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Exploring the Universe with the world's largest radio telescope From Akahori’s slide @ several Workshops
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Radio Telescopes I’ve Operate

Yamaguchi 32 & 34 m Nasu2o0mx 8 &30 m
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Talk

1. Introducing the SKA project

2. SKA Transient Science

3. Japanese possible contribution to the SKA
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Square Kilometre Array (SKA)

SKA-MID (~GHz)
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SKA Antennas @ I1AU Hawaii
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SKA-MID (~GHz)

Design Sensitivity

Smin ~ 0.5 uJy @ 6 hr integ.
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SKA2: ~2000? -
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SKA-LOW (~MHz)

Log-periodic dipole antenna
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SKA-LOW (~MHz)

Q.o

Central Processor Facility

Possible Power Station
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SKA-LOW (~MHz) =ite

Sensitivity

Smin ~ 6 pJy @ 30 min integ.
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« “Structural” dynamic range of ~1000:1 rather than ~3:1
per VLA track (eg. SKA1-Mid vs. VLA A-config.)
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Dirty Image Quality COmpa"s
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Performance Comparison

Table 1: A table of typical performance measures for a variety of radio telescopes (extant and under construction).

Parameters for Comparable Telescopes

eMERLIN JVLA GBT GMRT Parkes MB LOFAR FAST MeerKAT WSRT Arecibo ASKAP SKA1-low SKA-mid
Acrt/Teys m’/K 60 265 276 250 100 61 1250 321 124 1150 65 559 1560
FoV deg’ 0.25 0.25 0.015 0.13 0.65 14 0.0017 0.86 0.25 0.003 30 20.77 0.49
Receptor Size m 25 25 101 45 64 39 300 13.5 25 225 12 35 15
Fiducial frequency GHz 1.4 1.4 1.4 1.4 1.4 0.12 1.4 1.4 1.4 1.4 1.4 0.11 1.67
Survey Speed FoM | deg? m* k2|  9.00x10? 1.76x10° 1.14x10° 8.13x10° 6.50x10° 5.21x10° | 2.66x10° 8.86x10° | 3.84x10° | 3.97x10° 1.27x10° 6.49x10° 1.19x10°
Resolution arcsec | 10-150x 10~ 1.4-44 420 2 660 5 88 11 16 192 7 7 0.25
B or Size km 217 1-35 0.1 27 0.064 100 0.5 4 2.7 225 6 80 150
Frequency Range GHz 1'3'1‘852'8’ 2 1-50 0.2-50+ 0231221231 a| 0441024 J003-022 01-3 0.7- 2i50, 07-1 03-86 0.3-10 0.7-1.8 0.050-0.350 0.35-14
Bandwidth MHz 400 1000 400 450 400 4 800 1000 160 1000 300 300 770
Cont. Sensitivity wy-hr/? 27.11 3.88 5.89 6.13 16.26 266.61 0.92 3.20 20.74 0.89 28.89 3.36 0.75
Sensitivity, 100 kHz | py-hr™/? 1714 388 373 411 1029 1686 82 320 830 89 1582 184 66
SEFD Jy 46.0 10.4 10.0 11.0 27.6 45.2 2.2 8.6 22.3 2.4 425 4.9 1.8

> SKA (Resulting) Concept: & Wide Field of View

> Consisting of small antennas (& Wide Band in SKA27?)

> World's highest sensitivity
> World'’s highest survey speed

» Time Domain Radio Astronomy available!

» Transient science effective
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Project Roadmap

KEY: Blue = SKA1 science & engineering; orange = policy; green = SKA2

| 1 —) 1

Next year: SKA1 CDR ,

Pre-construction Stage 2

Detailed design

Critical Design Reviews (elements then system)
SKA1 construction proposal & approval July 2018 proposal submission; approval Dec 2018
Procurement

SKA1 construction

SKA1 operations

2023 - 2028: SKA1

Key Doc Set & Prospectus
IGO agreements negotiated and complete
1

Formal negotiations [
IGO able to centrally contract

Ratification of Agreements | ‘ |

|
I
I
|
I
I
1
I
I

Advanced InstrumentationProg. DD I POR (MFAA and WBSPF) 2028-... SKA2

SKA2 detailed design

SKA2 procurement

SKA2 construction starts

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
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VOLUME 1

Exploring the Universe with the world's largest radio telescope




1.

N

o vop W

©

10.

11.

12.

Transient Science in the Book

The Transient Universe with the Square Kilometre Array .
The SKA View of Gamma-Ray Bursts
Incoherent transient radio emission from stellar-mass compact objects in the SKA era
SKA as a powerful hunter of jetted Tidal Disruption Events
Fast Transients at Cosmological Distances with the SKA e
The SKA contribution to GRB cosmology

Time domain studies of Active Galactic Nuclei with the Square Kilometre Array
Core-collapse and Type la supernovae with the SKA

Thermal radio emission from novae & symbiotics with the Square Kilometre Array
Investigations of supernovae and supernova remnants in the era of SKA

The SKA and the Unknown Unknowns

Early Phase Detection and Coverage of Extragalactic and Galactic Black Hole X-ray
Transients with SKA

Exploring the Universe with the world's largest radio telescope (et them from WWW_skatelescope_org/books/ 19




SKA1 Science Priority & Freq. Range®

SKA1-mid Band 5+
SKA1l-mid Band 4
SKA1-mid Band 3
SKA1-mid Band 2
SKA1-mid Band 1

SKA1l-low
Galactic NH3
VLBI 1cm-band
Galactic H20
ExG CO

VLBI 4cm-band

Red: SKA1-mid Bands

Green: SKA1-low Frequenc

'y Range

Low

(Upper edge of Band 5 extended to 25 from 13.8 GHz)

—

1

I |
i B 5
I
[ |
I
l
[

Cont. Proto-planets (22)
Cont. Thermal (37)

—

digh priority @ SKA2

Pulsar Search GC
Galactic CH30H

ExG CS

ExG HCO+

SN/GRBs

Galactic H2CO

ExG H20

VLBI 5cm-band

ExG HCN

VLBI 13cm-band
Galactic OH

VLBI 18cm-band
Galactic HI (15)
Pulsar Timing high (5)
Pulsar Search high DM (4)
Transients FRBs (18)

Blue: High Priority

Urange: Normal PrioriF‘y

—~

Band 5 unavailable in SKA1)

——

digh priority @ SKA1

Solar Synchrotron Ems
Galactic RRL

Galactic Continuum
SETI

R-field Neen/Tarocated

Exploring the Universe with the world's largest radio telescope
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Transients/Variables

Transients Variables

Pulsar .

Detection threshold

Light Curve
No observational sense to distinguish
transients from variables
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Observational Classification

- Short duration (<1 5)

Fast Radio Bursts (FRBs) Supernovae, AGN,...

Long duration (> 1 s)

Extra-

galactic FRB

Pulsars ~lare stars, X-ray binaries,...

‘*

Time-series observation Imaging observation

Galactic

Exploring the Universe with the world's largest radio telescope
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Phase Space
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Phase Space
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Phase Space

The Power of Gravity:

I Accretion-powered explosions

Looking Back in Time:
Fast radio bursts (FRBs)
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Phase Space
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Phase Space
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Phase Space
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GAMMA-RAY BURSTS




Gamma-ray Bursts

NS-NS/BH merger?
(Short-duration GRB)

Jet collides with
pmbient medium
ternal shock wave)

NMmgh-energ

gamma rayy

Colliding shells emit
low-energy gamma rays
(internal shock wave)

Low-energy shell
gamma rays

Visible light

Black hole
engine

emission

Afterglow

Collapse of a massive star?
(Long-duration GRB)

10,000

00

Brightness
flux density, in millijanskys

0.01

0.0001

GRB 130427A
From Visible Light to Gamma Rays
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peak brightness 1
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GRB Afterglow: Issues in Radio

_ Orphan Afterglows
Low Detection Rate Undiscovered
> GRB follow-up results
e Jon s G aterion
l 30% radio detected

> Radio: 30% detected

| O SimulatedGRBs "+, s %

@® 9GHz Detectiang s4:i

10°

=

’ !Orphan/off-axis GRBA
‘(99% of population):

Undiscovered in radio

10°

10

10

On-axis GRB: 1% of the all GRBs
> Radio detection: 30% of on-axis GRBs
> Radio detection: 0.3% of population

o 0 00 1000 > Need for the high sensitive
Time of peak [d] SKA_MID

10°

8.5GHz peak flux density [uJy]

10"

Italian SKA White Book

10°
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GRB Afterglow: Why Radio?

> Revealing Blast Wave > Revealing Jet Particles &

Kinetic Energy Magnetism

» Brightin radio at the spherical > Reverse shock observation
outflow phase > Need forimmediate follow-ups
» Energy estimation easy! within several hours
O e o e
5 100 IR RN E I‘ DN
2 E . iE i .:' se e i n // \\\ A VLA 14 GHz |
= 10° .:"3! : “u, . \’.‘ / |
b ™ » Bk
y E  a=r = _?illl: S = E i 1
3 2 ] 1 : X
E e fy e :
RN S T ”‘g ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, S R M I -
5 of o i : = bt
S fj’ﬁ%ﬁ._ """"""" ol o et First observation
TG00 100 102 107 100 100 102 107 100 100 102 107 o:r Anderson+ 2014 |

0.1 1 1o
Time (days after burst)

Time (days after bHFSt) BUrlon 2015
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GRB Afterglow: Why SKA?

10 ————rry . ......,. b.......,oo
,| O Simulated GRBs ‘g s %

10 . o -
= @ 9 GHz Detections ,, 3 % .°
= 10° ®
£
g
< 107
=
=
= 1
=< 10
o
=9
T 10
@)
)
co -1

10

107

0.1 1.0 10.0 100.0
Time of peak [d]
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GRB Afterglow: Why SKA? -

L [—————— {4~
)| O Simulated GRBs ‘3 8 o SKA-MID (band 4) GHz Burlon, 2015
= | @ 9GHzDetections , 3 % .°° IJWEITETNN: 26080 . GH -
3 103 8 p R ." 4 Z E
iy
g 0 o 1.4 GHZ
M £ :
= -2 10.00 === .
§ oL ootoeoBec ghE: 1.00 . 3 :
% " ook 12 hr, 50 :
threshold , ;
107 oonl . ...ooon s o, OO0
0.1 1.0 10.0 100.0 1 10 100 1000
Time of peak [d] Tp [days]

> Almost all the GHz afterglows detectable using SKA-MID
» However, MHz afterglows undetectable using SKA-LOW...
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Orphan GRBA Surveys
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Sky-surface density [deg2]

W Upper limits based on no detection
O Expected values based on detection

10
7 Lazl0
10° v
Faint events .
10'8 1 1 lllllll 1 1 lllllll llllI V] lllull 1 L I\Nllll 1 1 IIlIIlI 1 L L1
-1 100 3 4 5 106 10
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SKA is a powerful hunter of these sources!
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Unknown Transients

Fast Radio Bursts

1 ms duration, 1 Jy intensity

cy (GHz)

* 5
,»r e A
P:ii ézr."! s| 1}"}

Time after UT 19:50:01.63 (ms)

Exploring tHe. QIVHR @2 003 (R af lk@Spiescope

Long Duration Transients

Minutes duration

Snapshot 1

Snapshot 3

=

Stewert+ 2015 (LOFAR)
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Performance Comparison

Table 1: A table of typical performance measures for a variety of radio telescopes (extant and under construction).

Parameters for Comparable Telescopes

eMERLIN JVLA GBT GMRT Parkes MB LOFAR FAST MeerKAT WSRT Arecibo ASKAP SKA1-low SKA-mid
Acrt/Teys m’/K 60 265 276 250 100 61 1250 321 124 1150 65 559 1560
FoV deg’ 0.25 0.25 0.015 0.13 0.65 14 0.0017 0.86 0.25 0.003 30 20.77 0.49
Receptor Size m 25 25 101 45 64 39 300 13.5 25 225 12 35 15
Fiducial frequency GHz 1.4 1.4 1.4 1.4 1.4 0.12 1.4 1.4 1.4 1.4 1.4 0.11 1.67
Survey Speed FoM | deg? m* k2|  9.00x10? 1.76x10° 1.14x10° 8.13x10° 6.50x10° 5.21x10° | 2.66x10° 8.86x10° | 3.84x10° | 3.97x10° 1.27x10° 6.49x10° 1.19x10°
Resolution arcsec | 10-150x 10~ 1.4-44 420 2 660 5 88 11 16 192 7 7 0.25
B or Size km 217 1-35 0.1 27 0.064 100 0.5 4 2.7 225 6 80 150
Frequency Range GHz 1'3'1‘852'8’ 2 1-50 0.2-50+ 0231221231 a| 0441024 J003-022 01-3 0.7- 2i50, 07-1 03-86 0.3-10 0.7-1.8 0.050-0.350 0.35-14
Bandwidth MHz 400 1000 400 450 400 4 800 1000 160 1000 300 300 770
Cont. Sensitivity wy-hr/? 27.11 3.88 5.89 6.13 16.26 266.61 0.92 3.20 20.74 0.89 28.89 3.36 0.75
Sensitivity, 100 kHz | py-hr™/? 1714 388 373 411 1029 1686 82 320 830 89 1582 184 66
SEFD Jy 46.0 10.4 10.0 11.0 27.6 45.2 2.2 8.6 22.3 2.4 425 4.9 1.8

> SKA (Resulting) Concept: & Wide Field of View

> Consisting of small antennas (& Wide Band in SKA27?)

> World's highest sensitivity
> World'’s highest survey speed

» Time Domain Radio Astronomy available!

» Transient science effective
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Requirements
Commensal System Robotic Follow-up System

Commensal System

7 ‘-averaged
streaming * lbilities _— S S e
Coralitor raw visibilities : ::S::ieon 3z:birliti:s o 15 o ]
ﬁ !A L1 pipeline c */ o A VLA 14 GHz
> - (
Processing treaming
Hardware T/F )|
jsibilities TK Radio
: o
Transients 2 bry -
ThunderKAT = > 1
' =3 g |
KAT ::n:nuol TK RVD %
Monitoring variability 2 N
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> The slide design is based on an SKA official (?) template
but slightly customized.

» The SKA webpage: www.skatelescope.org
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