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A slide from Tamura-san
(Figure made by JRAF)

A slide from Honma-san
(Vision of VLBI)



Part 1: Science Plan (~15min)
2. Science goals
3. Scientific objectives
4. Science Investigations
5. Instruments and data to be 
returned
6. Originality and international 
competitiveness

Part 2: Project Plan (~15 min)
7. Current Status
8. Cost assessments, budget line 
and status
9. Project Organization
10. Why NAOJ?
11. Collaboration and spillover 
effects outside astronomy
12. Operations
13. Rationale and trade-off studies
14. Scientific traceability matrix
15. Technologies
16. Risk Managements
17. Work Breakdown Structure

2024/12/2 NAOJ Science Road Map 2024 3

Contents



㎁玮㛾乃⺏SKA1عؠؘةٞوهئ
NAOJ SKA1 Japan Promotion Group

SKA1 Science Plan

2024/12/2 NAOJ Science Road Map 2024 4



2024/12/2 NAOJ Science Road Map 2024 5

2. Science goals

When and how were the 
first stars and galaxies
formed?

When and where was 
cosmic magnetism 
emerged,  evolved, and 
distributed?

How were supermassive 
black holes created?
(Do nHz gravitational waves exist?)



3. Scientific objectives
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n SKA community in Japan has discussed key sciences in 
2021 symposium, then determined the following three 
key science objectives.

Deciphering the cosmic reionization with 
cosmology and astrophysics

In-depth/Tomographic study of the magnetic field 
governing the cosmic hierarchy and activities

Pioneering long-wavelength gravitational-wave 
astronomy with pulsar observations.
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4. Science Investigations

Epoch of Reionization

Dark AgeCosmic Down (CD)

Epoch of Reionization (EoR)

HI relative 
brightness Optical depth

Neutral fraction
Gas over-density

Spin temperature

CMB temperature
Hubble const.

Redshift
Baryon density 
parameter

LoS velocity 
gradient

Dark matter density
parameter

Galaxies in early JWST 
data (Harikane+23)

Kokorev+, 
arXiv:2411.13640
JWST, z=15.9-18.6

Neutral hydrogen 
fraction (Umeda+24)



4. Science Investigations

Epoch of Reionization
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Burns et al. (2021)

EDGEs

New mode;
Traditional
model

(108yr) (2x108yr)(3x108yr)

Rao et al. (2023)

Possible 
range by 
traditional 
models

SARAS3 claims
no detection

Magnetic fields @ 
EoR (Minoda+19)

Radiative 
transfer 
simulation 
(Hasegawa+13
)

PopIII, Galaxies, 
QSOs formation
(Yajima+13; 
Tanaka+18)



4. Science Investigations

Epoch of Reionization
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n A simulated SKA1 
LOW HI image 
l Data taken from SKA Data 

Challenge 3a
l EoR + noise + 

instrumental effects over 
the 166-181 MHz range, 
natural weighting.

l Movie in frequency 
(redshift) domain

l Black for ionized regions
n We will see real one 

soon!!

EoR Imaging with SKA1



4. Science Investigations

Epoch of Reionization
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n ~2033: Imaging EoR, Power 
spectrum of CD 

n 2034~: Imaging CD
n Threshold: Detection of HI at 

EoR (z~8-15), strongest 
constraint on HI at CD (z>15)

n Strength: Cross Correlation
Shimabukuro+2023 

Corr w Lyα
(Kubota+18)

Corr w [OIII]
(Moriwaki+19) Corr w CMB

(Yoshiura+19) Neural network
(Shimabukuro+17)

We can enjoy this science if we join SKA 



4. Science Investigations

Cosmic Magnetism
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Credit: NARO/AUI, N.E. Kassim, NRL

MeerKATVLA
Credit: I. Heywood et al., 2022, ApJ
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4. Science Investigations

Cosmic Magnetism



4. Science Investigations

Cosmic Magnetism
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Chibueze, Sakemi, Omura, 
Machida+2021

Kurahara, Akahori+2023

Hlavacek-Larrondo+ 2022

Best Partner of XRISM
(Turbulence & CRe)

The EHT 
MWL Science 
Working 
Group+2021

Synergies 
with VLBI!



4. Science Investigations

Cosmic Magnetism
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n ~2033: Wide, 300 RMs/deg2, all-sky
n 2034~: Deep, 5000 RMs/deg2 (>1/arcmin2)
n Threshold: Denser (>30) (semi) all-sky RM grids 
n Strength: Faraday Tomography 

O˖Sullivan,.., Ideguchi+2023 

JVLA

ASKAP

Gaensler,.., Akahori+submitted

Large-scale primordial B of B0~11-14 nG
at present  is favored (Caretti +2025)

We can enjoy this science if we join SKA 
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4. Science Investigations

Pulsars and GWs

MPIfR



4. Science Investigations

Pulsars and Gravitational Waves
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NANOgrav (North America)

Parkes PTA (Australia)Chinese PTA (China)E+I PTA (Europe, India, Japan)

Changing the semi-analytic model 
parameters to fit the PTA observations 
does not fit the galaxy/AGN observations! 
See Enoki-san˖s SKAJP webinar
(https://ska-jp.org).

٭ Prediction by semi-analytic 
galaxy formation model (Oogi+23)

History of binary 
BH (Enoki+07)

Primordial GW
(Kuroyanagi+15)

Ultralight dark matter 
search (Kato+20)

Upper limit of Cosmic 
String tension
(Yonemaru+21)

˘Hellings-Downs˙ Curve

Subsolar mass PBH? 
(Inomata+23). See 
also Kohri-san˖s
SKAJP webinar



4. Science Investigations

Pulsars and Gravitational Waves
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n ~2033: firm detection
n 2034~: GW astronomy
n Threshold: Better 

measurements of nHz GW
n Strength: VLBI

Kato & Takahashi (2023)

Synergies with VLBI!
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# pulsars # MSP

Parkes 
2015 2300 113

SKA1 9000 1400

SKA2 30000 3000

We can enjoy this science if we join SKA 



4. Science Investigations

Other Japanese Science Cases 
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2015: 8 chapters, 326 pages, 
cumulative 74 authors
(EoR, Cosmology, Galaxy 
Evolution, Pulsars, 
Magnetism, VLBI, ISM, 
Transients)

2020: 10 chapters, 463 pages, 
cumulative 135 authors
10 chapters (Star formation and 
Plants were 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

PBH
Villanueva-Domingo 
& Ichiki 23

No-Gaussianity
Yamauchi+23

Solar systems
Kimura, Fujii+23



5. Instruments and data to be returned

SKA LOW and MID
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n SKA consists of two telescopes, LOW and MID
LOW: 50-350 MHz

MID: 0.35-1.05 GHz (Band 1)
0.95-1.76 GHz (Band 2)
4.60-15.4 GHz (Band 5a,5b)



5. Instruments and data to be returned

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



5. Instruments and data to be returned

Staged Delivery Plan
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LOW MID

Start 2021.7 2021.7

AA0.5 
Start 2024.7 2025.5

AA0.5 
End 2024.12 2025.10

AA1 
End 2025.11 2026.6

AA2 
End 2026.10 2027.5

AA* 
End 2028.1 2028.3

Review 2028.4 2028.6

Staged 
Delivery 

End
2029.3 2029.3

AA4 TBD TBD



5. Instruments and data to be returned

AIV Rollout Plans
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LOW 
Stations

Imaging
Pulsar

Timing,
Dynamic 

Spectrum

Pulsar
Search

Transient 
Buffer,

VLBI
MID
Bands

Imaging
Pulsar

Timing,
Dynamic 

Spectrum

Pulsar
Search

Transient 
Buffer,

VLBI

AA0.5 6
Ա

75 MHz Con./Lines
4
B2

(B5)

Ա
800 MHz 

Con./Lines
16k

AA1 18
Ա

75 MHz Con./Lines
8 station beams, 
512 sub-stations

Ա
30 beams

8
B1
B2

B5(#2-4)

Ա
800 MHz 

Con./Lines
16k

Ա
1 beam

400 MHz BW

AA2 64
Ա

150 MHz Con./Lines
16 zoom, 1.8 kHz
8 station beams, 
720 sub-stations

Ա
4 beams

Ա
30 beams

64
B1
B2

B5(#32)

Ա
800 MHz 

Con./Lines
16k

Ա
6 beam

800 MHz BW
De-dispersion

Ա
16 beams

Full BW
No pipelined
No real time

AA* 307
Ա

300 MHz Con./Lines
32 zoom, 230 Hz
8 station beams, 

1440 sub-stations

Ա
8 beams

Ա
250 beams

De-dispersion

Ա
Commensal

Full
144

B1
B2

B5(#80)

Ա
5200 MHz 

Con./Lines
64k, zoom
Pipelined

Ա
16 beam
Full BW

De-dispersion

Ա
1125 beams

Full BW
No pipelined
No real time

AA4 512
Ա

300 MHz Con./Lines
64 zoom, 14 Hz

8 station beams, 
2880 sub-stations

Ա
16 beams

Ա
500 beams

De-dispersion

Ա
Commensal

Full

197
B1
B2

B5(#133)

Ա
Full Con./Lines

64k, zoom
Pipelined

Ա
16 beam
Full BW

De-dispersion

Ա
1500 beams

Full BW
Pipelined
Real time

Ա
4 beams

LOW
VLBI

MID
VLBI



5. Instruments and data to be returned

5-Years Key Science Projects
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EoR imaging 50-200 M 1000 1.4 mK 50/50 400 300 20 100 2000 5000 Deep

EoR power spectrum
50-200 M 1000 4.6 mK 50/40 400 300 20 1000 200 5000 Drift

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

Pulsar Searching

150-350 M 75 20 μJy 30/25 0.05 145 11 min2 30000 40 m 12750 Tied-Array Beams

650-950 M 75 13 μJy 30/25 0.05 65 1.2 2400 10 m 800 Tied-Array Beams

1.25-1.55 M 75 7 μJy 30/25 0.05 43 0.39 2400 10 m 2400 Tied-Array Beams

Pulsar Timing
150-350 M 75 10 μJy 30/40 0.0001 8 65 sec2 0.9 min2 40 m 4300 Tied-Array Beams

950-1769 M 75 3 μJy 30/40 0.0001 7 50 sec2 0.7 min2 15 m 1600 Tied-Array Beams

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

HI Low-z 1300-1400 M 20 14 μJy 50/30 150 2-10 0.38 3.8 200 2000 Line

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

Cosmology High-z IM 350-1050 M 300 3.3 mJy 40/40 150 1.7 deg 1.4 30000 2.2 10000 Drift,  Line, Wide

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

Continuum +Mag.
Band 2

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

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

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

Continuum +Mag.
Band 5

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

7-11 G 4000 50 nJy 45/30 150 0.05 30 min2 30 min2 1000 1000 Deep

Cradle of Life 8-12 G 4000 80 nJy 40/25 150 0.04 18 min2 0.05 600 6000 Multiple Clouds



6. Originality and international competitiveness

Other Telescopes
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LOFAR-2
SKA1 is superior

in sensitivity. 
Complementary
in sky coverage.

CHIME, DSA-2000
SKA1 is superior in 

Resolution and  freq. coverage.
Complementary
in sky coverage.

FAST
SKA1 is superior in 

resolution. 
Complementary
in sky coverage.

ngVLA
Different generation.
SKA1 is unique below 

1 GHz. 
Complementary
in sky coverage.

ALMA
Different frequency. 

Complementary each 
other



6. Originality and international competitiveness

Synergies with NAOJ Key Sciences
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ΖThe Search for Life

From NAOJ Pamphlet 2023

ΘUnveiling the mysteries of Dark 
Matter and Dark Energy

Elucidate the 3D distribution of 
dark matter over wide areas 
through observations of 
gravitational lensing based on 
ultra-wide-field images

Use its high resolution to 
measure the rotation curve of 
individual galaxies and 
determine the dark matter 
distribution within a galaxy

Will provide a clues to the nature 
of dark energy by directly 
measuring the change in the 
expansion rate of the Universe

ΗThe Search for the First Stars

SKA Finding 
exoplanets,
Amino acid,
and SETI

Finding the 
soil of the 
First Stars

Exploring the non-Gaussianity in 
density fluctuation. Ultralight 
dark matter search by PTA. 
Polarimetry for cosmic 
birefringence caused by ALP DM.

Worried that we will fall behind in these sciences if we do not participate in SKA.
SKA is very important for Subaru3, ALMA3, TMT, and future projects too.
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6. Originality and international competitiveness

Synergy with Nobeyama and NANTEN
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HI à Seed of Star Formation
Nobeyama 45m CO(1-0)
FOREST 겧烕MeerKAT HI

Enokiya+ in prep.



6. Originality and international competitiveness

Synergy with ALMA/ngVLA
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Izumi+2023 (ALMA)

HI

Chaotic Cold Accretion?
From Nagai+2019 (ALMA)

HI à Galaxy Ecosystem

HI
Intergalactic space

(Intracluster medium)Cooling flow?? AGN heating??

Synergies 
with VLBI!



6. Originality and international competitiveness

Synergy with Subaru/TMT
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Transients à Multi-messenger

Magnetar radio 
outburst
Eie, Honma+(2021)

Fast radio burst
Ikebe, Honma+(2023)

Methanol maser accretion burst
Burns, Hirota+(2023)

Radio follow-up of Supernova
Iwata+(2024)

Synergies 
with VLBI!
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7. Current Status

SKA1 Construction (as of Nov 2024)
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LOW ˑ AustraliaMID ˑ South Africa

First antenna assembly almost completed. 
Second antenna in progress. 
Third one arrived at the site.

All 4 AA0.5 stations were handed over to AIV team
All-sky map using single station
First fringe detection using two stations



8. Cost assessments, budget line and status

Japanese Share and Scope
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Construction 1117M˯ (880+ contingency 237)
>70% Fair Work Return

Operation 905M˯ (Op., Enabler, Develop)
Cash (2021-2030, 10 years)

SKA1 baseline 
design  2022M˯

~300 M˯

Latest estimate of the 
budget to achieve AA*
àneed more 158M˯

1659.2M˯ (82% of BD) was expected as of 2021.6
AA* was defined based on this budget

158
M˯

• COVID19: stagnation of logistics
• Ukraine invasion: supply chain, fuel
• Inflation: silicon
• Exclusion of Japan (50.7M˯)
• Cost reduction by SKAO (-50.7M˯)The council has been 

discussing it for a year.

Latest estimate of the 
budget to achieve 
AA4 from AA*
àneed more ~300M˯

Japan is a key!Maybe approved in 2025.3 Council
The task force was 
made in the Council

0

10

20

UK AUS ZA CN CA IT IN FR NL ESP JP PT CH KR SE DE

SKA1 Construction Share 2023%
2%
̝



8. Cost assessments, budget line and status

Is 2% Small or Large?
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1. Decreasing Japan˖s share of world-largest projects
l ATLAS instrument share ~6 %, LHC share ~3%
l Japan˖s GDP share ~4.0 % (2024.2)

2. 2% is comparable to major European countries
l We will obtain the outcomes like France, Netherlands, Spain, Germany

3. In line with past examples and current capability
l Focusing on 3 key science will boost the outcome effectively

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

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

PI Proposals
(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 and ALMA.
˛ This number is comparable to the current SKAJP˖s output using SKA precursors/pathfinders.



8. Cost assessments, budget line and status

Budget Profile
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2024 2025 2026 2027 2028 2029 2030 sub
total 2031 2032 2033 2034

Array AA.5 AA1 AA2 AA* AA4 AA4 AA4 SODP SODP SODP SODP
# LOW 6 18 64 307 512 512 512
# MID 4 8 64 144 197 197 197

Unkokin (M¥) 20.9 35.3 34.7 34.1 13.8 13.8 13.8 145 14 13.4 13.4 13.4
Compet. (M¥) ~3 73 220 219 124 121 121 880 TBD TBD TBD TBD
Gaisan (M¥) - - - - 3090 2844 2843 8777 681 680 635 620

Permanent staff cost is excluded.

Unkokin: Essentials + AIV (2025-2027)
Competitive budget: AIV/CSV, VLBI, SRC
Gaisan Yokyu: RM2026, but not just for 
frontier budgets, but for any budgets 
(keywords: Big Data, Global South)

Construction Operation

Including ꝴ䫘磬鞝



8. Cost assessments, budget line and status

Note for Budget Plan
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ü SKAO Policy of Contribution
Ø Construction (1117 M˯): more than 70% is goods/in-kind 
Ø Operation (905 M˯): 100% Cash

ü Foreign exchange risk
Ø We made a conservative plan (actual share ~2.13% ˑ 2.82%)

Const. share 8.7 B¥ Original AA4 cost 2022 M˯ Projected AA4 cost 2400 M˯
170 ¥/˯ 2.52% 2.13%
150 ¥/˯ 2.82% 2.38%

Construction Operation
Allowed range of 
Cash 44.8-61.4%
(this plan 61.1%)
(Because of late participation)



9. Project Organization

SKAO and SKAJ
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Inter-governmental 
Organization SKAO

SKAO Council
Decision making

Committee
٬Finance 
٬Science and Eng.
٬Time Allocation

UK GHQ AU LOW

13 countries
+4 candidates

ZA MID

Inter-University Cooperation 
SKAJ (under discussion)

M
E
X
T

THERS
典宾㛻㰢嚀啶

˛ Applied SKA for the MEXT Roadmap 2020/2023 
˜ Some discussions are happening with ISEE and 
ⶐ杶㱢㲈鈝峮溿狒٭ذ٤ج of DoS

secondment
NAOJ
Mng, Negotiation,
Magnetism, AIV,
Compressor, VLBI

Nagoya˛˜

Mng, Funding, SRC
EoR, Gal. Evol.,
Cosmology, IPS

Gifu
Star formation

Kumamoto
Pulsars, Digitizer

Osaka Met.
Receiver

Yamaguchi
Transients, AIV

Kagoshima
MW/VLBI, AIV

Other  Universities and Institutes in future

SKAJP Executive CommitteeFostering Young Researcher
Becomes 

core member 
of executives

Science book, 
webinar series, 
SWG/EWG activity

WG Leader,
Oversea stay,
Funding PIASKAP٬POSSUM Busy Week

Canberra٬February 2023



9. Project Organization

The SKA1 Promotion Group in NAOJ
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٭ر٭ٛو٭ٜء 颋㔃█ 60%
Group Leader : Takuya Akahori

䇶㕔╈里遙╮ 10%
Outreach:  Hiroyuki Nakanishi

熭㰢鼧ꝛꝎ槄榹洠紆 10%
Head of Science: Mami Machida (DoS)

熭㰢吾鋀䊶榹僚█ 10%
Use cases:  Tomoya Hirota

㎁꤀鵽䯥냕噛䜲㜀鼂 10%
Oversea:  Keitaro Takahashi

VLBI鷞榫㲊☪◒遙 10%
VLBI Op./Alliance Hiroshi Imai

㵸冷熓车اؕفغؓؓؼب
Senior Advisor:  Hideyuki Kobayashi

姡媇VLBI鈝峮䢥Ꝏ儖ꝴ䄹嘻 5%
MVO Director:  Mareki Honma

VLBI鷞榫㲊㵓㳃㰏伺 10%
VLBI Op./Alliance: Takaaki Jike

◄ⳉⳏ䃷ֻױ 100%
Admin:  Marie Katsukawa

MVO staff 14,  3.9FTE + admin
NAOJ others 3, 0.2FTE+α
Universities 7, 0.7FTE

铺綗⚡鿯釤ע꺜 5%
Tutorial: Haruka Sakemi

铺綗⚡誾⸉伢䇖 5%
VLBI Test: Kohei Kurahara

SRC鼧ꝛꝎ䄫✿屺艁 10%
Head of SRC Kiyotomo Ichiki

㸓┖┉菐غؗٚؠ 60%
Cloud:  Kazuyoshi Yamashita (ADC)

⭳洠魋غؗٚؠ 10%
Cloud:  Shinsuke Ideguchi (CfCA)

⺮宣⛈㜀鼂غؗٚؠ 40%
Cloud:  Shintaro Yoshiura

㹿榹䖫䇖٭ٞنؠ٭٠ 10%
workflow: Yuhei Iwata

꺜ע鿯釤٭ٞنؠ٭٠ 5%
Workflow: Haruka Sakemi

◽ⱶ諰غؗٚؠ 40%
Workflow:  Ryo Kato

鼧ꝛꝎ遨⛪颋㔃█ 20%
Support:  Takuya Akahori

鼧ꝛꝎ遨⛪㛻⯥ꣁ☔ 10%
Support:  Rikuto Omae

䤗软鼧ꝛꝎ二媫宨㜀鼂 10%
Head of Engineering: Kotaro Niinuma

LOW䓪耆吾錞媞ꄇ遙☭ 25%
LOW AIV: Yusuke Kono  

MID䓪耆吾錞溟榹⽰荁 80%
MID AIV: Kazuyoshi Sunada

⟓嚀㸓㽂䉓塜
Receiver: Yasumasa Yamazaki (ALMA)

VLBI鋗ꎰ硌㵸㸓⹘伺 10%
VLBI Dev.: Tomoaki Oyama 

VLBI誾⸉伢䇖 5%
VLBI Test: Kohei Kurahara

㵧全䤗软氦䫁媞ꄇ遙☭ 20%
Engineering Items: Yusuke Kono  

LOWꝧ氦媞ꄇ遙☭ 25%
LOW R&D: Yusuke Kono  

LOWꝧ氦⺮宣⛈㜀鼂 10%
LOW R&D:  Shintaro Yoshiura



10. Why NAOJ?

The Community˖s Voice
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We applied for the MEXT Roadmap(2023), with recommendations from 
Radio Astronomy Forum (#390) and Astronomical Society of Japan (#2300).
But our application was not adopted.

ӫ16 Years Activity of Japan SKA Consortium

2008
仼儖SKA⚡(SKA-JP)氦餉

2012-2014
ր聴䐠梪ց
뛈㛻╚㵵ך
SKA꞊➟㎁מ
Ꝏ僿帩㏇

2016~
MWAמ塜䌋⹆ⱶ

2015䇗-2017䇗
ր㛻㰢䶹䭤磬鞝ց뛈㛻
Ꝏ僿帩㏇מSKA־

2018 ASKAP٬
MWAס㎁꤀⚡
閱㎁⫂䦙舙

2011
典ؓؓة
SKA熭㰢
⚡閱

2013 典ؓؓة
SKA熭㰢⚡閱

2019 典ؓؓة
SKA熭㰢⚡閱

2015 仼儖撶SKA
熭㰢氫傴ס⭳撶2010/2011

٤ٚو٭ذتُ
ꄆ憠㛻㑔銶槆

٤ٚو٭ذتُ 2014
ꄆ憠㛻㑔銶槆

2017 ٤ٚو٭ذتُ
䬠勅釤鴜

٤ٚو٭ذتُ 2020
ꄆ憠㛻㑔⠮遨

2015 仼儖㛾乃㰢⚡٤٘بشج
2016 SKA-JP
ّؗة٤َب

2019 SKA-JP
ّؗة٤َب

2017 仼儖擻杼㰢⚡٤٘بشج
2017 姡媇SKA熭㰢㕔⼔傴ס⭳撶

㎁꤀孨Ⳃ

㎁⫂孨Ⳃ2013 㱢㲈꧅嫧
䟏鐶⚡ة٤َب
ّؗSKA攐

2015 SKA-JP
وش٘بؠ٭٠

2021 典ؓؓة
SKA熭㰢⚡閱

2020 仼儖撶氫傴ס催二

2021 SKA-JP
熭㰢䡵樋⚡閱

2023 儔全ס㰢软䨕艄
啶䘶䫴鬼

2023 典ؓؓة
SKA熭㰢⚡閱

2023~㎁꤀SRCמ塜䌋⹆ⱶ

2023 PASJ攐⺘ס⭳撶
2023 仼儖㛾乃㰢⚡
٤٘بشج

لؘؗ-2022
ꝧ㡎٭ػ

280 registered 
as of 2024.7

2010/2012
䫴鬼وشُغ٭ٞ

It is natural for NAOJ, as an inter-university research institute 
corporation, to provide telescopes, which 280 people has desired 
for many years. 

2024 SKA-JP
ّؗة٤َب



10. Why NAOJ?

Activities conducted at NAOJ and significance

2024/12/2 NAOJ Science Road Map 2024 38

n Negotiation
l with SKAO, MEXT, and stakeholders
l Administration with overseas institutions

n Science Promotion 
l Collect and organize the telescope scientific 

information and share it to the community
n Operation Support

l Know-how of providing a common-use 
telescope to the community

l Help planning about JPSRC
n Engineering Lead

l AIV and VLBI skills in NAOJ
l Know-how of co-work with industries

քATC/ADCօWill appreciate technical advice.
Hope to fund raising together. So far no resource required. 

Establishing a 
project office 

is the most 
natural way



㎁玮㛾乃⺏SKA1عؠؘةٞوهئ
NAOJ SKA1 Japan Promotion Group

Some choices from 
items 11-17
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11. Collaboration and spillover effects outside astronomy

Beyond Astronomy
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Excite the Citizon
Discovery of first stars 

and gravitational waves

Intellectual Value
Origins of galaxies, stars, and life

International Cooperation
Cooperation of more than 16 
countries around the world 

overlooking the globe
International goodwill through the 

power of youth

DEI Initiative
Africa Development
Social Infrastructure
Future of Indigenous 

people

Green Tech.
Energy-saving technologies 

that enable telescopes to 
spread across continents and

High durability technology

Information Tech.
Cloud, AI, Big Data

Telecommunication
Frequencies that are familiar to 
people and have a wide range 

of applications

Wi-Fi from radio Astronomy!Nobel Prize winner?

Affinity between STEM
education and astronomy; the
universe is a lifelong fountain of
curiosity for both children and
adults

Technology to centralize and
process the same amount of
information as total domestic
download traffic in one location

Optimal solution to deliver 3MW of 
electricity to 1,500 households in the 
Ogasawara Islands in an 
environmentally friendly manner

Friendship at international conferences, 
sharing worldviews and ethics through a 
bird's eye view of the universe

TICAD: African Development.  Global South.
IAU ˘Astronomy as a tool of development˙



12. Operations

Common-Use System
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Plan an observation

Write a proposal

Pier-review

Time allocation committee

Allocation and Schedule

Service Observation

Processing and quality check

Deliver the data through SRC

ӗ Sensitivity Calculator
ӗ Sub-Array Mode

ӗ User Portal

ӗ Scheduler

ӗ SDP pipeline

ӗ Telescope Manager

ӗ SKA Regional Centre

ӗ Policy discussion
in the Council and 
by the community



12. Operations

SRCNet: Exa-scale science platform on Cloud
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n Maybe possible to consolidate NAOJ˖s computing and storage. 
n SKA project can commit to improve NAOJ˖s digital infrastructure.



15. Technologies

Engineering Contribution Plan
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AA*(2025-2027)
ü AIV (4-5 FTE/year)

It˖s time. Show the flag!
• NAOJ has been providing 1.5 FTE 

since 2021 under the MoU. Univ. 
members will give further 1.0 FTE 
in total from FY2025.

• Develop young researchers who 
know the telescope system à it 
is benefit for science too

We do not make copies. We develop the 
systems that improve the performance.
• These developments and know-how of system engineering 

will also benefit Japanese telescopes such as EAVN, JVN, 
Nobeyama as well as future projects such as ngVLA

AA4 (2028-2030)
ü Band5 Receiver
ü Helium Compressor
ü Band4/5 Digitizer
ü AIV/CSV (4-7 FTE/year)

SODP (2031-)
ü Band6
ü VLBI Recorder

Improvement Mass production Test facility
Band 5 better/wider bandwidth #60 by industry Yamaguchi or OMU
Compressor smaller size, higher power #60 by industry TBD
Digitizer direct sampling #60 by industry Kumamoto



15. Technologies

AIV: key to make the gigantic system real
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n Key Technologies
l AIV-JP in verification team. Plan & do 

the test procedure to evaluate that the 
system satisfies the system requirements 
à Need skills of RF/IF/Digital + new skill 
sets, e.g., SAFe, TANGO

l CSV. Evaluate that the telescope satisfies 
the science requirements à Obtaining 
experiences useful for science too

n Heritages, dev. status and plan
l SKAO has high expectations for JP˖s skills

of AIV (Nobeyama, ALMA, and VERA)
l AIV MoU bet. NAOJ and SKAO since 2021. 

LOW - Y. Kono, S. Yoshiura: Test 
procedures of AA0.5, verification tests.  
MID - K. Sunada: RFI monitoring system, 
dish pointing, etc

l Mitaka: Test and evaluation of phase 
center of the log-periodic antenna, and 
test signal generator (e.g., Yoshiura, OML)

n Acquisition surveillance

Visit to MID AIV teamLOW AIV team

Experiments at Mitaka HQ with young researchers



15. Technologies

Band 5/6 Receivers
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n Key Technology
l Single pixel feed: very wideband antenna
l Polarizer: good cross-pol. specification 

n Heritages, dev. status and plan
l Toward 100% fractional bandwidth 

(Kimura/JAXA, Hasegawa/NICT, 
Yamazaki/NAOJ, Dakie/OMU)

l Niinuma Kiban-A (6-18 GHz), Sekiya NINS 
R&D à 6-18 GHz ultra-wide receiver and 13 
band rejection filter by HTSF 

l Ujihara Kiban-A, Hada Kiban-A à Relevant 
activities.

l Ichikawa Kiban-A, Kawaguchi NAOJ-R&D 
à Radiometer (improve knowledge of VLBI 
data reduction)  

l Continue researches about the possibility 
to expand the frequency up to 26 GHz

n Acquisition surveillance
l LNA: buy from Low Noise Factory or

collaboration with Swiss team

奂䅮㓊100%



15. Technologies

Helium Compressor
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n Key Technology
l Limited space and electricity
l Matching with cold-heads procured 

by other countries
l Outdoor use

n Heritages, development status 
and plan
l Sumitomo Heavy Industry (SHI)
l We visited South Africa with SHI 

team in 2020 and learn about the 
demand and requirements of SKAO 

l Sumitomo FA40 cooling test was 
made. 

n Acquisition surveillance
l Instead of making a new test facility, 

can we utilize the existing facilities at 
universities, the Industry, or NAOJ?

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

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


15. Technologies

Digitizer
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n Key Technology
l Band4/5 (2.8-15.4GHz) digitization; down 

convert vs. direct sample
l Electromagnetic interference (EMI)
l Thermal design, Outdoor use

n Heritages, development status and 
plan
l OCTAD, KJCC, ˟
l Nakanishi NAOJ-R&D, Kiban-Cà Digital 

signal processing circuit (ROACH) 
l Elecs Industry Co. Ltd.

Ø We are keeping discussions about 
developing our ˘improved˙ digitizer for 
Band 4/5 including direct sampling

Ø Good response from the industry
n Acquisition surveillance: make or buy

l FPGA Direct RF-Series in sales

Direct RF sampler
ؙٝتؠش䄄哅 https://www.elecs.co.jp/en/

https://www.elecs.co.jp/en/


15. Technologies

VLBI Recorder 
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n Key Technology
l SKA-VLBI is recognized as a major SODP candidate. 

Goal: astrometric accuracy of 1 micro-arcsec. 
Requirements: minimize systematic errors à
develop the multi-beam VLBI system and its 
calibration method

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

n Heritages, development status and plan
l SKAJP VLBI WG is discussing development plans 

(from 2027). SKAJ already started a test of 200 
Gbps recording

l Imai JSPS Zuno-Junkan, bilateral à improvement 
of low-frequency astrometry (multi-view)

l Kobayashi NINS-OML, Yoshiura NINS-OML à
Relevant activities.

l 200 Gbps recording tests underway (by Oyama-
san NAOJ)

l Toward SKA-LOW VLBI, Iidata/Tohoku U. 
contributes to collaborations with GMRT and 
MWA to test international baselines at low 
frequencies

n Acquisition surveillance



15. Technologies

Other Japanese Technologies
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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 2024



Science investigations, instrumentation and data
SKA1 under construction. Early operation in 2026. Obs. readiness review in 2029. 
Ԃ x10 better sensitivity & resolution
Ԃ x100 better survey capability
Ԃ Multi-mode backend system
~9 approved proposals & 12 papers /year
SKA2 (x10 SKA1) in 2030˖s or later.

1. Summary of the proposal
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SKA1 is only-one world-largest, general-purpose radio telescope covering the long-
wavelength (<1GHz) in the coming decades with revolutionary survey performance

Sciences goals and Objectives
ԂDeciphering the cosmic reionization
with cosmology and astrophysics
Ԃ In-depth/Tomographic study of the 
magnetic field governing the cosmic 
hierarchy and activities
ԂPioneering long-wavelength 
gravitational-wave astronomy with 
pulsar observations Cost estimation

Time proportional to construction.
Share = 2% = 10B¥ (Con. 2025-2030), 
0.7B¥/yr (SODP. 2031-2034) 
Like the shares of FR, NL, ESP, DE.

Chemistry 
and Biology

Epoch of 
Reionization

Cosmic
Magnetism

Pulsar
Grav. Wave Cosmology

Galaxy 
Ecosystem

Multi-
Messenger Our Galaxy

Stars and 
Planets Solar System

Project Organization
Cooperation with Universities and NAOJ

Threshold science
ԂDetection of HI at EoR (z~8-15), 
strongest constraint on HI at CD (z>15)
ԂDenser (semi) all-sky RM grids 
ԂBetter measurements of nHz GW

BIG 
DATA

1 EB/yr data archive in the 
distributed SKA Regional 
Centre Network (SRCNet).    

SDGs
AU & ZA development, 

STEM, Info. tech., Green 
tech., Int˖l partnership.

Beyond Astronomy

LOW, AU
Max 73.4 km
#512 (131k)
50-350 MHz

MID, ZA
Max 159.6 km

#197 (13.5m~15m)
0.35-15GHz

GHQ, UK
IGO, Treaty

SKAO Council
13 members



䇗域銶槆 2025
(R7)

2026
(R8)

2027
(R9)

2028
(R10)

2029
(R11)

2030
(R12)

2031
(R13)

2032
(R14)

2033
(R15)

2034
(R16)

(熭㰢) 熭㰢㝢ⲍ◄哅
ր㱢㲈⫋꧅ꦕցր㱢㲈澷㕙ցր٭ئٜقꄆⱱ嫧ցꄆ憠氳鐐갭מ䩺ֻיյ
溿狒鐧削溿狒⚡ꝧ⤹ס䶹䭤鵟י溿狒ⱱ䍚ն

(熭㰢) 熭㰢罫䡗◄哅
㎁꤀溿狒䦠憠מ攐♳Ⲃ䷷յ㎁⫂溿狒嚀꞊מ攐♳溿狒鿥糋յ域┩
ն罫䡗㍲ס٭ر٭ٛت٤ؙؕئס♏

(SRC) SRCꝧ氦◄哅
SRCNetס㎁꤀⪦⺱ꝧ氦מ⹆ⱶյ㎁榤䤗软חח⪋SRCNetס禆
禈氳ם䷉ャ㍲ն

(SRC) ٗ٭ا٭䶹䭤◄哅
JPSRC㱦㲊氳מ鷞榫նٗذ٭ظכذ٭ظמ٭ا٭鉮冪ت٭خٛס
䬠❠ն鈝峮䬠勅ذ٭ظ־鉮冪ع٭َئמتّٝ٭بךױն

(䤗软) AIV/CSV◄哅
㎁⫂溿狒縖ֿꝎ䇗ס磬꽦ך㓷ג׀יז僶鸜ꔕס䓪耆⭳٬熭㰢吾錞ⱱ
仼儖ס劬䑏氳䤗软מ⛣糋ׄטյSKAס㲔杯יׄ⺸מ㎁꤀靹春冽גն

(䤗软) SDPعنخ◄哅
熭㰢吾錞כ㳡䫘מ꞊熭㰢ذ٭ظ⭚杼סؘؓؗعنخס䷉ャ٬䷉⟣
⛼哅յAIV/CSV䥵䎎縖כ鵽䯥י㲔产ն

(䤗软) Band◄哅
Band5cסאַם氦㷣䎬㎁⫂㛻㰢ֿٛיغ٭ꝧ氦յ㎁⫂♿哅ךꄈ
榤յ㎁⫂㛻㰢מ錃⤓丝⤓ֿם鍱꽦⭳蕔ն

(䤗软) ⬈⬲嚀◄哅
ꄈ榤յךյ㎁⫂♿哅ꝧ氦⺱⪧ךכ㎁⫂♿哅כ⺏㎁玮㛾乃ئشٝو٤ؤ
㎁⫂㛻㰢מ錃⤓丝⤓ֿם鍱꽦⭳蕔ն

(䤗软) اؕذةظ◄哅
յ㎁⫂♿哅ꝧ氦⺱⪧ךכ㎁⫂♿哅כ⺏㎁玮㛾乃ٚو٤ئعؠٝؕر
ն蕔⭳鍱꽦ֿם⤓丝⤓錃מꄈ榤յ㎁⫂㛻㰢ך

(䤗软) Band◄哅
仼儖ֿ䐂䙫כ냕⼽嫧㓊ס⟓嚀㎁꤀⪦⺱ꝧ氦յ㎁⫂♿哅ךꄈ榤յ
㎁⫂㛻㰢מ錃⤓丝⤓ֿם鍱꽦⭳蕔ն

(䤗软) VLBI◄哅
VLBIסذ٭ظ域┩♏냕鵭鋗ꎰ硌ꝧ氦䬠❠նLOW-VLBIסAIV/CSV
㓹鬨ؓةؓמ㜀䇖嬣㏐㓊סךVLBI禿啶疣מⱱն

ß 䋦錃⯥僿ثؘؕن à
(熭溿鞝٬鷞◫ꄋ)

ß 䋦錃䏲僿ثؘؕن à
(哭畀釐姲٬熭溿鞝٬鷞◫ꄋ)

ß 鷞榫ֽצSODPثؘؕن à
(哭畀釐姲٬熭溿鞝٬鷞◫ꄋ)

㎁꤀⚡閱ס仼儖鏗舙յ㎁꤀⚡閱⭳䍖ס亸鞝遨Ⲃյ☽銶槆٭ةػبסכ吾鋀

域┩♏٭ر٭ٛت٤ؙؕئס䧏禈氳מ罫䡗מ״גյ萴䣆מوشؓؓٛٔ؞ס䑴ֻ2牊걉عتَס榫䙫

僃⩝珷סIT䤗软㎁榤䤗软ס鐧削٬溿狒٬㵵⪌

SRCNet v0.1, 0.2, 0.3, 1.0b, 1.0㲔逷

JPSRCס鷞榫

ؠتظوٜى

AA0.5, AA1, AA2, AA*, AA4סAIV孨Ⳃ

AA0.5, AA1, AA2, AA*, AA4סCSV孨Ⳃ

ꝧ氦吾錞նعنخ CSV鵽䯥

錃銶鍱꽦յꄈ榤ס嶖⤓ 邮鵰٬吾削

錃銶鍱꽦յꄈ榤ס嶖⤓ 邮鵰٬吾削

錃銶鍱꽦յꄈ榤ס嶖⤓ 邮鵰٬吾削

錃銶鍱꽦յꄈ榤ס嶖⤓ 邮鵰٬吾削

㎁⫂䯋鬼٬鍱꽦 邮鵰٬吾削

哭䒝吾鋀

錃銶鍱꽦

㎁玮㛾乃⺏⺲㛻

㎁玮㛾乃⺏

㎁玮㛾乃⺏

㎁玮㛾乃⺏㎁⫂㛻㰢

㎁玮㛾乃⺏㎁⫂㛻㰢

㎁玮㛾乃⺏㸓㛻㛻ꡉ⪜㛻

㎁玮㛾乃⺏뛈㛻

㎁玮㛾乃⺏挪㛻

㎁玮㛾乃⺏㸓㛻㛻ꡉ⪜㛻

㎁玮㛾乃⺏㛻㰢VLBI鵽䯥

㎁玮㛾乃⺏⺲㛻

ⱶ⹆סة٤ٝٔزذ٭ظ

JPSRCס鍱꽦鷞榫


