Revolutionize our understanding of the Universe
with a next-generation radio astronomy-driven big data facility
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2. Science goals

first stars and galaxi
formed?

How were sypermassive When and\where was
black holes d¢reated? cosmic magnetism
(Do nHz gravitationgl waves exist?) emerged evolved, and

distributed?

2024/12/2 NAOJ Science Road Map 2024



Skay 3. Scientific objectives

B SKA community in Japan has discussed key sciences in
2021 symposium, then determined the following three
key science objectives.
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cosmology and astrophysics
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é Deciphering the cosmic reionization with

" In-depth/Tomographic study of the magnetic field

| governing the cosmic hierarchy and activities

Pioneering long-wavelength gravitational-wave
M astronomy with pulsar observations.

.
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4, Science Investigations

Epoch of Reionization _
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3 4. Science Investigations
%J Epoch of Reionization
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G 4, Science Investigations
%J Epoch of Reionization

B A simulated SKA1
LOW HIl image

® Data taken from SKA Data
Challenge 3a

® EOoR+noise+
instrumental effects ov
the 166-181 MHz range.
natural weighting.

® Movieinfrequency
(redshift) domain

® Black forionized regior

B We will seereal one
soon!!

2024/12/2

EoR Imaging with SKA1

—28°/
—29¢°/ 4
oF (4
‘?‘
2 -30° ¢ &
ot
—31°/ i 15?
—32°]
oh1om 05M oo™ 23h55m 50™

NAOJ Science Road Map 2024

10.0

7.5

5.0

[u)y/beam]



4, Science Investigations
%J Epoch of Reionization

MWA Beardsley et al 2016 LOFAR Mertens et al 2020 LWA Eastwood et al 2019 === 21cmFAST fiducial
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We can enjoy this science if we join SKA
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. 3 4. Science Investigations
‘&AJ Cosmic Magnetism
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4. Science Investigations

Cosmic Magnetism = .0 we ... N
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4, Science Investigations

Cosmic Magnetism
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Skas

4, Science Investigations

Cosmic Magnetism

B ~2033: Wide, 300 RMs/deg?, all-sky
B 2034~: Deep, 5000 RMs/deg” (>1/arcmin?)
®  Threshold: Denser (>30) (semi) all-sky RM grids
B Strength: Faraday Tomography
+30° + o o synthetic RRM
' et e RRM it
‘ »*7 a2t 3 a=-1
gq as=0
f;‘ 10° 4 % Zj:zl
=) -§ é*** L+*7 ¥ astroph2
8 )} © i astro2+as= — 1
(l é: of IIIII-.-::'.-z.i........ ¥ uniform
g 08%22: 1071 ;:'v""""'ﬂ *+ e
a b~ i ***-x-*-x-
+15° 5 2 i 6% %2 % 056
s [ arge-scale primordial B of By~11-14 nG
oo | O Tas | at present is favored (Caretti +2025)
O +r 0 o5 10 15 20 25 30 35 40
161, S z . —
O’Sullivan,.., Ideguchi+2023  Rra [j2000]

450

Galactic Latitude (Degrees)

Galactic Latitude (Degrees)

35°

w
i}

N
©

N
Y

N
©

~N
o

23°

RM (rad/m?)
-10* 0 10!

JJVLA

| ASKAP

Gaensler,.., Akahori+submitted

330°

325°
Galactic Longitude (Degrees)
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4. Science Investigations

Pulsars and GWs

Gravitational waves stretch The largest telescopes on Earth are used to precisely monitor the rotating ticks
and squeeze space-time of these pulsars over decades to reveal the faint echoes of distant _bl__ack holes

o - f AT
.-
-

i
5

Supermassive black hole binaries in the

T . i Pulsars act as cosmic clocks, allowing subtle
distant Universe generate gravitational waves SR Lt R changes in distance to be measured

»

MPIfR
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G 4, Science Investigations
%J Pulsars and Gravitational Waves

“Hellings-Downs” Curve

. < — Predlctlon by seml—analytic
a5 .% galaxy formation model (Oogi+23)
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4. Science Investigations
@AJ Pulsars and Gravitational Waves

~2033: firm detection

H 2034~: GW astronomy Synergles Wlth VLBI!
B Threshold: Better
measurements of nHz GW — 0p=0.1and 100pc and o, = 10ns

10—1 p

B Strength: VLBI

# pulsars  # MSP

Parkes |

2015 2300 1%3 10
v

SKA1l 9000 1400 10 -

Localization error of GW source

Kato & Takahashi (2023)
SKA2 30000 3000

0 1 2 3 4 5 6 7 8 9 10 11 12
Number of pulsars with more precise distances

We can enjoy this science if we join SKA



4, Science Investigations

HARR BAhR
Square Kilometre Array Square Kilometre Array
BAEIRT 9D YL ITORT YD

HASKA2Y Y=o 74
g i

HASKA2YY =T A
RERaBE
2015

2020
2015: 8 chapters, 326 pages, 2020: 10 chapters, 463 pages,
cumulative 74 authors cumulative 135 authors
(EoR, Cosmology, Galaxy 10 chapters (Star formation and
Evolution, Pulsars, Plants were added).
_I}_/Irz%qr;?éc:]str;, VLBI, ISM, - .10 Science Working Groups
in SKA-JP as of 2023

2024/12/2 NAOJ Science Road Map 2024

Other Japanese Science Cases

o

I ublications of the

stronomical

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
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5. Instruments and data to be returned

SKA LOW and MID

B SKA consists of two telescopes, LOW and MID

LOW: 50-350 MHz

20

Y (km)

50

Y (km)

=50

MID: 0.35-1.05 GHz (Band 1)
0.95-1.76 GHz (Band 2)
2024/12%.60'15.4 GHZ (Band 53,5b)

AA2 array layout

AA* array layout

AA4 array layout

=20

64 stations
Max baseline 39 Km

307 stations
Max baseline 73 Km

512 stations
* Max baseline 73 Km

64 15m antennas
Max baseline 103 Km
Max effective baseline 40 Km

180 15m + 64 13.5m antennas

Max baseline 103 Km
Max effective baseline 40 Km

12.5% 60% | |.
-20 0 20 40 -20 0 20 40 -20 0 20 40
X (km) X (km) X (km)
32% 2027 Q1| |'73% 2027 Q4 | {100% ~ -,  TBC

133 15m + 64 13.5m antennas

-50 0 50
X (km)

-50 0 50
X (km)

NAOJ Science Road Map 2024

Max baseline 150, Km

-50 0 50
X (km)
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5. Instruments and data to be returned

Ultimate Survey Performance

(MSensitivity
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100 £

Sensitivity (m2/K @ PWNV=5mm)

T
SKA2

Frequency (GHz)

@Multi-mode

We can perform multiple

observing modes simultaneously

@Resolution

i]__0.001 F- : 3
E 3 . ngVLA ;
£ 0.01 foood ; i
e . P &
id o0a E o .
e F SKA1-MID -~ ALMA-C5
i 3 / g
S 1 : 3
E I SKA1-LOW ]

S 10F i3

= L MR ]
;/I,QF..\R 1 ; 3

0.1 1 10 100 1000

Freauency (GHz)

i 2 810.0 3 1500

SurveySpeed (m*/K? deg? @ PWV=5mr

1010
10°
108
107
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10
104

10% k
100 k
10 f
1k
0.1 fproooe

®Survey Merit

PP RV YR Y I e

810.0

16 810.0 2

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

B An effective annual operation time >> 1 year = 8760 hours

® There are two (LOW & MID) telescopes and there are multi-beam & multi-mode capabilities

2024/12/2
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5. Instruments and data to be returned

Staged Delivery Plan

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

T T . B0 _9-0 L L L l T T ' 0--00 9.0 8 l LN LA B B l ) EN BT B RS ) I LI l L L II" T 1 1T 77 l LI LOW MID
- SKA—MID | | | | | =
E- | | 1 —
E MK®@ 1400MHz | | _ 3| Start | 2021.7 | 20217
s )7 U T s (S e i i A el e
I GMRT@700MH .
., % . ! ' : ARO.S | 50507 | 20255
3 | Start
| AROS | 555412 | 2025.10
B Band 2 End
B Band 1 2.4 - 80 $ | 133 SKA Dishes 2025.11 | 2026.6
E Slo = 84 = ! 84 MK Dishes End
Ll 1 1 l L ik 0 _0 -1 l 1 Y R RA I | L O ool NN | l 1 III L1 l LU L1 1 Ll l L1 L1 gl L1 1 II' | B o | Ll l L1 1

LI I l L L I 2 8.8,.48. 8 ] B0 0.0 lll A B8 lll Bl 0e8 l LI A B B l LU L t;' T T I'II AR~ 0 B.:8 l 8 8.8 AA2
E_SKA—LOW | | | | = | 2026.10 2027.5
3 | | | | 3 } End
- | I I = I
- AA*

| | | |
ELOFAR-NLO200MHZ — — — — = = = = 1= = = " = — e = =0} = = = = = = = — End 2028.1 2028.3
B LOFAR-NLO70MHE — — — — — =& — Review 2028.4 2028.6
. Staged
E 200 MH= I pelivery | 20203 | 20293
E 70 MHz | Comm DNl T f — End
E cla ’ilna | 84 <! 307 2 | 512 Stations
| =N ST T S U U U U TSN VAT U T WA W N A PR § BPETEAr S N AT AT ST AT AETET T B PR Er a1 | BT ST ETAr N AR - AA4 TBD TBD
2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
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Skas

5. Instruments and data to be returned

AlV Rollout Plans

Pulsar . Pulsar .
LOW . Timing, Pulsar Transient MID . Timing, Pulsar Transient
. Imaging D > Search Buffer, Imaging D . Search Buffer,
Stations ynamic earc VLBI Bands ynamic earc VLBI
Spectrum Spectrum
AAO.S 6 75 MHz Con./Lines B2 800 MHz
Con./Lines
(BS) 16k
AAl 18 75 MHz Con./Lines 30 beams Bl 800 MHz 1beam
8 station beams, B2 Con./Lines 400 MHz BW
512 sub-stations 16k
Hb-stall B5(#2-4)
150 MHz Con./Lines 4 beams 30 beams 800 MHz 6 beam 16 beams
AA2 64 16 zoom, 1.8 kHz LOW Bl Con./Lines 800 MHz BW Full BW
8 station beams, B2 16k De-dispersion No pipelined
720 sub-stations VL BI B5(#32) No real time
300 MHz Con./Lines 8 beams 250 beams I Commensal 144 5200 MHz 16 beam 1125 beams
AA* 307 32 zoom, 230 Hz De-dispersion Full B1 Con./Lines Full BW Full BW
8 station beams, I B2 64k, zoom De-dispersion No pipelined M I D
1440 sub-stations Pipelined No real time
300 MHz Con./Lines 16 beams 500 beams Commensal Full Con./Lines 16 beam 1500 beams I 4 beams
AA4 512 64 zoom, 14 Hz De-dispersion Full B1 64k, zoom Full BW Full BW
8 station beams, B2 Pipelined De-dispersion Pipelined
2880 sub-stations B5(#133) Real time I
2024/12/2 NAOJ Science Road Map 2024 22



Skas

5. Instruments and data to be returned

5-Years Key Science Projects

AR SIHRHE RE Dynamic | KR53 % b RE FS: b fisiis ] AR e
Hz kHz image rms range dB msec arcsec deg? deg? hr hr M
EoR imaging 50-200 M 1000 1.4mK 50/50 400 300 20 100 2000 5000 Deep
50-200 M 1000 4.6 mK 50/40 400 300 20 1000 200 5000 Drift
EoR power spectrum
50-200 M 1000 14 mK 50/35 400 300 20 10000 200 5000 Wide
150-350 M 75 20 pdy 30/25 0.05 145 11 min2 30000 40 m 12750 Tied-Array Beams
Pulsar Searching 650-950 M 75 13 ply 30/25 0.05 65 1.2 2400 10m 800 Tied-Array Beams
1.25-1.55M 75 Tuly 30/25 0.05 43 0.39 2400 10m 2400 Tied-Array Beams
150-350 M 75 10 wly 30/40 0.0001 8 65 sec? 0.9 min2 40 m 4300 Tied-Array Beams
Pulsar Timing
950-1769 M 75 3udy 30/40 0.0001 7 50 sec? 0.7 min2 15m 1600 Tied-Array Beams
HI High-z 790-950 M 50 16 wly 50/35 150 2-10 1.1 54 1000 5000 Line
Hl Low-z 1300-1400 M 20 14 ply 50/30 150 2-10 0.38 3.8 200 2000 Line
HI MW 1415-1425M 4 75 pudy 50/30 150 2-10 0.38 1080 4.4 12600 Line
Cosmology High-z IM 350-1050 M 300 3.3 mly 40/40 150 1.7 deg 14 30000 2.2 10000 Drift, Line, Wide
Cosmology ISW, Dipole 1-1.7G 1000 Tuly 45/30 150 2 0.38 31000 0.12 10000 Wide
1-1.7G 1000 1.3 ply 60/30 150 0.5 0.38 1000 3.8 10000 Wide
C°“t'g‘;‘r‘]dm2+Mag' 1-1.76G 1000 250 nJy 60/30 150 0.5 0.38 7.8 95 2000 Medium
1-1.7G 1000 65 nJy 60/30 150 0.5 0.38 0.38 2000 2000 Deep
Continuum +Mag. 7-11G 4000 400 nJy 45/30 150 0.05 30 min2 0.5 16.4 1000 Wide
Band 5 7-11G 4000 50 nJy 45/30 150 0.05 30 min2 30 min2 1000 1000 Deep
Cradle of Life 8-12G 4000 80 nJy 40/25 150 0.04 18 min2 0.05 600 6000 Multiple Clouds

2024/12/2

NAOJ Science Road Map 2024
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6. Originality and international competitiveness

QAJ Other Telescopes

.
i 3 SKA1 LOW SKA1 MID

419,000m? )33.000m* @ s00m

~130,000 antennas ~ ~200 dishes et uf 66 dishes

CHIME, DSA-2000
SKAL is superiorin

LOFAR-2
SKAL is superior
in sensitivity.
Complementary
in sky coverage.

MeerKAT
Soah Africs

Resolution and freq. coverage.
Complementary
in sky coverage.

-~

ALMA
Different frequency.
Complementary each

9,000m’

FAST g Different generation.

SR superiorin— § % SKALis unique below
resolution. P 7.0 1 GHz
Complementary leme.
in sky coverage CRRementary SINGLE D
' in sky coverage. "ot 30m dish,

MID
FREQUENCIES




Subaru’

€

Telescope;
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6. Originality and international competitiveness

Synergies with NAOJ Key Sciences

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.

Y Finding
Habitable ExoPlanets

The Subaru Telescope searches for exoplanets
with masses similar to Earth through high precision
spectroscopy to detect the wobble in the host
star induced by the orbital motion of the planet.

Finding
Building Blocks for Life

ALMA devotes its energies to observations
of formation sites of planets as the cradles of
life, and searches for organic molecules which
provide the building blocks for life

planes

Finding Life Signs

TMT will target exoplanets discovered by the
Subaru Telescope for detailed investigations
of the planets’ atmospheres through very high
accuracy spectroscopic observations to try to
find signs of life. This combined with ALMA's
findings about the materials for life found in
protoplanetary disks will bring us closer to
understanding the origin of life in the Universe.

It ox through

Finding

exoplanets,

Amino acid, -

and SETI ‘ Lt

Search for
Very Distant Objects

By searching for very distant objects in survey

observations by the Subaru Telescope's ultra-

wide-field-of-view Hyper Suprime-Cam, we can

find targets for detailed follow-up observations
T.

Determining
Chemical Composition

ALMA conducts high sensitivity follow-up
observations of very distant object candidates
discovered by the Subaru Telescope, catching
radio waves emitted by the atoms contained
in those objects to determine their chemical
composition. This provides clues about the
evolution of thy
ALMA faise col
oy

Finding the First Stars

TMT will conduct high sensitivity follow-up
observations of very distant object candidates
observed by the Subaru Telescope, detecting
the characteristic light emitted by helium atoms
to elucidate when the first generation of stars
formed and what their characteristics were

Finding the
soil of the
First Stars

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

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

From NAOJ Pamphlet 2023



; 6. Originality and international competitiveness
%*AJ Synergy with Nobeyama and NANTEN

HIl = Seed of Star Formation

- o
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 HPBW (HI)
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ICRS Declination

6. Originality and international competitiveness

Synergy with ALMA/ngVLA

HI = Galaxy Ecosystem

Intergalactic space

(Intracluster medium) AGN hea

\
el dust sublimation \
42":3 3 limit \
s2v2t 1 500 \ warm outflow
42"1F o 1 W sx00 = Q | dust y 4
¢ =1 Synergies . .
41"9 1r N 1 ° / ’
s IaenGg = With VLBI! / X
03"M19™48%20 48%.17 48%.15 48%.13 1™48°20 48%.17 4815 4813 m48°.20 48%17 4815 4813 g H36¢ / ;,(‘lj"‘]"l - J"P“
ICRS Right Ascension ICRS Right Ascension ICRS Right Ascension 4600 ) 1 \ // / \ P v ;
. “F \ ’
From Nagai+2019 (ALMA) 7 \ Y 4 NN
> R -
. . » / ) Y 4
Chaotic Cold Accretion? N &7y J.-
e -
A [aasivaa 9 . 100-1000K Neutral Gas Sl <100K Molecular Gas 0. . o - e ’_: . .-"— P ‘ —‘ . "
N 9, H20 maser ‘--‘_--(.()«./ 3 2)e—1>
% A /.J'. 06‘ HCN(J=3 — 2 = = inflow
// 4(

2024/12/2

Gaspari+ 2017

Gaspari+ 2013

NAOJ Science Road Map 2024
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6. Originality and international competitiveness

Synergy with Subaru/TMT

Transients 2 Multi-messenger

T il
2018-12-18/%-%),
]
? 2019-03.25'4
- 10 L3
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© n
3
;—é ol 2019-02-16'%
3 ]
= v
1

L)
1

Magnetar radio

outburst
Eie, Honma+(20

Fast radio burst
Ikebe, Honma+(2

2024/12/2
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Y VLA (thin, g, =4 =0.1)
Y JVN(thin, £, = €g = 0.1)
Yr VLA (thick, £, = g5 = 0.1)*
7 JVN (thick, £, = £5 = 0.1)*
@ VIA(thin, £, =6x 10", £ = 5% 107%)
@ VN(thin, £, =6x 10, £y = 5% 1077)
* Values for !he optically thick mode for

£=6x107" and gy = 5 x ll) oeahmllhe
same as the plotted ones for 2=01
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7. Current Status

SKA1 Construction (as of Nov 2024)

e

MID - South Africa

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

~

2024/12/2

4 LOW - Australia )

All 4 AAQ.5 stations were handed over to AlV team
All-sky map using single station

First fringe detection using two stations

AN

_/

NAOJ Science Road Map 2024 30



. 3 8. Cost assessments, budget line and status
‘&AJ Japanese Share and Scope

SKA1 Construction Share 2023

% 20 |
' 2%
s B ] e :
0 | | | J ] i [ d j i
UK  AUS ZA CN CA IT IN FR NL ESP JP PT CH KR SE DE
Construction 1117M€ (880+ contingency 237) Operation 905M€ (Op., Enabler, Develop) SKA1 baseline
>T70% Fair Work Return Cash (2021-2030, 10 years) \ design 2022M¢€
1
1659.2M€ (82% of BD) was expected as of 2021.6 158 ~300 M€
| AA* was defined based on this budget M€

Latest estimate of the = ° COV|.D19.3 stagnation of logist.ics Latest estimate of the

budget to achieve AA* =« Ukraine invasion: supply chain, fuel budget to achieve

->need more 158M€ « |Inflation: silicon AA4 from AA*

« Exclusion of Japan (50.7M¢€) >need more ~300M€

The councilhasbeen ¢yt reduction by SKAO (-50.7Mé€)

discussing it for a year. The task force was

made in the Council
Japanis a key!

Maybe approved in 2025.3 Council

2024/12/2 NAOJ Science Road Map 2024
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. 3 | 8. Cost assessments, budget line and status
‘gkAJ Is 2% Small or Large?

1. Decreasing Japan’s share of world-largest projects

® ATLAS instrument share ~6 %, LHC share ~3%

® Japan’s GDP share ~4.0 % (2024.2)
2. 2% is comparable to major European countries

® We will obtain the outcomes like France, Netherlands, Spain, Germany

3. Inline with past examples and current capability

® Focusing on 3 key science will boost the outcome effectively

Common-use category # of proposals from Japan # of approvals # of papers
Key Science Projects 15-30 3 6
(large & long-term proposals)

Pl Proposals i

(small & short-term proposals) 33-66 € €
Total (per year) 48-96 9 12*t

* This number per cost is comparable to those of Subaru and ALMA.
T This number is comparable to the current SKAJP’s output using SKA precursors/pathfinders.

2024/12/2

NAOJ Science Road Map 2024
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8. Cost assessments, budget line and status

Budget Profile

Construction

SkaJ

* Permanent staff cost is excluded.

v

«— Operation —

2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 tsgigl 2031 | 2032 | 2033 | 2034
Array AAS | AAl 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 | 353 | 34.7 | 34.1 | 13.8 | 13.8 | 13.8 145 14 134 | 134 | 134
Compet. (M¥) ~3 73 220 219 124 121 121 880 TBD | TBD | TBD | TBD
Gaisan (M¥) - - - - 3090 | 2844 | 2843 | 8777 | 681 680 635 620

Annual earned competitive Funds (M ¥)

120
100
80
60
40
20

0

Including &R E

Unkokin: Essentials + AlV (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)

2021

™ Cradle of Life
® Extragalactic Spectral Line

2020 2022 2023

™ Cosmology

= Extragalactic Continuum
Hl galaxy science

M Pulsars m Solar Heliospheric lonospheric Physics M Transients
High Energy Cosmic Particles VLBI Others

2024/12/2

™ Epoch of Reionization
M Gravitational Waves

Magnetism Our Galaxy

NAOJ Science Road Map 2024 33



_ 8. Cost assessments, budget line and status
'&AJ Note for Budget Plan
v SKAO Policy of Contribution
» Construction (1117 M€): more than 70% is goods/in-kind
> Operation (905 M€): 100% Cash
Allowed range of

Construction |-  Operation | - Cas:h 44.8-61.4%
\ /= K / (this plan 61.1%)

(Because of late participation)

v Foreign exchange risk
> We made a conservative plan (actual share ~2.13% - 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%

2024/12/2 NAOJ Science Road Map 2024 34



3 9. Project Organization t Applied SKA for the MEXT Roadmap 2020/2023
p ¥ Some discussions are happening with ISEE and

S KAO an d S KAJ BB BB RZ > 2 — of DOS

Inter-governmental Inter-University Cooperation
Organization SKAO SKAJ (under discussion)

( c . A - secondmen ( ) [\ M
SKAO Council [ { Committee NAOJ >4l Nagoya + E
Decision making . Finance Mng, Negotiation, Mng, Funding, SRC X

— - Science and Eng. Magnetism, AlV, EoR, Gal. Evol.,
+4 candidates » Time Allocation Compressor, VLBI Cosmology, IPS T

Kumamoto || Osaka Met. | | Gifu

Pulsars, Digitizer || Receiver Star formation
. 5 THERS
Yamaguchi || Kagoshima A

Transients, AlV MW/VLBI, AIV L

Other Universities and Institutes in future
\&
SKAJP Executive Committee i i

Science book, 23223040 ,=‘7I 2 #a | WG Leader, Becomes

webinar series, 2 WY g (f /' Oversea stay, core member
. . |~/ O SU W . .

SWG/EWG activity ,Cmgrrap (155 Funding Pl of executives

2024/12/2 NAOJ Science Road Map 2024 35



Skas

o

9. Project Organization

The SKA1 Promotion Group In NAOJ

@ GN—F)—H—

Group Leader : Takuya Akahori

TRIBEE 60%

E5% BIED X 100%

Admin: Marie Katsukawa

LR AL 10%

Qutreach:

ST T RNAY LM EIT
Senior Advisor: Hideyuki Kobayashi

@@

HGRVLBIBRIFRR @ A& 5%

MVO Director: Mareki Honma

EIFESME - THEE 10%
Head of Science: Mami Machida (DoS)

MRS | EEA 10%

Use cases: Tomoya Hirota

EFEE | SBEAER 10%

Oversea:

VLBIEEBWRE : FKZ-H 10%
VLBI Op./Alliance: Takaaki Jike

VLBIZRWE : 918 10%
VLBI Op./Alliance

G

’ »

BER I BEERTF 5%
VLBI Test: Kohei Kurahara

O

BER L BERIEZE %

Tutorial:

MVO staff 14, 3.9FTE + admin
NAOJ others 3, 0.2FTE+a

2024/12/2

|
SRCHBFIE& : H3RIFE 10%

Head of SRC

PR - RIEEH 20%

Support: Takuya Akahori

73R LT 60%

Cloud: Kazuyoshi Yamashita (ADC)

37K I EEEFRKER 40%

Cloud: Shintaro Yoshiura

00 9°

éﬁ

777K NS 40%

Workflow: Ryo Kato

737K I HOE#H 10%

Cloud: Shinsuke Ideguchi (CfCA)

| 77— 70— . EBKFE 10%

workflow: Yuhei lwata

D«D{D

{

7—770— 1 BRIZBE %

3

@@@@@@@@mﬂ—

Workflow:
ERPI ML RRIFEA 10%
Support:

>

NAOJ Science Road Map 2024

g‘:

ATERFIR © #TAEAER 10%

Head of Engineering:

MIDMRERREE : R 80%

MID AIV: Kazuyoshi Sunada

| LOWI%AE D AIEFANT 25%
LOW AIV: Yusu ke Kono

LOWRI : AFF# 25%

LOW R&D: Yusuke Kono

LOWRHZ : HIEFRAES 10%

LOW R&D: Shintaro Yoshiura

VLBIFCEF : /MUKPA 10%

VLBI Dev.: Tomoaki Oyama

VLBI : f&/REBF 5%

VLBI Test: Kohei Kurahara

Z{EH | LLIBERIE

Receiver: Yasumasa Yamazaki (ALMA)

FERIMTFDR | BN 20%

Engineering Items: Yusuke Kono
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4 10. Why NAOJ?
%J The Community’s Voice
€16 Years Activity of Japan SKA Consortium

201377 2016~ 2018 ASKAP « 2019 & 77 202177 2023HT7 T 7
SKAR¥RE  MWAIERSH MWAOERS SKARYRE SKARSARE  SKARYAH
EFRES 2012-2014  3015%-20174 &= BRI 2020 T X4—F5> 2023 KROFHRE
RRRIR) AR LIERE) BX =\, EAAR 1888
BATET 42 R e 2017 YR E— 75 ERARRRME =

2011 SKABSREIC = 2014 222 —F 5> EREE 2020 BAKREEOEH 2
®7UT  Emme e 2023 AAXXH¥ 4
SKAR}2 2010/2012 ERALHA

R 010/2011 B—E® v 7iE# S BEQHEEE 2017 BAYEZSt vy 3y 2022-91 b
X28=75>  2013FEEK 2015 BARXFREYZ IV 7 —Filn

2008 ESAZIEE BHERD VRY 2015 SKA-JP 2016 SKA-JP 2019 SKA-JP 2021 SKA-JP

AASKAGA(SKA-JP)RE VLSKARR  o—so a9 7 SURTYL SuRUY L HEPHIRRE

280 registered We applied for the MEXT Roadmap(2023), with recommendations from

Radio Astronomy Forum (#390) and Astronomical Society of Japan (#2300).
as of 2024.7 -
But our application was not adopted.

It is natural for NAOJ, as an inter-university research institute

corporation, to provide telescopes, which 280 people has desired
for many years.

2024/12/2
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e 3 10. Why NAOJ?
‘&AJ Activities conducted at NAOJ and significance

B Negotiation
® with SKAO, MEXT, and stakeholders
® Administration with overseas institutions

B Science Promotion ichi
® Collectand organize the telescope scientific EStabllShlng a
information and share it to the community prOjeCt Ofﬁce
B Operation Support .
® Know-how ofﬁrovidinga common-use Is the most
telescope to the community '.
® Help planning about JPSRC natura Way

® Engineering Lead
® AlVand VLBI skillsin NAOJ

® Know-how of co-work with industries

[ATC/ADC] Will appreciate technical advice. J

\Hope to fund raising together. So far no resource required.

2024/12/2 NAOJ Science Road Map 2024 38
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. ? 11. Collaboration and spillover effects outside astronomy
%J Beyond Astronomy

HOBLHHE Nobel Prize winner? Wi-Fi from radio Astronomy! ERERHEHO
HABIC #B20<5)

- Excite the Citizon Telecommunication
|!!| | Discovery of first stars Frequencies that are familiar to

o eople and have a wide range
and gravitational waves PSR of applications .

Intellectual Value Information Tech.
Origins of galaxies, stars, and life - ClOUd, A|’ Big Data

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

N =P Ad Affinity between STEM
17 EP> WG education and astronomy; the |
universe is a lifelong fountain of =%
curiosity for both children and
adults

International Cooperation FALLEE DE| Initiative
Cooperation of more than 16 IR Africa Development

countries around the world W Social Infrastructure
overlooking the globe fIndi
International goodwill through the . Future of Indigenous
power of youth — people
Friendship at international conferences, . :
sharing worldviews and ethics through 2 TICA‘I‘). African Development. Global Soutl,1’.
bird's eye view of the universe IAU “Astronomy as a tool of development

2024/12/2 NAOJ Science Road Map 2024 40



3 12. Operations
‘gkAJ Common-Use System

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

2024/12/2

[] Sensitivity Calculator
[ ] Sub-Array Mode

[ ] User Portal

[ ] Policy discussion
in the Council and
by the community

[ ] Scheduler

[ ] Telescope Manager

[] SDP pipeline

[ ] SKA Regional Centre

NAOJ Science Road Map 2024

SK.AO sensitivity Calculator HEZIE o

Advanced: OFF

7 ©®

Observing Band * Weather (Precipitable Water Vapour)
Band 1(0.35-1.05 GHz) 10

mm
Subarray Configuration *
AA4
ees  Right Ascension * Declination * Elevation *
00:00:00.0 00:00:00.0 45 ¢ deg
Continuum v
Zoom Window v
CALCULATE RESET
Net
Science Portal
Active Sessions
@
(] e
OEME (|
°
=
° A
o W
°
°
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! : 12. Operations
'&AJ SRCNet: Exa-scale science platform on Cloud

Sessions launched by users & administrators

T o T e St A I S RN S G SIS R /M ST S W SUUNS I WY S S ~ °
<) l i “ & l
= HELM C e HI et ——
IS “ ANFAR | 7250 | l b3 EH _
£ —— | g =~ eduGAIN= (0
o | Config. Management Science book
(Quasi-)Automation Platform Note
)
=
() kubernetes
KUBESPRAY
Scheduling
@ Load balance %
Autoscaling
C ":G"u" Rolling update
Mc;':w;ié ment | Rollback K8s
Automation Seif-healing Maiter
" ) Frommmms  memmn : | e
8 | @’ : .1 oaswsoaroscavice 4L oS l 0S I 0S l 0S ' 1 ./gfarm ‘ ]\'l_)- AL :
-g I  KOLLA ' horizon Seict VM@ VWM WM stomie sl ot NG .::;:3: |
g : e '. H openstac noa/a cinder glance swift neutron  keystone |
0 I
g | ANSIBLE | YOGA(Mar 30, 2022) |
£ : fdg:\ggementl High Availability I
1 Miimation | Resiliency, Security |

g Subaru  ALMA @

@@
&

= Subaru Condmaisce  ALMA (%

¢ ~ Autoscaling N ~
. user Rolling update user

©) kubernetes

CfCA

user user

£ openstack. /\ F‘

Pedorma e/Availability/
Resiliency/Integrity/Security

B Maybe possible to consolidate NAOJ’s computing and storage.
B SKA project can commit to improve NAOJ’s digital infrastructure.

2024/12/2 NAOQJ Science Road Map 2024



3 15. Technologies
‘&AJ Engineering Contribution Plan

AA*(2025-2027) " AA4(2028-2030) [ SODP (2031-)
v AV (4-5 FTE/year) v’ Bands5 Receiver v Band6
v Helium Compressor v VLBI Recorder
It s time. Show the flag! v’ Band4/5 Digitizer
NAOJ has been providing 1.5 FTE \‘/ AIV/CSV (4-7 FTE/year) J
since 2021 under the MoU. Univ. We do not make copies. We develop the

members will give further 1.0 FTE h
in total from FY2025. systems that

Develop young researchers who « These developments and know-how of system engineering
will also benefit Japanese telescopes such as EAVN, JVN,

know the telescope system - it
Nobeyama as well as future projects such as ngVLA

is benefit for science too

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

2024/12/2 NAOJ Science Road Map 2024



: 15. Technologies
@AJ AlV: key to make the gigantic sy
B Key Technologies

® AIV-JP in verification team. Plan & do
the test procedure to evaluate that the
sgstem satisfies the system requirements
Need skills of RF/IF/Digital + new skill
sets, e.g., SAFe, TANGO

® CSV. Evaluate that the telescoBe satisfies LOW AIVteam  Visit to MID AlV team
the science requirements - Obtaining
experiences useful for science too ‘ —

B Heritages, dev. status and plan

® SKAO has high expectations for JP’s skills &=
of AIV (Nobeyama, ALMA, and VERA)

® AIV MoU bet. NAOJ and SKAO since 2021. =
LOW -Y. Kono, S. Yoshiura: Test
rocedures of AA0.5, verification tests.
ID - K. Sunada: RFlI monitoring system, |
dish pointing, etc :
® Mitaka: Test and evaluation of phase , R _
center of the log-periodic antenna,and & = s

test signal generator (e.g., Yoshiura, OML) gyperiments at Mitaka HQ with young researchers
254/1/Acq UiSition Su rvel llance NAOJ Science Road Map 2024
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. 3 15. Technologies
%J Band 5/6 Receivers

RatEx  LEHIE100%  mAoses

B Key Technology - | maeR
® Single pixel feed: very wideband antenna 7| e oucasumar — o
. .re . 0o sorEmR MOREL+5THD
® Polarizer: good cross-pol. specification A 065
B Heritages, dev. status and plan IR
® Toward 100% fractional bandwidth N 5
(Klmura JAXA HaSEE_awa NICT, T T R S S R - 6 8 10 12 1G4H216 18 20 22
Yamaza |/NA(5J, Dakie/OMU) B L VARTH W

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

® Ujihara Kiban-A, Hada Kiban-A > Relevant
activities.

® |Ichikawa Kiban-A, Kawaguchi NAOJ-R&D
> Radiometer (improve knowledge of VLBI
data reduction)

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

B Acquisition surveillance

® LNA: buy from Low Noise Factory or
collaboration with Swiss team O Y veneanny 0

Aperture efficiency
—~Poll =-Pol2

2024/12/2 NAOJ Science Road Map 2024 45



. 4 15. Technologies
@AJ Helium Compressor

B Key Technology
® Limited space and electricity

® Matching with cold-heads procured
by other countries

® OQutdooruse

B Heritages, development status
and plan
® Sumitomo Heavy Industry (SHI)

® We visited South Africa with SHI

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

® Sumitomo FA40 cooling test was
made.

B Acquisition surveillance

® Instead of making a new test facility,
can we utilize the existing facilities at
universities, the Industry, or NAOJ?

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

2024/12/2 NAOJ Science Road Map 2024 46
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4 15. Technologies
%kAJ Digitizer

B Key Technology

® Band4/5 (2.8-15.4GHz) digitization; down Direct RF sampler
convert vs. direct sample (TLy o RIH)

® Electromagnetic interference (EMI)
® Thermal design, Outdoor use

B Heritages, development status and &,
plan
® OCTAD, KJCC, -

® Nakanishi NAOJ-R&D, Kiban-C-> Digital
signal processing circuit (ROACH)

® Elecs Industry Co. Ltd.

» We are keeping discussions about
developing our “improved” digitizer for
Band 4/5 including direct sampling

» Good response from the industry

B Acquisition surveillance: make or buy
® FPGA Direct RF-Series in sales

2024/12/2 NAOJ Science Road Map 2024

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

New Direct-to-Digital COTS Boards Are Powered by 64 Gsps Agilex™ 9 SoC
FPGA Direct RF-Series
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. 3 15. Technologies
SKAJ VLBI Recorder

B  Key Technology

SKA-VLBI is recognized as a major SODP candidate.

Goal: astrometric accuracy of I micro-arcsec.
Requirements: minimize systematic errors 2>
develop the multi-beam VLBI system and its
calibration method

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

B Heritages, development status and plan

SKAJP VLBI WG is discussing development plans
from 2027). SKAJ already started a test of 200
bps recording

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

Kobayashi NINS-OML, Yoshiura NINS-OML >
Relevant activities.

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

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

B Acquisition surveillance

2024/12/2

TELESCOPE MAMNMAGER

¥

5 I
DSH (MDY, csP
LFAA [LOW) e

I

SKA1-MID

| #sub-| #VLBI | Bandwidth Digiti- éSampling_ Data rate | Buffer size

array | beam | (per pol, MHz) | zation (Gbps) (1h, TB)
1 4 256 2 Nyquist 8 3.5
1 4 512 2 Nyquist 16 7

..... 245122Nqu8t3214
1 4 2500 2 | Nyquist | 7812 | 34
1 16 512 2 Nyquist 64 28
1 52 200 2 Nyquist 8 35.7
10 52 200 | 2 | Nyquist ' 357

SKA1l-LOW
_#sub-_ #VLBI | Bandwidth | Digiti- Sampling_ Data rate | Buffer size

array beam .{per pol, MHz) | zation (Gbps) (1h, TB)
1 4 256 2 Nyquist 8 35
1 16 25b6 2 Nyquist 14
1 | 16 | 256 8 | Nyquist 56.3

NAOJ Science Road Map 2024




4 15. Technologies
(&AJ Other Japanese Technologies

SRAZYI=TVYIVE—F W skaxy U=y /LE-}2021

2021: Second report
Japanese strategy of SKA
engineering contribution
« AIC/CSV

« Faraday Tomography
« EOR pipeline

« UHF receivers

« Band 6/7

« VLBI

« On-the-fly

sar Interferometer

H A Square Kilometre Array 3> — ¥ 7 A
2016

2016: First report
Overview of SKA system

and developments

H 7 Square Kilometre Array 2> —¥ 7 A

Bt o

7 Engineering Working Groups
in SKA-JP as of 2024

2024/12/2 NAOJ Science Road Map 2024
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Skas 1. Summary of the proposal

SKAl is only-one world-largest, general-purpose radio telescope covering the long-

wavelength (<1GHz) in the coming

-

o

.
-~

¢

Cosmic

“Epoch of "
Magnetism

Reionization

Sciences goals and 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

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

% Denser (semi) all-sky RM grids
% Better measurements of nHz GW

2024/12/2

decades with revolutionary survey performance

~ — ~

“ZChemidtry
and Biology

Stars and
Planets

Multi-
Messenger

Galaxy
Ecosystem

Cosmology ) Our Galaxy

Science investigations, instrumentation and data
SKA1 under construction. Early operation in 2026. Obs. readiness review in 2029.

% x10 better sensitivity & resolution
GHQ, UK LOWJAU MIB$ZA

% x100 better survey capability
% Multi-mode backend system

~9 approved proposals & 12 papers /year GO, Treaty Max 73.4km  Max 159.6 km
. , SKAO Council ~ #512 (131k) #197 (13.5m~15m)
SKAZ (x10 SKA1) in 2030’s or later. 13members ~ 50-350 MHz  0.35-15GHz

Cost estimation

-
Time proportional to construction. Beyond AStronomy

Share = 2% = 10B¥ (Con. 2025-2030), BIG
0.7B¥/yr (SODP. 2031-2034) @ DATA 0

Like the shares of FR, NL, ESP, DE.

AU & ZA development,
STEM, Info. tech., Green
tech., Int’l partnership. )

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

Cooperation with Universities and NAOJ
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