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• SKA1-MID
– 70% of planned SKA1 dishes, ie. 133x15m
– Integration of MeerKAT, ie. 64x13.5m
– Deployment of SPF2, SPF5 and SPF1
– Bmax ~ 150km (with 120km fall-back)

– 50% savings on non-image-processing

• SKA1-LOW
– 50% of planned LPDs, ie. 131,000 x Antennas
– Bmax ~ 65km 

– Pulsar search and timing capability 

• Advanced Instrumentation Program
– Highlighting PAF development

• Negotiate ASKAP integration into SKAO

SKA1 Scope: Members decision 05/03/2015  
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• SKA1–MID, –LOW: BMax = 156, 65 km

SKA1 Configurations 



• SKA2–Dish, –LOW: Bmax ≈ 300 km “core”, ≈3000+ km remote

SKA2 Configurations 



High-level SKA Schedule

20162015 2017 2018 2019 2020 2021 2022 20232014

High level design

Rebaselining submissions (RBS)

Preliminary Design Review (elements)

Detailed design

Prototype systems deployed

Critical Design Review

SKA1 construction approved
Procurement

SKA1 early science

SKA1 construction

SKA2 detailed design

Design consortia start

SKA2 procurement
SKA2 construction starts

SKA2 concept development

Board RBS approval 3-5 Mar 15

15-22 Sep 14

1 Nov 13

Pre-construction Stage 1

Pre-construction Stage 2

New SKA Organisation in place

Key Doc Set & Prospectus

Formal negotiations
Ratification of Agreements Organisation has minimum no. Members with Agreements ratified

Agreements in Key Doc Set signed

Andrea Casson, SKAO Project Controller, Sept 2014

System PDR

Integration testing on site

Advanced Instrumentation Prog.

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



   

Sensitivity Comparison



   

Survey Speed Comparison



   

Resolution Comparison



Image Quality Comparison

• Single SKA1 
track 
equivalent to 
VLA A+B+C+D 
+ E+A+ 

• “Structural” 
dynamic range 
of ~1000:1 
rather than 
~3:1 per track

• Beam quality 
~100 times 
better than VLA



Headline Science with SKA1 and SKA2

SKA1 SKA2
Proto-planetary disks; imaging inside the 
snow/ice line (@ < 100pc), Searches for 

amino acids. 

Proto-planetary disks;  sub-AU imaging (@ < 
150 pc), Studies of amino acids. 

Targeted SETI: airport radar 10^4 nearby 
stars.

Ultra-sensitive SETI: airport radar 10^5 nearby 
star, TV ~10 stars.

1st detection of nHz-stochastic gravitational 
wave background. 

Gravitational wave astronomy of  discrete 
sources: constraining galaxy evolution, 
cosmological GWs and cosmic strings.

Discover and use  NS-NS and PSR-BH 
binaries to provide the best tests of gravity 

theories and General Relativity.

Find all ~40,000 visible pulsars in the Galaxy, 
use the most relativistic systems to test 

cosmic censorship and the no-hair theorem.

The role of magnetism from sub-galactic to 
Cosmic Web scales, the RM-grid @ 300/deg2.

The origin and amplification of cosmic 
magnetic fields, the RM-grid @ 5000/deg2.

Faraday tomography of extended sources, 
100pc resolution at 14Mpc, 1 kpc @ z ≈ 0.04.

Faraday tomography of extended sources, 
100pc resolution at 50Mpc, 1 kpc @ z ≈ 0.13.

Gas properties of 10^7 galaxies, <z> ≈ 0.3, 
evolution to z ≈ 1, BAO complement to Euclid.

Gas properties of 10^9 galaxies, <z> ≈ 1, 
evolution to z ≈ 5, world-class precision 

cosmology.

Detailed interstellar medium of nearby 
galaxies (3 Mpc) at 50pc resolution, diffuse 

IGM down to N_H < 10^17 at 1 kpc.

Detailed interstellar medium of nearby 
galaxies (10 Mpc) at 50pc resolution, diffuse 

IGM down to N_H < 10^17 at 1 kpc.

The Cradle of Life & Astrobiology

Strong-feld Tests of Gravity with 
Pulsars and Black Holes

The Origin and Evolution of Cosmic 
Magnetism

Galaxy Evolution probed by Neutral 
Hydrogen



Headline Science with SKA1 and SKA2

SKA1 SKA2

Use fast radio bursts to uncover the missing 
"normal" matter in the universe.

Fast radio bursts as unique probes of 
fundamental cosmological parameters and 

intergalactic magnetic fields.

Study feedback from the most energetic 
cosmic explosions and the disruption of stars 

by super-massive black holes.

Exploring the unknown: new exotic 
astrophysical phenomena in discovery phase 

space.

Star formation rates (10 M_Sun/yr  to z ~ 4). Star formation rates (10 M_Sun/yr to z ~ 10). 

Resolved star formation astrophysics (sub-kpc 
active regions at z ~ 1). 

 Resolved star formation astrophysics (sub-
kpc active regions at z ~ 6). 

Constraints on DE, modified gravity, the 
distribution & evolution of matter on super-

horizon scales: competitive to Euclid. 

Constraints on DE, modified gravity, the 
distribution & evolution of matter on super-

horizon scales: redefines state-of-art. 

Primordial non-Gaussianity and the matter 
dipole: 2x Euclid.

Primordial non-Gaussianity and the matter 
dipole: 10x Euclid.

Direct imaging of EoR structures (z = 6 - 12). Direct imaging of Cosmic Dawn structures           
(z = 12 - 30).

Power spectra of Cosmic Dawn down to 
arcmin scales, possible imaging at 10 arcmin. First glimpse of the Dark Ages (z > 30).

Cosmology & Dark Energy

Cosmic Dawn and the Epoch of 
Reionization

The Transient Radio Sky

Galaxy Evolution probed in the Radio 
Continuum



• Notional package of Key Science Projects in Q1 2015 based on the highest 

priority science objectives that have been recommended by our science 

community that will be:

– Consistent with capabilities of the SKA1 design

– Consistent with a realistic observing schedule filled at approximately 50% for the first 5 

years of scientific operations

• Adopt KSP policy

– Only scientists from SKA member countries may lead a KSP

– KSP Leadership is guaranteed to be distributed amongst SKA members in proportion to 

their financial contribution

– KSP participation (at the non-Leader level) is guaranteed to be distributed amongst SKA 

members in proportion to their financial contribution

– KSP participation (at the non-Leader level) of SKA non-members is capped at the value 

defined in the Access Policy

Key Science Projects:



• Issue Call for KSP Letters of Intent (circa 2018)

– Provides opportunity to coordinate appropriate balance of prospective 

SKA member teams and science topic coverage 

• Issue Call for full KSP proposals

• Proposal assessment criteria:

– Scientific merit

– Technical feasibility

– Plans and capabilities for data analysis

– Publication and derived data product release arrangements

– Collaboration policies and management arrangements

– Consistency with science aims expressed in the set of notional KSPs

Key Science Projects:



• Resourcing

– KSP teams can propose and receive dedicated SKA resources

– General expectation that teams bring significant additional resourcing 

• Data rights

– Primary data rights remain with the SKA Observatory

– Data rights are granted to KSP teams for specific objectives

– Commensal programs can be granted data rights for complementary 

objectives

• Ongoing review 

– Satisfactory progress against project plan, including timely public 

release of agreed data products is condition for further allocations

Key Science Projects:



 

A Package of Notional SKA1 Key Science Projects

• Outcome of well-documented SKA1 science prioritisation process
• All objectives originate with the science community
• Review and strong endorsement by advisory bodies (SRP, SEAC)  

• Should be viewed as representative package of high-impact science 
deliverables for the first five years of science operations

SWG Objective

CD/EoR Physicsof theearlyuniverseIGM - I. Imaging
CD/EoR Physicsof theearlyuniverseIGM - II. Power spectrum
Pulsars Reveal pulsar populationandMSPsfor gravitytestsandGravitational Wavedetection
Pulsars Highprecisiontimingfor testinggravityandGWdetection
HI ResolvedHI kinematicsandmorphologyof ~10̂ 10M_sol massgalaxiesout toz~0.8
HI Highspatial resolutionstudiesof theISM inthenearbyUniverse. 
HI Multi-resolutionmappingstudiesof theISM inour Galaxy

Transients Solvemissingbaryonproblemat z~2anddeterminetheDarkEnergyEquationof State
Cradleof Life Mapdust graingrowthintheterrestrial planet formingzonesat adistanceof 100pc
Magnetism Theresolvedall-Skycharacterisationof theinterstellar andintergalacticmagneticfields
Cosmology Constraintsonprimordial non-Gaussianityandtestsof gravityonsuper-horizonscales.
Cosmology Angular correlationfunctionstoprobenon-Gaussianityandthematter dipole
Continuum Star formationhistoryof theUniverse(SFHU)– I+II. Non-thermal +Thermal processes



• Some areas of feed-back/concern and their clarification:
– Notional KSPs versus actual KSPs 

• Need to stress that the current list is representative and not final

• KSP process must allow for best new ideas and not be frozen too early

– KSP proposals versus KSP programs
• Need to clarify that KSPs are large but otherwise normal observing proposals

• KSPs are not blanket allocations of science areas to specific groups

– Limited versus general data rights
• KSPs only granted limited data rights for specific science objectives and well-

motivated proprietary period

• Same data stream may well serve multiple KSPs, each with limited objectives

– Global versus project member balance
• Member balance would only be imposed globally on entire KSP package 
• Letter of Intent phase to gauge national aspirations and membership projections

Key Science Projects:



• Further develop KSP concepts
– A notional KSP list has emerged from the SKA1 Science prioritization process, but 

this is only a representative placeholder, and will be continually reviewed. 

• This workshop aims to provide a forum for open discussion of KSP concepts, reviewing the 

notional list and identifying missing concepts.

• Support development of potential KSP collaborations
– There will ultimately be a competitive process of KSP proposal submission, 

evaluation and allocation, implying that all discussions at this stage are informal and 

come with no guarantees. 

• This workshop aims to provide a forum for the key areas of interest of particular 

communities to be presented, leadership aspirations to begin to be identified and 

resourcing strategies to begin development.

• Maximizing commensality
– It is likely that the same data stream will serve multiple KSP or PI-led groups, each 

with limited data rights to address specific scientific objectives.

• This workshop aims to provide a forum for early discussion of support for such commensal 

programs, including the development of efficient survey strategies intending to maximise 

the scientific return of the KSP package. 

KSPs: Next step, 2015 Stockholm Workshop 



The Cradle of Life: 

Understanding planet formation

SKAJVLAALMA

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



Headline SETI Science

• Detectable stars with airport radar power ~ 104 with SKA1
• Detectable stars with TV transmitter power ~10 with SKA2



Finding all the pulsars in the Milky Way…

• Timing precision is expected to increase by factor ~100

• 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 relativistic binaries
 - first pulsars in Galactic Centre
 - first extragalactic pulsars

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



Headline Pulsar Science

• Detection thresholds for discrete GW source detection; the first 
discoveries with SKA1, “GW astronomy” with SKA2



Headline Pulsar Science
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Testinggravitywithpulsars intheSKAEra LijingShao

Figure3: Constraintsontheparameter spaceof scalar-tensor theories(figurecourtesyof N.Wex). Coloured
regions are excluded by current Solar System and pulsar experiments: Cassini spacecraft (Bertotti et al.
2003), PSR J1738+0333 (Freireet al. 2012b), and PSR J0348+0432 (Antoniadis et al. 2013). TheEOS is
chosenasMPA1. Black dashed linesarebasedonsimulations for aMSP-BH systemwith (MBH,MMSP) =

(10M⊙,1.4M⊙),Pb= 5d,ande= 0.8; theconstraintsfromtoptobottomarebasedon: 10yearswitha100-
mclass radio telescope, 5years with theFAST telescope, and5years with theSKA (Liu et al. 2014). The
vertical dashed purple line“JFBD” indicates the Jordan-Fierz-Brans-Dickegravity. Thehorizontal dashed
grey line “GAIA” indicates the limit expected fromnear-future Solar-Systemexperiments, foremost from
theastrometric satelliteGAIA.

the dipole moment. In the best-studied gravitational theory of this type, the scalar-tensor theory
(Damour & Esposito-Farèse1992; Will 1993), wegenerally have NS ̸= WD inaNS-WD binary
(seetheright panel of Figure1). Therefore, NS-WD binaries aretheideal laboratories for testing
thesetheoriesand, if they arecorrect, searching for theexistenceof gravitational dipoleradiation,
which if detectedwouldfalsify GR.

IntheseNS-WD binaries, thecombinedradioobservationof thepulsarandoptical observation
of theWD cangiverisetoprecisemeasurementsof twocomponentmasses(Antoniadisetal. 2012,
2013; Wex 2014). The mass measurements can be used to predict the amount of gravitational
radiation within aspecific theory, and this in turn is confronted with theradio timing observation
of theorbital decay caused by gravitational damping. As mentioned, thedipolar radiation can in
principlebedominant over thequadrupolar radiation, therefore, agreement between theobserved
ṖbandthequadrupoleformulainGR stringently constrainsthedipolar radiationcontribution, asin
thecasesof PSRs J1738+0333(Freireetal. 2012b) andJ0348+0432(Antoniadisetal. 2013).

In Figure3, theconstraints fromthosetwo binaries areplotted in the 0- 0 parameter space
mentioned insection1. Thebestconstraint fromtheCassini spacecraft in theSolar Systemisalso
plotted. The limits from two binary pulsars stringently constrain the parameter space of scalar-
tensor theories, especially whenthe 0 parameter isnegative. Thereasonfor thisisthat, asshowed
by Damour & Esposito-Farèse (1993), in this region NSs develop non-perturbative strong-field

10

SKA2SKA1GBT

• Pulsar 5 year timing constraints from a MSP-BH binary 
(1.4, 10 M) on scalar-tensor theories of gravity



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



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 
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SKA1−SUR Shallow (1yr, 10,000sqdeg)
SKA1−SUR Medium deep (1yr, 2,000sqdeg)
SKA1−SUR Deep (1yr, 150sqdeg)
SKA1−MID Ultra deep (1yr, 2sqdeg)
z(MHI=8e9 Msun): maximal z to detect a MW
z(MHI=1e8 Msun): model incomplete at smaller z  

Figure 5: Distribution over redshift of the four surveys given in Table 3 based on the S3-SAX
simulation (Obreschkowetal. (2009a,b))

5. Summary and conclusions

In summary, our current measurements of H I in thelocal universe, arethetipof theiceberg.
Semi-analytical and hydrodynamical models makepredictions of galaxy H I properties whichwe
arepoisedtotestwithupcomingsurveysonSKA precursor instrumentssuchastheJVLA, APER-
TIF, ASKAP andMeerKAT. TheSKA-1will enableusto followupthesesurveystogreater depth
inredshiftandwithgreatersensitivitiesandhigher resolution, andtogether withdataatotherwave-
lengthswill allowustobuildupamorecomprehensivepictureof galaxy evolutionover morethan
half theageof theuniverse. Withtheadventof thefull SKA, wewill beabletoprobetheevolution
of the H I content and kinematics of galaxies back to z⇠ 2, the epoch at which the cosmic star
formationratedensity wasat itspeak andcarry out thebilliongalaxy survey requiredfor precision
cosmology.
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Galaxy HI Evolution: 

out to z ~ 1 with SKA1 and z ~ 5 with SKA2

• 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 



Precision Cosmology with SKA2 HI

• Detect 108.9 galaxies with <z> ≈ 1, 107.9 with <z> ≈ 2  
• Compare Euclid (2020+5?) target of 108 spectra with <z> ≈ 1
• SKA2 will provide an unrivaled capability for precision 

cosmology!



The Transient radio sky

• Four celestial “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 



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)



Transients headline science: Untapped discovery space

• Prospects for entirely new classes of transient phenomena
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Figure3: Transient parameter space of specific luminosity versus the product of observing frequency and
transient duration. All the known sources of transient radio emission are shown. Overplotted are 1 kpc and
1 Gpc sensitivity curves for Parkes (black), SKA1-LOW (pink) and SKA1-MID (grey). This figure illustrates
the depth to which SKA1 can probe the transient radio sky. For example the published FRBs are all just above
the Parkes 1 Gpc sensitivity limit (black line). These sensitivity limit curves are for beamformed searches.
Fast imaging transient searches extend the RHS boundary of these curves all the way to the far right extent
of the plot. This Figure is based on a representation of parameter space originally made by Cordes, Lazio &
McLaughlin (2004).

3. Science-drivenTelescopeRequirements

The basic requirements resulting from the science cases mentioned above are as follows:-

• For the missing baryon science we need to detect of order 102 events per redshift bin. This
translates to requiring the detection of order 104 events in total (depending on their redshift
distribution.)

• It is estimated that the cosmic ruler science requires at least 103 events. The exact number
greatly depends on the dispersion of FRB DM values about the mean as a function of redshift.
It also depends on the contribution of the host galaxy to the overall DM which is, as yet,
undetermined.

• The science depends crucially on our ability to determine FRB redshifts, requiring event
localization to within ∼0.1-0.5′′ for events at z 1. The Dark Energy Survey (DES) and

8

1 Gpc

1 kpc

Parkes
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SKA1-Low



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 m

Euclid, H<24

ALMA, 1.3mm > 90 Jy

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 

(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



Cosmology with SKA: 

Modified Gravity & Dark Energy EoS w(z)

• Precision cosmology by enabling meaningful multi-
parameter representations of new physics models with 
explicit red-shift evolution



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

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

(Mesinger et al 
2011)

EoR

CD



SKA2 surveys of the Cosmic-Dawn 
(& Dark Ages)

• Detecting Cosmic Dawn structures in imaging mode (as 

distinct from statistically) on 5 arcmin scales with 1 mK RMS

• Probing the Dark Ages statistically (for νMin < 50 MHz)

(Mesinger et al 
2011)

EoR

CD



SKA Science Book: 

Science Director’s Report, BD-12-17



And to celebrate  
completion of  a 
very successful 
meeting …



SKA 2014 Science Meeting 



• Meeting Program based on advanced Chapter 
drafts 

• Contributions matched to instrumental capabilities: 
1. SKA1, early deployment phase (50% and up)

2. Fully specified SKA1   

3. Fully specified SKA2 

• 140 self-contained chapters, most now on arXiv
• Publication in 2015 Q2

SKA Science Book: 



SKA Science Book: 

Chapters by Category

Continuum 
Universe
Magnetism
Synergies & 
More
Cosmology
Cosmic Dawn / 
EoR
Transients
Cradle of Life
Pulsars



SKA Science Book: 

Total Author Affiliations by Country UK
IT
US
DE
AU
NL
ZA
FR
CN
CA
PT
JP
SE
ES
NZ
NO
CH
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