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Past 1991– 2012 (Concept – SKAO)



Past 2013 – 2014 RfP



Present



• PDR (including Delta-PDR) for all Elements 
in SKA1

• SRR for AIP program almost completed
• SKA System Review end of March
• Dish down-select completed
• Detailed Design work in all consortia is 

ongoing
• Negotiations for IGO are in process

Present Status of SKA

Footer text



SKA1 + SKA 2 (2018  - 2030)



High-level SKA 
Schedule

Andrea Casson, August 2015

KEY: Blue = SKA1 science & engineering; orange = policy; green = SKA2

20162015 2017 2018 2019 2020 2021 2022 2023 2024

Critical Design Reviews (elements then system)

SKA1 construction proposal & approval

Procurement

SKA1 early science

SKA1 construction

SKA2 detailed design

SKA2 procurement

SKA2 construction starts

Pre-construction Stage 2

IGO agreements negotiated and complete
Key Doc Set & Prospectus

Formal negotiations

Ratification of Agreements
IGO operational and able to centrally contract

Advanced Instrumentation Prog. PDR (MFAA and WBSPF)

Detailed design

SKA1 operations

SKA1 Critical dates:
• Q3 2017: CDRs
• Q4 2017: IGO 

operational
• Q2 2018: 

construction 
approval

• 2018…. : 
procurement & 
construction

• 2020: early 
science



• Focus on SKA1, as successful operation of these 
two instruments will be important for SKA2 

• Learn from SKA1, lessons from SKA1 will be 
essential for the success of SKA2:
– Science Process
– Project process
– Element Model
– Procurement
– SKA Organisation

• SKA2 is planned to follow the full system 
engineering cycle

Important for SKA2



Footer text

Phase I of the Square Kilometer Array

Jeff Wagg
SKAO

UK 

Robert Braun, Tyler Bourke, Jimi Green  
MPIA
March 21, 2014

Mid-frequency science with the SKA 

Jeff Wagg
SKAO

UK 

Robert Braun, Tyler Bourke, Evan Keane  
MFAA all-hands meeting, Cape Town
March 7, 2016
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Outline 

• Update on recent SKAO science activities 

• SKA1 high priority science goals 

• mid-frequency science with the full SKA



Update on SKAO science activities 
• August, 2015: “SKA Key Science Workshop”, Stockholm, Sweden 

• October, 2015: Level 0 requirements published

• October, 2015: Observing bands: scientific context document

• more than 130 participants 
• Begin collaborations that may evolve into future KSP 

teams
• Generic surveys with SKA1?

• Scientific desires for the instrument 
• NOT requirements for consortia, design is based on the 

Level 1s 

• Frequency ranges required for SKA1 science 
objectives 



Update on SKAO science activities 
• December, 2015: update to Level 1 requirements  

• December, 2015: baselining of station positions for SKA1-LOW

• Upcoming: 

• post-rebaselining requirements
• Implementation of accepted ECPs  

• Positions defined in ‘V4A’ calibration memo
• Calibration risks deemed to be sufficiently low to 

proceed for environmental site surveys
• Further work (ongoing) related to station definition

• System review, end of March 
• New project scientist to replace Jimi Green -> Parkes
• “SKA2016: Science for the SKA Generation”, Goa, India, 

November 7 – 11th

• SKA workshop(s) to develop SKA2 science case in 2017 (TBC)



Overview of SKA headline science
(not in order of priority)

1) Pulsar surveys and timing
– Study of gravitational waves!

2) The Cradle of Life & Astrobiology
– How do solar systems form and where could life emerge?

3) Galaxy Evolution and Cosmology
– How do galaxies get their gas and form stars?

4) Cosmic magnetic fields  
– When did ordered magnetic fields in galaxies form?

5) Cosmic Dawn and the Epoch of Reionization
– When did the first galaxies form and begin to reionize the Universe?

6) Radio transients and Exploration of the Unknown

SKA1 LOW

SKA1 MID



Science 
Objectives
• Arranged by 

SWG
• Arbitrary order 

of SWG groups
• SWG priority 

order within 
each group



Highest Priority SKA1 Science Objectives
• Arranged by SWG
• Arbitrary order of SWG groups
• Priority order within each group



Highest Priority SKA1 Science Objectives
• Arranged by SWG
• Arbitrary order of SWG groups
• Priority order within each group
• most science goals require frequencies below 1420 MHz



Highest Priority Science Objectives
• Arranged by SWG
• Arbitrary order of SWG groups
• Priority order within each group
• most science goals require frequencies below 1420 MHz and survey 

speed



Headline Science with SKA1 and SKA2



Headline Science with SKA1 and SKA2

Requires mid-frequency survey speed



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

(Johnston-Hollitt et al. 2015)

Today SKA1 SKA2



Headline Science with SKA1 and SKA2

Requires mid-frequency survey speed



Headline Science with SKA1 and SKA2

Requires mid-frequency survey speed



Fast Radio Bursts as a cosmological probe

• large samples (~1000) of spectroscopically identified FRBs 
may provide a means of probing the missing baryons

(Keane et al. 2016)(Ioka 2003)



Headline Science with SKA1 and SKA2

Requires mid-frequency survey speed



Some recommendations for MFAA

• Focus on strengths of the instrument (wide field of view and survey 
speed)

• Do not confuse the science cases for the (full) SKA with those of a 
demonstrator

• Make your technology down selects early, otherwise you risk wasting 
time and resources

• Focus on getting a working prototype that is low cost, low power 
consumption and can be calibrated  



http://astronomers.skatelescope.org/



Atomic HI gas in galaxies 
simulated HI                                observed HI                         simulated HI                       observed HI

• How do galaxies interact with the surrounding `Cosmic Web’  
(feeding and feedback)

Images courtesy of Tom Oosterloo (HI science working group)
Simulations by Joop Schaye



(Blake & Moorfield)

• Constraining Dark Energy models with redshift-resolved BAO 
measurements as a “cosmic ruler’’

HI Cosmology with SKA: 
Baryon Acoustic Oscillations

(A
bdalla

et al 2010; B
ull et al. 2014)



(Blake & Moorfield)
Anderson et al. 2012, 2014

• Constraining Dark Energy models with redshift-resolved BAO 
measurements as a “cosmic ruler’’

HI Cosmology with SKA: 
Baryon Acoustic Oscillations



• Reduced uncertainty on the dilation factor which depends on the 
evolution of dark energy 

HI Cosmology with SKA: 
Baryon Acoustic Oscillations

(Bull et al 2015)HI predictions using SKADS simulation
(Santos et al 2015)



The transient radio sky: exploring the unknown

• More than 10 “FRB” events now detected (after first “Lorimer” burst): 
S = 0.5 – 1.3 Jy, Δt = 1 – 6 msec, DM = 550 – 1100 cm-3 pc

• Estimated event rate: 1x104 sky-1 day-1

• Completely unknown origin, possibly at cosmological distances 



Footer text

2020 and beyond: A multi-wavelength view of the Universe 

E-ELT optical/IR

Programme approved

ALMA: mm/submm
Chajnantor Plateau 
@ 5000 m
Early science now

Inaugurated on 13th March 2013

EUCLID:
~€1B, launch 2020

SKA phase 1 and 2

CCAT
LMT

TMT

FAST 

λ

λ

λ

LSST James Webb Space Telescope

due for launch in 2018



• cosmic lighthouses 

• masses: ~1.4 M within 20km

• B ~ 4.4×1013 Gauss

• periods: 1.4ms to 8.5s

SKA1 MID: >350 MHz
• timing precision increase by ~100x

• discovery of exotic pulsars and binaries: PSR-BH

Pulsar surveys and timing 

- ~30,000 normal pulsars
- ~2,000 millisecond psrs
- ~100 relativistic binaries
- first pulsars in Galactic Centre
- first extragalactic pulsars

(Cordes et al. 2004; Kramer et al. 2004; Smits et al. 2009; Pulsar SWG)

Current estimates are that 100% of the Galactic population will accessible with SKA2



• millisecond pulsars are very precise astrophysical clocks, eg:
PSR B1937+21, period = 1.5578064688197945 +/- 0.0000000000000004

• Timing residuals between ms pulsars can be used to directly detect the 
gravitational wave background (SMBH mergers)

Pulsar surveys and timing: testing general relativity

Figure: Champion

prediction:
Hellings & Downs 1983
Figure: Hobbs

correlation between msp timing residuals
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