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Square Kllom,etre Array (SKA)

The world 16 countries
commit ~2B Euro in total
and construct/operate the
world-largest radio
interferometer in 2020’s

-

SKA Convention (2021.1.15~)

Inter-governmental organization

SKA Observatory

Decision Making

SKAQO Council
|

Science and Engineering
Advisory Committee

Australia
LOW Observatory

(50-350 MHz)
131k units (512 stations) g
Max 65km baseline (SKA1) &
1.25M units (4880 stations) £ 38
Max 300km (SKA2)

South Africa
MID Observatory

(0.35-15.4 GHz)
197 (15m & 13.5m) dishes |
Max 150km baseline (SKAL) it
!
2000 (15m) dishes
Max 3000km (SKA2)

Finance Committee

Time Allocation
Committee

Other Committees

UK

At Jodrell Bank
Observatory
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SKA1L: 10x better
sensitivity, 10x better
resolution, wider field-
of-view & multi-mode
- 100x better survey
capability than before

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

The community (SKAJP,
#264 members) wants
NAQOJ to offer 2%

share of the SKA1 time

SCJ Masterplan:
“priority large” in 2010;
2011; 2014. “priority
large candidate” in
2020




NAOJ SKA1 STUDY GRDUP
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The sensitivity and resolution are 10 times better than the current largest facilities
The survey merit is 100 times better than the current largest facilities
An effective annual operation time is much larger than 8760 hours because

* There are two telescopes: LOW and MID

* There are multi-beam and multi-mode capability of the backend system
Those specifications provide ultimate survey performance
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Project scope g

SKA1 Constryction & Operation

NAOJ SKA1 STUDY GROUP v

P B SKA Phase 1 (SKAl)
- | =9 i
- -  The construction and
QISR SaBEE, o O e e
AND DELIVERY PLAN PROPOSAL ﬁ]ngg[)?ﬁgr?,tztgg {'rSt Council
’ T wﬂw~“t « SKAI1 construction was

Sexie started in July 2021
| {5 B Cost for SKA1 to 2030

{4 - « Construction:1297 M€
« Operation: 725 M€

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, this A-project proposal scopes only the phase 1 and does not
include the phase 2 of the SKA.

SKA Observatory Development Program (SODP) is out of the scope of the SKAL
design and construction. However, the SODP is within the budget of the SKA
phase 1. Therefore, this A-project proposal includes the participation to the SODP.

2022/12/07 20225 [ EIRXEDFRI LRI L 4



SKA1&2 Heagline Science 1.

I SKA1L SKA2 = 10°SKA1

. Direct imaging of EOR structures Direct imaging of Cosmic Dawn structures
Cosmic Dawn (z=6-12) (z =12 - 30)
and the Epoch of
Reionization Power spectra of Cosmic Dawn down to First glimpse of the Dark Ages
arcmin scales, possible imaging at 10 arcmin. (z > 30).
Constraints on DE, modified gravity, the Constraints on DE, modified gravity, the
distribution & evolution of matter on super- distribution & evolution of matter on super-
Cosmol Ogy horizon scales: competitive to Euclid. horizon scales: redefines state-of-art.
& Dark En ergy Primordial non-Gaussianity and the matter Primordial non-Gaussianity and the matter
dipole: 2x Euclid. dipole: 10x Euclid.

Gas properties of 10° galaxies, <z> = 1,

H 7 1 <7> = oo
CES PIEZEES € M0 GEIENES, S22 U, evolution to z = 5, world-class precision

CEIEVAYASYIe][S1{[e]a Ml -\ olution to z = 1, BAO complement to Euclid.

cosmology.
probed by Neutral

Detailed ISM of galaxies (50pc@3Mpc), Detailed ISM of galaxies (50pc@10Mpc),
Hydrogen iled ISM of galaxies (50pc@3Mpc) iled ISM of galaxies (50pc@10Mpc)
diffuse IGM down to Ny < 10*" at 1 kpc. diffuse IGM down to Ny < 10*" at 1 kpc.

. Star formation rates Star formation rates

Galaxy Evolution (10 Mo/yr to z ~ 4). (10 M/yr to z ~ 10).

probed in the Radio
Continuum Resolved star formation astrophysics Resolved star formation astrophysics

(sub-kpc active regions at z ~ 1). (sub-kpc active regions at z ~ 6).




SKA1l&2 Heagline Science 2.

I SKA1 SKA2 = 10°SKA1

1st detection of nHz-stochastic gravitational
wave background.

Strong-field Tests
of Gravity with
Pulsars and BHs

Discover and use NS-NS and PSR-BH
binaries to provide the best tests of gravity
theories and General Relativity.

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

The Origin and el

Evolution of
Cosmic Mag netism Faraday tomography of extended sources

(100pc@14Mpc, 1kpc@z=0.04)

Use fast radio bursts to uncover the missing

The Transient "normal" matter in the universe.

Radio Sky

Study feedback from the most energetic
cosmic explosions and the disruption of stars
by super-massive black holes.

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

The Cradle of Life
& Astrobiology

Targeted SETI: find airport radars for 10*
nearby stars.

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

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 amplification of cosmic
magnetism, the RM-grid @ 5000/deg?.

Faraday tomography of extended sources
(100pc@50Mpc, 1kpc@z=0.13)

Fast radio bursts as unique probes of
fundamental cosmological parameters and
intergalactic magnetic fields.

Exploring the unknown: new exotic
astrophysical phenomena in discovery phase
space.

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

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



L ’
' . Deve_loped at SKA-JP
ey o Japanese Key science Workshop in July 2021

Japanese community determined three key science areas

= Deciphering the cosmic reionization with cosmology
- _gland astrophysics

« S| 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 the key science areas

2022/12/07 202245 ENMRXEDFEIVRID L
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Target SharefofyScience

H\\Ve target to obtain the share of science outputs larger
than 2%, which is Japanese share of the telescope time.

- Although there are huge uncertainties, the 2% corresponds to

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

Pl Proposals 33.66 6 6
(PIPs, small & short-term proposals)

Total 48-96 9 12*1%

* This number per cost is comparable to those of Subaru, Suzaku, and ALMA.
T This number is comparable to the current SKAJP’s output using SKA pathfinders.
T This number is also the target for SKA precursors before SKA1 is in operation.

SKA Regional Centre 0.1-0.7 PFlops 50 PB 4

(SRCs, data center and user support)
# This number is for the international SRC network only. Further 8 FTEs are requested for domestic tasks.
2022/12/07 20225 B RXEDRFESVROY L
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BThe 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.

Engineering S:ontribution

EoR, Cosmology, Magnetism, Pulsars, Milky Way, Cradle of
Galaxy Evolution Transients, ISM Life, AGN
0.05 0.3 1.0 1.7 3 5 8 BandB 15 25~50 Frequency

1. Assembly, Integration, and Verification (AlV) and Commissioning and 4. Band6/7/B receiver

Science Verification (CSV) » Scientific needs

-One of the most important tasks to realize the designed performance of SKA - VLBI experiences

- SKAO (and world) has high expectations for Japanese technological capabilities - Continue research,

test, and design
2. VLBI system (both LOW and MID)
-VERA's experiences of MID VLBI, a new frontier of LOW VLBI, toward global VLBI

3. Software -EoR calibration and imaging pipeline -Magnetism Faraday Tomography pipeline
2022/12/07 20225 B RXEDF/ESRID L 9




Japan’s Respynsibility for AlV

Contract Tier 1 Lead | Status Other Participating Countries Contract type

. Th e r e | S th e fal r W O r k Low Infrastructure | Australia Conditional | - ECCs

Low Infrastructure Australia Conditional | - PSC

ret u r n p O I I Cy i n th e ﬁi‘leld Node Italy Conditional | Australia, United Kingdom PSC, ECC (8C)

. : Low Digitisation Italy Conditional & [ndia, United Kingdom, Netherlands PSC, ECC [5C)
p r OJ e C t Lovw AIV PSC Australia Conditional { Japan, Ngtherlands PSC

. . Low CSP Netherlands | Conditional a ECC
° R etu rn 70% Of fl n an C | al Low Clocks En]:;im Conditional | Switzerland ECC
CO ntrl butlon by procu rl ng Low Timing E‘]l-:t;::,m Conditional | China, Spain ECC
something (goods, human ks :fg;:g;ca Condlocl |- Lz
resources, etc) from that psc - i . |
country . O E
° I 1] Ot h e r WO rd S , e aC h ::E W gme:frica E;zjisti!z::r Japan a)';?z:&::rth e E;‘;
country must undertake Mid lods Unid | Condtonal | Swizeriad sec
WO rk Of 70% O r m O re Of th e Mid Timing E:Tlg::m Conditional | Australia, Spain ECC
(040 ntrl b Utl on Mid Cryo ﬁ:i:f::m Conditional® | (France, Germany) ECC

Kingdom
. 1 ; : it ;

BRegarding Japan's i 155w | ert | i e

C O n t r I b u t I O n y S KAJ Mid Band 5 SPF UnLilte:I = l::g:diti:::l1 Sweden, (France, Portugal, Spain) ECC

. . Kingdom

will consult with B o s
1 Low Networks llocated | - i

S KA O aC C O r d I n g to Mid Networks Ph?:tuzl:aal Conditional® | - ZEE (PSC)

h d b d - OMC India Conditional | Italy, P:.:n:uga_J, South Africa, Ul?ited Kingdom PSC
the earned budgetin - o N ] R O

i iti 2| -
fu t ure (CO 9) p er at loN Low CPF Eﬁlm Conditional ECC (P5C)

Mid CPF United Conditional? | - ECC (PSC)

Agreement) I —
ntegration | South Africa | Conditional PSC

2022/12/07 2022FE ENMKXEDFHEL VR IL 10




Commissioning Team

Lead: SKAO

Lead: SARAQ

Commissioning

[ AlV Team H

BAIV Program contains
« Assembly

:<—>[ Software SAFe Trains ] .
:<—»[ Engineering Support ] * I nte g ratl O n
Science Operali-ons J I<—»[ Construction Contractors ] i Ve rlfl Cati O n
Team '

_____ | BJapan joins (leads)

Project Engineer the Verification Team

T

"The AV Team”

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

N

2022/12/07

Figure 4: The AIV Team has Clear Reporting Lines.

2022FE ENMKXEDFHEL VR IL
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Progress of SKAJ AIV Activity

B MoU of AIV contribution from 2010

« 1.5 FTE contribution to AIV MID and LOW from Mizusawa No down,
VLBI Observatory Automated

v' MID: Attending DISH AIV activity with SARAO(SA) (Sunada)
v' LOW: Joining the AIV team with CSIRO(Oz) to make test

procedures of the integration and verification (Kono)
B New technology for ‘AlV’

« System engineering experiences for ‘mass production
telescope’

- Virtualization technology, collaborative software GitLab
development environment, unit test module, device control ICLa
toolkit (TANGO). Behavior Driven Development

» Improve the skills of participating staff and give back to Share test
Japan information

B Key for future telescope system development in -
Japan " pytest

- Japan should play a key role of future telescope
developments with science and engineering feasibility HW control
considerations. common

TANGAL.

@‘

kubernetes

IHHD

[EEN
N

2022/12/07 2022FE ENMKXEDFHEL VR IL



SKAL-mid Band 5+
SEAL-mid Band 4
SEAL-mid Band 3
SEAL-mid Band T

SKA LOW 50-350MHz

SKA MID

Bandl 350-1050MHz
Band2 950-1760MHz
Band5 4.6-15.3 GHz

Elue: High Prio

Galactic i f15) |  BrUWn: Nofmal PR

Pulsar Timing high {5}
Fulsar Search high DM (3}
Transients FRE8s (18}
Salar Synchrotron Ems
Galactic RRL

Galacthe Continuwum

SETI

B-fiedd Deep/Targeted
ExG OH

Coesmi. Discrete HI

Cosmi. Comtinuem (33}
B-fiedd Cont. RM-grid (27) -
Hil Wide surveys [13, 13} netlsm
Galuctic CH

[EwG Cont. Nom-thenmal (37)
Pulsar Search mid DM {8}
HI Deep surveys (13)
Statictical HI [32)

Fulsar Timing iow (5}
Pulsar Search kow DM (4}

ar Timing Arra

ar Timing Arra

SKA Construction
proposal 2020

2022/12/07 2022FE ENMKXEDFHEL VR IL 13
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W Goal: Develop the multi-beam VLBI
system and its calibration method

B SKA-VLBI is recognized as a major
SODP candidate. Some functionality
tests are planned at AA* (AA3+AA4)

« Test of integration between CSP#and
the VLBI system (both HW and SW)

v Use voltage output mode (common with
pulsar data) from CSP

« Development and implementation of
high-speed VLBI recording system
v’ recording more than 4 beams

» Upgrade of partner VLBI stations +
development of a new correlator
v Wideband, multi-beam

v’ data reduction and calibration (e.g.,
direction-dependent self-calibration)

B SKAJP VLBI WG is discussing
development plans toward future
VLBI test using SKA (from 2027)

TELESCOPE MANAGER

4

; |
DSH (MID)/
LFAA (LOW)

" 2 i S!’;F lity i
SaDT G Control and metadata
SKA1-MID

#sub-| #VLBI | Bandwidth | Digiti- | Sampling Data rate | Buffer size
array. beam | (per pol, MHz) | zation . (Gbps) . (1h, TB)

1 4 256 2 Nyguist 8 35

1 4 512 2 Nyguist 16 7

2 4 512 2 Nygquist 32 14

1 4 2500 2 Nyquist 78.12 34

1 16 512 2 Nygquist 64 28

1 52 200 2 Nyquist 81.25 35.7

10 | 52 | 200 2 | Nyquist | 8125 | 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 16 256 2 Nyquist 32 14

1 16 256 8 Nyguist 128 56.3

# CSP = central signal processor
14

2022/12/07
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B SKA1 Study Group Activities
« Kimura(JAXA)+2019
v Axially corrugated horn
v Design using Champ
v SKAO’s GRASP model was already

integrated . o

. erture efficienc

« Yamasaki(Osaka Metropolitan ot —potn
Univ.) 0.90
v' Optics design of Band 6 (15- = 0.85
29GHz) S 0.80

0.75

* Sumitomo Heavy Industry (SHI)

perture effici

v' Visited South Africa with SHI £070
v' Sumitomo FA40 cooling test =065
0.60
14.0 16.0 18.0 20.0 22.0 24.0 26.0

B n the SKA A-project, we e
« Continue scientific and engineering - — -

researches about the possibility to BTE
expand the observing frequency up > o
to 26 GHz \,'.k :

» Watch the on-going study of antenn: —
specification (antenna pointing 1, . =4
accuracy) s o

=
@ ]
https://www.shi.co.jp/ 15
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https://www.shi.co.jp/

B Contribution to SRC Steering *SRCSC WGs

Committee Working Groups* WGO: SRC Network Architecture, WG1: Data
« NAOJ(Hirota, Akahori), Tsukuba Logigtics, WG2: Operat_ions, WG3: Eipeline, WG4:
U.(Yoshikawa), Yunnan U.(Shimabukuro), Archive, WG5: Computing, WG6 Science User
Kumamoto U. (Takahashi) Engagement
« Study of requirements and functions | ommora

——] &\EFERITD
| o=7emu=
o=ao =3

Network
(Quantum)

i3

ARy FO—2
EEERS

« Consideration of an international
cooperative development system

Praovides
Ul far

H Collaboration with SHAO
(Nova) Image Object
« MoU between SHAO and NAOJ S @@ Os::;?ﬂaeo
- East Asia Science WS in May 2019 . Bediol NRSNS
(JSPS:Bilateral Seminar) | FRamae | onw [ET7 e

Block
Storage
(Cinder)

L]

1RBT
AL —TiEgERY

Provides
Auth for

» Collaboration of MWA data analysis

B In the SKA A-project, we
* Prototype JP-SRC
v' OpenStack-base on-premise Cloud
https://qiita.com/t_nakayama0714

» Test performance of astro-data analysiS iemsisssazsizer25302c19¢c
on Cloud

» A part of KAKENHI (submitted)
v" NAOJ Mizusawa, ADC & Tsukuba

Identity
(Keystone)

K

Provides Auth for Eomb e S 20
I FfE—TERT 3

2022/12/07 2022FE ENMKXEDFHEL VR IL 16
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ConstructiengSchedule

B Are the milestones and project schedule highly feasible?
M Phased integration of arrays is planned.

Early (AA2) operation 2025~ IENakaa SKA1 extension or toward SKA2
Full (AA4) operation 2028~ Early scienCe

Data release

2022 2023 2024 2025 2026 2027 2028 2029 203
1000 T T T ikl

oo oo
- :
100 ¢ :

g ; : SN - obs. based on Decadal Survey 2020
C - - | N KSP obs.
[ uGMRT@700MHz : : : : .
10 [ JVvLA - X-band NN == = S=siEE e R = s s e = 3
E  MeerKAT — B2 . e e e R o
f : . : 3 ngVLA-B3

SKA1 stable operation

ngVLA Early

If the construction starts from 2030

F
E L 1 (12-21GHz) SEFD
o L L — -3 SODP (SKA Observatory
i 104 L 1O o SR Development Program)
= g 200MHz Some candidates
1000 é_ LOFAR-NL@60MHz ¢ EXtend Bmax to 300 km
100 L : : : : 1 < Band 3/4 (2-5 GHz)
LOFAR-NL@200MHz - — - — — 4 — — — — = o — - - ------------3 « Band6/7(15-50 GHz)
10 E 3 1 + Band 1 phased array feed
. _ ‘ | 1 3, 1 %5841 3521:,3 5;512 1 J 1 — * # of beamform to 1500

» Data processor to 100 PFlops
1

2022/12/07 20225 [ EIRXEDFRI LRI L 7
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Schedule

2024Q4 2025Q4 2026Q4

Table 34: Characteristics of each Array Assembly (AA) milestone and the functiong

'y

2027Q3

functions

* The observing modes shown are in addition to those delivered in previous
AA3 and AA4 was combined as AA* to reduce the risk in

2022/12/07

Telescope AAD.5 AAl AA2
LOW Stations 8 18 64
Observing Basic Pulsar Pulsar
Modes* iImaging Timing, Search,
ynamic Transient
Spectrum Capture
A
MID Dishes 4 8 64 121
Integrated 0 0 1 3
MeerKAT . .
dishes Declsion of delivery system
Receiver 1,2 1,2 1,2 1,2
bands 5 (on 32 5 (on 64
dishes) dishes
Observing Basic Basic Pulsar Scaled up | Dynamic
Modes* iImaging Pulsar Search capability Spectrum,
Timing of existing | Transient

Capture,
VLBI

Alray Assemblies.

the case of budget shortage in future
202245 B RXBDFER RO L

Phased integgation of Arrays

Review 2028

End of

Construction

2029 July

18
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=3 SODP Plans

[ Project Time L -
SDR? PDR? CDR? . ?DP
Y1 YR Y3 Y4 Y5 Y6 Y7 Y Y9 Y10 Y13 s ‘I’:’nme"t
1IME 1IME€ 15M€ 15M€ 15M€ 15M€ 1M€ 1M€ 1.5M€..] 3
Project N
Draft SKA ODP Version 1 Version 2 New version
Development Plan SKA ODP Development Plan SKA ODP Development Plan every 5 Years

BA SODP “study” has a term of two-three years

A study will be awarded up to 300 k€/yr, typically 50-100 k€/yr
(like NAOJHRIFA TR ZE)

« Will go to the next step through reviews (system design review,
preliminary design review, critical design review)

BSODP refers the SODP development plan

« The SODP development plan is based on the regularly-updated
Science and Technical roadmaps to keep the significance and
freshness of the development

2022/12/07 2022FE ENMKXEDFHEL VR IL 19




\ 7
T Budge.t Planp -

B~20% contingency and 2% inflation are
considered.

BTotal 2022M€ for the construction and operation

BTotal 1659M€ expected from 16 countries
« 81.6% of total cost

BShortage of 373M€ (18.4%)

BSee also risk mitigation

* The construction flexibly optimizes the array configuration
at each array assembly phase according to the earned
budget

2022/12/07 2022FE ENMKXEDFHEL VR IL 21



WA
- Budge.t Shar%

BTelescope time allocation is based on the
contribution
 Contribution to the infrastructure is discounted by half

MO out of 16 countries are minor partner (<3%).
This means that it is essential to form the
International collaboration teams for
construction

m\Vith the 2% share of time, we aim to obtain
the science output as much as possible 2
Science strategy (set the key sciences)

2022/12/07 2022FE ENMKXEDFHEL VR IL 22



M Japanese Bu’dget Plan

BMBudget for the construction period
e Total 5,507 M¥ consists of the contributions to:

- SKAL: Construction 1,122 M¥, Operation 1,998 M¥,
SODP 564 M¥, total 3,685 M¥

« SRC: 960 M#¥ (corresponding to 2% of SRC-Network
COStS)

- Domestic science promotion, user support, etc: 862 M

2022/12/07 2022FE ENMKXEDFHEL VR IL 24



BmMizusawa staff + newly hired

oz iR
10
Tagest || mmas
WMA_10 WAA_1D
N I A B —
HEEMA SRCHME BN e
#ig 10 mi 10 it 07 Ll
1
| | 1 | 1 | A B
Sdience S Chiu MRTOYSL Ry
BREm HEwL o SRCE®(EM) o= Imnrﬁ:::n (200 ZHWA_1.0
EBRNGEE mE SRR aeh R EEREE LOWRES WIDR % MAREE SRS
w0 | thEmE 08 g _1.0 e 1.0 Bh_1.0 B#_1.0 i 0.3 EEA_1.02
P EEE ] ﬂgﬂ"ﬁ AT || 4 EREASE ANF—ia ANF—La VLBIREES WESPFEER
10 | wanE os “}m ®MA_1.0 WA 10 W10 WPR_10x3 WA _10 i 1.0 B 05
B = Fiar— 'f:‘fg s3oEEm | | | Aera—s | | et R AT LS FeadOMTIR I
ek a | | HENE 06 h,}m FRA_1.0 HFALD HHERT_0.2:3 WA _1.0x2 ®FA_1.0 wMA_1.0
| | mmm ssorEm | || sxvTe | | st SR LMAREH
FHEA_0.8 FRA_1.0 WMA 10 FHRA_0.2x3 WA _1.0 BE_05
i | | vz 2022 2023 2024 2025 2026 2027 2028
LE:} 1.0
L R Total 12 23 34 41 46 43 37
o [ = Professor 1 2 5 5 5 5 5
#EA_08 wEEA_1.0 Associate professor 4 5 7 7 7 7 5
Assistant professor and senior
-, profess 3 11 15 22 27 24 20
H o li " specialists
' Project research staff 4 5 7 7 7 7 7
2022/12/07 2022FE ENMRKXBEDIFRIVRID L 26
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BAERN
20044EF NAOJEREMEZERESDEHESKAR
&tWorking Group# @

20045118 SKAD—9iav/@=[ER#
20045128 AR URI Y LI RIFRKRITE-
REBAEEESAIUX]

B SSKAIZH T B LB,
SKAIZERZ Y TH-FEBR VREE
~(2006%),

20065 2A SKAT—Y av7ye@BilILEaE
BULBEIDLATRESNhDDH, TN, &
iRITHEHEINT,

20084 58 HASKA consortium#$gal
NAOJ SKARREIWG &I 33T [§E Rk
(RELT7YTTOERERIE)

LA lX, BEMX (dtEEXE).
FRERHEIXXE).
hff# 2z (BEREXSE)

20084 58 PRI L@AER
BASKAO Y—L7LELT. FO
Dz ONER

2022/12/07

EpRIBNE

20045 SKAYAIURT VAL
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(2) Testing GR with pulsars, (3) Cosmic
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of reionization M5DIETE
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20084118 ERNBFELSKA Workshop 2008 DEi#E (NROT—4av7)
BHARDXF—HAIVR, BiBAREFERAROIVER—La FER
20094 28 SKAEBREBRSAFATH—/\—HERLE (thib)
EERIOSz oL TEANSD RO T EEMEIC DL TER
20105 1A ERYAIVR 7—%245 TIL—THHE;
FHEIS. FHR. SLBERIE, FHEAE, EREE., NIV —0OE iR
20105 38 FMOXRBBEHREE - KREARHBEDOVASI—T 50 TE R KT EFE
LCGT, TMT, SPICA, Astro-H&EBIZSKAMIEE;
20105118 EEMEE(SKA-JP Workshop 2010) BafE
(G 12X —T7—FETHETRE
20114 EEINTERBBIRI£IZ&Y. BRXRFERHEEIL

SKA-JP Workshop
2010
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sty 0 SKA-JPY (T R HELE . 7 U7 sl E sk

201154H SKA Funding Board D EII XX E#ITEHDObserver &0 (Z£M#. Board, Council &)
2011411 8 Workshop on East-Asian Collaboration for SKA 20115 @ KASI
SSEC8DY T+ EEELTHE ., R7 U7 H D13 WEIRZEER
20124F 9 East Asia SKA Consortium Workshop on HI 2012Fi# @ NAOC
HIY A T RERT DT HB D 17 B R E R ER
20124F 6 A SKAY ATV R I FEEE] (F1E)
D&, SKA-JP subSWCEEDHREAF1 B L LEAEEINSLSI124S
20134 9H SKA Science Workshop In East Asia 2013 @ 2B XZF
R7OTHIBICE T HSKARRICE (T=Y AT R ZHER
2013412 FEBL VROV LOQEILXXE
BAODEEXRXEOXREFEHELLTOSKADOLE DT, EAMS AICRITE-AEEZER
20144 kY EN RN BEDKEIIRBEICEY . BEAKXNOEME . BR BRI LSKABEREEAIKE
20144 PRI RI—T70 BERKEEEICEH
20154F 38 SKA-Japan7—%933v72015 @ EIIXXE
SKA-Japan BT HSIUREE R
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M20174108 KRVLBISRAIFFE B (F3EREHEBEELTOSKAKREIG)
M20175ExXR J7OocH R (KRVLBIEEIFT)

« 2018 D, 7wy =2 FHENC [KRVLBIEHIAT 7 0 2 = 7 F OFEREH#E & LT,
’?*E'l‘%g%gﬁ?f%%&%ﬂq—ém% HEANA. TH. ABSFICBT 2 8lmi0 oMafL.
NI

o ABDRERETH & D IR G 23 BT 5 D EIRME D ET 23 B KIRVLBI & DEEA M % B ICRRET 7 v — 7IC

Tmolz,

W20184EE - 20214 E SKALKS 7 v—7
. HADRYEEDHIEL - B4
o SBINZK % SKAKTE & B4 2 H o Ci%
« SKAGHHE~DZ DO BAAG

B20205EE ZWMEBIRI—TSOTEAREEH
H2022FEEMSDATOD T IMREE-HYITODTIME

« BEEREL»OYF 770y NN LS

« TREHHEOMRET GEE BN &~ DB DK & FHM)
W20234EfE FMEEIRROPRERE]

¢ RXZ - FHYBZHORIDOIRELXOFTEID 1 DELTHEE
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-zozcey_gﬁgc =0, ;’7 \B(, |
-zozzu-*ﬁj :% AN ALY ¥ (4
y %;\—)' 17 ﬁ VS b
B S~ DB DK & EHE)

m202341 7 © ./.\IK% Sk DR FE |
« KX = ?E%ﬁ?’“—ﬁﬂ%h‘%f%@?ﬁﬂ)ﬁﬁjKLT?E%
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oM Summar

BESKA1 commitment plan
« Bottom-up plan with >2% contribution/observation time
« 3 Japanese Key Science(EoR, Magnetism, Pulsar)

* Engineering contribution
v AIV/SV
v SRC
v’ Development (VLBI, Band 6)

» Budget size for construction(~2028) ; 3,685M%¥
contribution to project, 960M#¥ for SRC, 862M#¥ for
domestic promotion

v’ 9,529ME for construction and early science period(~2033)

 Need to start from 2025 at the latest case
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1.1 Impacts and Influénces

=i SKA Scienee,

NAOJ SKA1 STUDY GROUP
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NAOJ SKA1 STUDY GROUP v

; zaexcﬁwx»’gwexmuﬁﬁ) DES)
EIXEXEOHYH AN SEEILOEMBEA

20004E%" 2015-2017 2017.107 ( 2019.4~
SKARIZEMER || KFEHAREESKARREA || KRVLBIEHIFAAFHEM || TOCI/MEDOTERED
& SKAEELI(C RHREKREZERE). #IbLEIF HEEREIZ || =OICSKAIRET IL—T%
| ATHY—n&in || BRRELIE | mIFCEEERHLA | RELAEEZHE

N sl = 8v; < >
KRVLBIEAIFR O HRP A~FEK IO IRELTOLEDIT

VERAZERDMFILICRYIEA. TODzIVMEEEZ—BLYER. VERAERELM I
LM SEAIFT N SRET T IL—T 2N A LB E TIZ L E(DRIB)DEBEHIT

:ﬁ—

SKAKRERMSHVERAZ  EBRXEEDSRCEH N
[CRET 2R E DS
S>SKAJPMSADVERA BB 18 A SKAKRERE
FRRI—Y—%%EB/L., V07HRLSRCEIES,
SRC D FAFEZ MR

SKASITH#IZFRE

o E = B

oz MelZmIF BV A DHI

thigi 2> 2—(SRC)

F i & B

*RERK. NI — FEE

5. FHEEMGE
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JLEAE
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Science Tracgability Matrix

clearly and appropriately?
B The followings are the STM for Japanese key science objectives

B Scope of the project: Are the scope and responsibility defined

Universe?

second

8%]%2%?@5 Science Question |Science Target |Science Goals Science Requirement Facility [Impact
; - ; Understand the physics

gbzﬁ]ﬁ'cphe”ng the ;‘;‘ﬁ‘;v‘ﬁfcﬁhheof'eft HI line of the Detection of HI Several sq. deg. FOV, of galaxy formation and
reionization with  |and qalaxies born intergalactic line with respect |resolution less than a few [MWA evolution and the EoR,
cosmoloav and in thg Universe? |medium located |to the CMB arcmin, Tsys < afew mK, |- constrain the IMF of
astrobh %)i/cs What role did the far beyond the |background accurate foreground LOW first stars, test the

phy lav in the EOR? Y | redshift of 7 removal, 50-350 MHz cosmologies beyond

piay ’ the standard theory

2. In- How was the Astronomical Compile x5 larger |All-sky FOV, 1-10” ASKAP .
depth/Tomographi | magnetic field objects from the | polarization resolution, high sensitivity [ MeerKAT gfnt\{]ee"&?i%geermal part
c study of the born and evolved? | Sun to the source catalog (2-4 uJy/beam) and high |-> reciselv understand
magnetic field How has it cosmic large- (~100/deg?2) with | polarization purity LOW 'E)he formyation and
governing the affected the scale structure |information of (<30dB), RM resolution Band 1 evolution of celestial
cosmic hierarchy [structure of the from the redshift | Faraday depth less than 1 rad/m2 Band 2 obiects
and activities Universe? of 0to 30 (RM) (=wideband) Band 5 J

- ; When were Compile x5 larger
3. Pioneering SMBHSs formed? . pulsar catalog, 500 beams pulsar search, PTAs Prove the nHz GW and
long-wavelength - Pulsars in the > the method, understand

oee How did they ’ measure ToA of |2 weeks cadence and 10 :
gravitational-wave Milky Way ; - LOW SMBH formation and

- evolve? Was the e stable pulsars years monitor, optimum o
astronomy with : - (millisecond - i v Band 1 |evolution, limit the
cosmic string with an accuracy |frequency for individual -

pulsar formed in the early pulsars) of 100 nano FOV Band 2 |amount of cosmic
observations Band 5 |string.

Japan: the required computational

2022/12/07

resource = 0.1-0.7 PFlops, storage size = 50 PB
20225 F BN RXEBEDF/E VRO L




NAOJ SKA1 STUDY GROUP

2.1 Scope of the project

Key Science Project

Parameters

P
]
E .E Frequency Sensitivity Observing Area Integration
w3
2= | skat
E 2 | component Band Mode Spoctral Brightness | Polarisation ol
£ Resolution | Dynamic ; ] Dynamic | Dynamic Angular Dump Rate /
(3 Range  |cival:Cal:Fin|  Ra AMS Noise MinMax @ Beam| “an04 Range || Totstarea | "9 | Ragoiution | TS | rackin Totsl | Per Pointing| T ol | Epochs | Sd%nce |3 Sessions| Timo per
53 Low - High | R Dandwict ( pus a3 i Y ’;‘:""9' MinMax Baama g ™1 Aesonsion 4 Min:Max | per Interval | Session
nce Ob T | mi i) LAY —eic
EoR - Imaging g c il 1.4:100 mK @ 300 arcsec 10:1000 5 Fields! 2
SR CO/E 1| skattow | /A Imaging  [S0-200 MHz| 4:4:1000 kHz|  50dB it 50d8 asds || 100deg2 | 20deg2 S Sidereal | 5000 hr 2000 he 0as 1000 She
SKAL-LOW | N/A '""s"":‘”""“ 50-200 MHz| 4:4:1000 k2| sods | 6330 "@‘,Kﬁm‘“;o arCSEC|  5o4p 40d8 || 1000deg2| 20degz | 101000 | SOField2 | o ai | se00he 200hr 0as 1000 Shr
EoR - Power Spectra /e 5 pectm b
AASKA14:001 2l o 2 :
SKALLOW | N/A | M3BNB/POWer| oy oo vng|aaciooo k| soas  |141000 Micgr00.ameec! g, 3548 [|10000deg2| 20degz | 101000 |SCOFieldsi2| . 5000 hr 200 045 1000 Shr
Spectrum 1 MHz arcsec
SKAL-LOW | N/A | Non-imaging 15;-"3!50 202075kHz|  30ds | 2O mgz 145 arcsec | 3548 2508 |30000 deg2|11.3 arcmin2| 320 aresec | Tied-Amay | Sidereal | 12750he | 40mn Sous 1200 anr
Baams
Pulsar Searching 650 - 950 13 wy/Beam @ 65 arcsec 1 Target/
s | skA1-MID | SPF1 | Non-ima 2020:75kHz|  30d8 3048 25d8 || 2400 deg2 | 1.2 arcmin2 | 105 arcsec | 1500 Tied- | Sidereal | 800 hr 10mn s 100 8h
AASKA14:040 Sl VS Cont 0% » ArvurBess
: 1 Target/
SKALMID | sPF2 | Non-maging | 12°0 5% 200075 kz| 3048 TI{Reom @ 45 rcsec 3048 25d8 || 2400 deg2 [0.39 arcmin2| 60 arcsec | 1500 Tied- | Sidereal | 2400 hr 10mn 0us 300 Bhe
MHz Cont Array Beams
z 50 Targets/ |
SKALLOW | N/A | Nondmaging | 22350 l200075km:| 308 10y/Beam @ Barcsec | 55 4 40d8  [|0.9 arcmin2| 65arcsec2 | Barcsec | Tied-Amay | Sidereal | 4300hr 40mn 100ns 130 2wk 1075 anr
MHz Cont Beatn
Pulsar Timing 5
AASKA14:037 950- 1760 50 Targets/ 1
SKA1-MID SPF2 Non-Imaging MHz 20:20:75 kMz 30d8 3 Wy/Beam @ 7 arcsec Cont 30dB 40dB 0.7 arcmin2| 50 arcsec2 7 arcsec T\ﬁuvay Sidereal 1600 hr 15mn 100 ns. 130 2 whs 200 Bhr
am
HI - High z 790 - 950 g 16 ply/Beam @2-10 N -
AnSKRig HI 13| skarmiD | spr1 Imaging e 4:50 kHz 30d8 ikare ik 5048 3548 54deg2 | 11deg2 | 35arcsec | SFields | sideceal | 5000hr | 1000k 0155 625 Bhr
HI-Llowz 1300-1400 | 14 ply/Beam @2-10
AL HI 1 | SKAL-MID | SPR2 Imaging e | 4:15:20kHz | 3048 e Lie 5048 3008 38deg2 | 038deg2 | 3Sarcsec | 10Targats | Sidereal | 2000 hr 200hr 0155 20 8hr
HI - Galaxy 1415-1425 : 75 wlyBeam @2-10 2840 X
T HI 15 | skal-miD | SPR2 Imaging P 05dkHz | 30d8 pastotin 4sd8 3008 || 1080 deg2 | 038deg2 | Si60arcsec | pamings | Sdereal | 12600hr aanr 155 1575 Bhr
T P T 1 Target/
Transiants - FRS, Transients | 18 | skarmip | sppa | Nomimaging/ | 650-950 |00 il apgp | TMiW/Beam@8Sarcsec | o, 0 2508 |[30000 deg2| 1.2 arcmin2 | 105 arcsec | 1500Tied- | sidereal | 10000he | 2msec sous 120606 | 2msec 12% she
AASKA14:055 Commensal MHz Cont Array Beams
Col - Planet formation 80:80:4000 80 nJy/Beam @ 0.04
s e SKAL-MID | SPFS Imaging | 8-12GHz it 30d8 e ot 4048 2508 || 0.05deg2 | 0.005 deg2 |0.04:1 arcsec| 10Targats | Sidereal | 6000 hr 600 b 0155 750 8hr
Magnetism - RM-grid 1000-1700 | 7 wy/Beam @ 2 arcsec 81600
AASKA14:092 SKA1-MID SPF2 Imaging MH2 10:1000 kHz 30d8 Cont 45dB 30d8 31000 deg2| 0.38 deg2 2 arcsec Pontings Sidereal 10000 hr Tdmn 0155 1250 B hr
Cosmology - Highz IM Auto- 350 - 1050 3.3 mJy/Beam @ 1.7 deg 21500 22hr @190
| : P 4 . . i .15 1
it skaLmiD | spr | PO e | 10300kHz | 4508 el 0.d8 408 [|30000deg2| 14deg2 | 17des | pamings Drift 10000k | 22008 0155 250 8hr
Cosmology - ISW, Dipole 1000 - 1700 7 wy/Beam @ 2 arcsec 81600
SKA1-MID SPF2 Im; 10:1000 kHz 30d8 45 dB 30dB 31000 deg2| 0.38 deg2 2 arcsec i Sidereal 10000 hr 7.4mn [ BLTY 1230 Bhr
AASKA14:018, 032 i MHz Cont o ¥ Poinlings
1000 - 1700 ; .
SKAL-MID | SPF2 Imaging e |10:1000kHz| 3048 13 ‘;‘:g"&ﬁ" 05 60dB 30d8 || 1000 deg2 | 0.38degz | 0.5:1 arcsec Pnﬂm; Sidereal | 10000 hr 38hr 0153 1250 8hr
1000 - 1700 | 10:10:1000 0.25 pJy/Beam @ 0.5
SKAL-MID | SPF2 Imaging s s 30d8 ;‘;‘c"sec Pkl 6048 3048 7.8deg2 | 0.38deg2 |0.5:1arcsec | 21 Pointings | Sidereal | 2000 hr 95 hr 0155 130 ghr
Continuum - SFR(z) 1000 - 1700 | 10:10:1000 65 nly/Beam @ 0.5
AAEKATADE SKAL-MID | SPF2 Imaging A i 3048 e dbipegiing 60d8 3008 || 0.38deg2 | 0.38deg2 |0.5:1arcsec | 1Pointings | sidereal | 2000hr 2000 he 155 0 Bhe
:80:4( Beam
SKALMID | SPFs | imaging | 7-11GHz | °° ? m°°° sap. | WONYBeam G005, | 454 30d8 || 0.5deg2 | 30arcmin2 [0.05:1 arcsec| 61 Peintings | Sideceal | 1000hr | 164k 0155 s ohr
:80:41
skarmip | sprs | imaging | 7-11Ge [ 2050400 | o | SOMWBam @005 | youp | 304s |30 aremin2| 30aroming (005 arcsec| 1Poeng | siderest | 1000 | wcome | aiss us oo

Japanese members have contributed the development of the above KSPs
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SQUARE KILOMETRE ARRAY

NAGJ SKA1 STUDY GROUP .y
S1=TA4DHPH~14FHE DA AR

2019 77 2021 R7D7

2013 7 U T7SKARI LS 2016" 2018 ASKAP-MWAQ) SKARIF R SKAMTERER
2012-2014 2015820178 MWAIS  ERIFZEANICER 2000 v24—T52
[ RN EIE ) Txgwigge) ERBM ;28 o5 EAXRERE
2011 SKARBREIc ~ SKAREI-FHWE RERZY 2020 B AR B E O EH
myoy  RARE 2014 TRA—F5> 2017 BAMES Sty 3y
SKARZE 50102011 ERXREEE 2015 AAXXFR YAy
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EAEIEE .o oo gmen - -
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MWAVVorkshoB sise g L5 BE.
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o R4 = SKAJ-SCI-USE-0006-200728-R-C1-LOW_VLBI_Specification.odf
1. ®lPRRET

SAUARE KILUMHRE ARRAY

) _ .I
NAOJ SKA1 STUDY GROUP .y

SKA-LOW-VLB &5t

B 300MHZEVLBIDESHHAEREMIZE B - ADHEB/ADOHA—Y—FE
HEh 3(2019 SKA-VLBIEEREH)

. BANDEREE- 21| OB N0 B REEHESS J0632+057M300
B SKAJPTOREHRIEOH) > MHZFEVLBIBRAIZEE L 1= % R KRR ER
e A TERDAT U TRDER

SKA-VLBI 4 5E5E It R £ 28I WhEFE
e N zozoiﬁgﬂlsj @*%EB&UCSM&O)*EE«EFHiC_joD_
R LR £ BT (RS TJELI-BENEE#RTE

BE o #E T SKA SHEOAMEA EL7- T, SKA-VLBI DAL, 4 BE4fRAE . 18

L OMRER T AR T, KR, ARFHCAWEEREELD D, o ' | M@ /&'ﬁ& %T (TZ I\ H )( I\ U %
RAW=EET|REDUIYSIT)

f16% B2. SKA1-LOW JF&/3—kF—RD E#REE (300sec, 16 MHz)

— L) N 8 D ) R s B H 300M HZ%VLB@E;,EJ](:J:é)ﬁ\[:EEWiSpS
e BEDREZE L (Magnetism)
IGMRT (all) India 18l 1

lidate UJapan 953 678 526

S — T B XEREE DTV S E R RE A
R C2. SKAL-LOW B/ S b — 00 S 1 £ Sy A B 300MHz & VLBIEAIZ LA RN BRI E
S 7)Y S S S Hﬂo) Eiﬁ?bx

IGMRT 45m 6867 60 39 28
o
GMRT (al) 6867| 60| 39| 28 7 t == W ﬁl} 0) }b-lj-_ﬂ %
idate 7597 54 15 25 . 7/ n l \
FAST 5923 70 45 32
ILOFAR Stat 136661 30 -~ A Ny N Vavaxd O
T I TR FoRERA <SSR SIS H _/I\ I:l)(g ﬁE}E‘r% Z°0)/\)l/ I, —EE
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- https://www.skatelescope.org/wp-content/
e vV 4 *:I' ?—*ﬁ_“]' uploads/2020/02/ScienceCase_band6_Feb2020.pdf

L 15G H Z UJ: @ﬂ—?$ﬁ|ﬂﬁ‘]‘

Fpeq 0.05 8 Band B 15 25~50
) I A
mEEREAOERY *2803/0v | HARADEETSESM
. TEEERMSEEER* (FTVLALRE %555% H*? %%m - 10c
m ir . .
e 15-50 GHzD Y —A T LVLAERIE SR ota ( ’ ©
7.3Co0)
« MIDHEMeerKATHZEZXOYA—D2HY Kazuhiro Hada (5.4PI)
o 15-25GHz(I TR ER RAAZ L Takuya Akahori (7.3PI, 5.4Co)
Kohji Yoshikawa (6.6P1)
- ﬁjﬁ,&ﬁ;ﬂﬂd)ﬂ%gﬁutgi Haruka Sakemi* (7.5P1)
Introduction Yoshi Hirata* (3.7Co)
2. Solar System Takeru Murase* (3.7Co)
i i Toshihiro Handa (3.7Co)
3. Astrochemistry and the formation of Hiroshi Imai (3.8C0)
stars and planets Koichiro Sugiyama (3.8Co)
4. Galactic Structure ?ulJ(in Eié* (7-3(C73%)C )
. akeru Enoto (7. (0]
5. Nearby Galaxies _ Takahiro Aoki (7.3Co)
6. Cosmology and the History of the Tomoaki Oyama (7.3Co)
Universe Mami Machida (7.5Co)
7. Transient Phenomena FRRXFRE
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