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Synergy between GAIA & radn cal

Stellar population at G.C.:

-Massive bar (IR) [e.g. Dwek et al.1995].
-Red Clumps distribution [e.g. Stanek et al. 1997

-Dynamics of RG [e.g. Rich et al. 2007].

Quick Outline

= VLBI Astrometry: BeSSelL survey
= Targets in the Galactic Plane: BAaDE project
= Preliminary results: X-matching with GAIA.



BeSSelL Prolect e
Bar and Spiral Structure | _,
Legacy survey. . >3
Study the spiral structure and e wf-

kinematics of the Milky Way. E_g/SS

Bar and Spiral Structure Legacy Survey,
a VLBA Key Science Project

Measure accurate positions, M e T o et e,

A. Sanna, Yuanwei Wu, Hu Bo, ng ng

Li (MPIR); . K. Rygl (INAF-IAPS);

distances, proper motion and XW. Znérig (Nanfing): L Mosoadelli-

(Arcetri); Moellenbrock (NRAO)
Bartkiewicz (Torun) ); K. Hachisuka

radial velocities to ~300 HMSFRs. (Shanghai); H. van Langeveide (JIVE)

Accuracy reached: ~10uas

~5000 hours over 5 years. 3



BeSSel Project

B ar and S P iral Stru cture 10 '
Legacy survey. 2

Study the spiral structure and
kinematics of the Milky Way.

Measure accurate positions, R N
distances, proper motion and Reid et al. 2014
radial velocities to ~300 HMSFRs. R,=8.3420.16 kpc
0,=240+8 km s
Accuracy reached: ~10pas Flat Rotation Curve

~5000 hours over 5 years. do /dR=(-0.2£0.4 km s kpgl)



Finding Galactic structures using VLBI
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BAaDE Project

Bulge Asymmetries and -} .

| ' Co-PI’s:
Dynam|ca| =volution. Lorant Sjouwerman (NRAO)
" |mprove models of the dynamics Ylva Pihlstrom (UNM)

and structure of the Galactic bulge.
Claussen (NRAO), Rich &
Morris (UCLA), Van
Langevelde (JIVE), Amiri
(JPL), Habing (Leiden),
Shen (UCLA).



BAaDE Project

Bulge Asymmetries and
Dynamical Evolution.

= |mprove models of the dynamics
and structure of the Galactic bulge.

= SiO masers emission of evolved
stars at 43 GHz and 86 GHz using

the VLA and ALMA.

= Accurate radial velocities < 1km/s



BAaDE Project

Bulge Asymmetries and
Dynamical Evolution.

= |mprove models of the dynamics
and structure of the Galactic bulge.

= SiO masers emission of evolved
stars at 43 GHz and 86 GHz using

the VLA and ALMA.

= Accurate radial velocities < 1km/s

VLBI proposals submitted for astrometry (~50uas)
In specific targets with counterpart in GAIA 5



electin g evolved stars as tq;get§ -

IRAS [25]-[60] color
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IRAS [12]—[25] color

Van der Veen & Habing 1998



IRAS [25]-[60] color

MSX [A]-[D]

IRAS [12]—[25] color

Van der Veen & Habing 1998
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Sjouwerman et al. 2009
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BAaDE target selection (MSX) ’

" |b] < 5°-> optical surveys do not reach and f»a?n‘a'fﬁl e
most revealing. .

= Concentrated in Bulge
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= |b| < 5° - optical surveys do not reach and e ('ana'rﬁi S are
most revealing.
= Concentrated in Bulge
= ~28,000 targets

= ~18,000 VLA: 43 GHz
= ~9,000 ALMA: 86 GHz




BAaDE target selection (MSX)

= |b| < 5° - optical surveys do not reach and w%ie dynamics are
most revealing. |
= Concentrated in Bulge

= ~28,000 targets
= ~18,000 VLA: 43 GHz
= ~9,000 ALMA: 86 GHz

= Current status
= VLA: 18,000: Complete!
= ALMA: ~1,400 (Observed—> Cycle 2 & 3) + ~2,300 (C Ie 5




Preliminary Results:

X-match with GAIR, ¥
but first 2MASS







BAaDE Targets
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r<5”

BAaDE Targets
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X-match with GAIA (via 2MASS)




X-match with GAIA (via 2MASS)

SX Bands:
A (8um), C(12pm), D(14pum)

SiO emission:

Radial velocities, emission
rates, fluxes.



X-match with GAIA (via 2MASS)

SX Bands:
NIR colors:
A (8um), C(12um), D(14UM) by 712um).
SiO emission: k(2.2um),

Radial velocities, emission  j(1.312um).
rates, fluxes.



X-match with GAIA (via 2MASS)

SX Bands: :
NIR colors: Astrometry:
A (8pm), C(12um), D(14pm) h(1.712um), Distance, proper
SiO emission: k(2.2um), motions, positions,
Radial velocities, emission  j(1.312um). colors, periods and

rates, fluxes. more.



X-match with GAIA (via 2MASS

SX Bands: :
NIR colors: Astrometry:
A (8pm), C(12um), D(14pm) h(1.712um), Distance, proper
SiO emission: k(2.2um), motions, positions,
Radial velocities, emission  j(1.312um). colors, periods and

‘ rates, fluxes. more. ,

~5,000 stars to study the stellar populations of the
MW’s fossils: evolved stars in the bulge



Big Issue: False Posmvgsl

= Angular distance
between optical and
infrared emission.
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~979.0

« Anguiar distance LRI
between optical and

infrared emission.

IS
0
)
u

[counts

542 1084
ARA *cos(d) (arcsec) N [counts]
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Big Issue: Flse P03|t’_ea_‘s!’!éw
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= Angular distance
between optical and
iInfrared emission.

542 1084
ARA * cos(9) (arcsec) N [counts]

N (counts)/Area

3
Offset (arcsec)




Big Issue: Flse P03|t’_ea_‘s!’!éw

-

= Angular distance
between optical and
iInfrared emission.

542 1084
ARA * cos(9) (arcsec) N [counts]

N (counts)/Area

Offset (arcsec)
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Big Issue: False Posg?vgg.m
= Angular distance '_

= 2MASS provide filters in J,H and K that can be used.
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Big Issue: False Posij

= Angular distance

O N A O ®NDOO®

= 2MASS filters

- . j-k<3.4 - - Random sources

4 6 8 10
2MASS [j-k]
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___ Big Issue: False Positivestll

= Angular distance

O N A O ®NDOO®

= 2MASS filters

\;)(andom sources | |

6 8 10 12

2MASS [j-k]

I HK Xgm



Big Issue: False Positives!!!

L

LMC Cepheids, 1134 LMC SRVs, 997 LMC Mira, 80

= Angular distance

14 16 18 14 16 18 : 16 18

G G G
LMC Eclipsing, 2409 SMC Eclipsing, 1276 QSO/AGN

= 2MASS filters.

14 16 18 20 14 16 18

G G G
LMC GDR1 RR Lyrae, 734 SMC RR Lyrae, 1313 Magellanic variables

®" Flux in G band
(provided by GAIA)

Belokurov et. 2017
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Big Issue: False Posijtive

0.5

= Angular distance 0
5

= 2MASS filters.

" Flux in G band

LMC Cepheids, 1134

LMC SRVs, 997

LMC Mira, 80

14 16 18 20
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LMC Eclipsing, 2409

14 16 18 20
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SMC Eclipsing, 1276

14 16 18 20
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LMC GDR1 RR Lyrae, 734

14 16 18 20

G
SMC RR Lyrae, 1313




Big Issue: False Posijtive

0.5

= Angular distance 0
5

= 2MASS filters.

" Flux in G band

LMC Cepheids, 1134

LMC SRVs, 997

LMC Mira, 80

14 16 18 20

G
LMC Eclipsing, 2409

14 16 18 20

G
SMC Eclipsing, 1276

14 16 18 20

G
LMC GDR1 RR Lyrae, 734

14 16 18 20

G
SMC RR Lyrae, 1313




Big Issue

 False Positives!!!
RN

Angular distance

2MASS filters.

Flux in G band

By chance...
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Big Issue: False Positives!!!

6 0|2 as e

= Angular distance = |EFEEEN o

= 2MASS filters.

Pi((1+P3)"—1).

" Flux in G band

= By chance...

Sources 2

Total Area 2/ Box Area 2

(Box Area 1/Box Area 2)
N = (Sources 1) ((1 + ) — 1)

N~1,300 random coincidences<5,000 coincidences 49



We expect ~2,000 sources given 50-70% rate of SiO.
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BAaDE Targets

W R
ks

SIO J=1-0 v=1 (rest 43.12209 GHz) SiO J=1-0 v=1 (rest 43.12209 GHz) | SIO J=1-0 v=1 (rest 43.12209 GHz) SiO J=1-0 v=1 (rest 43.12209 GH2)
ad3a-07557 ad3a-07558 ad3a-07559 | ad3a-07560




Conclusions o

= Astrometric campaigns in the radio regime ake need to
complement the current GAIA data at the Galactic plane.
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= Astrometric campaigns in the radio regime ase need to
complement the current GAIA data at the Galactic plane.

= By refining cross-matches at different wavelengths, GAIA
will provide vital information to study specific stellar

populations.
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Conclusions o -

= Astrometric campaigns in the radio regime dre need to -
complement the current GAIA data at the Galactic plane.

= By refining cross-matches at different wavelengths, GAIA
will provide vital information to study specific stellar
populations.

= VLBI could provides a supportive astrometric information
for overlapping stars with GAIA to test the accuracy in both

regimes.
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Conclusions R

= Astrometric campaigns in the radio regime dre need to
complement the current GAIA data at the Galactic plane.

= By refining cross-matches at different wavelengths, GAIA
will provide vital information to study specific stellar
populations.

= VLBI could provides a supportive astrometric information
for overlapping stars with GAIA to test the accuracy in both
regimes.

= VLBI can also be used for astrometric measurements in
very bright stars, that saturated the GAIA detectors.
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Letter

- 0 X Z22>» I -

SDSS ID
587738951489749085

987733608561442856
587727226230538297
587739099132067861

588017627238367250

587739158729850939

58773937669/7737379

IAUS 330, Nice, 20.04.2017



BAaDE survey
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Questions that we can add‘esg

What is the relation between:

-the maximum stellar luminosity and the star’'s main
sequence mass?

-mass loss rate (OH and SiO), stellar luminosity and
metallicity (expansion velocity)?

-maser occurrence and mass loss rate?

How all these porpertires depend on the Galactic location.
46



