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Full SKA
KA2 Key Science Drivers

* ORIGINS

— Neutral Hydrogen in the Universe

from the Epoch of Re-ionisation to
now

« When did the first stars and galaxies form? g Science with the
@R Square Kilometre Array

Editors: Christopher Carilli, Steve Raw

* How did galaxies evolve?
* Dark Energy, Dark Matter

— Astro-biology
e FUNDAMENTAL FORCES

— Pulsars, General Relativity and
gravitational waves

— Origin and evolution of cosmic

Science with the Square

. KilometreArray
magnetism (2004, eds. C. Carilli& S. Rawlings,

e TRANSIENTS (new phenomenon) New Astron. Rev. 48)
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SKA phase 1 (SKA1)
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254 Dishes including: Low Frequency Aperture 96 Dishes including:
64 x MeerKAT dishes Array Stations 36 x ASKAP

190 x SKA dishes 60 x SKA dishes



SKA phase 2 (SKA?2)
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Sensitivity: Aeff/Tsys m?K?!
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Survey Speed
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Australia (DIISRTE)
Canada (NRC-Herzberg)
China (MOST)
Germany (BMBF)

Italy (INAF)
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Netherlands (NWO)
New Zealand (MED)
South Africa (DST)
Sweden (Chalmers)
10.UK (STFC)

11.India (Tata/DAE)
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Work Packages SKA-JP

BAEABEREHR
.$$ﬁﬁ@m% |
Led by SKA Office ‘e @ ¥
—Management
—Science

—System Design and system engineering
—Maintenance & Support and Operations

Carried out by Work Package Consortia
—Dish Array
—Aperture Arrays
—Signal and Data Transport (including synchronisation and timing)
—Central Signal Processor
—Science Data Processor
—Telescope Manager
—Infrastructure, including power
—Assembly, Integration and Verification

Advanced Instrumentation Programmes (to be integrated with Dish & AA WPs)

—Mid Frequency Aperture Array
—Wide Band Single Pixel Feeds



Timeline
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Request for Proposals \/
Proposal responses \/
Proposal evaluation \/
Cost ceiling established \/

Design consortia start

1

>
(3

Preliminary Design Review
Prototype systems deployed

Critical Design Review

Seek SKA1 funding

Develop SKAO governance

SKA1 construction approved

Tender & procure construction

p = |I|[Iﬂ

SKA1 construction

RIPpIpppp—p—— p———

Detailed design of SKA2

SKA1 early science 3 years

!
!
I
| | | | I I I | I

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022




SKAREEXE

« SKA1 Science Performance (6 Sep 2013)
baseline designZ F&5&E A f=continuumlineD Y —N A R E /L EFERH;
e SKA1 System Baseline Design (12 Mar 2013)
Science CaseEDRMMN DB LEZBF R - mOIDTH A
* SKA, Design Reference Mission (SKA; DRM): (31 May 2011)
SKAD 115z RO DHI=HDFFHFZTH b D EES (SKA, )
* SKA, Design Reference Mission (SKA, DRM):
SKAD Xz RO DHT=O DEFHHZE M H D EES (SKA,A)
* SKA Project Execution Plan (PEP): (15 Oct 2010)
Pre-Construction phaselZ& [T ASKADHEEAERFI [ ZDWVTIHRELI=-XE
 SKA Memo 130: (22 Nov 2010)
SKA L ¥k O FFif
« SKA Memo 125: (1 Jun 2010)
SKA. T DAR—RSA U EEE




SKA Memo 125: SKA, D {4k

Parameter

¢ Eai fﬁ% El‘] 7(- d: S KA{:I: *% 0) 1 O%*EI:IE FE_ Frequency Range: Antennas
+ JU [lEE SKA, Low: (sparse aperture arrays 70 —450 MHz
DFAIRED EEFE How: (Sparseep o
. o — 1 s SKA, Mid: (dishes)
o« AT THAUIESKA Capability range 0.3-10 GHz
-= - . Initial baseline implementation 0.45-3.0GHz
Memo é:z%' %E':'E il‘ o Baseline Baseline instrumentation
Desien SKA, Low: 70 — 450 MHz
g 2000 m*/K
¢« SKADYAITURELTD2 SKA Mid: 0'1%603;22?2
> 7':)§ Ex Ei g E% % t L, —C Hy L ) J: SKA, Advanced Instrumentation e.g.
s~ — - Program High-frequency feeds,
H- b ;h' é — t t 7‘- D T: Field-of-view expansion
. ~ technology,
1. BERKHIHSIEHEZTODHD AA digital upgrades,
JF% 5 £7 BA Ultra-wide-band feeds efc.
o _ . Frequency resolution (low-band): 1kHz
2. NILY—IZKBENEZEH Time resolution:
Tied Array Beam (pulsars, VLBI) 1 nsec
Pulsar search equipment 0.1 msec
Max. baseline length from core 100 km




The Square Kilometre Array Design
Reference Mission:
SKA-mid and SKA-lo

SKA Science Working Group
v. 1.0

Science Case

Design Reference Mission
(Requirements)

Engineering
Design & Cost

Version 1.0 updated on 31 May 2011

AXEDHR:
YAV ANLERSNDFEE LR
RN

T Design Reference Mission establishes

“traceability” from the science goals to science
requirements to technical requirements.

ALMA@)”Reference Science Plan” Z(Z
e
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* Probing the Dark Ages and the Epoch of Reionization ce ¥
— Epoh of Reionization HI Imaging Tomography
* Galaxy Evolution, Cosmology, and Dark Energy
— Resolving AGN and Star Formation in Galaxies
— Traking Cosmic Star Formation: Continuum Deep Field
— Neural Gas in Galaxies: Deep HI Field
— Tracking Galaxy Evolution over Cosmic Time via HI Absorption
— HI Baryon Acoustic Oscillations
— Probing AGN Environments via HI Absorption
* The Origin and Evolution of Cosmic Magnetism
— Cosmic Magnetism Deep Field
— Wide Field Polarimetry
* Strong Field Tests of Gravity Using Pulsars and Black Holes

— Probing Gravity, Dark Matter, and Stellar Populations in the
Galactic Center with Radio Pulsars

— Pulsar Surveys with the SKA

— Pulsar Timing with the SKA
* The Cradle of Life

— Pre-biotic Molecules in and around Protoplanetary Disks
* Exploration of the Unknown

— The Transient Radio Sky
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Madau, 2003)
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Furlanetto et al. 2004



Scientific Requirements Lower limit z= 6l;tiaso ﬁ'l':(FanjeIEtaI EI%JOOQ‘CZ
o eter : Upper limit z=20(&5-yr WMAP 285
Parameter Value
Redshift 619 Komatsu et al. 2008)&k V)
(6 — 30 goal) / ( )
Brightness temperature noise level 1 mK
Angular resolution 1
Radial resolution 2 Mpc
Field of View sufficient to mitigate cosmic variance

Technical Requirements

Parameter Value Requirement [ 4= e
Frequency range 79_200 e Redshift coverage < 1—[ % ‘ll‘:t E H'E
(50-200 MHz goal) /
Frequency resolution 100 kHz Radial resolution 1.7 M pC ( Av / 100 kH Z)
Maximum baseline bpax = 5 km core Angular resolution (calibration,
(~50 km outer baselines) foreground removal)
Polarnization Full Calibration, foreground removal
Integration time > 1000 hours H I brightness temperature
Aot Ts >2000m* K™ H 1 brightness temperature <— A f(/T_c,ys;;ls-g; EDIgE

B _ ENEE AT LS EE




Project Execution Plan (PEP)

Pre-Construction PhaselZH[T470
IR ETEIIEOFHTER

ANE
1ZE PEPEIE

2E Pre-Construction Phase [ZR§ 9 A E K7L
RERKRIER

3E SKA D= DFFREH#

47 AT LERBAE DBIE ESKALQSKA2 B8
1BFE DR A

5-6E Work Package (WP) DFEESD

78 Work Package Contractz3E1TL>5/\—F
F—vTDFEESD

8E FHEMIFEMAICEIT HRAIEFTHELIE
BFy—bDFEED

9F RIMEEVRIBRETS DERA
10E HFfiTEERRYAHETE DR E
11E Pre-Construction Phase DEI D& &k

12 SKA DU ESEBADFNZEDEED

Document NUMBET ... e ss e e nneeeee VG T -001.005.005-MP-001
Author. <veeeeneee R.T. Schilizzi et 3l (see below)
Date... e 2010-10-15
Status. -

PROJECT EXECUTION PLAN

PRE-CONSTRUCTION PHASE FOR THE SQUARE

KILOMETRE ARRAY (SKA)
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SKA1 System Baseline Design

COEDE s
Science case(Carilli&Rawlings 2004, [ —] V 4
Gaensler 2004)EDRMD BEE#HFEZ ™
FRODTHAY

° %%gikiflif;(s pre'ConStrUCﬁon SKA1 SYSTEM BASELINE DESIGN
phase TR =

. Hy UANBFRMTIEFEILSIN-EDET o

. T Z ST ERETI)HIZERR e e s T T

o F—RFSUTIZIELSKA-low (AA)E & e P g
U'SKA-survey(dish+PAF, ASKAPHVERY) —
AEND) =

o« FEAT77Y)AIZIESKA-mid (MeerKATAY
HYAEND)

« CostcapZHIUANS s S




SKA1 System Baseline Design

_ODKEODEEI’J

Science case(Carilli&Rawlings 2004,
Gaensler 2004)EDRMMDELEFFKFE X
FF&ROIDTHAY

IR R TE Tl 7L, pre-construction
phase TiRE

Hﬂ YUANSEMNEIHEILISNT=2DET

E?l s
FA—RLSUTERTIV)HIZEREK
ZA—ZXLZ) T IZIESKA-low (AA) B &
U'SKA-survey(dish+PAF, ASKAPHYERY)
AEND)

B 7 2V AIZIESKA-mid (MeerKATAY
UYAEND)

Cost capz Y A5
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SKA1-Low Baseline Design SKA-JP
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* Frequency Range =50 to 350 MHz
log periodic dipoles, dense — sparse transition at 111 MHz
Aeff/Tsys = 1000 m?/K at 110 MHz

<1mK noise (5’ resolution @108 MHz)

LOFAR (120 MHz, Full EU) ~ 30 m?/K , MWA (150 MHz) ~ 7 m?/
K

 FOV =27 deg? (110 MHz), 35m stations

* |nstantaneous Bandwidth = up to 250 MHz

e Coreradius = 2.5 km (3’ resolution at 110 MHz)

* Longest baseline = 60 km(7” resolution at 110 MHz)
e Max number of channels = 250,000

* Frequency Resolution =1 kHz



Host country

Headquarter&Science Data Processing CentreZ
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SKA1-Mid Baseline Design SKA-JP
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Frequency Range = 0.35 to 1.67 GHz initially with two SPFs
Dishes good to 20 GHz
Aeff/Tsys = 1600 m?/K for 0.9 to 1.67 GHz (L-Band 2)

190 x 15m SKA1 dishes, 64 x 13.5m MeerKAT dishes, 0.78 eff and
20K Tsys

0.2 microly rms in 12 hours (continuum)
JVLA = 265 m2/K , Arecibo = 1100 m?2/K
* FOV =0.8deg?
 Usable Bandwidth = up to 770 MHz
* Longest baseline =200 km (0.25” resolution at 1.3 GHz)
* Max number of channels = 256,000

* Frequency Resolution =3.9 kHz, 1.2 km stin L-Band 2 (0.9
—1.67 GHz)
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SKA1-Survey Baseline Design SKA-JP
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Frequency Range =0.65to 1.67 GHz
initially with 1 PAF
Dishes good to 20 GHz

Aeff/Tsys = 391 m?/K
60 x 15m SKA1 dishes, 36 x 12m ASKAP dishes, 0.80 eff and 30K Tsys
1.1 microJy rmsin 12 hours (continuum)

FOV = 18 deg? (36 beams like ASKAP)

SSFoM = 27 x 10° m*/K? deg?

ASKAP = 1.3 x 10°> m*/K? deg?

 Usable Bandwidth = up to 500 MHz

* Longest baseline =50 km (1” resolution at 1.2 GHz)
* Max number of channels = 256,000

* Frequency Resolution = 1.95 kHz, 0.9 km s
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SKA-low

¢ 7z=2.5- 6®|mag|ng7ﬁ\fig N [Elow-frequency dense aperture
arrayzc{E > CTRELAE T ZETSH

e EORM2IcmiIEMERIEN T, imagingl TEHITNIX AE S HEE
T LITARCEBEZRST S

SKA-mid

« RXEEZ10000 m2/KIZEIFS

* PAFZDITTsurvey speedZ LIF5

 dense aperture array (1-2 GHz) TRIREH— A
SKA-survey

o KYIEREK. KYSREIKDPAFZ1 DY DIEH
Advanced Instrumentation Program

« wide-band single pixel feed AR . £ Dline? [EIBFER A
contlnuum,L,J'gy:E&%

 dense aperture array fREFHYL K billion galaxy survey”
e PAFSKALIZY TIZHARAENTLYS




SKA1 Science Performance

baseline designZ 5 & A f=continuum %>
lineDY—NARRELZLEZFFLE

Frequency (GHz)

SKA-TEL-XXXXXX
Revision: REV A - DRAFT 1
SKA1-LOW Line Deep Field (1 MHz, 1000 h) SKA1-MID Line Deep Field (30 km/s, 1000 h)
T
TTTTT . 4 T T
I REEE ! mK rms ;1 0.001} K rms
\ | | 10 mK rms o
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