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Treatment of SKA1 in this symposium
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n SKA1 was proposed to the MEXT Roadmap 2023
n To avoid any interference to the roadmap 

selection process, SKA1 was not asked to 
submit the LoI and the document (榼鑁傴)

n We appreciate SOC˖s special concerns to SKA1
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1. Introduction

Square Kilometre Array Phase 1
The world 16 countries 
commit ~2B Euro in total 
and construct/operate 
the world-largest radio 
interferometer in 2020˖s

Inter-governmental organization

SKA Observatory
Decision Making

SKAO Council

Science and Engineering 
Advisory Committee

Finance Committee

Time Allocation 
Committee

Other Committees

Australia
LOW Observatory

(50-350 MHz)
131k units (512 stations)

Max 65km baseline (SKA1)
̝

1.25M units (4880 stations)
Max 300km (SKA2)

South Africa
MID Observatory
(0.35-15.4 GHz)

197 (15m & 13.5m) dishes
Max 150km baseline (SKA1)

̝
2000 (15m) dishes 

Max 3000km (SKA2)

UK
Headquarter

At Jodrell Bank 
Observatory

Ø SKA1: 10x better sensitivity, 
10x better resolution, wider 
field-of-view & multi-mode à
100x better survey 
capability than before

Ø Only-one world-largest 
telescope covering the long-
wavelength radio (<1GHz) in 
2020˖s

Ø Diverse Science (Epoch of 
Reionization, Gravity Theory 
with Pulsars, Magnetism, 
Cosmology, Galaxy Evolution, 
Astrobiology, Transients, ˟)

SKA Convention (2021.1.15~)

Ø General-purpose, 
international common-use
telescope

Ø SKA1 construction started in 
July 2021

Ø Full operation in ~2028
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1. Introduction

The History
World ~ 30 years preparation toward construction 

2007
SKA 
office

2019
CDR
Conv. Sign

1993
URSI
mtg

1997
R&D start
6 countries

2000
Sci./Eng. 
committee

2012-2013
Site decision
Baseline design

2015
PDR
White Book

2020
SKA Obs.
Con. Prop.

2021
SKA1
Con. start

Japan ~ 15.5 years activities made a mature community 15 years 
outcomes
Papers
508
Grant
561 MYen
Ph.D
36
Master
177

Interna
tional

Domestic2008
SKA-JP launch à
#270 as of 2023.4

NAOJ ~from ˘observe˙ to ˘investigate˙
2000˖s
An observer to SKA Board 
& Sci./Eng. Adv. Committee

2015-2017
Sent university staff 
members to UK & AU

2017.10~
Mizusawa launched the 
section of future project (SKA)

2019.4~
SKA1 Study 
Group

2023.4~
SKA1 Promotion 
Group

2023
MEXT Roadmap 
application
(supported by 
ASJ & Udenkon)

2023
SCJ Long-term
nominated

2010/2011
SCJ Masterplan Priority
MEXT Roadmap

2014
SCJ Masterplan
Priority

2017
Masterplan unsubmitted

2020
SCJ Masterplan
Priority candidate

2015 ASJ session 2017 JPS session

2023 ASJ session

2022 SRC 
member

2023 5th EASKA workshop2021 4th EASKA
workshop

2019 3rd EASKA
workshop

2011 1st EASKA
workshop

2013 2nd EASKA
workshop 2016 MWA member

2016 ASKAP & MWA 
Int˖l conferences

2015 SKAJP 
Science Book

2020 SKAJP 
Science Book 
(453 pages)

2017 Mizusawa 
Science Book

2013 Udenkon
SKA symposium

2015 SKA-JP 
workshop

2016 SKA-JP 
symposium

2019 SKA-JP 
symposium

2021 SKA-JP 
Science strategy 
workshop

2021 SKAJP webinar

2012-2014 long-stay 
of researchers in UK, 
AU, ZA (꯽聴䐠梪)



2. Construction status

Scope of SKA1 Project
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n SKA Phase 1 (SKA1) 
l SKA1 construction and 

operation were endorsed 
at the first Council in 
February 2021

l SKA1 construction was 
started in July 2021

n Cost for SKA1 to 2030
l Construction：1297 M€
l Operation: 725 M€

(Including the development program? Yes) SKA Observatory Development Program (SODP) is
out of the scope of the SKA1 design and construction. However, the SODP is within the budget of
the SKA phase 1. Therefore, our proposal includes the participation to the SODP.
(Including SKA2? No) Although the SKA Council has ambition to the SKA phase 2, the Council has
concentrated on the implementation of the SKA phase 1. There is less discussion about the phase 2,
so that the budget and schedule for the phase 2 are totally unclear. Therefore, our proposal scopes
only the phase 1 and does not include the phase 2 of the SKA.
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2. Construction status

Expected status during 5th mid-term plan period
n End of construction and start of stable operation 

including key science projects (KSPs)
Data release SVEarly (AA2) operation 2025~

Full (AA4orAA*) operation 2029~

SODP (SKA Observatory 
Development Program) 
will start soon. Some 
candidates:
• Extend Bmax to 300 km
• Band 3/4 (2-5 GHz) 
• Band 6/7 (15-50 GHz)
• Band 1 phased array feed
• VLBI
• # of beamform to 1500
• Data processor to 100 PFlops

SKA1 stable operation
SKA1 extension or toward SKA2
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2. Construction status

Phased integration of arrays
End of Construction 2029 July

AA*
AA* = AA3 and AA4 will be 
combined to reduce the 
risk in the case of budget 
shortage in future

AA* decision will be made 
at the end of AA1 (2025)

Decision of delivery system



2. Construction status

Updated construction schedule
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n 2025~ Japan can 
commit 
construction and 
early science 
including key 
science start-up

n 2028~ Japan can 
only commit steady 
operation including 
key science, AA4, 
and SODP



2. Construction status

Data Flow and SKA Regional Centre
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n Delivery of SKA˖s big data in collaboration with world-wide nodes

In a lifetime of science, SKAO is responsible for 

SKA Regional Centre
(SRC) Network

˟˟˟

SRC is responsible for 

- Proposal system
- Time allocation

- Scheduling
- Observation

- Data reduction
- Archiving 
observatory data 
product  (ODP)

- Access to ODP
- Data analysis
- Storing advanced 
data product (ADP) 



3. Science goals

Ultimate survey performance
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n The sensitivity and resolution are 10 times better, the survey 
merit is 100 times better than the current largest facilities

n An effective annual operation time >> 1 year = 8760 hours
l There are two (LOW & MID) telescopes and there are multi-beam & multi-mode capabilities

ΖSensitivity ΗResolution ΘSurvey Merit

ΙMulti-mode
We can perform multiple 
observing modes simultaneously



3. Science goals

Key Science goals and surveys 
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The SKA community 
led by the int˖l science 
working groups 
(SWGs) wrote SKA 
Science Book (2015) 
https://pos.sissa.it/cgi-
bin/reader/conf.cgi?confid=215
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EoR
imaging

50-200 
MHz 1000 1.4 mK 50/50 400 300 20 100 2000 5000 Deep

EoR power 
spectrum

50-200 
MHz 1000 4.6 mK 50/40 400 300 20 1000 200 5000 Drift scan

50-200 
MHz 1000 14 mK 50/35 400 300 20 10000 200 5000 Wide

HI High-z 790-950 
MHz 50 16μJy 50/35 150 2-10 1.1 5.4 1000 5000 Line

HI Low-z 1.3-1.4 
GHz 20 14μJy 50/30 150 2-10 0.38 3.8 200 2000 Line

HI MW 1415-
1425 MHz 4 75μJy 50/30 150 2-10 0.38 1080 4.4 12600 Line

Cosmology 
High-z IM

350-1050 
MHz 300 3.3mJ

y 40/40 150 1.7deg 1.4 30000 2.2 10000 Drift scan,  
Line, Wide

Cosmology 
ISW, Dipole 1-1.7 GHz 1000 7μJy 45/30 150 2 0.38 31000 0.12 10000 Wide

Continuum 
+Mag.
Band 2

1-1.7 GHz 1000 1.3μJy 60/30 150 0.5 0.38 1000 3.8 10000 Wide

1-1.7 GHz 1000 250nJy 60/30 150 0.5 0.38 7.8 95 2000 Medium

1-1.7 GHz 1000 65nJy 60/30 150 0.5 0.38 0.38 2000 2000 Deep

Continuum 
+Mag.
Band 5

7-11 GHz 4000 400nJy 45/30 150 0.05 30
min2 0.5 16.4 1000 Wide

7-11 GHz 4000 50nJy 45/30 150 0.05 30
min2

30
min2 1000 1000 Deep

Cradle of 
Life 8-12 GHz 4000 80nJy 40/25 150 0.04 18

min2 0.05 600 6000 1釱ꄇמ邾丗
عشأ٭ذ

HI 1420 MHz (21cm) = 
z=6 à 202 MHz (1.5m)
z=27 à 51 MHz (5.9m)

SWGs also have been 
developing notional
key science projects 
(KSPs) during regular 
SKA science 
conferences.



3. Science goals

Highlights of SKA Key Science 1 
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SKA1 SKA2 = 10*SKA1

Cosmic Dawn
and the Epoch of 

Reionization

Direct imaging of EoR structures
(z = 6 ˑ 12)

Direct imaging of Cosmic Dawn structures           
(z = 12 ˑ 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

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.

Galaxy Evolution 
probed by Neutral 

Hydrogen

Gas properties of 107 galaxies, <z> ͘ 0.3, 
evolution to z ͘ 1, BAO complement to Euclid.

Gas properties of 109 galaxies, <z> ͘ 1, 
evolution to z ͘ 5, world-class precision 

cosmology.

Detailed ISM of galaxies (50pc@3Mpc), 
diffuse IGM down to NH < 1017 at 1 kpc.

Detailed ISM of galaxies (50pc@10Mpc), 
diffuse IGM down to NH < 1017 at 1 kpc.

Galaxy Evolution 
probed in the Radio 

Continuum

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

Star formation rates 
(10 Mo/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). 



3. Science goals

Highlights of SKA Key Science 2 
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SKA1 SKA2 = 10*SKA1

Strong-field Tests 
of Gravity with 

Pulsars and BHs

1st detection of nHz-stochastic gravitational 
wave background. 

GW 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 MW, use the 
most relativistic systems to test cosmic 

censorship and the no-hair theorem.

The Origin and 
Evolution of Cosmic 

Magnetism

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

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

Faraday tomography of extended sources 
(100pc@14Mpc, 1kpc@z͘0.04)

Faraday tomography of extended sources 
(100pc@50Mpc, 1kpc@z͘0.13)

The Transient 
Radio Sky

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.

The Cradle of Life 
& Astrobiology

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: find airport radars for 104
nearby stars.

Ultra-sensitive SETI: find airport radars for 105
nearby stars, TV ~10 stars.



3. Science goals

SKA science book of Japan

2023/11/8 NAOJ Future Planning Symposium 15

2015: First science book
8 chapters (EoR, Cosmology, 
Gal. Evolution, Pulsars, 
Magnetism, VLBI, ISM, 
Transients)

2020: Second science book
2 chapters (Star formation and 
Plants) added.

2023: PASJ Special Issue
Metre and Centimetre Radio 
Astronomy in the Next Decade
13 papers
https://academic.oup.com/pasj/pages/special-
issue-metre-and-centimetre-radio-astronomy-in-
the-next-decade

10 Science Working Groups 
in SKA-JP as of 2023



3. Science goals

Key Science Goals of Japan 
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How the first 
stars & galaxies 
formed?

EoR Magnet
ism

How Universe˖s 
structure and 
activity made?

Pulsars
Do we 
understand the 
gravity theory?

Achieve the proposal & paper share of 2%
comparable to European countries (FR, DE, SP, GE)Goals

（© 岩手日日 202０年９月1日）（© 中日新聞 2023年6月16日 朝刊）
（© NＨＫ ＮＥＷＳ ＷＥＢ 202３年６月２９日）
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3. Science goals

Key Science and Others
Deciphering the cosmic reionization with 
cosmology and astrophysics
˝ Our strengths: theory and distant galaxy surveys, Our technique: 

foreground removal, calibration, Link: Cosmology, galaxy evolution

In-depth/Tomographic study of the magnetic field 
governing the cosmic hierarchy and activities
˝ Our strengths: high-energy astrophysics, Our technique: Faraday 

Tomography, Link: ISM, star and planet

Pioneering long-wavelength gravitational-wave 
astronomy with pulsar observations.
˝ Our strengths: multi-messenger astronomy, VLBI, Our technique: 

time-domain analysis and pulsar timing array, Link: Transients, VLBI

• Also promote individual science goals including "unknown˙
• Encourage software developments for KSP areas



3. Science goals

SKA engineering reports of Japan
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2016: First report
Overview of SKA system 
and developments

2021: Second report
Japanese strategy of SKA 
engineering contribution
• AIC/CSV
• Faraday Tomography
• EoR pipeline
• UHF receivers
• Band 6/7
• VLBI
• On-the-fly 

Interferometer

7 Engineering Working Groups 
in SKA-JP as of 2023



4. Engineering Contribution

AIV and our engineering target
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n AIV (assembly, integration, 
verification) is a vital part 
of huge systems like SKA

n Japan joins (leads) the 
Verification Team

After the construction, the team 
will contribute Commissioning 
and Science Verification (CSV) in 
collaboration with science team



4. Engineering Contribution

Participating to LOW/MID AIV 

2023/11/8 NAOJ Future Planning Symposium 20

n Join AIV teams since 2021
l Y. Kono (NAOJ - MoU)

Ø Test procedures of AA0.5
l K. Sunada (NAOJ ˑ MoU)

Ø RFI monitoring system, DISH 
pointing and others

l After AIV, we plan to move 
forward to commissioning 
and science verification (CSV)

n Tests in Japan
l Test and evaluation of phase 

center of the log-periodic 
antenna

l Test signal generator

LOW AIV team

MID ITF inspection

Experiments at 
Mitaka HQ with 
young researchers



4. Engineering Contribution

SODP: Challenge of VLBI recording 
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n SKA-VLBI is recognized as a major SODP 
candidate
l Goal: astrometric accuracy of 1 micro-arcsec
l Requirements: minimize systematic errors à

develop the multi-beam VLBI system and its 
calibration method

n Functionality tests planned at AA*
l Test of integration between CSP and the 

VLBI system (both HW and SW) using 
voltage output mode (common with pulsar 
data) from CSP

l Development and implementation of high-
speed VLBI recording for more than 4 
beams à data recording (800Gbps) is  
more than 100 times

l Upgrade of partner VLBI stations + 
development of a new correlator

n SKAJP VLBI WG is discussing 
development plans (from 2027)
l SKAJ already started a test of 200 Gbps 

recording



4. Engineering Contribution

SODP: Receivers
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n SKA1 study & promotion group 
activities 
l Kimura (JAXA)+ 2019

Ø Axially corrugated horn
Ø Design using Champ
Ø SKAO˖s GRASP model was already 

integrated
l Yamazaki (OMU) 2022,2023

Ø Optics design of Band 6 (15-29 GHz)
l Sumitomo Heavy Industry (SHI)

Ø Visited South Africa with SHI
Ø Sumitomo FA40 cooling test

n In the SKA project, we 
l Continue scientific and engineering 

researches about the possibility to expand 
the observing frequency up to 26 GHz

l Watch the on-going study of antenna 
specification (antenna pointing accuracy)

https://www.shi.co.jp/

https://www.shi.co.jp/


4. Engineering Contribution

JPSRC Architecture
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CPUs Accelerators Memory NetworkObject/File 
Storage
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YOGA(Mar 30, 2022)
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MW

Soft

Lib

Pod
Cont˖er

MW

Soft

Lib

Pod
Cont˖er

MW

Soft

Lib
Cont˖er

MW

Soft

Lib
Scheduling
Load balance
Autoscaling
Rolling update
Rollback
Self-healing

So
ftw
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e

Visualization Catalog view NotebookDesktop

Performance/Availability/
Resiliency/Integrity/Security

Batch queue

K8s
Master

In
fra

st
ru

ct
ur

e

Database

VM
OS

VM
OS

VM
OS

Cont˖er

MW

Soft

Lib

Sessions launched by users & administrators

Config. Management
Automation

Config. Management
Automation

Config. Management
(Quasi-)Automation

Science 
Platform

Utilize Cloud, Container, and Web technologies
à Looking at the same direction as ADC!



4. Engineering contributions

SRC Prototyping
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The intercontinental cloud testbed
(Lead: JP, collaboration: PT, NE)

An East Asia Rucio Storage Element
(Lead: ESP, collaboration: JP+7 countries)

The science platform testbed
(Lead: CA, collaboration: JP, ESP, SE, CH)

The HPC technology testbed
(Lead: JP)

Result,
visualization

Data

Pipeline,
Command

10,000 km

JP server
JP server
PT server

acceleration CPU VE
Magnetism 

Faraday 
tomography

1 30̛

EoR foreground 
subtraction 1 20̛



5. Strategy

Japanese Target Share of Science 
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n We target to obtain the share of science outputs larger than 2%, which 
is Japanese share of the telescope time.
l Although there are huge uncertainties, the 2% corresponds to 

Common-use category # of proposals # of approvals # of papers

Key Science Projects
(KSPs, large & long-term proposals) 15-30 3 6

PI Proposals
(PIPs, small & short-term proposals) 33-66 6 6

Total (per year) 48-96 9 12*˛˜

* This number per cost is comparable to those of Subaru, Suzaku, and ALMA.
˛ This number is comparable to the current SKAJP˖s output using SKA pathfinders.
˜ This number is also the target for SKA precursors before SKA1 is in operation.

Common-use category CPU Power Storage FTE

SKA Regional Centre
(SRCs, data center and user support) 0.7 PFlops > 50 PB 4# 

# This number is for the international SRC network only. Further 8 FTEs are requested for domestic 
tasks.



5. Strategy

Engineering Motivated by Science 
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n The development plan has been made with long discussion with 
the community and SKAO. The plan links to Japan˖s key science 
objectives and engineering know-how.

Frequency
(GHz)LOW Band 1 Band 2 Band 3 Band 4 Band 5a Band 5b Band 6/7

Band B0.05 0.3 1.0 1.7 3 5 8 15 25~50

4. Band6/7/B 
receiver
٬ Scientific needs
٬ VLBI experiences
٬ Continue research,

test, and design

3. Software ٬EoR calibration and imaging pipeline ٬Magnetism Faraday Tomography pipeline

2. VLBI system (both LOW and MID)
٬VERA˖s experiences of MID, a new frontier of LOW, toward global VLBI 

1. Assembly, Integration, and Verification (AIV) and Commissioning and 
Science Verification (CSV)
٬One of the most important tasks to realize the designed performance of SKA 
٬SKAO has high expectations for Japanese technological capabilities

EoR, Cosmology, Galaxy 
Evolution

Magnetism, Pulsars, 
Transients, ISM

Milky Way, Cradle of Life, 
AGN



5. Strategy

Organization and staffing
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Kumamoto U. 
Pulsars

NAOJ (partly secondment to Nagoya U.)
Negotiation, Magnetism, AIV, Cryostat, Digitizer, VLBI

Organization (proposal to Roadmap)
Nagoya University
Management of project, EoR, Gal. 
Evol., Cosmology, IPS, SRC

THERS
典宾㛻㰢
嚀啶

Gifu U.
佔䘄佔䎬䡗

Kagoshima U.
Magnetism, AIV

Yamaguchi U.
Transients, AIV

Osaka M. U.
Receiver

Young Researcher

Becomes 
core member

Science book (as 
a text), webinar, 
SWG/EWG

WG Leader,
Oversea stay,
Funding PI

ASKAP٬POSSUM Busy Week
Canberra٬February 2023

Director  H. Kobayashi

NAOJ Mizusawa VLBI
NAOJ Others (volunteer)
External (volunteer)

Outreach H. Nakanishi

Head of Science M. Machida

Head of SRC T. Akahori

Head of Engineering K. Niinuma

Use cases  T. Hirota

Oversea  K. Takahashi

CSV T. Jike

Cloud  K. Yamashita

Container  S. Ideguchi

Container  S. Yoshiura

Support  Y. Iwata

Support  H. Sakemi

AIV  Y. Kono

AIV  K. Sunada

VLBI  T. Oyama

Receiver  Y. Yamazaki



6. Discussion

SKA1 project proposal process 

2023/11/8 NAOJ Future Planning Symposium 30

• The Mizusawa VLBI Observatory, MVO, started considering the SKA as a future 
plan in October 2017 and organized a planning division for it.

• The SKA sub-project was proposed by MVO in March 2018.
• Discussions on what should be future projects of NAOJ need to be held first, and the SKA is 

not approved as a subproject of MVO at this point in time.

• SKA1 Study Group from April 2018 to March 2022
• Clarification and concretization of Japan's science goals
• Proposal of participation plan consistent with the SKA headquarters
• Start of in-kind participation in the SKA project

• SKA1 was nominated as a priority project of Master Plan of Science Council 
and proposed to Roadmap of MEXT from Nagoya Univ. in 2020.

• SKA1 was proposed a A-project from 2022 and approved as a sub-project 
of MVO.
• Needs of consideration of feasible budget plan with reductions of influence to NAOJ budget, 鷞ㅀ鞝◫

♀ꄋ.
• SKA1 was nominated in Future Initiative and Long-term Planր儔全ס㰢软䨕艄

啶䘶ցof Science Council in 2023 and proposed to Science Roadmap of MEXT 
from Nagoya Univ. in 2023



6. Discussion

Lessons learned from SKA1 proposal  
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n Discussion and formulation of medium- and long-term 
future plans are necessary, and these activities of the 
science strategy committee are very important.

n What is a process of new science field development?
l The scientific objectives of the SKA are not entirely consistent with those 

of VLBI and any other NAOJ radio projects.

n Many new projects derive from existing projects
l Is the current system suitable with fostering them?
l What is sub-project and A-project? Are they matching it?



6. Discussion

What does SRC brings to NAOJ?
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n SRC tech. allows us to consolidate NAOJ˖s resources of 
computing and storage, increasing the efficiency and 
reducing the cost
l E.g., Canadian Astronomy Data Centre (CADC)
l NAOJ ADC would lead this federation. JPSRC is happy to join it. 

DataData

DataData

Subaru ALMA

CfCA SKA

Data
Data

Data Data

Performance/Availability/
Resiliency/Integrity/Security

Scheduling
Load balance
Autoscaling
Rolling update

Subaru
user

ALMA
user

CfCA
user

SKA
user

future



Summary
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n SKA1 is an innovative telescopes system 
and will open new fields of Astronomy

n SKA1 commitment plan
l Bottom-up plan with >2% contribution/observation time
l 3 Japanese Key Science (EoR, Magnetism, Pulsar)
l Engineering contribution (AIV/CSV, VLBI, Band6, SRC)

n There is a strong need to clarify the process 
for developing future plans clearly




