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SKA Science Book (2015)FI[Z R o H B8 E b

e SKA Science Book
— VLBI with the SKA (Paragi et al.)
— Maser astrometry with VLBI and the SKA (Green et al.)
—> Galactic maser sources
— SKA tomography of Galactic star-forming regions and spiral arms
(Loinard et al.) = YSO non-thermal sources
— OH masers in the Milky Way and the Local Group of galaxies
(Etoka et al.)
— Three-dimensional tomography of the Galactic and extragalactic
magneto-ionic medium with the SKA (Han et al.) = pulsars

— #1AGN, YSORBA{R#E %K
- BELEEEH
— Secular Galactic aberration (Titov et al. 2011)
— Annual parallaxes in pulsar timing (Smits et al. 2011)




SKA Science Use Cases
SKAEHRE R [EScience Use Case DEH|[=HK <

Science Use Case = Engineering Change Request?
Feedback, cost cap (re-baselining) >&H Z@ YU IZ4TH VLY
XERERHHARIZOA25H

e Parallax measurement of Southern Hemisphere pulsars
(Ptolemy et al.)

* A Deep Multi-Frequency VLBI Polarimetric Survey of AGN
(Agudo et al.)

* Resolving ultra-relativistic outflows in Gamma Ray Bursts:
SKA-VLBI observations of GRBxxxxxx (Paragi et al.)

* Galactic Structure using maser parallax measurements
(Ellingsen et al.) = SKA1-MID Band-5

* Exploration of the dynamics of the Galactic Bulge using OH
maser parallax measurements (Imai et al.)

—=>SKA1-MID Band-2, will be submitted
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Scientific scope in SKA astrometry

https://mwg.sci.kagoshima-u.ac.jp/wiki/pages/29D1_3A3/SKA-JP_Astrometry_Sub_Working_Group.html
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Radio astrometry from present to future
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Present (~20307) Near future (2020?")

 VERA(4 x 20m) . SKA1 (~90 x 15m) (70% of Full)
 VLBA(10 x 25m)

 EVN(™~15 antennas) + global VLBI (~¥10 x ~20m)
 HSA(VLBA+GBT+Ef) « SKA2 core (~700 x 15m)+
 LBA(5-6 antennas) SKA2 remote stations (??)
<2000 annual parallaxes (~40 sta. x 25 ant. x 15m)

~>>10 000 annual parallaxes
Not only number but also diversity of astrometric targets

However, feasible, realistic, and transformational?




Possible science cases in SKA era
e “Spiral arm tomography” in the Milky Way

— finding chronological sequence of star forming regions
across the spiral arms : >1 000 stars/arm
— including southern Sky where SKA is operated
* Mapping the whole Milky Way System
— Galactic center, bulge, and halo (including pulsars)
— Magellanic System (LMC & SMC proper motions)
* 3D dynamics of the Local Group of galaxies
— dynamical history of the LG and the MW
* Science with the radio reference frame
— ~30 000 reference sources (S, > 0.5 mly)
— “Galactic aberration” (50 pas/century)
— astrometric micro-lensing events
* Synergy with pulsar and transient science cases
— gravitational waves, ....



Density wave

AV = devol / Levol

By Ross Burns (edited)




Influence of the density wave:

The Spiral pattern speed
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Feasibility of the Spiral Arm Tomography

Lorentz Center Workshop —
Galactic Science with the SKA & Its Pathfinders on 2014 May 19—23

....................... (Green et al. 2015)
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Galactic Latitude [°]
o

-50

Galactic Longitude [°]
2245 1612-MHz OH masers (http://www.hs.uni-hamburg.de/~st2b102/maserdb)

From VERA/VLBA/EVN/LBA (1,000 sources) to the SKA (~10,000)
* From young population (supergiants) to old population
(Mira variables, OH/IR stars, post-AGB stars)
— Any location: Galactic thick disk, bulge, halo (globular clusters)
— ~10 000 Galactic OH masers promising
— ~200 OH masers promising in the Large Magellanic Clouds



Galactic Latitude
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H,O masers in LMC and SMC
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M33, IC10
(Brunthaler et al. 2006)

4-0 motions
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Pulsar astrometry at L-band:
J1023+0038 (Deller et al. 2012)
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Trigonometry of OH masers

* Only three papers!
— van Langevelde et al. 2000;
Vlemmings et al. 2003, 2007
— Towards OHs around 6 Mira variables

* Possible, but challenging!
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VLBI with the SKA

e (u,v)-plane coverage
(Paragi et al. 2015)
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— For 12 hours
— 24 telescopes
e SKA1-mid
* EVN, CVN, LBA
* AVN(Africa)
— 6=-20°
* 1 hr sensitivity (10)
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SKA2 astrometry simulations
ARIS (Asaki et al. 2007)+AIPS/ParselTongue (Y. Uchino)
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160 000 calibrators at 2.2 GHz = 2.9 {/E—L
—> for OH masers, pulsars

130 000 calibrators at 8.4 GHz > 0.05 {#/E —.,

-> for CH;0H masers
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sub-mas annual parallax of OH masers @1.6 GHz

1612 MHz OH
masers
towards
OH138.0+7.2

Orosz et al.
(2015 in prep.)
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GALACTIC Latitude

SPLASH (Southern Parkes Large Area Survey in Hydroxyl)

Dawson et al.

1612/1665/1667/1720 MHz thermal (emission, absorption) maser
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Statistics of OH maser sources in the SPLASH area

Distribution of 1612 MHz OH masers in galactic latitude 56 double/multiple peak sources
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* Possibly ~5000 1612-MHz OH maser sources brighter than 0.4 Jy.

* Constant expansion velocity (V,,,~15 km/s) of the circumstellar envelopes, similar
to those in the Galactic bulge and the outer Galaxy (Sjouwerman 2000)
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