Mesinger et al 2011) 

EoR 

CD 



SKA1 surveys of the EoR & Cosmic-Dawn 

•  Possible detection by Bowman et al (2018) of global Cosmic Dawn signature 
centred at 78 MHz 

•  If surprising depth is confirmed, then fluctuations also large:      
 140 mK RMS @ 10s of arcmin predicted by Barkana (2018)  

•  Deep SKA integrations (3 mK RMS @ 10s of arcmin) may permit direct CD imaging: 
localisation in 3D of first post-big-bang heat sources  

(Bowman et al 2018) 

EoR 

CD 

(Barkana 2018) 



SKA and Big Data 



47	
  47	
  

The SKA Operational Model 

1	
  Observatory	
  
The	
  SKA	
  

2	
  Telescopes	
  
SKA1-­‐LOW	
  
SKA1-­‐MID	
  

3	
  Sites	
  
Australia	
  (LOW)	
  
South	
  Africa	
  (MID)	
  
United	
  Kingdom	
  (GHQ)	
  

Principles	
  
One	
  observatory	
  
Op;mal	
  opera;on	
  
Minimise	
  duplica;on	
  
Autonomy	
  &	
  authority	
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The SKA Data Flow Challenge 

• Digital	
  data	
  rates	
  are	
  reduced	
  by	
  factor	
  ~100	
  within	
  SDP	
  
via	
  calibra;on	
  and	
  data	
  product	
  genera;on	
  	
  

•  SDP	
  output	
  rate	
  compa;ble	
  with	
  100	
  Gb/s	
  per	
  site	
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The SKA Data Flow Challenge 

•  Observatory	
  Data	
  Products	
  flow	
  from	
  the	
  Science	
  Data	
  
Processors	
  in	
  Perth	
  and	
  Cape	
  Town	
  to	
  SRCs	
  around	
  the	
  
globe	
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The SKA Data Flow Challenge 
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SKA Data Challenge “Flavours” 
•  SDP	
  Challenges	
  	
  

•  Computa;on	
  at	
  scale	
  
•  Pipeline	
  framework	
  
•  Network/data	
  transport	
  	
  

•  SRC	
  Challenges	
  
•  Pipeline	
  op;misa;on	
  	
  
•  Added	
  value	
  data	
  products	
  
•  User	
  interac;on	
  

•  Science	
  Challenges	
  
•  Algorithms,	
  analysis,	
  visualisa;on	
  

•  Early	
  Data	
  Challenges	
  by	
  
“flavour”,	
  ul;mately	
  end-­‐to-­‐end	
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SKA Science Data Challenges: 
Simulations 
Raw	
  Data	
  

	
  
	
  

DL1	
  

Calibrated	
  
Data	
  

products	
  
DL2	
  

Added	
  
Value	
  

products	
  
DL3	
  

Scien;fic	
  
results	
  

	
  
DL4	
  

Mul;-­‐
observa;on	
  
dataset	
  

	
  
DL3	
  

Single-­‐
observa;on	
  
dataset	
  

	
  
DL2	
  

Single-­‐
observa;on	
  
uncalibrated	
  

dataset	
  
DL1	
  

Perfect	
  	
  
observa9on	
  

Image	
  
DL4	
  

SWG-­‐led	
  SKAO-­‐led	
  

Other	
  code	
  
SKA	
  telescope	
  simulator	
  (e.g.	
  OSKAR)	
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Science Data Challenge #1 

• November	
  26	
  release,	
  March	
  15	
  deadline	
  	
  
• Con;nuum	
  sub-­‐band	
  images	
  (Δ𝜈/𝜈c	
  =	
  30%)	
  
•  SKA1-­‐Mid,	
  three	
  frequencies:	
  𝜈c	
  =	
  0.56,	
  1.4	
  and	
  9.2	
  GHz	
  
• One	
  poin;ng:	
  8h,	
  100h	
  and	
  1000h	
  observa;ons	
  
• Data	
  info:	
  

•  Images	
  of	
  32k	
  pixels	
  per	
  side	
  for	
  the	
  full	
  FoV	
  
•  1.50,	
  0.60	
  and	
  0.091”	
  FWHM	
  resolu;on	
  at	
  0.56,	
  1.4	
  	
  and	
  9.2	
  
GHz	
  

•  Size	
  of	
  a	
  single	
  frequency	
  slice:	
  4GB	
  (x9	
  =	
  36GB	
  total)	
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Science Data Challenge #1 

•  Sample	
  zoom-­‐ins	
  

•  One	
  poin;ng:	
  8h,	
  100h	
  and	
  1000h	
  observa;ons	
  
•  Some	
  107	
  embedded	
  sources	
  based	
  on	
  state-­‐of-­‐the-­‐art	
  T-­‐RECS	
  sky	
  model	
  
(Bonaldi	
  et	
  al.	
  2018)	
  

•  Star-­‐forming	
  galaxies	
  represented	
  as	
  projected	
  exponen;al	
  disk	
  
•  Ac;ve	
  galac;c	
  nuclei	
  source	
  morphologies	
  drawn	
  from	
  DRAGNs	
  atlas	
  (Leahy	
  et	
  al.)	
  of	
  

high	
  resolu;on	
  images	
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•  Sample	
  zoom-­‐ins	
  

•  One	
  poin;ng:	
  8h,	
  100h	
  and	
  1000h	
  observa;ons	
  
•  Some	
  107	
  embedded	
  sources	
  based	
  on	
  state-­‐of-­‐the-­‐art	
  T-­‐RECS	
  sky	
  model	
  
(Bonaldi	
  et	
  al.	
  2018)	
  

•  Star-­‐forming	
  galaxies	
  represented	
  as	
  projected	
  exponen;al	
  disk	
  
•  Ac;ve	
  galac;c	
  nuclei	
  source	
  morphologies	
  drawn	
  from	
  DRAGNs	
  atlas	
  (Leahy	
  et	
  al.)	
  of	
  

high	
  resolu;on	
  images	
  

Science Data Challenge #1 
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•  Sample	
  zoom-­‐ins	
  

•  One	
  poin;ng:	
  8h,	
  100h	
  and	
  1000h	
  observa;ons	
  
•  Some	
  107	
  embedded	
  sources	
  based	
  on	
  state-­‐of-­‐the-­‐art	
  T-­‐RECS	
  sky	
  model	
  
(Bonaldi	
  et	
  al.	
  2018)	
  

•  Star-­‐forming	
  galaxies	
  represented	
  as	
  projected	
  exponen;al	
  disk	
  
•  Ac;ve	
  galac;c	
  nuclei	
  source	
  morphologies	
  drawn	
  from	
  DRAGNs	
  atlas	
  (Leahy	
  et	
  al.)	
  of	
  

high	
  resolu;on	
  images	
  

Science Data Challenge #1 
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First Science Data Challenge 

•  Source	
  finding,	
  iden;fica;on,	
  characteriza;on	
  etc.	
  
hEps://astronomers.skatelescope.org/ska-­‐science-­‐data-­‐challenge-­‐1/	
  

•  Results	
  to	
  be	
  compared	
  with	
  simula;on	
  input	
  catalog	
  
•  WG-­‐specific	
  analyses	
  op;onally	
  done	
  on	
  the	
  iden;fied	
  
sources	
  	
  

• Adver;sing	
  for	
  SKAO	
  Post-­‐doc	
  posi;on	
  for	
  radio	
  
astronomy	
  simula;ons:	
  
hEps://recruitment.skatelescope.org/category/ska-­‐jobs/	
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Challenge Definition 

1.  Source	
  finding	
  (RA,	
  Dec):	
  locate	
  centroids	
  and/or	
  core	
  
posi;ons	
  

2.  Source	
  characterisa;on	
  (integrated	
  flux	
  density,	
  possible	
  core	
  
frac;on,	
  major	
  and	
  minor	
  axis	
  size,	
  major	
  axis	
  posi;on	
  angle)	
  
where	
  size	
  is	
  one	
  of	
  (largest	
  angular	
  size,	
  Gaussian	
  FWHM,	
  or	
  
exponen;al	
  scale	
  length)	
  

3.  Source	
  iden;fica;on	
  (one	
  of	
  SFG,	
  AGN-­‐steep,	
  AGN-­‐flat)	
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Challenge Scoring 

1.  Reliability	
  and	
  completeness	
  of	
  sources	
  found	
  	
  
2.  Accuracy	
  of	
  property	
  characterisa;on	
  
3.  Accuracy	
  of	
  popula;on	
  iden;fica;on	
  	
  
4.  Overall	
  score	
  based	
  on	
  the	
  total	
  number	
  of	
  real	
  sources	
  (less	
  

false	
  posi;ves)	
  found	
  in	
  each	
  of	
  the	
  three	
  1000h	
  images	
  
mul;plied	
  by	
  the	
  frac;onal	
  accuracy	
  of	
  the	
  property	
  
characterisa;on	
  and	
  popula;on	
  iden;fica;on	
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SKA1 Science Milestones (Doc #822) 
 

•  Overview	
  of	
  preparatory	
  and	
  scien;fic	
  observing	
  ac;vi;es	
  
•  Increasingly	
  realis;c	
  Data	
  Challenges	
  every	
  6	
  months	
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Timeline 

Key	
  dates:	
  
	
  
•  Q1	
  2019:	
  Conven;on	
  signing	
  
	
  
•  Q2	
  2019:	
  System	
  design	
  final	
  
	
  
•  Q1/2	
  2020:	
  SKA	
  Observatory	
  exists	
  
	
  
•  Q2	
  2020:	
  Construc;on	
  proposal	
  submiEed	
  to	
  

SKAO	
  Council	
  
	
  
•  Q4	
  2020:	
  Construc;on	
  begins	
  
	
  
•  2027:	
  SKA1	
  construc;on	
  complete	
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Summary 
• Overall	
  progress	
  is	
  excellent:	
  

•  Technical	
  progress	
  moving	
  well,	
  dealing	
  with	
  challenges	
  
•  Precursors/pathfinders	
  being	
  delivered;	
  delivering	
  science	
  
•  HQ	
  construc;on	
  complete	
  
•  Data	
  Challenges	
  underway	
  
•  Treaty	
  establishing	
  SKA	
  Observatory	
  to	
  be	
  signed	
  early	
  2019	
  

•  SKA	
  only	
  possible	
  through	
  the	
  drive,	
  enthusiasm	
  and	
  
support	
  of	
  the	
  science	
  and	
  engineering	
  community	
  
and	
  governments	
  of	
  partner	
  na;ons	
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