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B SKA Science book (2014)

https:/ /www.skatelescope.org/news / ska-science-book/

B ANTICIPATED SKA1 SCIENCE PERFORMANCE (2017)

https:/ /astronomers.skatelescope.org/wp-content/uploads,/ 2017 /10 /SKA-
TEL-SKO-0000818-01 SKA1 Science Perform.pdf

B ngVLA Science book (2018)
https:/ /nagvla.nrao.edu/page/ scibook

B SKA VLBI KSP WS (2019 October @ Manchester)

https:/ /indico.skatelescope.org/event/539/page/280-conference-
presentations

B SKA Science book beyond band 5(2020])

https:/ /www.skatelescope.org,/ wp-
content/uploads,/2020/02 /ScienceCase bandb Feb2020.pdf

B SKA-J Science book (2020])
http:/ /ska-jp.org/SKAJP Science Book 2020.pdf

B SKA-VLBI£EEFE TT(2020 September version)
https:/ /mwag.sci.kagoshima-u.ac.jp/wiki/pages/m0e1R6Q5 /2020.html



https://www.skatelescope.org/news/ska-science-book/
https://astronomers.skatelescope.org/wp-content/uploads/2017/10/SKA-TEL-SKO-0000818-01_SKA1_Science_Perform.pdf
https://ngvla.nrao.edu/page/scibook
https://www.skatelescope.org/wp-content/uploads/2020/02/ScienceCase_band6_Feb2020.pdf
http://ska-jp.org/SKAJP_Science_Book_2020.pdf
https://mwg.sci.kagoshima-u.ac.jp/wiki/pages/m0e1R6Q5/2020.html

Paragi, SKA-VLBI KSP WS 2019

& sens es

SKA1-MID
Examples of
phased-up
subarray radius

SKA1-LOW
Examples of
phased-up
subarray radius

SEFD - SKA1-MID subarray radius SKA1-MID VLBI baseline sensitivity 7/ \ SEFD - SKA1-LOW subarray radius SKA1-LOW VLBI baseline sensitivity
(best vs. worst conditions) Subarray radius and b/w / \ Subarray radius and b/w
SEFD subarray radius 4Km. best Sensitivity subarray radius 4Km. 256 MHz biw L A \ \ ~—— SEFD subarray radius 4Km Sensitivity subarray radius 4Km, 256 MHZ biw
SEFD subarray radius 4Km, worst Sensitivity subarray radius 4Km, 1024 MHz biw ] SN/ N\ —— SEFD subarray radius 20km === Sensitivity subarray radius 4Km, 1024 MHz b/w
—— SEFD subarray radius 20Km, best —— Sensitivity subarray radius 4Km, 2048 MHz b/w 8 M \ —— Sensitivity subarray radius 4Km, 2048 MHz biw
~-- SEFD subarray radius 20Km, worst / —— Sensitivity full array, 2048 MHz biw e y 7 P —— Sensitivity subarray radius 20Km, 2048 MHz biw
—— SEFD full array, best A - 7| \A &
~=~ SEFD full array, worst ? 5(_/1 \ X \\ Z Remote telescope 100m class
10 £ 10 v AT 7% =10t S
3 E 3 £
e z e 2
w > >
w - o o o [ & ' o a g
e esT Z
3
AL Bonn s 4o e &
; aun e Mutual visibility 10
best: 107 Tgal, PWV=5mm Remote telescope 100m class loma ana (source dec. -15deg)
i worst: 90* Tgal, PWV=20mm i best: 10* Tgal, PWV=5mm
10° 10 10° 10* w 6x10 10° 2x10° 3x10°
Frequency (GHz) Frequency (GHz) Frequency (GHz)

Access to Southern skies, [sub-Judy sensitivity on mascales, superior calibration
Multi-beam capability: high-precision astrometry!

Simultaneous SKA products: range of angular scales, uniqgue commensal applications



B Possible collaboration for future global VLBI

 Ultimate global VLBI with SKA1

57T SN * Along with a few 100 m-class

P I, v \
7 BT “\\ e Several 50 m-class

.-f:;; é \ \ \\\ * Many 20-30 m antennas

\ \ \\\ +Phased ALMA Band 1({0?)
i +ngVLA LBA

 Common frequency?

¢ Common sky?

* Need more detailed study
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BImprovement from KaVA by a factor of 100
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ate sensigivity global VLB
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HMc.f. Image sensitivity at Bands 5 and 6

e Parameters are different
S — : — from my rough estimate
lines: Av = 100 km/s
100 — continuum: —— Ay = 1 GHz ]

- A =5 CHs * Still my rough estimate is
comparable with that of
SKA official document

* Achieving pdy level

1 100

O pont. (1 hr) [1dy]

Oyne(1hr) [udy]

5 10 20 50 SKA Science book beyond band 5(2020)



Garcia-Miro, SKA-VLBI KSP WS 2019

VLBI with SKA1-MID: ' 29
6 science cases updated

SKA continuum surveys Transients
Adding high T R (ultra)-relat C
3,\9:::, " N S T o ith SKA-VLBI
resolution to g
SKA surveys:
Giroletti et al.
Our Galaxy, Astrometry and Col, Pulsars, Astrometry
Dynamics of
Galactic myenéala ctic Paraliax
structure using . Bulge using measurements
maser parallax OH masers: of SH pulsars:
measurements: Imai etal, Deller et al.
Ellingsen et al. N
Young stellar cluster deep
field: Hoare et al. 6

VLBI with SKA1-MID: =59

16 new science cases: Astrometry
High-precision astrometry Global astrometry
Massive densification of
the radio RF: searching
for Gaia counterparts.
Charlot et al.

iofrastiometry

Gala-DRZ w3 ICRF2

Ultra-precise astrometry
to the MCs: Rioja et al.

Radio and Gaia reference
frames tie with radio
stars: Zhang et al.

— 3‘ JUMPING JIVE | l

VLBI with SKA1-MID: <Y
16 new science cases: stars, planets, ISM

Pulsar scintillometry with SKA1-
MID: Kirsten et al.

VLBI with SKA1-MID: ' 29
16 new science cases: AGNs (1/2)

. 4 Extremely high-z AGNs:
Deep multi-frequency Polarimetric

5 Perger et al.
survey of a big AGN sample: = -
Agudo et al. - = xp
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VLBI with SKA1-MID: 22

16 new science cases: AGNs (2/2)

Intermediate mass black
holes: Mezcua et al.

Testing models of

galaxy formation and
dark matter with strong
gravitational lensing:
McKean et al.

o
o B :: Characterising feeding and feedback
o o0 in high-z radio AGN using HI
. N etal.

— :zi JUMPING JIVE | l

VLBI with SKA1-MID: 29
16 new science cases: Transients

Middleton et al.
FRBs and their hosts:
Paragi et al.

See presentation files in

SKA VLBI KSP WS 2019
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Garcia-Miro, SKA-VLBI KSP WS 2019

VLBI with SKA1-LOW:

3‘ JUMPING JIVE I I
7 new science cases
Galaxies and AGN Transients

AGN physics at very HI absorpion
low freqs: Morabito et al. :_“ high z:
u|

- /
Precise astr

Pulsar scintillometry at very  EEBSPEES
low fregs: Kirsten et al.

Jets from low mass YSO at 8
very low frequencies: Ch.

See presentation files in SKA VLBI KSP WS 2019
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BIncreased number of new rare/weak lines

band Range (GHz) Species and line frequencies (GHz) # lines
1 1.2-35 ground-state OH (1.612, 1.665, 1.667, 1.720) 4
2 35-12.3 excited OH (4.66, 4.75, 4.765, 6.031, 6.035, 6.049) 6
CH;0OH Class I (9.936) 1
CH;OH Class II (6.668, 12.18) 2
ortho-H,CO (4.83) 1
3 12.3-20.5 CH;OH Class II (19.97) 1
excited OH (13.441, Baudry et al. 1981; Caswell 2004) 1
4 20.5-34 H,0 (22.235) 1
CH;OH J,-J,-series Class I (24.9-30.3) 15
CH;O0OH Class I (23.445, Voronkov et al. 2011) 1
CH;OH Class II (23.12, Cragg et al. 2004) 1
ortho-NHj3; (3,3) (6,6) (9,9) (12,12) 4

other NH; inversion lines (thermal and/or maser) ~dozen
excited OH (23.8, Baudry et al. 1981) 1
5 30.5-50.5 Class I CH;0H (36.169, 44.069) 2
Class II CH50OH (37.7, 38.29, 38.45) 3
Si0 1-0v=1,2 (43.12, 42.82) 2
6 70 - 116 CH;O0H Class I (84.521, 95.169, 104.3) 3
CH;OH Class II (76.2, 76.5, 85.5, 86.6, 104.1, 107, 108.8) T
Si0 2-1 v=1,2 (86.24, 85.64) 2

List of masers from ng-VLA science book (Hunter et al. 2018)
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Bincreased number of new rare/distant targets
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ts of stellar radio emissions
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B\Various classes of stars are possible targets
* Planets are also possible targets (mainly at SKA-Low)
* Non-thermal: good targets for VLBI

SKA1-VLBI  SKA1-VLBI
* Thermal: depending on size —20@10pe 509100 pe

32| Q)
100 A fom) 10 1 v % L_)Q N
= o C.
L L I B gz T T T T o a
lareS(, 8 g
P arg o @O
10000.0 are) = 1030 % éfg) >FO0
x# oY o
o~ | XO++
) + {_X.
1000.0— o + %
= CP = 28 -
N = = 1028
3 \\\‘FBaS\al) FlareStars '§ 10 + + EAVN
B 100.0 = \;\\é‘\l{“\”ar (Quiescent) — 'z h B g @100 pc
— i S - ,3 h
& UcD B EAVN z o i e
A X & o201 i + dMe 3
M 10.0— O S = EAVN+ P « dKe
3 Ny G\‘b‘\\ 4 " NS FAST /SKAfl ™ ¢ BY Dralclass, K-M
R (SS 1 — ° ‘o‘ﬁ‘f“ /“ ey EAVN+ & solar: © RS CVi) binaries
QKA 0o ¢ impulsive/gradual flares | RS CVi| binaries, giants
1.0~ SKal [ ol —| FAST+SKA1 1024 h gradual flaks 1 FK Com class
ey i impulsive flares x Algol class
// m  microflares o WTTS
- SKA -
0.1 / 55 v
i i L | e Ne——— |, | 10°- 1 = L 1 L J
0.1 1.0 10.0 108 1010 1012 10!* 1016 10'8
Freq (GHz) Radio Luminosity (erg s Hz")
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BRecent Unsuccess as Breakthrough Initiatives

* Fv=8x10""8 EIRP(D,,}2 [Jy] for Av=1 Hz

v Nearby planets; EIRP<5 10'° at
L band by GBT (Enriquez+2017)
v'Survey in Orion; EIRP<4 1029
at FM by MWA(Tingey+2018)
v'Oumuamua; EIRP< 7kW / 100kW
(broad/narrow] (Tingey+201 8]

* EAVN+SKA can detect airports?

Luminosity (EIRP) Number on Earth
(ergs/sec)

Transmitter Type

o ) ;
-2x 10 Few

~1x10"7 Dozens

Image RMS (4hr @L/C/X band) [Jy]

Siemion et al. 2015
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BSKA-VLBI will provide ndy images at mas resolution

* New science window will open

* Thermal emissions can be possible targets

HBCollaboration with ALMA Band 1 (0?) and ngVLA will
be essential to achieve ultimate sensitivity at currently
available EAVN frequency bands

BFAST, LOFAR, etc. will also be essential to achieve
ultimate sensitivity at lower frequency (not discussed in
this presentation, though)



