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VVV Goals €

obtain a 3-D bulge map using RR Lyrae vvvsurvey.org

identify variables belonging to known star clusters
find high PM BDs

discover new open and globular clusters < _
study distant SN

map star forming regions along the Galactic plane

find eclipsing binaries and detect planetary transits =~
{ discover high velocity stars

identify SN light echoes
monitor the variability around the Galactic center

< map spiral arms
find variable stars in the Sgr dwarf galaxy census TNOs

search for microlensing events

study rare variable sources

recognize background QSOs <




a®
what is the 3-D 1
structure of the &

inner MW



. VVVsurvey.org
» 2-D MW maps are not sufficient, need 3-D

* a single snapshot is not sufficient, need time coverage

2MASS JHK



Bulge 300 sqdeg: -10°<1<+10°;-10°<b < +5°
Disk 220 sq deg: -65°<I1<-10°; -2°<b < +2°

2MASS JHK xo/o Of MW

Asociacion Argentina“ de ‘Astronomia La Plata, Sep 2009 Dante, Minniti



Expected monthly dataflow: raw
calibrations and science frames

FORSI @ FORS2 GIRAFFE ISAAC
MIDI NACO @ SINFONI @ UVES
® viMos VISIR ® VIRCAM @ OmegCAM

All Current Paranal
Instruments 4% (433.2 GB)

OmegaCAM 24%
(~2500 GB)

VIRCAM 72%
(~7500 GB)

from Magda Arnaboldi (EDT)

VISTA and the VLTs at Paranal



VISTA TELESCOPE
AT ESO PARANAL

4.1 m telescope
f3.25 focus
fov 1.5 sqdeg




VVVsurvey.org

VISTA Near-IR Wide Field Camera
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VVV Year 1

Ui 1] | | lvSA
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vvvsurvey.org

230 Gb image in the J-band
~500 sqdeg (I | tiles missing)
| pix = 0.4”, total 4x 10”10 pix
~223000 images of 512x512

lgnacio Toledo



Vvvsurvey.org

Year 1 Completeness
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VISTA filter transmissions
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ZY|HKs Ks<I8



Line emission w/in filters
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Planetary Nebula

VVV field b328



A WORD ABOUT IR PHOTOMETRY

Tricky... \'/ .

because the sky is very bright in the IR.




Vl STA Dataﬂ oW vvvsurvey.org

VISTA®  Telescope Raw Data Acquisition

\ PSO Paranal Science Operations processing

\ CASU!  cambridge Astronomical Survey Unit

\ WFAUl Wide Field Astronomy Unit

\ VWV Science Team
\ ESO Database



Pipeline Unit

Raw Pawprints

< Linearity, Crosstalk, etc.
~ Dark/Bias, Flat
creation
Sky
subtraction
reject data sets> Z2MASS ZP + Coords
flag bad objectsV \l/

QC Calibrated Tiles, Photometry Source Catalogs,
QC parameters Astrometry QC parameters

header updates

Archive Unit

Image QcC Image QcC
Mergi Subtracti
creine y =ubrraction Catalog | Merging
Combined Images Difference Images
: Multiepoch :
. Photometry V Detection 2 o Winilieslier
. |Deep Source Catalog || Residual Source Catalog Catalogs :

..............................................................................................................

| Chile /UK Teams

Final QC and High Level Products: Catalogs of Variable Stars,
High Proper Motion Objects, Star—Forming Regions, etc.




VVV OBS vvvsurvey.org
YR1: ~2500 OBs

- all 152 disk fields observed in 2010A:
- multicolor ZYJHKSs
- Ks 5 epochs
- all 196 bulge fields observed in 2010A:
- multicolos ZYJHKSs
- Ks 5 epochs

YR2 ~ 5400 OBs
- multiepoch Ks band of bulge+disk in 2011A

YR3 ~ 15500 OBs
- multiepoch Ks band of bulge in 2012A
This major activity is carried out periodically. Many details

needed to be solved, many problems encountered (skies,
concatenations, labeling, etc), this was indeed a huge work.



The VVV Survey: Timeline

year

- 6 epochs in K for bulge and disk; K =18/20 mag (single/conublned" ,, o
- Z.Y.J.H. K single (quasi-simultaneously) epoch observations (bulgese

- 4 epochs in K_for bulge and disk

- main part of bulge variability campaign (80 epochs, 652 h)
- map bulge and disk once per night

- main disk variability campaign (similar to bulge, but 70 epochs; 525

- bulge and disk observations in K band
20/9 epochs spread over the whole year
subset will be observed more frequently (10-40 times per hight)



. '0
Sky conditions and estimated observing time for the full VVV Survey.

Year Time RArange Moon Seeing Transp. Nr of Ks epochs

2010 292h 12:00-19:00 any* 0.8 clear 6 bulge + 6 disk + ZYJH
2011 292h 12:00-19:00 any* 0.8 clear 20 bulge + disk

2012 652h 17:00-19:00 any* any thin 80 bulge

2013 525h 12:00-17:00 any* any thin 70 disk

2014 168h 12:00-19:00 any* 0.8 clear 20 bulge + 9 disk

Total 193 nights

* The Moon has to be away from the bulge
Also constraining airmass to < 2.0 and ellipticity to <0.2



Variable stars VVYV

« ~10° stars
_ MACHO variables (Alcock et al. 1998)
« ~10° variables
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To find RR Lyrae in the bulge

To find eclipsing binaries and planetary transits
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VVV vs. MACHO
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Disk Field

Combined VLI-
optical
and VISTA-IR

field F170=d008

photometry

230 new
variables

more than
expected!

Pawel Pietrukowicz




1st VVV RR Lyrae . = { | vvvsurveyorg
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1st VVV RR Lyrae
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OGLE field 30 star 189770
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Juan Carlos Beamin



A few more RR Lyrae light

curves
OGLE 87692 515399564461 31 14 RRab 0.64276 3.99
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Istvan Dekany



A few more RR Lyrae light
curves

OGLE 302677 515400358331 33 14 RRab 0.54966 6.35

141+ s §§. §§~

14.2 ™ o

143 1 # {} }{

14.4 l ° .

14.5

00 02 04 06 08 10 12 14 18 18 20
phase

Istvan Dekany



143

144

145

146

14.7

148

149

A few more RR Lyrae light
curves
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A few more RR Lyrae light
curves

OGLE 518211 515400395822 30 14 RRab 0.62838 2.60
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A few more RR Lyrae light

curves

s OGLE 555864 515399333482 32 14 RRab 0.63398 3.99
14.2 |

¢ S ¢
143} + 8¢ 1 1 8¢

i ¢ ¢
14.4 ° ®
. ¢ . ¢

145} ¢ * . +
146

00 02 04 06 08 10 12 14 18 18 20
phase

Istvan Dekany



121 ¢
12.2 F
123 F
124
12.5¢
126 F
12.7 |
128 F
129
13.0F
13.1
13.2 ¢
133 F
134 ¢
13.5¢

A few more EB light curves

V1005 Sgr 515399796988 25 14 EA 0.826985 5.62
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High Energy Sources vvvsurvey.org

Follow-up of sources from CHANDRA, INTEGRAL, FERMI, SPITZER, ALMA,...

CSO

. DB00-58 - X-ray Thread

, - _Arches
“— $NR 0.9+0. 1 + . < Cluster
Sagittarius B2 A 1E 1743,1-2843 l. :

Saglttal:ius A

1E 1740.
Sagittarius C

Sagittarius B1

‘. ColdGasCloud * R -
.*" . &Radio Arc = ~ DBO1-42

Credit: NASA/UMass/D.Wang et al.

VVV will monitor the variability around the Galactic Center.



Progress report

S .. ‘ ..
- observations OK
- photometry OK
- astrometry OK

Some problems / difficulties
. - N e .'

- low efficiency (shutter open time/total time)
- large number of OBs

- huge dataset

- completeness/homogeneity

- large team

- delays, delays and more delays



VVV I N CO ntext VVvsurvey.org
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Bulge RGC

\"A'A'"/
0.6M+
STARS
CMD

n

4.5 sqdeg
b209+b210+b211

-0.5 0 0.5 1 1.5

( J—Ks ) Roberto Saito



QUALITY CONTROL

qualitative ——> quantitative
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“ d003_col.jpg

| Detector defects vvvsurvey.org




Bright StarS vvvsurvey.org
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Very bright stars present in the VVV fields can cause problems...




Bright stars

vvvsurvey.org

Bright stars not only saturate but also damage the neighboring regions, preventing the
recovery of faint stars nearby, and affecting the photometry of neighboring stars.

In addition, very bright stars produce bad flat fielding, affecting the whole tile.

This is a list of the brightest stars located in the VVV fields.

Star Name

Alpha Centauri
Beta Centauri
Alpha Crucis
Lambda Scorpii
Epsilon Sagittarii
Kappa Scorpii
Upsilon Scorpii
Delta Sagittarii
Lambda Sagittarii
Gamma? Sagittarii
lota' Scorpii

Eta Sagittarii
Lambda Centauri
Eta Scorpii

Equatorial

14 40 -60.8 315.8

Galactic SpType

14 04 -60.4 311.8 +1.2

12 27 -63.1 300.2
17 34 -37.1 351.8
18 24 -34.4 359.2
17 42 -39.0 351.0
17 31 -37.3 351.3

18 21 -29.8 3.0
18 28 -25.4 7.7
18 06 -30.4 0.9

17 48 -40.1 350.6
18 18 -36.8 356.4
11 36 -63.0 294.5
17 12 -43.2 344.4

-0.7 G2V+K1V -0.29

B1lll 0.61
-0.4 BO0.5IV+B1V 0.79
-2.3 B2IlV 1.62
-9.8 B9.3lll 1.84
-4.6 B1.3lll 2.39
-1.9 B2IV 2.70
-7.2 K2l 2.72
-6.5 K1lll 2.82
-4.5 KOlll 2.98
-6.1 F2la 2.99
-9.7 M3.5lII 3.10
-1.4 BIlll 3.11
-2.3 F3Il-IV 3.32

VisualMag VVVField

d052-brightest Ks
d126

d042

b300

b207

b257-just off edge
b3007?7?

b238

b255

b278

b243

b205-2nd brightest
d039??

d036-just off edge
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:Bright stars
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(J—-H)

Year 1 Disk Photometry

1.5

0.5

Tjrrvjrrryjrrryryrprry

| (K.<16)

AlA‘lJllAllLL‘l‘jllllA

-4

.

4

0O 02 04 06 08
(H_Ks)

1

14

15

16

17

18

V""'IY.YVYI'IY.W“'J',.‘I"YT"‘T_‘
. TR
ot AT

S

1

lLllllLJILJL[JLLIJILJLIILJ

o L S [ | B R S N I g.all-'0. B l’ R R R ] B il 80D [ T ¥ 7

vvvsurvey.org

) - l | 1
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(J-H)

Year 1 Bulge Photometry
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VVVSUrvey.org

Year 1 Astrometry

field F167=d009, 1902 stars, 12.56 < K < 15.0
T T T T T T T T T T T T T T T

0.5 —

Pixel scale: 0.34"
Typical image seeing: 1”
Best image: 0.6” (including telescope,

—Decyyy []

instrument, seeing)

Dec 2MASS

I

Typical astrometric accuracy (rms per visit) °* | |
—~~35 mas for Ks=15 S

>~175 mas for Ks=18 R
I -05 0 0.5
RAyss— RAypy [']

Typical proper motion accuracy (after 5yr long survey)
- ~7 mas/yr for Ks=15
—->~15 mas/yr for Ks=18



vvvsurvey.org

Multicolor
MAPS <

Reddening

Cross-catalogs
ASTROMETRY<

Proper motions

Color-magnitude diagrams
PHOTOMETRY <

Color-color diagrams

VVV Products

Periodic

LIGHT CURVES
Transients

star clusters

variables \ Bulge
BDs MW structure <

CATALOGS Disk

TNOs
galaxies

OUTREACH s



Asteroids ~104 VVVSUIVey.org

ASTROMETRY
~ 3
high-PM ~104 AGNs, QSOs ~10

BDs ~107 / SN ~10*
/— CVs, Novae ~103

Transients ~10°,_ —
\\ dM flare ~104
microlensing ~102
VARIABLES ~10¢ / WUMas ~3x105
/~ Semidetached ~105

Eclipsing ~5x10°
\\ Detached 104

Ellipsoidal ~104 T anetary Transits 103

Periodic RR Lyrae ~104
Spotted ~105/ Cepheids ~103
L‘ Semiregulars ~104
LPVs, Miras, ~103

CATALOGS

Pulsating=~10°

open clusters ~103 RVTau ~102

ir ~102
globular clusters ~10 WVir ~10



vvvsurvey.org

Not only...

but also:
.""Tl'“:\"n'u_l?“':'m"”” |PRs with science discoveries!
THE \\,TR‘)\.I‘“”‘,“'
R large multicolor posters, maps and prints
Nstronomy
A‘stmphys‘ics

— projects for high school students
""'15*“"5'?_‘."’_‘5‘ A\l
¢ involvement of amateur astronomers
Google sky or somesuch
variable stars Zoo, VVV@home




VVV Nomeclature

New Clusters:

VVV-CLOO|
New PN:
VVV-PNOO |
New Stars:
VVV-]123456.78-456789.1
New Variables
VVV-]123456.78-456789.1 v

New Galaxies:
VVV-X123456.78-456789. 1
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vvvsurvey.org
Conclusions (Year 1)

& observations: OK, but many delays
& photometry: OK, but technique depends on need
& astrometry: OK so far, but longer baseline needed

& variability detection: OK so far, but more epochs needed

The high quality of the data suggests that the VVV
Survey should be able to accomplish its goals.



* Vvvsurvey.org

" The VVV Science Team: working '

" to o'_l_;fain a 3-D view of our Galaxy. - 7




